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はじめに
聖マリアンナ医科大学難病治療研究センター 遊道 和雄

平素より、聖マリアンナ医科大学大学院ならびに難病治療研究センターの活動・
運営に御高配をたまわり、誠に有り難うございます。皆様がたの御助力のおかげ様
をもちまして、平成 27 年度～平成 31 年度「私立大学戦略的研究基盤形成支援事業」
（研究プロジェクト名：革新的低侵襲アプローチによる次世代医療法の開発と難治
性疾患治療への応用）を無事終了することができました。皆様方の御厚情に感謝申
し上げます。
急速な高齢化社会を迎えつつある我が国において、難治性疾患を取り巻く現状
は厳しく、患者お一人おひとりにより良い医療を提供し、ひいては社会的損失を軽
減させていく弛まぬ努力が求められています。我々は、難病治療研究センターに求
められる主題・使命は「難治性疾患の克服・制圧」にあるという信念のもと、当セ
ンターがこれまでに蓄積してきた「知」と「人」の資源を基盤に、研究施設の財産
であるサイエンスに関するあらゆるノウハウ、科学研究費、知的財産や人的資源を
集約して難治性疾患克服に取り組んでまいりました。
もちろん、研究資源の集約は本センター内の既存のフレームワークを基盤とし
つつも、有機的かつ横断的に連携し進められていくべきであり、研究者、研究グル
ープとしての連携は難病治療研究センターや大学内に留まらず、国内外の研究機関
と建設的な関係を構築し、かつ、可能な限り早急に医療の現場で貢献できるよう、
文科省、厚労省をはじめとする公的機関や企業を包括した産官学連携を世界的視野
で展開していく段階にあります。
こうした産官学の充実した連携機構を構築していくには、地道な研究活動に加
えて、目的意識に裏づけされた強い意志と努力を要し、なによりも組織に活力を与
える若い力が求められます。これからの難病治療研究センターは、中・長期的展望
に立った研究計画の推進に加えて、医学生、大学院生をはじめ次世代を担う研究者、
後進の育成に重きをおいていくことが肝要と心得ます。本事業の研究プロジェクト
については、研究段階から公的研究助成を受けて創薬や新規医療技術創製の具体的
な検証段階、すなわち製品化や工業化に向けた諸問題の検討・解決ステージへと上
がり、いくつかの研究成果は国内外の大学や産業界（企業）との共同研究が進捗し、
臨床の場での実用化に向けて着実に歩を進めております。
今後も難治性疾患の克服・制圧に向けて何を、そして如何になすべきかについ
て考え、大学院教育と研究に邁進してまいります。今後とも皆様の御指導御鞭撻の
程、宜しくお願い申し上げます。

平成 27 年度～平成 31 年度「私立大学戦略的研究基盤形成支援事業」
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山野 嘉久

佐藤 知雄
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山口 葉子
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授
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学・教授
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究センター
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究センター
大学院教授
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究センター
准教授
難病治療研
究センター
講師
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究センター
助教
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究センター・
客員教授

低侵襲アプローチに応答する細 低侵襲アプローチに応答
胞受容分子に関する蛋白質翻 する細胞内応答蛋白の翻
訳後修飾の網羅的解析
訳後修飾を網羅的解析
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規細胞受容分子の同定
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低侵襲アプローチに応答する細 低侵襲アプローチに応答
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訳後修飾の網羅的解析
訳後修飾を網羅的解析
低侵襲アプローチの具体的方 治療法開発に向けた低侵
法の検証
襲アプローチ法の開発
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法の検証
襲アプローチ法の開発
低侵襲アプローチの具体的方 治療法開発に向けた低侵
法の検証
襲アプローチ法の開発
細胞内応答分子を介する抗炎 低侵襲アプローチによる抗
症・抗腫瘍効果の検証
炎症、抗腫瘍効果の検討
細胞内応答分子を介する抗炎 低侵襲アプローチによる抗
症・抗腫瘍効果の検証
炎症、抗腫瘍効果の検討
低侵襲アプローチの具体的方 治療法開発に向けた低侵
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襲アプローチ法の開発

（共同研究機関等）

＜研究者の変更状況（研究代表者を含む）＞
旧
プロジェクトでの研究課題
低侵襲アプローチに応
答する細胞受容分子に
関する蛋白質翻訳後修
飾の網羅的解析

所属・職名

研究者氏名

疾患プロテオー
ム・分子病態治療 岡本 一起
学・准教授

（変更の時期：平成 29 年 4 月 1 日）

新
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教授
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プロジェクトでの役割
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新
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プロジェクトでの役割
治療法開発に向けた低
侵襲アプローチ法の開
発
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新
変更前の所属・職名

変更（就任）後の所属・職名
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戸澤 晃子
ー・准教授
授
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プロジェクトでの役割
治療法開発に向けた低
侵襲アプローチ法の開
発

１１ 研究の概要（※ 項目全体を１０枚以内で作成）
（１）研究プロジェクトの目的・意義及び計画の概要
急速な高齢化に伴い、2025 年には我が国の 65 歳以上の高齢者人口は 30％を超え、寝た
きり人口も 450 万人強になると予想されており、2025 年の年間医療費は 59 兆円、介護
費を加えると 94 兆円にも上るという試算もある。超高齢化社会においては、医療費
負担の激増はいうに及ばず、労働・生産人口の減少によって社会基盤そのものの脆弱化
が危惧され、その対策が社会的急務とされている。これに対して、最新医学・医療の
研究・教育・実践を担う大学にも問題解決のために求められるものは大きい。
様々な制約 (経済的負担、副作用等) のため、これまで手術や薬物療法を受けられな
かった高齢者や患者にも制約なく、身体的・経済的負担の少ない医療が受けられ、寝た
きりにならずに能力に応じて社会貢献できる社会を実現するため、大学には次世代の
新規医薬・医療技術の研究開発と、その実践に向けた人材育成と研究基盤の構築が求め
られている。
本研究プロジェクトは、
「革新的 DDS 技術・低侵襲アプローチによる細胞活性の制御
法」に関する研究成果を基盤に、薬剤ナノカプセル技術、経皮吸収 DDS および特定波
長条件の光刺激・メカニカルストレス・温熱刺激に応答する細胞内ストレス応答因子
を介した細胞活性の制御技術を開発し、様々な疾患の基盤病態である炎症や細胞
増殖・老化・変性を低侵襲アプローチによってコントロールして治療に結び付けよう
とするもので、①「低侵襲アプローチ技術の向上」、②「細胞内応答蛋白・遺伝子を
活性化する低侵襲的アプローチ条件の検証」、③「低侵襲的アプローチによる治療効果
の検証（動物・臨床試験）」を進め、光感受・応答機構の解明を通じて、
「光感受・操作
技術による骨粗鬆症・関節軟骨変性の予防と治療を目的とする新規医療技術の開発に
結実した。
この研究成果に基づき「切らない」、
「刺さない」で治療する低侵襲的医療システムの
研究拠点を構築してきた。これにより、手術療法や薬物療法（薬の内服、注射、経皮
吸収）を中心とする治療体系とは次元の異なる医療システムを創出し、地域格差なく、
これまでリスクがあり手術や薬物療法を受けられなかった患者や高齢者にも負担の
少ない最新医療を提供できるように、大学の研究・教育基盤の充実と若手研究者の育成
を今後とも進めていく。
（２）研究組織
本研究プロジェクトの遂行のため、以下の役割分担体制を組織して研究を行なった。
①

研究代表者（プロジェクトリーダー・遊道）

・ 研究拠点運営・マネジメントを統括・研究拠点運営委員会を適宜開催した。
・ 本プロジェクトを構成する３つの研究テーマの研究開発活動を統括した。
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・ 拠点の研究開発活動の基本的な研究戦略・企画等の策定ならびに進捗に合わせた
軽微な変更や調整を行なった。
② 研究チームサブリーダー（遊道、黒川、山野）
・ プロジェクトリーダーの指揮の下で、研究開発を遂行・研究開発活動の進捗管理
を行なった。
・ 本研究に必要な機器・装置の研究者利用の調整、研究チーム間の連携管理会議(月
1回)を行なった。
テーマ１：低侵襲アプローチ技術の向上
（サブリーダー・遊道, 研究分担者・唐澤, 鈴木, 藤井, 武永）
テーマ２：低侵襲アプローチに応答する新規細胞内応答分子の同定
（サブリーダー・黒川, 研究分担者・加藤, 佐藤利行, 有戸）
テーマ３：低侵襲アプローチの具体的方法の検証
（サブリーダー・山野, 研究分担者・山口, 佐藤知雄, 八木下, 新谷, 戸澤）
③ 研究プロジェクトの戦略支援統括 （責任者：研究代表者・サブリーダー3名）
・ 研究拠点の運営支援、産業化を見据えた研究開発活動の研究戦略や企画等の
サポートを行なった。
・ ワークショップ、シンポジウムの開催等による研究者間のネットワーク構築、
若手研究者及び大学院学生等の人材育成を図るように努めた。
④ 知財戦略統括 （責任者：研究代表者・サブリーダー3名, 知財事業推進センター）
・ 聖マリアンナ医科大学・知財事業推進センターと連携して、研究成果を基にした
知財戦略を検討し、得られた研究成果の知的財産権獲得に努めた。
⑤ 学外組織（他大学、研究機関、企業、自治体等）、学内既存組織（各部局等）と
の連携・調整窓口機能

（責任者：研究代表者・サブリーダー3名）

難病治療研究センター内に、オープンラボ・研究者ラウンジ（研究者が交流しながら
研究を実施できるスペース）を設け、大学院生(当該研究テーマ担当・10 名)、研究員・
研究技術者（各研究テーマ担当・約 20 名）の活用を促してきた。本研究支援事業終了
もオープンラボの活用を継続していく予定である。
これにより本研究試験事業の終了後も、研究フェーズの異なる研究者・研究技術者の
結集・融合により革新的なイノベーションの創出を目指し、研究開発成果の統合化を推
進していく。

（３）研究施設・設備等
難病治療研究センター
難病の病因・病態の解明と治療法開発を目的として 1990 年にアイソトープ研究施設と
実験動物研究施設を併設する地下１階地上３階、使用総面積約 6,195 ㎡の独立棟として
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設立され、本研究プロジェクト遂行のための実験解析・観察機器・装置： フローサイ
トメーター(4∼5 時間/日)、フランツセル機器(2∼6 時間/日)、共焦点レーザー顕微鏡(2∼4
時間/日)、ナノテクノロジー実験機器(4∼6 時間/日)、蛍光検出器(6∼8 時間/日)、
HPLC(4∼5 時間/日)、LC-MS(6∼8 時間/日)等の分析機器が整備されている（機器利用時
間：各時間/日×平均月 25 日）。当該センターは 10 名の専任教員が運用を担当し、セン
ター所属研究員・共同研究機関登録研究員約 25 名、大学院生 5～10 名が研究施設・
機器を使用して研究活動を行なっている。
大学院先端医学研究施設
当該研究施設（261 m2）には分子生物学部門、培養研究部門、プロテオミクス研究部門、
再生医学研究部門の４部門が設置され、共同利用の大型研究設備や各種研究用機器が
整備されている。これらの研究施設・研究機器は、基礎、臨床講座並びに大学院の教育・
研究に、さらに学生の実験実習等に幅広く利用されている（10～15 名/日）。
実験解析・観察装置： 共焦点レーザー顕微鏡類(2∼4 時間/日)、プロテオミクス解析機
器・質量分析器(4∼8 時間/日)、DNA 解析・次世代シーケンス(4∼8 時間/日)等の解析機
器（機器利用時間：各時間/日×平均月 25 日）
（４）研究成果の概要 ※下記、１３及び１４に対応する成果には下線及び＊を付すこと。
近年、物理的刺激（力学的ストレス、熱、光、音、電磁波等）がどのように感知され、
細胞内情報伝達路を経て、最終的な生理的応答や病態的応答を導くかの具体的な仕組
み(メカノバイオロジー機構) の解明と、これらを応用した革新的医療機器・医療技術
の創出に向けた新研究領域に注目が集まっている（2015 年度：AMED CREST, 2016 年
度：JST 戦略的創造研究推進事業・さきがけ）。
我々は、非薬物・低侵襲的アプローチとして注目されているメカノバイオロジー機構
のうち、光刺激に対する細胞応答(光操作技術)に注目し、特定波長条件の光を骨粗鬆症
や関節症の患部へ照射し、骨・軟骨細胞の光感受・応答を介して、疾患患部の細胞活性
を制御する研究を進めた。
これにより、高齢者に多い骨粗鬆症、骨折、軟骨変性を「薬によらず」、
「切らない」、
刺さない」で予防・治療する非薬物・低侵襲的な低侵襲性医療機器開発に繋がった。
本研究支援事業の間に、光操作技術・光治療効果発現
のメカニズム解明に向けた光感受機構の解析を進め、
基礎実験成果・動物試験結果を基に、
「骨粗鬆症、骨量・
骨質低下に起因する骨折」と「関節軟骨変性・変形性関
節症」を対象とする光医療器の原理検証機を作製して、
治療効果の科学的根拠実証の試験をなうことができた。
以下に、革新的低侵襲的アプローチによる細胞活性制御技術の確立と医療応用を目指
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した研究成果を概説する。
研究テーマ１： 低侵襲アプローチ(ナノカプセル化製剤・DDS・経皮吸収・光温熱刺激）
の向上・細胞活性変化の解析
平成 27～28 年度：

末梢血単核細胞、関節滑膜・骨・軟骨、腫瘍、血管および末梢

神経組織由来の細胞を用いた in vitro 実験系において、各種条件の新規ナノカプセ
ル化製剤・DDS・経皮吸収・光温熱刺激の存在下・非存在下に上記の細胞を培養し、
それぞれの細胞に特異的な細胞活性（細胞増殖能、基質合成能、炎症性サイトカイ
ン等の産生能、基質分解酵素産生能など）を in vitro において解析し、各細胞に
おいて低侵襲アプローチ条件ごとの細胞応答能を評価した。
さらに、これまでに同定した細胞内応答蛋白の siRNA を用いて当該蛋白発現を
抑制した細胞株を作製し、各条件下の細胞活性の変化を評価し、低侵襲アプローチ
条件下に応答する細胞内応答蛋白の機能および細胞活性変化の解析を進めた。
平成 29 年度：

平成 27～28 年度および研究テーマ２で同定した低侵襲アプローチに

応答した細胞内応答蛋白の siRNA を用いて当該蛋白の発現抑制細胞株を作製し、
各種条件の低侵襲アプローチ下に細胞を培養し、各細胞に特異的な細胞活性を解析
して、各種の低侵襲アプローチ条件ごとに、細胞応答能・活性変化を評価した。
平成 30 年－31 年度： 平成 30 年度と最終年度は、特に光感受因子・応答機構の解明
について有望な知見が得られ、骨粗鬆症・軟骨変性の予防ならびに治療法開発に
つながる研究を展開した（研究成果は＜優れた成果が上がった点＞欄に後述した）。
研究テーマ２： 低侵襲アプローチに応答する新規細胞内受容分子の同定/蛋白質翻訳後
修飾の網羅的解析
平成 27～28 年度：

末梢血単核細胞、関節滑膜・骨・軟骨、腫瘍、血管および末梢

神経組織由来の細胞を用いた in vitro 実験系において、各種条件の新規ナノカプセ
ル化製剤・DDS・経皮吸収・光温熱刺激の存在下・非存在下に上記の細胞を培養し、
プロテオーム解析（網羅的解析）を行ない、低侵襲アプローチ条件ごとに応答する
蛋白質を解析した。既存の細胞内応答蛋白の各非薬物性刺激条件下における発現に
ついても、各細胞において検証した。
上記実験系において同定した細胞内応答蛋白の機能解析に向けて、同定蛋白発現
を抑制した細胞株を作製し、各種の低侵襲アプローチ条件下の細胞活性と、細胞内
応答蛋白発現抑制細胞の網羅的解析を行ない、低侵襲アプローチに対応する細胞内
応答蛋白の機能・活性化のメカニズムの解析を進め、研究成果を研究テーマ１・３
にフィードバックした。
平成 29 年度：

平成 27～28 年度の実験を継続し、各種の低侵襲アプローチ（新規

ナノカプセル化製剤・DDS・経皮吸収・光温熱刺激）条件下に各種細胞を培養し、
各種低侵襲アプローチごとに、応答する蛋白質の翻訳後修飾異常の網羅的検出と
解析を進め、研究テーマ１・３へフィードバックした。
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平成 30 年－31 年度：

各種の低侵襲アプローチ（新規ナノカプセル化製剤・DDS・

経皮吸収・光温熱刺激）条件のうち、顕著な効果が期待できそうな知見が得られた
光刺激に対する各種細胞の光刺激応答蛋白質の翻訳後修飾異常の網羅的検出と
解析を進め、研究テーマ１・３へフィードバックした（研究成果は＜優れた成果が
上がった点＞欄に後述した）。
研究テーマ３：

細胞活性変化を誘導する最適な低侵襲アプローチ(新規ナノカプセル
化製剤・DDS・経皮吸収・光温熱刺激)条件の検証

平成 27～28 年度：

各種の低侵襲アプローチ（新規ナノカプセル化製剤・DDS・

経皮吸収・光温熱刺激）条件下で細胞を培養し、上記の各細胞に特異的な細胞活性
（細胞増殖能、基質合成能、炎症性サイトカイン等の産生能、基質分解酵素産生能
など）を in vitro 実験系において解析し、各細胞毎に各種低侵襲アプローチによる
細胞活性変化の差異を検証して、細胞活性変化を誘導する最適な低侵襲アプローチ
および刺激条件を検証した。
さらに、動物試験用の低侵襲アプローチ（新規ナノカプセル化製剤・DDS・経皮
吸収・光温熱刺激）や刺激装置（プローブ等）を試作し、改良した。
平成 29 年度：

骨関節症・関節炎、自己免疫疾患および癌性疾患の各疾患モデル

動物に対して、平成 27～28 年で改良した動物試験用の低侵襲アプローチ用製剤・
装置（プローブ等）を用いた治療効果判定の動物実験を継続中である（病理組織学
的検討、血液生化学的解析）。また、臨床試験用の低侵襲アプローチ方法の具体的
検証に向けて装置の仕様検討（刺激因子ごとの照射装置作成・プローブ改良等）を
行ない、関節炎疾患、骨関節症疾患、自己免疫疾患、心血管炎、動脈硬化、癌性疾
患を対象とする臨床試験の実施に向けた準備（試験機作製、安全性試験、プロトコ
ール作成）を行なった（平成 30 年度以降も計画継続）。
平成 30 年－31 年度：

各種の低侵襲アプローチ（新規ナノカプセル化製剤・DDS・

経皮吸収・光温熱刺激）条件のうち、臨床応用・医療機器開発が期待できる知見が
得られた光刺激について、動物試験用の低侵襲アプローチ用製剤・装置（プローブ
等）を用いた治療効果判定の動物実験予察を施行した。
また、臨床試験用の低侵襲アプローチ方法の具体的検証に向けて装置の仕様検討
（刺激因子ごとの照射装置作成・プローブ改良等）に基づいた試験機を作製し、骨
粗鬆症および変形性関節症(関節軟骨変性)を対象とする臨床試験の実施に向けた準
備（試験機作製、安全性試験、プロトコール作成を行なった（平成 30 年度計画

か

ら継続し、研究成果は＜優れた成果が上がった点＞欄に後述した）。
全体計画の研究成果・達成サマリー（研究テーマ１・２・３）
上記のように、本研究支援事業の期間内に骨・軟骨細胞、皮膚、血管内皮細胞等を
用いて、低侵襲的アプローチとしてナノカプセル化製剤、経皮 DDS 技術、光刺激、
メカニカルストレス、温熱刺激による細胞活性制御法を解析し、低侵襲的アプローチに
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よる疾患患部の細胞活性の修飾を介した治療効果を in vitro および in vivo (疾患モデル
動物)実験系において検討した。
平成 30 年度と令和元年度は、低侵襲アプローチのうちメカニカルストレスと光刺激
について注力し、両刺激に応答する因子・機構の解析と、病態ならびに治療効果発現の
メカニズムを詳解し、臨床試験に向けたプロトコールと治療試作機の仕様を検討した。
＜優れた成果が上がった点＞
特に成果がみられたのは、以下に概説する① 外因性刺激
のうち、メカニカルストレスに応答する DNA 損傷修復
酵素 (Ogg1, APEX2)の活性化の機序ならびに② 外因性
刺激(メカニカルストレス)に応答する細胞エネルギー
(ATP)産生の調節機構としての 5'-AMP-activated protein
kinase (AMPK)と sirtuin (NAD 依存性脱アルキル化酵素)
の役割と相互作用に関する解析結果である。
① メカニカルストレスに応答する DNA 損傷修復酵素(Ogg1, APEX2)の活性化の機序
DNA 損傷に対する防御機構として、DNA 修復酵素 AP エンドヌクレアーゼ (APEX2)
や 8-oxoguanine DNA glycosylase (Ogg1)の発現変化が様々な疾患の病因・病態に関与
することが指摘されており、我々はメカニカルストレス評価系の関節軟骨モデルに
おいて、DNA 損傷の発現度は正常軟骨に比べて変性軟骨で高く、逆に DNA 修復酵
素（Ogg1, APEX2）の発現度は軟骨組織変性度と相関して低下していることを見出
した（図 1, *33, 国際学会*6, *12）。
本研究プロジェクトから、過度なメカニカルストレス刺激によって惹起される
活性酸素種や炎症性サイトカインによる DNA 損傷が高発現する一方、DNA 修復酵
素(APEX2, Ogg1)活性は低下することが明らかとなった。我々は DNA 損傷の程度が
DNA 修復酵素による修復能を上回った場合には、DNA 損傷が蓄積し、その結果と
して細胞死、組織の恒常性低下や組織変性を誘導されると考え、細胞・組織・臓器
にとって適切なメカニカルストレス刺激条件を明らかにする解析が進んだ（図 1, 論
文*16,*26, *33）。

② 外因性刺激(メカニカルストレス)に応答する細胞エネルギー産生の調節機構
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メカニカルストレスおよび炎症刺激を特に受けやすい研究評価組織モデルとして関節
軟骨を解析し、荷重等のストレスに応答し、軟骨細胞のエネルギー代謝（グルコース
取り込み、アデノシン三リン酸 ATP 産生）は一過性に亢進し、ミトコンドリア内の
クエン酸回路－電子伝達系の亢進により過剰のフリーラジカル・活性酸素が発生して
漏出すること、これが前述の DNA 酸化損傷の一因となること、さらに ATP 産生量を
制御する細胞内エネルギーセンサーとしての役割を担う 5'-AMP-activated protein
kinase (AMPK)活性も、メカニカルストレスに応答して変化することを見出した。
また、軟骨細胞核内に発現する NAD 依存性脱
アセチル化酵素活性を持つ sirtuin 1 (Sirt-1)も
エネルギーセンサーとして働き、AMPK 活性と
相互に制御し合うフィードバックネットワーク
のあることを初めて見出した（論文*16, 26、国
際学会*6, *12）。
さらに我々は、メカニカルストレスに応答して軟骨細胞が過剰な活性酸素種 (フリー
ラジカル) を産生するメカニズムおよび DNA 損傷には、細胞エネルギー代謝（ATP
産生・細胞呼吸鎖; 解糖系-

クエン酸回路-電子伝達系）が密接に関与すること、すな

わち過度のメカニカルストレスに応答して、i) 軟骨細胞内へのグルコース取り込み、
ATP 産生が一過性に亢進すること、ii) ATP 産生亢進の過程でミトコンドリア内のクエ
ン酸回路－電子伝達系の作用が亢進し、過剰のフリーラジカルが産生されて漏出する
こと（これが酸素分子と結合し活性酸素種となる）、iii) グルコース取込み・ATP 産生
の亢進に伴い、エネルギーセンサーAMPK–Sirt-1 活性は低下、iv) この脱アセチル化
活性を持つ Sirt‐1 活性低下が、DNA 損傷修復酵素（Ogg1, APEX 2）の活性低下の
一因となることを示す予備実験結果を得ている（下図）。
メカニカルストレスに対して、
細胞・組織がどのように応答する
か 、 特 に「メカ ニカ ルストレス
応答調節機構」
（細胞内のストレス
応答蛋白, 細胞応答情報伝達路）、
「DNA 修復酵素の活性変化」及び
「細胞エネルギー代謝調節機構」
について、研究を継続していく。
さらに特筆すべき研究結果として、
③ 特定波長条件の光刺激に応答する光感受・応答因子の同定、光刺激刺激受容後の
細胞情報伝達経路および最終応答としての細胞活性変化の機序の解析が進んだ点が
挙げられる。
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我々は、低侵襲的アプローチとして「光刺激に対する細胞応答」に注目し、特定波長
条件の光照射によって細胞内光応答蛋白・細胞内情報伝達因子の活性を修飾(スイッチ
をオン/オフ)させ、疾患組織の細胞活性・機能を制御して治療に結び付ける光治療
技術の研究を進めた。
平成 27～29 年度は、先ず関節軟骨と骨組織を中心に実験を進め、光照射による
① 滑膜線維芽細胞の炎症性サイトカイン産生の抑制（抗炎症）、
② 骨芽細胞の骨形成能の増強、③ 破骨細胞の分化成熟の抑制、
④ 破骨細胞による骨吸収能の抑制の効果を確認した（論文投稿・出願準備中）。
さらに、特定波長条件の光照射によって骨芽細胞では転写因子 CLOCK-Bmal, 軟骨
細胞では PER-CRY 複合体の発現が増強することを確認し、これらを光刺激感受因子
の候補蛋白と考えて、さらに光刺激に応答する細胞活性の変化の解析を継続し、
平成 30 年～令和元年度には
⑤ 特定条件の光照射によって、骨芽細胞活性は増強すること、
⑥ Bmal を抑制した骨芽細胞では、光照射による骨形成増強効果はみられないことを
確認、光照射による骨形成能増強効果は CLOCK-Bmal 複合体を介すると考察
⑦ 動物実験および臨床試験用の低侵襲アプローチ方法の具体的検証に向けた装置の
仕様検討（照射装置作成・プローブ改良等）を行ない、関節炎および骨関節疾患
を対象とする臨床試験の実施に向けた準備（試験機作製、プロトコール作成）を
行なった。

これらの研究成果を基に、特定波長条件の光刺激を感受する機構（細胞内応答蛋白の
同定）、光刺激受容後の細胞内変化・情報伝達経路および最終応答としての細胞活性変
化の機序を解明し、低侵襲的アプローチとして光照射によって、細胞内応答蛋白なら
びに細胞内情報伝達因子の活性を修飾(スイッチをオン/オフ)させ、疾患部組織の細胞
活性・機能を制御して治療に結び付ける低侵襲的な光治療技術の研究を進めていく
（論文投稿・新規特許出願準備中）。
＜課題となった点＞
研究進捗で明らかとなった問題点とその克服法の検討：

研究の基幹である各種の低侵襲

的アプローチに対する細胞応答機構は、ターゲットとする組織・臓器・細胞によって、
それぞれにおいて特徴があり、細胞活性を修飾しうる刺激条件も異なる可能性がある。
本研究プロジェクトにおいても、低侵襲的アプローチ（例えば温熱刺激、光刺激、ナノ
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カプセル化製剤等）の最適条件において、ある細胞・組織に対しては有効であるが、
近傍の他の組織・細胞に対しては無効または別の作用が発現する可能性もあり得ること
が明らかとなった。
そこで、今後の検討課題として細胞・組織毎に有効な低侵襲的アプローチ条件を詳ら
かにして、各々個別に対応できるように実験系および医療技術開発に組み込むことを
検討して行く予定である。
＜自己評価の実施結果と対応状況＞
本研究支援事業の期間は、研究者全員参加の研究会議（月1回）に加えて、難病治療
研究センター主催のセミナー・難病研修会（前述）を、医学・医療領域に限定せず
異分野領域の研究者、看護師、薬剤師、理学療法士、患者（患者の会・家族）を対
象に開催し、以下の取り組みを行ない、以下の点に留意して検討を進めてきた。
⚫ 研究会議において、研究テーマごとの進捗度・問題点などを全員で公開討論し、
研究遂行のための人員・研究費配分の妥当性や調整を協議した。
⚫ 対話型ワークショップの実施により、研究過程において得られる効果・課題・
改善点等について検証し、研究活動へフィードバックするように努めた。
拠点のビジョン・イメージ、拠点の研究開発活動から派生する研究開発課題に関連する
新たなシーズ・ニーズを、連携の範囲を広げた多様な異分野・異業種・異領域の参加者
（医療統計家、知財事業企画部門等）によるワークショップを今後とも企画し、新しい
研究シーズ・ニーズの発掘するように努める。
＜外部（第三者）評価の実施結果と対応状況＞
外部評価実施に関しては、以下の 3 点で対応してきた。
① 前述の研究会議、セミナー・研修会に、外部評価者として学外研究者、医学・
医療専門家（会によっては非専門領域の外部評価者・弁理士・弁護士）を参加招聘
し、研究内容からの逸脱の有無、進捗度、動物試験や生命倫理上の問題点の有無等
の評価を依頼、研究活動に反映している。
② 年に一回の学外研究者を対象とした公開研究会・シンポジウムにおいて、研究
成果を公開して研究部外者(専門領域)の意見・評価をその後の研究活動に反映する
ようにしている。
③ 本研究支援事業終了後も、これまでに得られた研究成果を、国内外の学会および
査読のある国際学術専門誌に論文として発表して評価を得ていく。研究業績は、研究
代表者所属の難病治療研究センターのホームページ（http://nanchiken.jp/）に掲載して
いく。
＜研究期間終了後の展望＞
研究成果によって期待される医療の革新、社会への貢献について検討
本研究支援事業の期間中に得られた成果を基にした医療技術の開発は、これまでの研究
成果と既存技術の応用によって十分に達成可能であり、さらに LED 等の光源、光ファイ
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バープローブなど最先端光工学のイノベーションと医療応用によるバリューチェーン
に大いに寄与し、国際競争力のある新産業創出が期待できるものを考える。
本研究支援事業の研究プロジェクトを今後とも推進することにより、これまでの手術
療法や薬物療法（薬の内服、注射、経皮吸収）のいずれにもよらず、疾患患部に選択的
に光照射して細胞活性を変化させることで治療に結び付ける非薬物・低侵襲医療技術を
完成させ、これを基盤とする在宅医療機器を医療情報・地域医療インフラと連携させる
ことが期待される。これにより、医療機関への 通院回数や入院日数を抑制し、医療現
場の過度な負担を軽減させることで限られた医療

資源を弾力的に運用することが

できるようになる。

＜研究成果の副次的効果＞
本研究プロジェクトの基盤となる先行知財・基礎特許を補強する知見が得られているの
で、国際特許出願や新規知財としての出願を準備中である。また、研究支援事業の間に
得られた「光刺激に対する細胞応答・細胞活性修飾」の成果を医療機器として実用化に
向けて展開するため、医療機器開発企業・オージー技研株式会社と共同研究契約を結び、
動物試験および臨床試験に向けて医療機器試作機を作製し、産学連携の研究を継続して
いる。

１２ キーワード（当該研究内容をよく表していると思われるものを８項目以内で記載してくださ
い。）
（１） 低侵襲アプローチ （２） Dｒug delivery system (DDS)
（３） 物理的刺激
（４） 光刺激感受因子
（５） メカニカルストレス
（６） 温熱刺激
（７） 薬剤ナノカプセル技術
（８） 難治性疾患
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１３ 研究発表の状況（研究論文等公表状況。印刷中も含む。）
上記、１１(４)に記載した研究成果に対応するものには＊を付すこと。
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58. Sase T, Arito M, Onodera H, Kurokawa MS, Tanaka Y, Kato T. Effects of edaravone on hypoxic human
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Yagishita N, Araya N, Ueno T, Nosaka K, Tokunaga M, Yamagishi M, Watanabe T, Uchimaru K, Fujisawa JI,
Utsunomiya A, Yamano Y, Satou Y. The Nature of the HTLV-1 Provirus in Naturally Infected Individuals
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clinical characteristics. Medicine, 97:42(e12837), 2018.
85. Oka T, Mizuno H, Sakata M, Fujita H, Yoshino T, Yamano Y, Utsumi K, Masujima T, Utsunomiya A.
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receptor 4 antibody in T-lymphotropic virus type 1-associated myelopathy. Clinical and Experimental
Neuroimmunology, 9(3):153-154, 2018.
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Virus Type 1-Associated Myelopathy/Tropical Spastic Paraparesis: A Multicenter Retrospective Cohort
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107. 戸澤晃子, 吉岡範人, 大原樹, 鈴木直. 婦人科手術周術期の静脈決戦塞栓症の予防と治療に関する
最近の話題. 産婦人科の実際 , 2017;66(6)：773-780.
108. 八木下尚子, 中島利博. 関節リウマチ発症因子シノビオリン. アレルギーの臨床, 2017;37(9)：72-78.
109. 山野嘉久. HTLV-1 関連脊髄症の診断と治療. 日本内科学会雑誌 , 2017;106(7)：1404-1409.
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１５ 「選定時」及び「中間評価時」に付された留意事項及び対応
＜「選定時」に付された留意事項＞
 メインは siRNA のように見えるが、siRNA は低侵襲とは言い切れない、物理的刺
激による応答蛋白活性法の研究深化を期待する。
 若手研究者の育成と外部評価の導入を具体化してほしい。
＜「選定時」に付された留意事項への対応＞
 本研究プロジェクトは、上記留意事項に御指摘いただいたように物理的刺激として
「特定波長条件の光刺激・メカニカルストレス・温熱刺激」を選定し、これら物理
的刺激に応答する細胞内因子を介する細胞活性の制御技術を開発して治療に応用
しようとするものである。これら物理的刺激に対して、どのような細胞内の因子が
応答するか、その因子が物理的刺激に対する応答蛋白として、どのような細胞情報
伝達経路で細胞活性の変化に関与するかを検証する実験法（細胞内因子の阻害実
験）の手段・ツールの一つとして siRNA を利用した基礎実験を計画したもので、
siRNA は研究の主軸である低侵襲アプローチの手段ではないことを全研究者に周
知徹底して実験を行なった。
 大学院生(当該研究テーマ担当・約 10 名)、若手研究員・研究技術者（各研究テーマ
担当・約 20 名）が研究プロジェクトへ参加し、実験に積極的に取り組むような計
画・体制を整えた。若手研究者は必ず研究者全員参加の研究会議（月 1 回）に加え
て、難病治療研究センター主催のセミナー・難病研修会に参加して、課題・改善点
等について情報を共有し、個々の研究活動へフィードバックするように指導した。
 外部評価実施に関しては、以下の 3 点で対応した。
① 研究会議、セミナー・研修会に、外部評価者として学外研究者、医学・医療専
門家（会によっては非専門領域の外部評価者・弁理士・弁護士）を参加招聘し、
研究内容からの逸脱の有無、進捗度、動物試験や生命倫理上の問題点の有無等の
評価を依頼、研究活動に反映するように努めた。
② 年に一回の学外研究者を対象とした公開研究会・シンポジウムにおいて、研究
成果を公開して研究部外者(専門領域)の意見・評価をその後の研究活動に反映す
るようにした。
③ 研究成果は査読のある国際学術専門誌に論文として投稿し、評価を得るように
した。
＜「中間評価時」に付された留意事項＞
該当なし
＜「中間評価時」に付された留意事項への対応＞
該当なし
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a b s t r a c t
Prostaglandin I2 (PGI2) and its analogues (such as beraprost sodium, BPS) are beneﬁcial for the treatment of
pulmonary arterial hypertension (PAH). The encapsulation of BPS in nanoparticles to provide sustained release
and targeting abilities would improve both the therapeutic effect of BPS on PAH and the quality of life of patients
treated with this drug.
BPS was encapsulated into nanoparticles prepared from a poly(lactic acid) homopolymer and monomethoxy
poly(ethyleneglycol)–poly(lactide) block copolymer. The accumulation of nanoparticles in damaged pulmonary
arteries was examined using ﬂuorescence-emitting rhodamine S-encapsulated nanoparticles. The monocrotalineinduced PAH rat model and the hypoxia-induced mouse model were used to examine the pharmacological activity
of BPS-encapsulated nanoparticles.
A nanoparticle, named BPS-NP, was selected among various types of BPS-encapsulated nanoparticles tested; this
was based on the sustained release proﬁle in vitro and blood clearance proﬁle in vivo. Fluorescence-emitting rhodamine S-encapsulated nanoparticles were prepared in a similar manner to that of BPS-NP, and showed accumulation and prolonged residence in monocrotaline-damaged pulmonary peripheral arteries. Intravenous
administration of BPS-NP (once per week, 20 μg/kg) protected against monocrotaline-induced pulmonary arterial
remodeling and right ventricular hypertrophy. The extent of this protection was similar to that observed with oral
administration (once per day, 100 μg/kg) of BPS alone. The once per week intravenous administration of BPS-NP
(20 μg/kg) also exhibited an ameliorative effect on hypoxia-induced pulmonary arterial remodeling and right
ventricular hypertrophy.
The beneﬁcial effects of BPS-NP on PAH animal models seem to be mediated by its sustained release and tissue
targeting proﬁles. BPS-NP may be useful for the treatment of PAH patients due to reduced dosages and frequency
of BPS administration.
© 2014 Elsevier B.V. All rights reserved.

1. Introduction
Pulmonary arterial hypertension (PAH) is a rare but life-threatening
disease characterized by progressive increases in pulmonary vascular
resistance, vasoconstriction and arterial pressure, which lead to right
ventricular (RV) hypertrophy and failure, and subsequently to death
⁎ Corresponding author at: Department of Drug Discovery and Development, Faculty of
Pharmacy, Keio University, 1-5-30, Shibakoen, Minato-ku, Tokyo 105-8512, Japan.
Tel./fax: +81 3 5400 2628.
E-mail address: mizushima-th@pha.keio.ac.jp (T. Mizushima).

[1–3]. Although several classes of drugs have been approved for the
treatment of PAH (such as endothelin receptor antagonists and
phosphodiesterase-5 inhibitors), the prognosis for this disease remains
poor (median survival, 2.8 years) [4,5]. While the primary cause of PAH
is unclear, it is believed that pulmonary vasoconstriction, endothelial
cell proliferation, inﬂammation, smooth muscle cell proliferation, and
thrombosis play key roles in the pathogenesis of PAH [1,2,6].
The progression of PAH is associated with a reduced production of
prostaglandin I2 (PGI2) [7,8], a potent vasodilator produced in the vascular
endothelium, which also has antithrombotic effects and inhibitory effects
on smooth muscle cell proliferation [5,9]. Thus, PGI2 and its analogues

http://dx.doi.org/10.1016/j.jconrel.2014.10.029
0168-3659/© 2014 Elsevier B.V. All rights reserved.
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could be therapeutically beneﬁcial for the treatment of PAH in affected
patients [5,10–16]. In fact, the intravenous administration of epoprostenol
(PGI2) is currently the most effective approach for the treatment of PAH,
not only because it can ameliorate symptoms of severe PAH, but because
it also prolongs life expectancy [16,17]. One major drawback of PGI2 is
that it is very unstable in blood [18,19], meaning that epoprostenol
must be intravenously infused on a continuous basis, thereby drastically
decreasing the quality of life (QOL) of patients due to problems associated
with cosmetic appearance, transportation of an infusion pump and risk
of infection [14,20]. For these reasons, stable PGI2 analogues such as
beraprost sodium (BPS) formulated for various routes of administration
(oral, subcutaneous and inhalation) have been developed [5,18]. However, the half-life of these PGI2 analogues in the blood remains short and
their therapeutic efﬁcacy in PAH patients is inferior to that of continuously
infused epoprostenol [18,21]. For example, the half-life of BPS in the blood
is less than 40 min following its oral administration, and it is not effective
in the treatment of patients with severe PAH, even with frequent administration [5,22,23]. Therefore, a drug delivery system (DDS) that enables
the sustained release of intravenously administered PGI2 or its analogues
would be clinically beneﬁcial. On the other hand, various physiological
activities of PGI2 are related to adverse effects (such as hypotension)
due to its whole-body distribution when administered systemically [24].
Furthermore, adverse events, such as headache, jaw pain, vasodilation,
nausea, diarrhea, leg pain, and foot pain were observed in patients treated
with BPS [23,25]. Therefore, a DDS that enables the speciﬁc targeting
of PGI2 or its analogues to the damaged pulmonary arteries is also
important.
We recently established a new DDS that enables both the sustained release and speciﬁc targeting of encapsulated drugs [26–30]. By employing
a nanotechnology approach, drugs are encapsulated in solid nanoparticles
prepared from biodegradable and biocompatible poly(lactide) homopolymer (PLA) [31,32]. This type of nanoparticle can be used to achieve the
sustained release of encapsulated drug, which takes place concomitantly
with the degradation of PLA [28,31,32]. To avoid the uptake of these nanoparticles by the mononuclear phagocyte system [32,33], a monomethoxy
poly(ethyleneglycol)–poly(lactide) block copolymer (PEG–PLA) was
used in combination with PLA. Furthermore, the encapsulation of drug
compounds in small-diameter nanoparticles (50–150 nm) would
enhance the selective delivery of the drug to damaged blood vessels
due to the enhanced permeability and retention (EPR) effect [34].
In the present study, we succeeded in encapsulating BPS into this
type of nanoparticle (BPS-NP). BPS-NP showed a sustained release proﬁle in vitro and a prolonged residence in the blood and accumulation in
damaged pulmonary peripheral arteries in vivo. Compared to the oral
administration of BPS alone, the intravenous administration of BPS-NP
in animal models of PAH showed ameliorative effects even at lower
doses and frequencies of administration. These results suggest that
BPS-NP could serve as a useful option for the treatment of PAH patients.
2. Materials and methods
2.1. Materials and animals
BPS, monocrotaline, pentobarbital, ﬂuorescein isothiocyanate (FITC)labeled albumin and fetal bovine serum (FBS) were obtained from
Sigma (St. Louis, MO). D,L-PLA (MW = 5000 or 20,000), 1,4-dioxane,
iron chloride and rhodamine S (RS) were from Wako Pure Chemical
Industries, Ltd. (Osaka, Japan). L-PLA (MW = 5000 or 20,000) was from
Taki Chemical Co., Ltd. (Kakogawa, Japan). PEG–D,L-PLA (average molecular weight of PEG and PLA are 5600 and 9200, respectively) or PEG–LPLA (average molecular weight of PEG and PLA are 5600 and 9400,
respectively) was synthesized and evaluated as described previously
[28,35]. Diethanolamine (DEA) was from Tokyo Chemical Industry Co.,
Ltd. (Tokyo, Japan). Wistar rats (5 weeks old, male) and C57/BL6 mice
(8 weeks old, male) were from Kyudo Co., Ltd. (Kumamoto, Japan) or
Charles River Laboratories Inc. (Yokohama, Japan). The experiments and

procedures described here were carried out in accordance with the
Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of Health, and were approved by the
Animal Care Committee of Kumamoto University and Keio University.
2.2. Determination of BPS and RS levels in samples
BPS and RS levels in samples were determined by analytical highperformance liquid chromatography (HPLC) with a reverse-phase column (L-column ODS (150 × 4.6 mm, 5 μm, Chemicals evaluation research
institute, Tokyo, Japan) or Eclipse XDB-C18 column (150 × 2.1 mm, 5 μm,
Agilent Technologies, Santa Clara, CA)). A Waters 2695 Alliance separation module, a Waters 2996 photodiode array detector, and a Waters
Alliance system running Empower software (Waters, Milford, MA) were
used for HPLC analysis.
For detection of BPS, solvent A (0.1% acetic acid in Methanol) and solvent B (0.1% acetic acid in Milli-Q water) were used at a ﬂow rate of
0.5 ml/min. After injection of the sample (0 min), the mobile phase was
changed as follows; 70% solvent A (20 min), a linear gradient of 70–
100% solvent A (2 min), 100% solvent A (11 min) and a linear gradient
of 100–70% solvent A (2 min). Detection was performed at an optical
density of 285 nm.
For detection of RS, solvent A (0.1% acetic acid in acetonitrile) and
solvent B (0.1% acetic acid in Milli-Q water) were used at a ﬂow rate
of 0.05 ml/min. After injection of the sample, 80% solvent A was used
as a mobile phase in isocratic elution mode for 30 min. Detection was
performed at an optical density of 530 nm.
2.3. Analysis of solubility of BPS and RS
BPS or RS (0.56 mM) was mixed with DEA (various concentrations)
and iron chloride (10 mM) in ethanol. After incubation for 30 min at
25 °C, the pH value of the solutions/suspensions was measured and
they were then centrifuged at 13,000 rpm for 10 min to precipitate
insoluble BPS or RS. The amount of BPS or RS in the supernatant was
determined by analytical HPLC as mentioned above.
2.4. Preparation and characterization of nanoparticles
Nanoparticles were prepared by using the oil-in-water solvent diffusion method as described previously [27,28]. We named nanoparticle
types based on the chirality (L or DL) of PLA and PEG–PLA and the
molecular weight of PLA (Table 1).
For preparation of L-L20, L-DL20, DL-L20 or DL-DL20, 26 mg of L-PLA
or D,L-PLA in 300 μl of 1,4-dioxane, 24 mg of PEG–L-PLA in 300 μl of

Table 1
Characterization of BPS- or RS-encapsulated nanoparticles.
Nanoparticles encapsulated with BPS (A) or RS (B) were prepared by an oil-in-water solvent
diffusion method. Particle size and BPS (A) or RS (B) content in the particles were determined
by the dynamic light scattering method and HPLC, respectively. Values are mean ± S.E.M.
(n = 3).
A
NP code

PLA–PEG

PLA (Mw, kDa)

Diameter (nm)

BPS content (%)

L-L20
L-DL20 (BPS-NP)
L-L5
L-DL5
DL-L20
DL-DL20
DL-L5
DL-DL5

L-PLA–PEG
L-PLA–PEG
L-PLA–PEG
L-PLA–PEG
DL-PLA–PEG
DL-PLA–PEG
DL-PLA–PEG
DL-PLA–PEG

L-PLA (20)
DL-PLA (20)
L-PLA (5)
DL-PLA (5)
L-PLA (20)
DL-PLA (20)
L-PLA (5)
DL-PLA (5)

121
128
109
112
112
125
108
107

1.23
1.08
0.86
0.88
1.15
0.86
2.39
2.16

NP code

PLA–PEG

PLA (Mw, kDa)

Diameter (nm)

RS content (%)

RS-NP

L-PLA–PEG

DL-PLA (20)

107 ± 1

1.65 ± 0.04

±
±
±
±
±
±
±
±

2
3
2
1
3
3
2
1

±
±
±
±
±
±
±
±

0.02
0.04
0.03
0.02
0.08
0.06
0.09
0.05

B
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1,4-dioxane or PEG–D,L-PLA in 300 μl of acetone, 2.5 mg of BPS in a
mixture of 50 μl of methanol, 150 μl of acetone and 500 μl of 1,4-dioxane,
DEA (4.75 mg) in 200 μl of acetone and iron chloride (2.43 mg) in 30 μl of
acetone were mixed.
For preparation of L-L5, L-DL5, DL-L5 or DL-DL5, 26 mg of L-PLA or D,
L-PLA in 300 μl of 1,4-dioxane, 24 mg of PEG–L-PLA in 300 μl of 1,4dioxane or PEG–D,L-PLA in 300 μl of acetone, 2.5 mg of BPS in a mixture
of 50 μl of methanol and 150 μl of acetone, DEA (4.75 mg) in 200 μl of
acetone and iron chloride (2.43 mg) in 30 μl of acetone were mixed.
For preparation of RS-NP, 26 mg of D,L-PLA in 300 μl of 1,4-dioxane,
24 mg of PEG–L-PLA in 300 μl of 1,4-dioxane, 2.5 mg of RS in 500 μl
of ethanol, DEA (9.5 mg) in 200 μl of acetone and iron chloride
(2.43 mg) in 30 μl of acetone were mixed.
Samples described above were incubated for 10 min at room temperature and added to 25 ml of Milli-Q water stirred at 1000 rpm. After
addition of 2.5 ml of 0.5 M EDTA (pH 7.0) and 12.5 μl of 200 mg/ml
Tween 80, nanoparticles were puriﬁed and concentrated by centriprep
YM-50 (Merck Millipore, Billerica, MA).
For determination of the BPS or RS content in nanoparticles, the nanoparticles were degraded by incubation with 50 mM EDTA (pH 7.0) and
1,4-dioxane (ﬁnal concentration, 80%). After centrifugation, the amount
of BPS or RS in the supernatant was determined by analytical HPLC as
mentioned above. The drug content was deﬁned as the ratio of BPS or
RS weight to the total weight of nanoparticles.
Particle size distribution was determined by the dynamic light scattering method (ZETASIZER Nano-ZS, Malvern Instruments Ltd., Malvern,
UK) and the average diameter was calculated by Marquadt's method.
2.5. BPS release from nanoparticles in vitro
BPS-encapsulated nanoparticles were dispersed in a 50% (v/v) solution of FBS in phosphate-buffered saline (PBS). After incubation at 37 °C
for the speciﬁed period, each suspension (100 μl) was diluted with
900 μl of 50 mM EDTA solution (pH 7.0) and centrifuged at 35,000 rpm
for 30 min. The BPS content in the precipitate was determined as
described above.
2.6. Determination of BPS- or RS-encapsulated PLA-nanoparticles in blood
BPS-encapsulated nanoparticles were intravenously administered to
animals via the tail vein (2 ml/kg). Blood samples were periodically
collected from the tail vein into heparin-treated capillary tubes. Each
sample (50 μl) was mixed with 150 μl of 1,4-dioxane. After centrifugation (13,000 rpm for 30 min), the BPS content of the supernatant was
determined by analytical HPLC as described above.
2.7. Accumulation of BPS- or RS-encapsulated nanoparticles in vivo
Wistar rats anesthetized with pentobarbital were subcutaneously administered either monocrotaline (30 or 60 mg/kg) or saline once only.
Two to three weeks after the administration, BPS, BPS-encapsulated
nanoparticles, and RS or RS-encapsulated nanoparticles were intravenously administered into the tail vein (2 ml/kg).
For determination of RS, lung homogenates were prepared and mixed
with 1,4-dioxane (4 ml/g tissue). After centrifugation (13,000 rpm for
30 min), RS ﬂuorescence intensity of the supernatant was determined
by ﬂuorescence spectrophotometry (Inﬁnite 200 PRO, Tecan Group Ltd.,
Männedorf, Switzerland) at emission and excitation wavelengths of
550 nm and 580 nm, respectively.
For determination of BPS, lung homogenates were prepared in
PBS (1 ml/g tissue) and mixed with 1,4-dioxane (4 ml/g tissue) and
PBS (3 ml/g tissue). After centrifugation (15,000 rpm for 10 min), the
BPS content of the supernatant was determined by analytical HPLC as
described above.
For detection of RS, 24 h after the administration of RS or RSencapsulated nanoparticles, lung sections were prepared and stained
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with Mayer's hematoxylin followed by 1% eosin alcohol solution (H &
E staining). Samples were mounted with malinol and inspected with
the aid of an Olympus BX51 microscope.
2.8. Assessment of vascular permeability in animal models of PAH
Vascular permeability assay was performed as described previously
[36] with some modiﬁcations.
For rats, 3 weeks after the monocrotaline (60 mg/kg) administration, FITC-labeled albumin (10 mg/kg) was intravenously administered
into the tail vein (2 ml/kg). Three hours after the administration, rats
were killed and perfused with PBS. Lung homogenates were prepared
in PBS (5 ml/g tissue).
For mice, after the hypoxia exposure (6 weeks), FITC-labeled albumin
(50 mg/kg) was intravenously administered into the tail vein (10 ml/kg).
Three hours after the administration, mice were killed and perfused with
PBS. Lung homogenates were prepared in 500 μl of PBS.
After centrifugation (15,000 rpm for 10 min), FITC ﬂuorescence
intensity of the supernatant was determined by ﬂuorescence spectrophotometry (Inﬁnite 200 PRO) at emission and excitation wavelengths
of 488 nm and 530 nm, respectively.
2.9. Development of animal models of PAH
Wistar rats anesthetized with pentobarbital were subcutaneously
administered either monocrotaline (60 mg/kg) or saline once only at
day 0. BPS-encapsulated nanoparticles or BPS alone were intravenously
administered via the tail vein (2 ml/kg) once per week or orally administered (2 ml/kg) once per day, respectively. Pulmonary arterial remodeling and RV hypertrophy were assessed at day 21 as described below.
C57/BL6 mice were kept in a tightly sealed chamber under hypoxic
(10% O2) or normal (20% O2) conditions for 7 weeks. The status of the
hypoxia chamber was maintained using a hypoxic air generator (TEIJIN,
Tokyo, Japan) and monitored with an O2 analyser (JIKO-25SIIR, Jikco
Ltd., Tokyo, Japan) as described previously [37]. BPS-encapsulated
nanoparticles were intravenously administered once per week via the
tail vein (2 ml/kg). Pulmonary arterial remodeling and RV hypertrophy
were assessed at week 7 as described below.
2.10. Assessment of pulmonary arterial remodeling and RV hypertrophy
Pulmonary arterial remodeling was assessed based on the wall
thickness of the pulmonary peripheral arteries as described previously
[38]. Lung tissue samples were ﬁxed in 10% formalin neutral buffer solution for 24 h and embedded in parafﬁn before being cut into 4 μm-thick
sections. Sections were subjected to Elastica van Gieson staining and
inspected with the aid of an Olympus BX51 microscope (Olympus,
Tokyo, Japan). The external diameter and medial wall thickness were
measured for 10 peripheral arteries (rat, 50–200 μm external diameter;
mouse, 25–100 μm external diameter) for each lung section and the average value was calculated. The relative medial wall thickness (% wall thickness) was calculated as follows: [medial wall thickness × 2] / [external
diameter × 100].
RV hypertrophy was assessed by the relative weight of the RV [38].
After animals had been sacriﬁced, RV was separated from the left ventricle (LV) and ventricular septum (S), and each of them was weighed. RV
hypertrophy was calculated as follows: [RV / (LV + S)].
2.11. Statistical analysis
All values are expressed as the mean ± standard error of the mean
(S.E.M.). One-way ANOVA followed by the Tukey's test or the Student's
t-test for unpaired results was used to evaluate differences between
three or more groups or between two groups, respectively, which
were considered to be signiﬁcant for values of P b 0.05.
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3. Results
3.1. Preparation of BPS-encapsulated PLA-nanoparticles
We recently reported that both the molecular weight and chirality
(racemic or optically active) of PLA are important factors for determining the stability of PLA-nanoparticles [28]. In order to obtain an appropriate sustained release proﬁle for BPS and a prolonged residence time
in the blood, we prepared various types of BPS-encapsulated nanoparticles by using different combinations of PLA (L-PLA (MW = 20,000),
L-PLA (MW = 5000), D,L-PLA (MW = 20,000) or D,L-PLA (MW =
5,000)) and PEG–PLA (PEG–L-PLA or PEG–D,L-PLA) (Table 1). In relation to PGE1, which has a carboxyl group, we recently reported that insolubilization of PGE1 by iron chloride under appropriate pH
conditions is essential for its encapsulation in PLA-nanoparticles [26,
28]. Since BPS also has a carboxyl group, we used this strategy to encapsulate BPS in PLA-nanoparticles. Fig. 1A shows the solubility of
BPS in aqueous solutions with or without iron chloride under various
conditions of pH, which was adjusted by the addition of DEA. In the
presence of iron chloride, the residual amount of BPS in the supernatant after centrifugation varied with changing pH values (Fig. 1A). On
the other hand, in the absence of iron chloride, the residual amount
of BPS was not affected by the pH value (Fig. 1A). We used conditions
that achieved maximum insolubilization of BPS (30 mM DEA and
10 mM iron chloride) for the encapsulation of BPS in PLAnanoparticles.
We prepared the BPS-encapsulated nanoparticles from PLA and
PEG–PLA by the solvent diffusion method [27,28]. We conﬁrmed that
the conditions of 30 mM DEA that achieved the lowest solubility of
BPS (Fig. 1A) is the optimum condition for efﬁcient encapsulation of
BPS in nanoparticles (Supplemental Fig. S1). Fig. 2A shows the size
distributions of representative BPS-encapsulated PLA-nanoparticles
(BPS-NP). The average particle size was similar between different
types of BPS-encapsulated PLA-nanoparticles (Table 1). The efﬁciency
of encapsulation (BPS content in nanoparticles) was also determined
(Table 1).

Fig. 1. Solubility of BPS and RS in aqueous solution. An ethanol solution of BPS (A) or RS
(B) was added to a 9-fold excess volume of solution containing 10 mM iron chloride
(+FeCl3) or 10 mM hydrochloride (−FeCl3) at different pH values obtained by the addition
of DEA. After centrifugation, residual BPS (A) or RS (B) in the supernatant was determined by
analytical HPLC.

Fig. 2. Size distribution of BPS-NP and RS-NP. BPS-NP (A) and RS-NP (B) particle sizes were
determined by the dynamic light scattering method. Values are mean ± S.E.M. (n = 3).

3.2. Stability of BPS-encapsulated nanoparticles in vitro and in vivo
The in vitro release proﬁle of BPS from each PLA-nanoparticle type
was examined in a 50% v/v solution of FBS in PBS at 37 °C, with release
determined by measuring the amount of BPS remaining in the nanoparticles. When PEG–D,L-PLA was used (left panel in Fig. 3), a faster release
proﬁle of BPS was observed in nanoparticles prepared from lower molecular weight PLA. Furthermore, nanoparticles prepared from D,L-PLA
showed the fastest release proﬁle of BPS with respect to those prepared
from L-PLA (left panel in Fig. 3). These phenomena are consistent with
what was observed for PGE1-encapsulated nanoparticles in our previous studies [28,29]. We also found here that similar phenomena are
observed for nanoparticles prepared from PEG–L-PLA (right panel in
Fig. 3), and that the use of PEG–L-PLA instead of PEG–D,L-PLA stimulates
or suppresses the release, depending on the PLA species used (Fig. 3).
We next examined the residence time of BPS in the blood (blood
clearance proﬁle) for each type of BPS-encapsulated PLA-nanoparticles;
rats were intravenously administered nanoparticles of each type and
the blood clearance proﬁle was investigated by measuring the change in
plasma concentration of BPS. To begin with, we conﬁrmed that intravenously administered BPS alone was rapidly cleared from the blood
(Fig. 4A), as reported previously [39]. For nanoparticles prepared from

Fig. 3. In vitro release proﬁle of BPS from nanoparticles. Each type of BPS-encapsulated
nanoparticles was dispersed in 50% FBS in PBS and incubated at 37 °C for the indicated
number of days. The amount of BPS remaining in nanoparticles (NP) was determined by
analytical HPLC. Values are mean ± S.E.M. (n = 3).
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Fig. 4. In vivo blood clearance proﬁle of BPS alone and BPS-encapsulated nanoparticles. BPS
alone (A) or each type of BPS-encapsulated nanoparticles (B) was administered intravenously at the dose of 1.25 mg BPS/kg. BPS-encapsulated nanoparticles were degraded by
1,4-dioxane (B) and the amount of BPS in plasma was determined by analytical HPLC.
Values are mean ± S.E.M. (n = 3).

PEG–D,L-PLA (left panel in Fig. 4B), the clearance of BPS became faster as
the molecular weight of the PLA used in the nanoparticles was reduced.
Moreover, nanoparticles prepared from D,L-PLA exhibited faster BPS
clearance times than those prepared from L-PLA (left panel in Fig. 4B).
The use of PEG–L-PLA instead of PEG–D,L-PLA stimulates or suppresses
the BPS release, depending on the PLA species used (Fig. 4B). Based on
these results, we used BPS-encapsulated nanoparticles prepared from
a combination of D,L-PLA (Mw = 20,000) and PEG–L-PLA (i.e., LDL20) and subsequently refer to this type of BPS-encapsulated PLAnanoparticles as “BPS-NP”.
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detected from 1 to 5 days after the administration of RS-NP. These results suggest that RS-NP accumulates more efﬁciently and remains longer in monocrotaline-damaged pulmonary peripheral arteries
compared with that seen in those in control.
To test the idea that the accumulation of RS-NP shown in Fig. 5A and
B is mediated through EPR effect, we compared the vascular permeability between monocrotaline-treated and control rats using FITC-labeled
albumin. As shown in Fig. 5C, the level of FITC-labeled albumin at the
lung of monocrotaline-treated rats was about 10 times higher than
that in normal rats and the extent of accumulation is comparable to
that seen in tumors in previous papers [40]. Such accumulation at the
lung was also observed in mice exposed to hypoxia, however, the extent
of accumulation was not so apparent as that seen in monocrotalinetreated rats (Fig. 5D). We also examined the accumulation of BPS at
the lung of monocrotaline-treated rats after intravenous administration
of BPS-NP or free BPS. As shown in Fig. 5E, the higher level of BPS at
the lung of monocrotaline-treated rats, compared to control rats, was
observed after administration of BPS-NP. On the other hand, we could
not detect BPS at the lung after administration of free BPS even in
monocrotaline-treated rats (Fig. 5E). Results in Fig. 5 suggest that BPSNP accumulates more efﬁciently in monocrotaline-damaged pulmonary
peripheral arteries compared with that seen in those in control rats
through the EPR effect.
3.4. Pharmacological activity of BPS-NP in PAH animal models
We subsequently examined the effect of BPS-NP on monocrotalineinduced pulmonary arterial remodeling and RV hypertrophy. To begin
with, we conﬁrmed the ameliorative effect of the oral administration
of BPS in this model. Rats were treated with monocrotaline once only
at day 0 and BPS was orally administered once per day for 21 days.

3.3. Accumulation of BPS-NP-like nanoparticles in monocrotaline-damaged
pulmonary peripheral arteries
To examine the distribution of BPS-NP in the PAH rat model (monocrotaline-administered rats), we prepared BPS-NP-like ﬂuorescent RSencapsulated nanoparticles. As shown in Fig. 1B, the solubility of RS
decreased in a pH-dependent manner in the presence of iron chloride.
In this way, we prepared RS-encapsulated nanoparticles from D,L-PLA
(MW = 20,000) and PEG–L-PLA under similar conditions to those used
in the preparation of BPS-NP and named the BPS-NP-like RSencapsulated PLA-nanoparticles as “RS-NP”. The size distribution and
efﬁciency of encapsulation of RS-NP were roughly similar to those of
BPS-NP (Fig. 2 and Table 1).
We next compared the accumulation of RS in the pulmonary peripheral arteries after administration of RS-NP or RS alone in control and
monocrotaline-administered rats. RS-NP or RS alone was intravenously
administered 21 days after the administration of monocrotaline and the
level of RS in the lung was monitored 1 day later by histopathological
analysis (H & E staining). Pulmonary arterial remodeling (hypertrophy
of pulmonary peripheral arterial walls) was clearly evident in
monocrotaline-administered rats compared with control (Fig. 5A).
Analysis of ﬂuorescence patterns in micrographs showed RS accumulation in the pulmonary peripheral arteries of monocrotaline-treated rats
administered RS-NP but not in other samples (Fig. 5A).
We also compared the amount of RS in the lung between
monocrotaline-administered rats and control rats after the intravenous
administration of RS-NP. As shown in Fig. 5B, compared to control rats, a
higher level of RS in the lungs of monocrotaline-treated rats was

Fig. 5. Accumulation and prolonged residence of RS-NP and BPS-NP in the lung. Rats were
treated with monocrotaline (MCT; 30 mg/kg (A, B) or 60 mg/kg (C, E)) or saline (CTRL)
once only on day 0. Mice were maintained in a hypoxic chamber (10% O2, Hypoxia) or
under normal conditions (CTRL) (D). On day 21 (A) or 14 (B), RS-NP (A, B) or RS
(A) was injected intravenously at a dose of 0.6 mg RS/kg. On day 21 (C) or 45 (D), FITC-labeled albumin was injected intravenously at a dose of 10 (C) or 50 (D) mg/kg. On day 18,
BPS alone or BPS-NP was injected intravenously at a dose of 0.9 mg BPS/kg (E). Lung sections were prepared 1 day after the injection of RS-NP or RS and subjected to histopathological examination (H & E staining and ﬂuorescence microscopy) (A). The amounts of RS
(B) or FITC (C, D) in the lung homogenates were determined by measuring the emission
ﬂuorescence intensity at 580 nm (excitation at 550 nm) (B) or at 530 nm (excitation at
488 nm) (C, D), respectively. The amount of BPS in the lung was determined by analytical
HPLC (E). Values are mean ± S.E.M. (n = 3–11) ***P b 0.001; **P b 0.01; versus CTRL; n.d.,
not detected (b0.66 μg/g tissue).
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Fig. 6. Effects of BPS alone on monocrotaline-induced pulmonary arterial remodeling and
RV hypertrophy. Rats were treated with monocrotaline (MCT; 60 mg/kg) or saline (CTRL)
once only on day 0. Indicated doses of BPS alone were orally administered once per day for
21 days (A–C). Sections of pulmonary tissue were prepared on day 21 and subjected to histopathological examination (Elastica van Gieson staining) (A). Pulmonary arterial remodeling (hypertrophy of the pulmonary arterial wall (% wall thickness)) was measured (B).
RV hypertrophy (RV / (LV + S)) was measured on day 21 (C). Values are mean ± S.E.M.
*P b 0.05; **P b 0.01; versus CTRL. #P b 0.05; ##P b 0.01; versus MCT alone. Scale bar,
100 μm.

Monocrotaline-induced RV hypertrophy can be measured by
weighing the RV, LV and S as previously described [41]. As shown
in Fig. 6C, the administration of monocrotaline increased the ratio of
the RV to (LV + S) weight, thus demonstrating RV hypertrophy; the
simultaneous oral administration of BPS (30 or 100 μg/kg) suppressed
this increase. We conﬁrmed that once per week oral administration of
BPS (up to 100 μg/kg) did not affect the monocrotaline-induced pulmonary arterial remodeling and RV hypertrophy (data not shown). These
results are all consistent with previously reported ﬁndings [42].
We subsequently examined the effect of the intravenous administration of BPS-NP on monocrotaline-induced pulmonary arterial remodeling and RV hypertrophy in a similar way. As shown in Fig. 7, the
intravenous administration of BPS-NP (20 or 200 μg BPS/kg) reduced
the extent of monocrotaline-induced pulmonary arterial remodeling
and RV hypertrophy even when the administration frequency was
restricted to once per week. Intravenous administration of BPS-NP
(once per week, 2 μg/kg) could not protect against monocrotalineinduced pulmonary arterial remodeling and right ventricular hypertrophy (Supplemental Fig. S2). These results suggest that the encapsulation
of BPS into PLA-nanoparticles can permit a reduction in the dose and
frequency of BPS required to exert ameliorative effects against
monocrotaline-induced disorders.
Hypoxia-induced pulmonary arterial remodeling and RV hypertrophy in mice form the basis of another animal model of PAH, which we
also used here to examine the effects of BPS-NP. As shown in Fig. 8,
maintaining mice under hypoxic conditions (10% O2) for 7 weeks
induced hypertrophy of the pulmonary peripheral arterial wall and RV
hypertrophy, as described previously [37]. The intravenous administration of BPS-NP (20 or 200 μg BPS/kg, once per week) exerted ameliorative
effects against these hypoxia-induced disorders (Fig. 8).
4. Discussion

The pulmonary peripheral arteries were analyzed on day 21. As shown
in Fig. 6A, representative photomicrographs demonstrate that the
monocrotaline-induced hypertrophy of arterial walls was suppressed
by the BPS administration (100 μg/kg). Quantitative analysis revealed
that the monocrotaline administration increased the arterial wall thickness and that this change was suppressed by the oral administration of
BPS (100 μg/kg) (Fig. 6B).

The underlying basis of DDS can be separated into three categories;
targeting of lesioned tissues, sustained release, and increasing the
efﬁciency of gastrointestinal absorption. Although a number of DDS
carriers have been developed, most of those are developed to satisfy
only one of these objectives. In contrast, we recently developed a new
type of DDS, PEG-modiﬁed PLA-nanoparticles, that provides both
sustained release and targeting abilities [26–30]. On the other hand,

Fig. 7. Effects of BPS-NP on monocrotaline-induced pulmonary arterial remodeling and RV
hypertrophy. Rats were treated with monocrotaline (MCT; 60 mg/kg) or saline (CTRL)
once only on day 0. Indicated doses of BPS-NP were administered intravenously via the tail
vein (2 ml/kg) once per week for 21 days (A–C). Sections of pulmonary tissue were prepared
on day 21 and subjected to histopathological examination (Elastica van Gieson staining) (A).
Pulmonary arterial remodeling (hypertrophy of the pulmonary arterial wall (% wall thickness)) was measured (B). RV hypertrophy (RV / (LV + S)) was measured on day 21 (C).
Values are mean ± S.E.M. **P b 0.01 versus CTRL. #P b 0.05; ##P b 0.01; versus MCT alone.
Scale bar, 100 μm.

Fig. 8. Effects of BPS-NP on hypoxia-induced pulmonary arterial remodeling and RV hypertrophy. Mice were maintained in a hypoxic chamber (10% O2, Hypoxia) or under normal conditions (CTRL) for 7 weeks. Indicated doses of BPS-NP were administered intravenously via
the tail vein (5 ml/kg) once per week for 7 weeks (A–C). Sections of pulmonary tissue
were prepared at week 7 and subjected to histopathological examination (Elastica van
Gieson staining) (A). Pulmonary arterial remodeling (hypertrophy of the pulmonary arterial
wall (% wall thickness)) was measured (B). RV hypertrophy (RV/(LV + S)) was measured at
week 7 (C). Values are mean ± S.E.M. **P b 0.01 versus CTRL. ##P b 0.01 versus hypoxia
alone. Scale bar, 100 μm.

- 234 -

T. Ishihara et al. / Journal of Controlled Release 197 (2015) 97–104

Fig. 9. Schematic illustration of BPS-encapsulated nanoparticles.

DDS carriers for the intravenous administration of PGI2 and its analogues
require both sustained release and targeting abilities, because frequent
intravenous administration reduces the QOL of patients and the wholebody distribution of PGI2 following its systemic administration results
in adverse effects (see Introduction section). Thus, we postulated that
encapsulation of BPS in PEG-modiﬁed PLA-nanoparticles would provide
a beneﬁcial treatment option for PAH patients, for which reason we
tested this idea here using two animal models.
A major obstacle to preparing drug-encapsulated PLA-nanoparticles
is that relatively hydrophilic drugs, such as PGE1 and BPS, are very hard
to encapsulate in hydrophobic PLA-nanoparticles [43]. For PGE1, we
overcame this obstacle by taking advantage of its insolubilization in
the presence of iron chloride under appropriate pH conditions [28,29].
We used this same strategy here to insolubilize BPS and succeeded in
encapsulating it into PLA-nanoparticles. This ﬁnding suggests that BPS
is insolubilized by the formation of electrostatic complexes between
the carboxyl group in the BPS and iron chloride, along with deprotonation of the carboxyl group and that ionic interaction through a metal
bridge is a driving force to encapsulate ionizable BPS in solid PLA nanoparticles, in other words, iron colloid acted as an ionic bridge between
the terminal carboxyl group of the PLA chain and the carboxyl group
of BPS (Fig. 9).
Various combinations of PEG–PLA and PLA were tested to optimize
the sustained release proﬁles of BPS in vitro and its residence period in
blood in vivo. The results obtained suggested that a faster release proﬁle
and a faster clearance from blood could be achieved with nanoparticles
prepared from low molecular weight PLA. Furthermore, nanoparticles
prepared from D,L-PLA showed a faster release proﬁle and clearance
from the blood than those prepared from L-PLA. These observations
were similar to those reported for PGE1-encapsulated PLAnanoparticles [28,29]. The mechanism by which nanoparticles containing D,L-PLA show a faster release proﬁle and clearance from blood than
those prepared only from L-PLA is unclear at present, because the
release rate of drugs is regulated by complicated factors such as the
thermodynamic stability, kinetic stability and degradation rate of the
nanoparticles. Racemic D,L-PLA and isotactic L-PLA have different physicochemical properties [44]. For example, D,L-PLA is an amorphous
polymer, but L-PLA is semi-crystalline [44]. The glass-transition temperature of L-PLA is higher than that of D,L-PLA, and hydrolysis of L-PLA is
slower than D,L-PLA [44]. We consider that these differences may be
involved in the mechanism by which nanoparticles containing D,L-PLA
show a faster release proﬁle and clearance from the blood than those
prepared only from L-PLA.
We also found here that, following monocrotaline treatment, accumulation of RS in the monocrotaline-damaged pulmonary peripheral
arteries was observed in rats administered RS-NP, but not in those
administered RS alone. We also observed the higher level of accumulation of FITC-labeled albumin at the lung in monocrotaline-treated rats,
compared to control rats. These results suggest that RS-NP is selectively
delivered to monocrotaline-damaged arteries, probably as a consequence of the EPR effect. It was reported that inﬂammation was induced

103

in pulmonary peripheral arteries not only in monocrotaline- or hypoxiainduced PAH animal models, but also in PAH patients [45]. Thus, the
results of this study suggest that intravenously administered BPS-NP is
likely to be selectively delivered to damaged arteries in PAH patients.
This treatment approach would enable potent therapeutic effects to be
obtained with a low associated risk of adverse effects.
Based on the ameliorative effects of BPS on monocrotaline-induced
pulmonary arterial remodeling and RV hypertrophy, we compared the
pharmacological activity of intravenously administered BPS-NP and orally administered BPS alone. The extent of amelioration with a onceweekly intravenous administration of BPS-NP (20 μg BPS/kg) was roughly similar to that obtained with daily oral administration of BPS alone
(100 μg/kg). These results suggest that encapsulation of BPS into PLAnanoparticles enables the effective dose of BPS to be decreased and a
lower frequency of administration to be used. This lower targeted dose
of BPS would be highly advantageous because it would avoid the adverse effects associated with the systemic administration of PGI2 analogues. Since PAH has various causes, it is important to determine the
effects of the candidate drug in numerous animal models. As such, the
observed ameliorative effects of BPS-NP in the hypoxia-induced PAH
mouse model add further value to its therapeutic potential in PAH
patients.
Although various types of orally administered PGI2 analogues are
available, their efﬁcacy in PAH patients is inferior to that obtained
with continuous intravenous infusion of PGI2. This would appear to be
due to the fact that maintenance of a high concentration of PGI2 around
damaged pulmonary arteries is important to achieve its ameliorative
effect. The ﬁndings of the present study suggest that BPS-NP is targeted
to damaged pulmonary arteries and remains there for at least 5 days.
Thus, if a similar scenario can be achieved in PAH patients, intravenously
administered BPS-NP could be used to maintain high concentrations
of BPS around damaged arteries and thus achieve therapeutic efﬁcacy
and improved QOL in PAH patients based on a lower frequency of
administration.
5. Conclusion
Based on the results of this study, we propose that that improved
sustained release properties and targeting abilities achieved with BPSNP may be therapeutically beneﬁcial for PAH patients as a consequence
of the decreased BPS dose and frequency of administration that can be
employed.
Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jconrel.2014.10.029.
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Abstract
Purpose: Taxane-based combination chemotherapy remains the predominant treatment for breast cancer. How‐
ever, taxane-related drug resistance and neurotoxicity have prompted us to develop substitute treatment strat‐
egies. Kinesin spindle protein (KSP), which is essential for formation of the bipolar mitotic spindle and cell
cycle progression through mitosis, has been identified as an attractive target for cancer chemotherapy. We inves‐
tigated, both in vitro and in vivo, the anti-cancer effect of KPYB10602, a novel KSP inhibitor, in breast cancer.
Materials and Methods: Anti-proliferative activity of KPYB10602 in breast cancer cells was assessed by cell
viability assay. The anti-cancer effect and inhibitory mechanism of KPYB10602 in breast cancer cells was fur‐
ther explored by immunofluorescence microscopy, flow cytometry, ELISA, and western blotting. In addition,
the anti-tumor effect of KPYB10602 was evaluated in subcutaneous xenograft models.
Results: KPYB10602 showed anti-cancer activity in breast cancer cells. The KPYB10602 treatment was shown
to result in induction of mitotic arrest with monopolar spindle formation and then apoptotic cell death. This
might occurred via a mitochondria-mediated pathway. KPYB10602 also effectively suppressed tumor growth in
a subcutaneous xenograft model.
Conclusion: KSP is a good target for breast cancer chemotherapy, and KPYB10602 has a potential as a novel
anti-cancer agent for breast cancer.
Key words
kinesin spindle protein, KPYB10602, breast cancer, chemotherapy, anti-microtubule agent

and overall survival, and this approach was linked, in
a large, registry-based study in Scotland, to a reduc‐
tion in breast cancer mortality2).
At present, taxane-containing chemotherapy, ad‐
ministered either as neo-adjuvant or adjuvant therapy
in patients with breast cancer, is the standard of care
worldwide3). Taxanes bind microtubules directly, re‐
sulting in potent suppression of microtubule dynam‐
ics, increased microtubule stability, and interphase
microtubule bundling; consequently, cells undergo

Introduction
Breast cancer is the most commonly diagnosed
cancer in women, with 1 in 12 women in Japan de‐
veloping breast cancer during the course of a life‐
time1). In addition, breast cancer mortality in Japan
has increased annually1). A multidisciplinary ap‐
proach to breast cancer treatment, combining surgical
oncology, radiation oncology, and medical oncology,
has been shown to improve both disease-free survival
1
2
3
4
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Cell lines and cell culture
Three breast cancer cell lines were used in the
study: MCF-7 (luminal A type), MDA-MB-231
(claudin-low type), and HCC1937 (basal like type).
Cells were purchased from American Type Culture
Collection (ATCC, Rockville, MD, USA). The
MCF-7 cells were cultured in Dulbecco’s modified
Eagle’s medium (Wako Pure Chemical Industries,
Osaka, Japan) supplemented with 10% fetal bovine
serum (FBS, Thermo Fisher Scientific, Waltham,
MA, USA) and 1% antibiotic-antimycotic solution
(Thermo Fisher Scientific). MDA-MB-231 cells were
grown in Leibovitz L15 medium (Sigma-Aldrich
Inc.) supplemented with 15% FBS, 2 mM L-gluta‐
mine (Thermo Fisher Scientific), 1% NaHCO3
(Thermo Fisher Scientific), and 1% antibiotic-anti‐
mycotic solution. HCC1937 cells were grown in
RPMI-1640 (ATCC) supplemented with 10% FBS
and 1% antibiotic-antimycotic solution. Cells were
incubated at 37°C in a humidified atmosphere of 5%
CO2 and 95% room air.

mitotic arrest and subsequent apoptotic cell death4).
Microtubule-targeting agents such as taxanes are ef‐
fective against a variety of cancers including breast
cancer4)5). However, microtubules are not only essen‐
tial for mitosis; they are required for other critical
physiological functions, such as intracellular trans‐
port and organelle positioning4)6). Therefore, anti-mi‐
crotubule agents can cause peripheral neuropathy by
interfering with microtubule-based axonal transport7).
In fact in breast cancer treatment, chemotherapy in‐
cluding the taxanes, especially paclitaxel, causes pe‐
ripheral neuropathy high frequently5). Peripheral neu‐
ropathy can be very painful, and thus the patient’s
quality of life is decreased, and it becomes necessary
to modify the drug dosage or even discontinue the
drug altogether. Neurotoxicity is one of several dose
limiting toxicities of the taxanes5)7). Therefore, there
is an urgent need for new anti-tumor agents that will
not affect microtubule dynamics.
Kinesin spindle protein (KSP), a member of the
mitotic kinesin family, is involved in the early stages
of mitosis. KSP is responsible for centrosome separa‐
tion, which is required for formation and mainte‐
nance of the bipolar spindle8). Inhibition of KSP ac‐
tivity blocks cells in mitosis, and this results in the
formation of a monopolar spindle8)9). Inhibition of
KSP activity is an attractive, candidate chemothera‐
peutic approach because KSP is expressed predomi‐
nantly in proliferating cells and is absent from postmitotic neurons. Therefore, KSP inhibitors are
expected not to induce peripheral neuropathy usually
observed with traditional microtubule disrupting
agents such as paclitaxel9).
We evaluated, both in vitro and in vivo, the anticancer effect of a novel KSP inhibitor that we have
identified for possible application to human breast
cancer, and we investigated the mechanism explain‐
ing its effect.

Animals
Animal experiments were performed in accord‐
ance with the Guidelines for Animal Experimentation
of St. Marianna University Graduate School of Medi‐
cine. Thirty-two female BALB/c-nu mice were pur‐
chased from Charles Liver Laboratories (Yokohama,
Japan). The mice were housed in an isolated animal
room that was maintained at a constant temperature
(23±1°C) and 50-60% humidity under a 12-hour
light/dark cycle and were allowed free access to 30
kGy CL-2 diet (Clea Japan, Tokyo, Japan) and steri‐
lized water. The experimental protocol was approved
by the Animal Research Committee, Institute for An‐
imal Experimentation, St. Marianna University Grad‐
uate School of Medicine (approval number 1506012).
Cell viability assay
Cells (3 × 103) were seeded on 96-well plates
and then incubated for 24 hours to allow cell attach‐
ment. The cells were then treated with various con‐
centrations of the KSP inhibitors or paclitaxel for 48
hours or 72 hours. For control, cells were exposed to
medium alone. After incubation, 5 mg/mL of 3-(4,5dimethylthiazol-2-yl)-2,5-diphenylterazolium
bro‐
mide (MTT, Sigma-Aldrich Inc.) was added to each
well, and the plates were incubated for 4 hours. The
formazan crystals that formed were dissolved with a
stop solution (20% sodium dodecyl sulfate in 0.01N
HCl). Absorbance was measured at 570 nm and ref‐

Materials and Methods
Agents
Five anti-tumor agents were used in the study:
KSP inhibitors KPYB10602, KPYC12688, and
KPYC12687 were synthesized according to a previ‐
ously described method10), and S-(methoxytrityl)-Lcysteine was purchased from Watanabe Chemical In‐
dustries, LTD (Hiroshima, Japan). Paclitaxel was
purchased from Sigma-Aldrich Inc. (St. Louis, MO,
USA).
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proteins were used for each aasays.

erence wavelength of 630 nm with the use of a mi‐
croplate reader (vient nano, DS Pharma Biomedical
Co., Ltd, Osaka, Japan)

Quantitation of DNA fragmentation
DNA fragmentation, as a marker of apoptosis,
was measured with The Cell Death Detection
ELISAPlus kit (Roche Applied Science, Mannheim,
Germany) according to the manufacturer’s instruc‐
tions. Briefly, cells (3 × 103) were seeded on 96-well
plates and incubated for 24 hours. The cells were
then treated with 1 µM KPYB10602 and grown for
an additional 12, 24, 48, or 72 hours. After incuba‐
tion, the cytoplasmic fraction was used for assay.

Immunofluorescence imaging
Cells (1 × 105) were seeded on glass bottom
dishes. Twenty-four hours after seeding, the cells
were treated with 1 µM KPYB10602 for 24 hours
and then fixed with 4% paraformaldehyde, permeabi‐
lized in phosphate-buffered saline (PBS) containing
0.1% Triton X-100, and blocked in 1% bovine serum
albumin (BSA) in PBS. The cells were incubated
with anti-α-tubulin antibody (diluted 1:500 in 1%
BSA-PBS; T6199, Sigma-Aldrich Inc.) in combina‐
tion with goat anti-mouse secondary antibody conju‐
gated with Alexa Fluor 488 (diluted 1:1000 in 1%
BSA-PBS; A21202, Thermo Fisher Scientific). Nu‐
clei were counterstained with 2 µg/mL Hoechst
33342 (Dojindo, Kumamoto, Japan). Fluorescent im‐
ages were captured with a KEYENCE BZ-9000 fluo‐
rescence microscope (KEYENCE Corp., Osaka, Ja‐
pan).

Western blot analysis
Cells (1 ×e105) were seeded on 6-cm dishes, in‐
cubated for 24 hours, and treated with 1 µM
KPYB10602 for 12, 24, or 48 hours. Protein extrac‐
tion and quantification were performed as described
above. Samples containing 30 μg total proteins were
separated by electrophoresis on 12% SDS-polyacry‐
lamid gels and transferred to nitrocellulose mem‐
branes. Primary antibodies for caspase-3 (sc7272,
Santa Cruz Biotechnology Inc., Dallas, TX, USA)
(diluted 1:500) and β-actin (Sigma-Aldrich Inc.) (di‐
luted 1:1500) were applied, followed by incubation
with horseradish peroxidase-conjugated secondary
antibody (MP Biomedicals, Santa Ana, CA, USA).
The blots were developed under enhanced chemilu‐
minescence (ImmunoStar Basic, Wako Pure Chemi‐
cal Industries), and the protein bands were detected
with an LAS-3000 medical imager (Fujifilm, Tokyo,
Japan).

Cell cycle analysis
Cells (1 × 105) were seeded on 6-well plates, in‐
cubated for 24 hours, and treated with 1 µM
KPYB10602 for 12, 24, or 48 hours. After incuba‐
tion, cells were harvested and fixed with ice cold
70% ethanol at −20°C, then treated with 10 µg/mL
propidium iodide (PI, Sigma-Aldrich Inc.) and 0.1
mg/mL RNase (Sigma-Aldrich Inc.) for 10 minutes.
The DNA content of at least 8,000 cells was analyzed
by using a LSR II flow cytometer (BD Biosciences,
San Jose, CA, USA) and FACSDiva software (BD
Biosciences).

Breast cancer tumor xenograft studies
Thirty-two mice were injected subcutaneously
in the flank with 1 × 107 MDA-MB-231 cells in 100
μL PBS. Seven days after inoculation, the mice were
arbitrarily divided into 3 groups. KPYB10602 (20
mg/kg) dissolved in dimethyl sulfoxide (DMSO) di‐
luted with olive oil, was administered intraperito‐
neally on 3 consecutive days and then twice per
week. The dose and the administration schedule were
determined on the basis of data obtained in previous
studies11)12). Paclitaxel (25 mg/kg), dissolved in
DMSO diluted with olive oil, was administered intra‐
peritoneally once a week. As a control, vehicle,
DMSO in olive oil, was administered to tumor-bear‐
ing mice in a manner like that of the KPYB10602 ad‐
ministration. Tumor volume and animal weight were
determined twice a week. Tumor volume (mm3) was
calculated with a standard formula: length × width2 ×

Enzyme-linked immunosorbent assay (ELISA)
Expression levels of securin (MBS947752 Hu‐
man Securin ELISA kit, MyBioSource, San Diego,
CA USA), Bax (ab199080 Human Bax ELISA Kit,
Abcam plc, Cambridge, UK) and survivin (7169C
PathScan Total Survivin Sandwich ELISA Kit, Cell
Signaling Technology, Danvers, MA, USA) were de‐
termined according to the kit manufacturer’s instruc‐
tions. Briefly, cells (1 × 105) were seeded on 6-cm
dishes, incubated for 24 hours, and treated with 1 µM
KPYB10602 for 12, 24, or 48 hours. Following incu‐
bation, the floating and adherent cells were harvested
for analysis. The total protein concentration was
measured (23227 BCA protein assay kit (Thermo
Fisher Scientific). Samples containing 25 μg total
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1/2. All mice were sacrificed on day 24 after initial
treatment.

as statistically significant.

Statistical analysis
All values are expressed as mean + SE. Dun‐
nett’s control-comparison test was used to examine
differences in securin, DNA fragmentation, Bax, and
survivin levels and in tumor volume and body weight,
and analysis of covariance (ANCOVA) was used to
examine differences in tumor growth rate. All statisti‐
cal analyses were performed with JMP 12 (SAS Insti‐
tute Inc., Cary, NC, USA), and P < 0.05 was accepted

Anti-proliferative activity of KSP inhibitors in
breast cancer cells
The anti-proliferative activity of the novel syn‐
thesized KSP inhibitors (KPYB10602, KPYC12687,
and KPYC12688) was evaluated in breast cancer
cells. Cell growth was suppressed, no matter which
KSP inhibitor was applied; the most efficient antiproliferative activity was seen with KPYB10602
(Figure 1a, b). Therefore, KPYB10602 was used for

Results

Figure 1. Effects of KSP inhibitors on breast cancer cell growth.
MCF-7 cells (a) and MDA-MB-231 cells (b) were treated with varying concentrations of KSP inhibitors for
48 hours, and MTT cell proliferation assay was performed. Values are shown as mean + SE (n = 12). (c)
MCF-7, MDA-MB-231, and HCC1937 cells were treated with KPYB10602 for 72 hours, and MTT cell pro‐
liferation assay was performed. MCF-7 cells (d) and MDA-MB-231 cells (e) were treated with KPYB10602
or paclitaxel for 72 hours, and MTT assay was performed. Values are shown as mean + SE (n = 12).
78
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at the metaphase plate during mitosis (Figure 2,
white arrow). In contrast, the spindle that developed
in cells treated with KPYB10602 was monopolar
(Figure 2, red arrow), and DNA staining was ob‐
served as an outer ring surrounding the microtubule
staining, a pattern commonly referred to a rosette for‐
mation (Figure 2, yellow arrow), indicating suppres‐
sion of centrosome separation.
The mitotic arrest associated with KPYB10602
was further characterized by means of flow cytomet‐
ric cell cycle distribution analysis. With KPYB10602
treatment, the number of G2/M phase cells was sig‐
nificantly increased in comparison to the number
seen in the control condition (Figure 3a), indicating
mitotic arrest. The portion of mitotic cells peaked at
24 hours after treatment (G2/M phase cells: 77.3% of

subsequent experiments. To assess the effects of
KPYB10602 on breast cancer cell lines MCF-7,
MDA-MB-231, and HCC1937, the cells were treated
with varying concentrations of KPYB10602 for 72 h.
KPYB10602 suppressed the proliferation of these
cells in a concentration-dependent manner (Figure
1c) and at the same potency as paclitaxel (Figure 1d,
e).
Induction of apoptosis by KPYB10602 in breast
cancer cell lines via mitotic arrest
We performed immunofluorescence analysis to
understand the mechanism underlying the anti-prolif‐
erative effect of KPYB10602 in the breast cancer cell
lines. Untreated cells showed normal microtubule
spread during interphase and a typical bipolar spindle

Figure 2. Immunofluorescence staining of breast cancer cells treated with KPYB10602.
After exposure of MCF-7 and MDA-MB-231 cells to 1 µM KPYB10602 for 24 hours, the cells
were stained with anti-tubulin antibody (green) and Hoechst 33342 (nuclei, blue). Scale bars rep‐
resent 20 µm. The experiment was performed in triplicate, and similar results were obtained each
time.
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Figure 3. Effects of KPYB10602 on cell cycle.
MCF-7 and MDA-MB-231 cells were treated with 1 µM KPYB10602 for 12, 24, or 48 hours.
(a) Flow cytometric analysis was performed for evaluation of cell cycle distribution. The experi‐
ment was done in triplicate. (b, c) The protein levels of securin were evaluated by ELISA. Val‐
ues are shown as mean + SE (n = 4). **P < 0.01 and ***P < 0.001 vs. control.

MCF-7 cells, 73.7% of MDA-MB-231 cells). The
subG1 cells appeared after 48 hours of treatment in
MDA-MB-231 cells (3.0 %). In addition, expression
of securin, which plays important role in cell cycle
progression, increased with the addition of
KPYB10602 (Figure 3b).
As shown in Figure 4, DNA fragmentation was
markedly enhanced with KPYB10602 treatment, and

this enhancement indicated increased apoptosis of the
breast cancer cells. Furthermore, expression of proapoptotic protein Bax was increased, and expression
of anti-apoptotic protein survivin was significantly
decreased (Figure 5a, b).
Western blotting revealed absence of caspase-3
expression in MCF-7 cells. MDA-MB-231 cells ex‐
pressed procaspase-3, but its cleaved forms were not
80
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Figure 4. Induction of DNA fragmentation by KPYB10602.
MCF-7 and MDA-MB-231 cells were treated with 1 µM KPYB10602 for 12, 24, 48,
or 72 hours. DNA fragmentation was detected by ELISA. Values are shown as mean
+ SE (n = 8). **P<0.01 and ***P<0.001 vs. control.

detected (Figure 5c).

and apoptosis14)15). However, taxane as an anti-micro‐
tubule drug is of limited clinical utility because re‐
sistance to the drug develops and patients suffer side
effects caused by a mutation of the drug-binding site
on β-tubulin16), overexpression of P-glycoprotein17),
and neurotoxicity5)6)7).
In contrast to taxanes, KSP inhibitors do not di‐
rectly interfere with the intracellular function of mi‐
crotubules18). KSP inhibitors are seen as candidate
chemotherapeutic agents, the use of which would
avoid toxicity in post-mitotic neurons. KPYB10602
has been shown to selectively inhibit KSP ATPase ac‐
tivity with an IC50 of 0.031 µM in human cervical
cancer cell lines10). In our study, the anti-proliferative
effect of KPYB10602 in breast cancer cells was more
efficient than that of the other inhibitors. Further‐
more, KPYB10602 suppressed tumor growth without
apparent toxicity in the subcutaneous xenograft tu‐
mor model. In a previously reported study, mice trea‐
ted with KPYB10602 did not exhibit significantly
impaired in motor coordination19).
KSP is responsible for centrosome separation,
which is required for formation and maintenance of
the bipolar spindle8)18). Inhibition of KSP function by
KPYB10602 resulted in a characteristic monoastral
spindle phenotype. Like taxanes, KSP inhibitor leads

Effect KPYB10602 in the MDA-MB-231 cell xeno‐
graft model
By day 7 after injection of the cancer cells into
the BALB/c-nu mice, tumor volume reached approxi‐
mately 120 mm3 (day 0), and KPYB10602 (20 mg/
kg), paclitaxel (25 mg/kg), or vehicle at an equal
amount was administered. Although the tumor vol‐
ume increased in all groups, the growth rate was sig‐
nificantly inhibited with the KPYB10602 treatment
and with the paclitaxel treatment (P < 0.001) (Figure
6a). No significant weight loss or toxicity was ob‐
served in either of these 3 groups of mice (Figure
6b).
Discussion
This study demonstrated that a novel synthe‐
sized KSP inhibitor, KPYB10602, had anti-tumor ac‐
tivity in human breast cancer cell lines and xenograft
tumor model.
The taxanes, such as paclitaxel and docetaxel,
are microtubule-stabilizing agents that have been
widely applied as active chemotherapy agents in the
treatment of breast cancer13). They inhibit spindle mi‐
crotubule dynamics, which causes cell cycle arrest
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Figure 5. Expression of apoptosis-related factors.
MCF-7 and MDA-MB-231 cells were treated with 1 µM KPYB10602 for 12,
24, or 48 hours. The protein levels of Bax (a) and survivin (b) were measured
by ELISA. Values are shown as mean + SE (n = 4). *P<0.05, **P<0.01 and
***P<0.001 vs. control. Caspase-3 (c) was determined by Western blotting,
and β-actin was used as a loading control.
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Figure 6. In vivo effect of KPYB10602 on tumor-bearing BALB/c-nu mice.
Mice bearing subcutaneously implanted MDA-MB-231 cells were treated with
KPYB10602 (20 mg/kg, n = 10), paclitaxel (5 mg/kg, n = 10), or vehicle (con‐
trol, n = 12). Tumor volume (a) and body weight (b) were measured twice a
week. Values are shown as mean + SE.
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KPYB10602 does not affect microtubules dynam‐
ics18), and it avoids the taxane resistance that results
from mutation at the drug-binding site on β-tubulin.
In summary, our in vitro and in vivo experi‐
ments showed a novel KSP inhibitor, KPYB10602, to
have a potent anti-cancer effect on breast cancer
cells. To the best of our knowledge, this is the first
study to identify this novel KSP inhibitor as a prom‐
ising treatment for breast cancer. Further evaluation is
needed to elucidate of the apoptotic pathways by
which KPYB10602 acts in breast cancer cells.

to mitotic arrest and apoptosis. We observed an in‐
crease in the number of G2/M phase and sub-G1 cells
with KPYB10602 treatment, suggesting that apop‐
totic cell death resulted after mitotic arrest. At the on‐
set of anaphase, securin is ubiquitinated, leading to
its destruction and to the liberation of separase,
which results in segregation of the chromosomes20)21).
Securin, called an anaphase inhibitor, blocks separase
function, preventing segregation of the chromo‐
somes20). KPYB10602 treatment resulted in an in‐
crease in securin, indicating the arrest of cell cycle
progression from metaphase to anaphase.
Although cell death after prolonged mitosis
seems to be a common phenomenon in cells treated
with KSP inhibitor, the underlying apoptotic mecha‐
nism is not clearly understood. Microtubule-targeting
agents are known to induce mitochondrial membrane
permeabilization and subsequent induction of apopto‐
sis by modulating Bcl-2 family proteins, including
Bax22)23). Bax is a proapoptotic protein, and previous
reports have described the induction of apoptosis
through elevated Bax expression resulting from KSP
inhibition24–26). In addition, survivin, a member of the
family of inhibitor of apoptosis proteins (IAPs),
seems to be selectively expressed in transformed cells
and in most human cancers, including breast can‐
cer27)28). Survivn is released from the mitochondria in
the cytosol and inhibits apoptosis by suppression of
active caspase-927)29). In this study, the elevated Bax
expression and decreased survivin expression were
consistent with an increase in DNA fragmentation
following KPYB10602 treatment. Our study data
suggest that KPYB10602 induced mitotic arrest, fol‐
lowed by cell death mediated via the mitochondrial
pathway.
In this study, MDA-MB-231 cells showed
higher level of DNA fragmentation and sub-G1 popu‐
lation than MCF-7 cells did. These differences be‐
tween the cell lines might be due to its molecular bi‐
ology. In fact, MCF-7 cells lack caspase-330), and
MDA-MB-231 cells have mutant p5331). These 2 pro‐
teins are responsible for the induction of apoptosis. In
addition to the MCF-7 cells, MDA-MB-231 cells ex‐
pressed inactive caspase-3, and this expression was
independent of the exposure to KPYB10602. Thus
we assume that KPYB100602 can induce apoptosis
without the activity of caspase-3 and/or p53.
Another advantage of KSP inhibitors is that they
can overcome resistance to taxanes caused by overex‐
pression of P-glycoprotein; KSP is not transported
out of cells by P-glycoprotein17). Furthermore,
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Aminophylline suppresses stressinduced visceral hypersensitivity
and defecation in irritable bowel
syndrome
Teita Asano1, Ken-ichiro Tanaka2, Arisa Tada3, Hikaru Shimamura3, Rikako Tanaka3,
Hiroki Maruoka3, Mitsuko Takenaga1 & Tohru Mizushima4
Pharmacological therapy for irritable bowel syndrome (IBS) has not been established. In order to
find candidate drugs for IBS with diarrhea (IBS-D), we screened a compound library of drugs clinically
used for their ability to prevent stress-induced defecation and visceral hypersensitivity in rats. We
selected the bronchodilator aminophylline from this library. Using a specific inhibitor for each subtype
of adenosine receptors (ARs) and phosphodiesterases (PDEs), we found that both A2BARs and PDE4
are probably mediated the inhibitory effect of aminophylline on wrap restraint stress (WRS)-induced
defecation. Aminophylline suppressed maternal separation- and acetic acid administration-induced
visceral hypersensitivity to colorectal distension (CRD), which was mediated by both A2AARs and
A2BARs. We propose that aminophylline is a candidate drug for IBS-D because of its efficacy in both of
stress-induced defecation and visceral hypersensitivity, as we observed here, and because it is clinically
safe.
Irritable bowel syndrome (IBS) is characterized by chronic, recurrent abdominal pain and altered bowel habits
(diarrhea or constipation) and is defined by symptom criteria and the absence of detectable organic disease1. The
prevalence of IBS in the general population is remarkably high (approximately 11% of the world’s population),
with the young displaying greater susceptibility1. Thus, although IBS is not life-threatening, it creates a large burden on global healthcare and causes a serious reduction in the quality of life2. However, a therapeutic protocol for
the disease, including pharmacological therapy, has not been established. Four subtypes of IBS are recognized,
depending on the predominant stool pattern: IBS with constipation (IBS-C), IBS with diarrhea (IBS-D), mixed
IBS (IBS-M) and un-subtyped IBS3.
Although the mechanism underlying the pathogenesis of IBS is not completely understood, several contributory factors have been proposed, including brain-gut axis dysregulation, enhanced visceral perception, altered
intestinal microbiota, post-infectious changes in gastrointestinal function and enhanced immunologic reactivity4–8. Given that no single causal trigger for IBS has been identified, a combination of physiologic, genetic, environmental and psychological factors seems to be responsible for the visceral hypersensitivity and altered bowel
conditions observed in IBS patients. In particular, mental stress in early childhood (such as the loss of a parent,
neglect or abuse) is known to induce IBS-related phenotypes in both humans and animals9,10.
Previously, the pharmacological treatment of IBS-D involved classic anti-diarrheal agents, such as loperamide
and anticholinergic drugs. Some clinical studies have also suggested the effectiveness of antidepressants, although
others reported contradictory results11. Recently, alosetron and ramosetron, two serotonin 3 (5-HT 3) receptor
antagonists, were approved for patients with IBS-D12,13. This is based on the fact that inhibition of 5-HT3 receptors
in the intestine is associated with the suppression of its motility and fluid secretion12. Rifaximin, an antibacterial
drug, and eluxadoline, which has both μ-opioid receptor agonist and δ-opioid receptor antagonist activity, were
1
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also recently approved for IBS-D14,15. However, thus far, the outcomes of pharmacological therapy for IBS-D
are unsatisfactory16. Furthermore, as the 5-HT3 receptor also regulates other physiological functions, the use of
5-HT3 receptor antagonists is clinically restricted due to adverse effects, such as ischemic colitis 17. In fact, the
use of alosetron for IBS-D patients is permitted only when no alternative therapies are available17. Thus, new
target proteins for IBS-D drugs, which enable long-term treatment without serious adverse effects, need to be
identified16,18. One potential approach is to phenotypically screen compounds for their ability to reduce visceral
hypersensitivity and stress-induced defecation in animals.
The number of drugs reaching the marketplace each year is decreasing, mainly due to the fact that unexpected
adverse effects of potential drugs are revealed in clinical trials. Thus, we have proposed a new strategy for drug
discovery and development (drug re-positioning), which focuses on the use of existing medicines for alternative
indications19. This strategy screens compounds with clinically beneficial pharmacological activity from a library
of medicines that are already in clinical use to develop them for new indications. The advantage of this strategy is
the decreased risk of unexpected adverse effects in humans because the safety aspects of these drugs have already
been well characterized19. Furthermore, as the library size of approved medicines is relatively small, the phenotypic screening of compounds in animals is much easier to implement using a drug re-positioning strategy rather
than a general drug discovery approach.
Aminophylline (a mixture of theophylline and ethylenediamine in a 2:1 molecular ratio) is traditionally used
as a bronchodilator20,21. Although the molecular mechanism governing its efficacy has not been fully defined,
aminophylline (theophylline) has been reported to have both antagonizing activity for adenosine receptors (ARs)
and inhibitory activity on phosphodiesterases (PDEs), both of which are believed to mediate the bronchodilatory
activity of aminophylline22,23. Among the four major subtypes of AR (A1ARs, A2AARs, A2BARs and A3ARs), aminophylline (theophylline) is an antagonist of A1ARs, A2AARs and A2BARs but not of A3ARs24,25. A1ARs are mainly
expressed in the brain and spinal cord, while A2AARs are expressed in the brain, spinal cord and peripheral tissues/cells (such as the spleen, thymus, leucocytes, small intestine, and colon)26,27. A2BARs are mainly expressed in
the peripheral tissues, such as the large intestine28. Various pathophysiological roles of ARs have been reported,
and agonists and antagonists for these receptors have attracted considerable attention as drugs for various diseases26. PDE inhibitors also have various pharmacological activities, and some have already been approved for
clinical use29.
Although previous studies have reported both positive and negative effects of adenosine on intestinal motility and nociception30–32, the role of each AR subtype in IBS-D remains unknown. In an animal model of acute
somatic pain (hot-plate test), an antagonist of A2BARs but not of A1ARs or A2AARs showed an analgesic effect31,
whereas in another animal model of somatic pain (formalin test), an A2AAR antagonist acted as an analgesic30,33.
A2BAR-knockout mice have been reported to exhibit decreased stool frequency32 whereas an A2BAR antagonist
enhanced colonic contraction in rats30. Further, activation of A1ARs in the spinal cord has an analgesic effect34.
On the other hand, it has been reported that inhibition of PDE4 suppresses stress-induced defecation35. These
results suggest that aminophylline (theophylline) may affect visceral hypersensitivity and stress-induced defecation in IBS-D patients and animal models either positively or negatively; however, no study to date has investigated these effects.
In the present study, we used an in vivo phenotype screening and drug re-positioning strategy to search for
candidate drugs for IBS-D. We screened a compound library consisting of clinically available drugs for the ability
of the drugs to prevent stress-induced defecation and visceral pain, and identified aminophylline as a potential
candidate. Analysis with a specific inhibitor for each subtype of PDE and AR suggested that PDE4 and A 2BARs
probably mediated the inhibitory effect of aminophylline on stress-induced defecation. On the other hand,
A2AARs and A2BARs appear to be involved in its inhibitory effect on visceral hypersensitivity. On the basis of
these results, we propose that aminophylline may be a candidate drug for IBS-D.

Results

Effect of aminophylline on wrap restraint stress (WRS)-induced fecal pellet output. We selected
209 clinically used drugs, including bronchodilators, anticonvulsants, antibiotics, anti-hypertensives and anti-allergy drugs. We did not select anti-cancer drugs. The drugs were screened for their ability to suppress both the
visceral pain response to repeated colorectal distension (CRD), and WRS-induced fecal pellet output in rats.
Then, aminophylline was identified on the basis of its inhibition of both the visceromotor response (VMR) to
CRD and WRS-induced fecal pellet output, as well as the available clinical data of its tolerability. We excluded
positive drugs that are positive hits in the screening assay but had severe side effects, such as hypotension and
hypoglycemia.
We first examined the effect of oral administration of aminophylline on WRS-induced fecal pellet output.
As shown in Fig. 1a, rats subjected to WRS displayed an increase in the number and wet weight of fecal pellets
compared to that in unrestrained control rats, as described previously36. Oral pre-administration of aminophylline (18 or 60 mg kg−1) significantly decreased both these indices in a dose-dependent manner (Fig. 1a). Oral
pre-administration of ramosetron produced a similar effect (Fig. 1a).
Aminophylline is a complex of theophylline and ethylenediamine, and we found that oral pre-administration
of theophylline also significantly decreased the fecal pellet output in rats subjected to WRS (Fig. 1b) at a dose
equivalent to that of aminophylline (with respect to the molecular weight of theophylline). In contrast, as shown
in Fig. 1c, aminophylline did not affect the fecal pellet output in rats that were not subjected to WRS, even at
the higher dose of 180 mg kg−1. These results suggest that aminophylline can suppress WRS-induced defecation
without affecting normal defecation.
It has been reported that neonatal rats subjected to maternal separation show higher sensitivity to a novel
stress stimulus, which can be monitored by an increase in fecal pellet output10. We therefore examined the
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Figure 1. Effects of aminophylline on WRS- and novel stress-induced defecation in rats. Rats were subjected
to maternal separation (MS) or non-maternal separation (NS) as described in the Materials and Methods (d).
The rats received the indicated oral dose of aminophylline (Amino) (mg kg−1) (a,c–e), ramosetron (Ram)
(0.03 mg kg−1) (a), theophylline (Theo) (mg kg−1) (b) or vehicle (Veh: saline) (a–e). Two hours after the
administration, rats were exposed to WRS for 1 h (a,b,e), or novel stress (transfer to a new cage) (d) or remained
undisturbed for 24 h (c). The number (a,b,d) and wet weight (a,c) of the fecal pellets excreted in 1 h (a,b), 24 h
(c) or until the indicated time period (d) were determined. After the WRS, the plasma level of corticosterone
was measured by ELISA (e). The values are the mean ± s.e.m. *P < 0.05; **P < 0.01 (Tukey test).

effect of aminophylline in this animal model. Indeed, as shown in Fig. 1d, maternal separation stimulated novel
stress-induced fecal pellet output, a response that was suppressed by aminophylline.
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Figure 2. The relationship between the inhibitory effect of aminophylline on defecation and the
bronchodilatory effect of aminophylline in mice. The indicated dose (mg kg−1) of aminophylline (Amino)
(mg kg−1) or vehicle (Veh: saline) was orally administered to mice (a,b). After 1 h, the mice were exposed
to nebulized methacholine for 5 times, and the airway resistance was determined after each methacholine
challenge (a). Two hours after aminophylline administration, the mice were subjected to RS for 1 h and the
number of fecal pellets excreted during the RS period (1 h) was determined (b). Control mice (Ctrl) were left to
move freely in their cage. The values are the mean ± s.e.m. *P < 0.05; **P < 0.01 (Tukey test).

We then examined the effect of aminophylline on the serum level of corticosterone after exposure to WRS.
As shown in Fig. 1e, rats subjected to WRS exhibited a significant increase in their serum corticosterone level, an
effect that was not ameliorated by pre-administration of aminophylline. This suggests that aminophylline affects
WRS-induced fecal pellet output independent of the serum level of corticosterone.

The mechanism undelying aminophylline-dependent suppression of WRS-induced fecal pellet
output. For both the clinical application of aminophylline for IBS-D patients and the identification of the

molecular mechanism underlying aminophylline-dependent suppression of WRS-induced fecal pellet output, it
is important to examine whether this novel pharmacological effect of aminophylline (suppression of defecation)
is achieved at a dose similar to that required for its original pharmacological activity (bronchodilation). We therefore compared the dose-response profiles of aminophylline in terms of its inhibitory effect on defecation and its
bronchodilatory effect. Given that we had already established the assay system for bronchodilation in mice37, we
used mice for this comparative analysis. Significant inhibition of methacholine-induced bronchoconstriction
(an increase in airway resistance; Fig. 2a) and significant inhibition of restraint stress (RS)-induced fecal pellet
output (Fig. 2b) were observed after oral administration of 180 mg kg−1 aminophylline. The dose of aminophylline
required for its bronchodilation also inhibited stress-induced defecation.
Therefore, we focused on the inhibitory effect of aminophylline on both PDEs and ARs. We first examined the
effect of a specific antagonist of each AR subtype on WRS-induced defecation. Pre-administration of MRS-1754
(a subtype-specific antagonist of A2BARs) significantly suppressed fecal pellet output in rats subjected to WRS in
a dose-dependent manner (Fig. 3a). However, DPCPX and istradefylline (subtype-specific antagonists of A1ARs
and A2AARs, respectively) had no significant effect hereon (Fig. 3a).
We also examined the effect of PDE inhibitors on WRS-induced defecation. As shown in Fig. 3b, ibudilast (a
subtype non-specific inhibitor of PDEs) significantly suppressed fecal pellet output in rats subjected to WRS. We
then used a specific inhibitor of each subtype of PDE. As shown in Fig. 3c, rolipram (a subtype-specific inhibitor of PDE4) but not cilostazol (a subtype-specific inhibitor of PDE3) suppressed the WRS-induced fecal pellet
output in rats. These results suggest that the inhibitory effect of aminophylline on WRS-induced defecation is
probably mediated by its inhibitory effect on both A2BARs and PDE4.

Effect of aminophylline on visceral hypersensitivity to CRD. To assess the effect of aminophylline on
visceral hypersensitivity, we used a rat model of maternal separation-induced visceral hypersensitivity to CRD,
one of the animal models of IBS10. As shown in Fig. 4a, the VMR evoked by CRD (EMG amplitude) increased
according to the increase in balloon pressure, an effect that was stimulated in rats subjected to early maternal separation as described previously10. However, oral pre-administration of aminophylline (60 mg kg−1) significantly
suppressed the VMR to a level similar to that observed in non-maternally separated rats (control rats) (Fig. 4a).
Oral pre-administration of ramosetron produced a similar effect (Fig. 4a). On the other hand, pre-administration
of aminophylline did not affect the VMR to CRD in control rats (without maternal separation) even at the higher
dose of 180 mg kg−1 (Fig. 4b). We also found that administration of theophylline suppressed the VMR to CRD in
rats subjected to maternal separation at a dose equivalent to that of aminophylline (with respect to the molecular
weight of theophylline) (Fig. 4c). These results suggest that aminophylline and theophylline suppress the maternal
separation-induced visceral hypersensitivity to CRD.
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Figure 3. Effects of AR antagonists and PDE inhibitors on WRS-induced defecation in rats. Rats were
intraperitoneally administered the indicated dose of DCPCX (a selective A1AR antagonist) (a), istradefylline
(Istra) (a selective A2AAR antagonist) (a), MRS-1754 (a selective A2BAR antagonist) (a), ibudilast (a subtype
non-selective PDE inhibitor) (b), rolipram (a selective PDE4 inhibitor) (c), cilostazol (a selective PDE3
inhibitor) (c) or vehicle (Veh: 1% methylcellulose) (a–c). Fifteen minutes after the administration, rats were
subjected to WRS for 1 h. Control rats (Ctrl) were left to move freely in their cage. The number of fecal pellets
excreted during this period (1 h) was counted. The values are the mean ± s.e.m. *P < 0.05; **P < 0.01 (Tukey test).
We then evaluated the therapeutic potential of aminophylline in an acetic acid-induced visceral hypersensitivity. In this model, rat pups received intracolonic administration of acetic acid at 10 days of age and visceral
hypersensitivity to CRD was assessed at 5–6 weeks of age. As shown in Fig. 4d, rats subjected to the acetic acid
treatment showed visceral hypersensitivity to CRD. However, pre-administration of aminophylline returned the
sensitivity to the level observed in control rats.

The mechanism underlying aminophylline-dependent suppression of visceral hypersensitivity to CRD. As shown in Fig. 5a, ibudilast did not significantly affect the VMR to CRD in rats subjected to
maternal separation, suggesting that the inhibitory effect of aminophylline on visceral hypersensitivity to CRD
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Figure 4. Effects of aminophylline on maternal separation- and acetic acid administration-induced
visceral hypersensitivity to CRD in rats. Rats were subjected to maternal separation (MS) or administration of
0.5% acetic acid (AA) as described in the Materials and Methods. The MS and non-maternally separated (NS)
rats were orally administered the indicated dose of aminophylline (Amino) (mg kg−1) (a,b), ramosetron (Ram)
(mg kg−1) (a), theophylline (Theo) (mg kg−1) (b) or vehicle (Veh: saline) (a–c). Two hours later, the VMR to
CRD was monitored by measuring the EMG. The values are the mean ± s.e.m. * or #P < 0.05; ** or ##P < 0.01 (*, vs
NS; #, vs Veh) (Tukey test).

is not mediated by inhibition of PDEs. Thus, we focused on ARs. Pre-administration of istradefylline or MRS1754 significantly suppressed the VMR to CRD in rats subjected to maternal separation to an extent similar to
that observed with aminophylline (Fig. 5b). In contrast, DPCPX did not suppress the VMR to CRD, and indeed
a higher dose of this drug had a stimulatory effect (Fig. 5b). These results suggest that the inhibitory effect of
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Figure 5. Effects of AR antagonists and PDE inhibitors on maternal separation-induced visceral
hypersensitivity to CRD in rats. Rats subjected to maternal separation (MS) (a–c) or non-separation (NS) (a,b)
were intraperitoneally administered the indicated dose (mg kg−1) of ibudilast (a subtype non-selective PDE
inhibitor) (a), DCPCX (a selective A1AR antagonist) (b), istradefylline (Istra) (a selective A2AAR antagonist)
(b), MRS-1754 (a selective A2BAR antagonist) (b), ZM241385 (a selective A2AAR antagonist) (c), PSB1115 (a
selective A2BAR antagonist) (c) or vehicle (Veh: 1% methylcellulose) (a–c). Fifteen minutes later, the VMR to
CRD was monitored. The values are the mean ± s.e.m. * or #P < 0.05; ** or ##P < 0.01 (*, vs Ctrl; #, vs Veh) (Tukey
test). The data for the MS + Veh in the three panels in (b) and the two panels in (c) are the same.

aminophylline on maternal separation-induced visceral hypersensitivity to CRD is mediated by its inhibitory
effect on both A2AARs and A2BARs. To confirm this hypothesis, we used another subtype-specific antagonist of
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Figure 6. Effects of AR agonists on visceral sensitivity to CRD in control and maternally separated rats.
Control rats (a) and maternally separated (MS) (b,c) rats were intraperitoneally administered the indicated
dose (mg kg−1) of CGS21680 (a selective A2AAR agonist) (a–c), BAY60-6583 (a selective A2BAR agonist) (a–c),
or vehicle (Veh: 1% methylcellulose) (a–c). Fifteen minutes later, the VMR to CRD was monitored. A 60 mg/
kg of aminophylline (Amino) was orally administered to rats 2 h before the CRD test (c). The values are the
mean ± s.e.m. * or #P < 0.05; ** or ##P < 0.01 (*, vs Veh; #, vs MS + Amino + Veh) (Tukey test).

A2AARs and A2BARs. As shown in Fig. 5c, both ZM241385 and PSB1115 (a subtype-specific antagonist of A2AARs
and A2BARs, respectively) significantly suppressed the VMR to CRD in rats subjected to maternal separation.
To investigate the involvement of A2AAR and A2BAR activation in the development of visceral hypersensitivity to CRD, we examined the effect of CGS21680 (a subtype-specific A2AAR agonist) and BAY60-6583 (a
subtype-specific A2BAR agonist) on VMR to CRD in normal rats. We found that both CGS21680 and BAY606583 produced a stimulatory effect on VMR to CRD in normal rats (Fig. 6a). We also assessed the effect of
CGS21680 and BAY60-6583 on the rats subjected to maternal separation, and found neither agonist affected the
VMR to CRD in maternally separated rats (Fig. 6b). Finally, we examined whether an A2AAR or A2BAR agonist
could inhibit the ameliorative effect of aminophylline on maternal separation-induced visceral hypersensitivity
to CRD. Both CGS21680 and BAY60-6583 significantly stimulated the VMR to CRD in maternally separated rats
pretreated with aminophylline (Fig. 6c).

Scientific Reports | 7:40214 | DOI: 10.1038/srep40214

- 263 -

8

www.nature.com/scientificreports/

Discussion

Although various types of drugs are prescribed for IBS-D patients and several target proteins for IBS-D drugs
have been proposed, an appropriate pharmacological therapy has not yet been established. Furthermore, the
adverse effects of the current IBS-D drugs restrict the clinical use of these drugs (see introduction). Thus, novel
drugs that target novel proteins and enable long-term treatment without serious adverse effects are required. Here
we adopted a phenotypic screening approach and a drug re-positioning strategy to search for suitable drug candidates. Specifically, we screened for compounds that could suppress both the VMR to CRD and stress-induced
defecation in rats, and identified aminophylline as a promising candidate. Aminophylline or theophylline has
been clinically used as a bronchodilator and both its antagonizing activity on ARs and its inhibitory activity on
PDEs have been reported23. However, thus far, the potential beneficial effects of these drugs on IBS have not been
proven in pre-clinical or clinical studies.
Here, the oral administration of aminophylline prevented not only WRS-induced defecation but also novel
stress-induced defecation in rats and RS-induced defecation in mice. However, in rats, aminophylline did not
affect defecation under normal conditions and the serum level of corticosterone under stress conditions, suggesting that aminophylline specifically prevented stress-induced defecation independent of the function of the
hypothalamic-pituitary-adrenal axis. The lack of an effect on normal defecation would appear to be beneficial for
its clinical application in IBS patients. The dose-response profiles of aminophylline in terms of its inhibitory effect
on fecal pellet output and its bronchodilatory effect were similar in mice. Theophylline also showed an inhibitory effect on WRS-induced fecal pellet output. These results suggest that the inhibitory effect of aminophylline
on stress-induced defecation is mediated by a mechanism similar to that for its bronchodilatory effect. In other
words, by antagonizing ARs and/or inhibiting PDEs. We showed that pre-administration of a subtype-specific
antagonist of A2BARs but not of A1ARs or A2AARs significantly suppressed WRS-induced fecal pellet output
in rats. We also demonstrated that a subtype non-specific inhibitor of PDE and a subtype-specific inhibitor of
PDE4 but not PDE3 had a similar effect. These results suggest that the inhibitory effect of aminophylline on
WRS-induced fecal pellet output is mediated by its inhibitory effect on both PDE4 and A 2BARs. However, no
direct evidence for this effect was presented in this study. Therefore, confirmation that a selective PDE4 activator
or a selective A2BAR agonist can inhibit the ameliorating effect of aminophylline is warranted. Furthermore, these
results are consistent with those of previous reports showing that A2BAR-knockout mice have decreased stool frequency32 and that inhibition of PDE4 suppresses stress-induced defecation35. Nevertheless, they do not agree with
the finding by Antonioli et al. that A2BAR antagonists enhance colonic contraction in rats30. Thus, our findings are
in contrast to those of Antonioli et al. We believe that the results of Antonioli et al. may not necessarily reflect the
overall effect on colonic propulsive activity in vivo because their experiments were tested in vitro using a longitudinal smooth muscle strip. On the other hand, Chandrasekharan et al. reported that A2BAR knockout mice and
A2BAR antagonist-treated mice showed delayed colonic emptying, decreased stool retention and decreased stool
frequency32. The authors also suggested that these phenotypes were mediated by inhibition of colonic circular
muscle relaxation through the blockade of A2BARs, which are involved in NO release from enteric neurons. We
postulate that such a mechanism may underlie our results.
Oral administration of aminophylline or theophylline prevented maternal separation- and acetic acid
administration-induced visceral hypersensitivity to CRD but did not affect the visceral sensitivity under normal
conditions. The inability of these drugs to affect normal visceral sensitivity may be beneficial for their clinical application in IBS patients. Regarding the mechanism governing the inhibitory effect of aminophylline on
visceral hypersensitivity to CRD, we showed that a subtype non-specific inhibitor of PDE did not significantly
affect the hypersensitivity response. In contrast, pre-administration of subtype-specific antagonists of A2AARs
and A2BARs but not A1ARs significantly suppressed the VMR to CRD in rats subjected to maternal separation.
These results suggest that the inhibitory effect of aminophylline on maternal separation-induced visceral hypersensitivity to CRD is mediated by its inhibitory effect on both A2AARs and A2BARs. We confirmed this hypothesis
using additional subtype-specific A2AAR and A2BAR antagonists (ZM241385 and PSB1115, respectively) and
subtype-specific A2AAR and A2BAR agonists (CGS21680 and BAY60-6583, respectively) in the presence of aminophylline. Given that it is known that PSB1115 does not cross the blood-brain barrier38, this result suggests
that A2BARs expressed on peripheral tissues (such as the large intestine) rather than those expressed in the central nervous system mediate the inhibitory effect of aminophylline on visceral hypersensitivity. Furthermore, we
found that A2AAR and A2BAR subtype-specific agonists stimulated visceral sensitivity to CRD in normal rats but
not in maternally separated rats. We speculate that A2AR and A2BR receptor sensitivity is decreased in maternally
separated rats because these receptors are already bound by adenosine. Thus, we also infer that the occurrence
(or enhancement) of a tonic adenosine release during stress rather than an increased expression of A2AAR and
A2BAR is involved in the development of visceral hypersensitivity to CRD in stressed rats. As described in the
introduction, previous studies have shown that A2AAR and A2BAR antagonists produce an analgesic effect in an
animal model of somatic pain31. However, to the best of our knowledge, our study is the first to demonstrate the
inhibitory effect of A2AAR and A2BAR antagonists on visceral pain and hypersensitivity. On the other hand, we
found that administration of a higher dose of an A1AR antagonist stimulated the VMR to CRD, which was consistent with the finding of a previous study showing that the activation of A1ARs produced an analgesic effect34.
We propose that aminophylline and theophylline are candidate drugs for IBS-D due to their ameliorating effects on both stress-induced defecation and visceral hypersensitivity. Their ability to suppress maternal
separation-induced visceral hypersensitivity to CRD is particularly important, given that most current IBS-D
drugs, except for 5-HT3 receptor antagonists, have not been reported to affect visceral hypersensitivity in this
model. Furthermore, since the inhibitory effect of aminophylline on WRS-induced defecation appears to be
mediated by a mechanism similar to that which underlies its bronchodilatory effect, aminophylline may show
therapeutic efficacy at a dose used clinically and of which the safety has already been confirmed in humans.
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Our results have also revealed a novel target protein class for IBS-D drugs: the A2BARs. Specific antagonists for
these receptors may therefore be beneficial for the treatment of IBS-D patients, although it is possible that aminophylline may still prove superior to such specific antagonists. We therefore propose that a pilot clinical study
in which the efficacy of aminophylline in IBS-D patients is tested should be performed, given that this is already
possible without the need of pre-clinical and phase 1 clinical studies.

Methods

Chemicals and animals. PSB1115 was purchased from Santa Cruz Biotechnology, Inc (Santa Cruz, CA).
Methylcellulose, ibudilast and rolipram were obtained from Wako Pure Chemical Industries (Osaka, Japan).
Medetomidine chloride (Domitor ) and butorphanol tartrate (Vetorphale ) were obtained from Meiji Seika
Pharma Co., Ltd. (Tokyo, Japan) and midazolam was purchased from SANDOZ (Tokyo, Japan). Istradefylline
and theophylline were purchased from Sigma (St. Louis, MO). Cilostazol and aminophylline were obtained from
LKT laboratories, Inc. (St Paul, MN). MRS-1754 and BAY60-6583 were from Tocris Bioscience (Bristol, UK)
and 1,3-dipropyl-8-cyclopentylxanthine (DCPCX), ZM241385 and CGS21680 were from Abcam (Cambridge,
UK). ICR mice (5- or 6-week-old males, 28–33 g), primiparous late pregnant Wistar female rats and normal
male Wistar rats (4- or 5-week-old, 150–250 g) were obtained from Charles River Laboratories Japan (Yokohama,
Japan). The animals were housed under conditions of controlled temperature (22–24 °C) and illumination (12-h
light cycle) conditions for 1 or 2 weeks before experiments. The experiments and procedures described here were
performed in accordance with the Guide for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of Health, and were approved by the Animal Care Committees of Keio University
and St. Marianna University.

®

®

Measurement of VMR to CRD.

The VMR to CRD was monitored as described39, with some modifications. Briefly, rats were deeply anesthetized with a mixture of medetomidine chloride (0.5 mg kg−1), midazolam
(2.5 mg kg−1), and butorphanol tartrate (2.5 mg kg−1), and electromyography electrodes (Star Medical, Tokyo,
Japan) were sutured into the external oblique muscle of the abdomen for electromyogram (EMG) recording.
Electrode leads were tunneled subcutaneously and were exteriorized at the nape of the neck for future access.
After the surgery, rats were housed individually and allowed to recuperate for 6 days before being used for measurement of the VMR. The rats were restrained in a plastic conical-shape tube (diameter, 6 cm; height, 15 cm),
15 min before the EMG recording. A polyethylene bag (length, 2 cm) was inserted in the distal colon, positioned
1 cm proximal to the rectum and connected to a balloon catheter. The pressure and volume of the balloon were
controlled and monitored by a pressure controller-timing device (Distender Series II; G & J Electronics, Toronto,
Canada), connected to the balloon. The rats were subjected to repeated CRD (12 times at 80 mm Hg; duration,
30 s; interstimulus interval, 300 s) for drug screening or to phasic CRD (10, 20, 40 60 and 80 mm Hg; duration,
20 s; interstimulus interval, 150 s) for the estimation of drug activity. Aminophylline or theophylline in saline or
ramosetron in 1% methylcellulose were administered orally 2 h before CRD. The other drugs (AR antagonists,
AR agonists and PDE inhibitors) were dissolved in 1% methylcellulose and were intraperitoneally administered
15 min before CRD. EMG data were collected and analyzed using the 8 STAR software package (version 6.0–19.2
for Windows; Star Medical, Tokyo, Japan). VMR evoked by contraction of the external oblique muscle was quantified by calculating the area under the curve (AUC) of the voltage alteration graph. The data were expressed as
the result of the subtraction of the baseline VMR from the VMR during CRD (EMG amplitude). The baseline was
consisted of the data collected 20 s before each CRD.

Maternal separation- and acetic acid-induced colonic hypersensitivity to CRD.

Neonatal
maternal separation was performed as described previously10 with some modifications. Primiparous late pregnant Wistar female rats were individually housed for about a week prior to giving birth (10–15 pups/rat). The
pups were separated from their dams for 3 h every day for 10 days (from postnatal day 2 to 12). Separations
were conducted between 9 AM and 12 AM. The pups were placed in plastic cages that contained a heater pad
(30 °C–33 °C), and were placed in a room separated from the dams. Non-maternally separated group (control
pups) was left undisturbed with their dams. From postnatal day 12, both groups of rats were left undisturbed
except for routine cage cleaning every two days. At 5–6 weeks of age, the VMR to CRD was examined in both
groups of rats.
Acetic acid-induced colonic hypersensitivity was performed as described previously40 with some modifications. At 10 days of age, rat pups were subjected to intracolonic injection of 0.2 ml of 0.5% acetic acid in saline in
a position 2 cm from the anus; control rats received an equal volume of saline. At 5–6 weeks of age, the VMR to
CRD in both groups of rats was measured.

Stress-induced fecal pellet output.

WRS-, RS-, and novel stress-induced fecal pellet output was monitored as described previously36,39, with some modifications.
To monitor the WRS-induced fecal pellet output in rats, the rats received an oral dose of aminophylline or theophylline in saline (2 ml kg−1) or ramosetron in 1% methylcellulose (2 ml kg−1) 2 h before WRS. The other drugs
(AR antagonists or PDE inhibitors) were dissolved in 1% methylcellulose and were injected intraperitoneally
15 min before WRS. Rats were subjected to WRS for 1 h and the number or wet weight of fecal pellets excreted
during this period was determined. The wet weight of fecal pellets excreted during 24 hours was measured to
evaluate the influence of aminophylline on defecation in non-stressed rats. WRS was performed as described
previously36. Briefly, the rats were lightly anesthetized with isoflurane and their foreshoulders, upper forelimbs
and thoracic trunk were wrapped in paper tape to restrict but not prevent movement. The animals recovered from
isoflurane within 2–5 min and mobile immediately thereafter. The control rats were anesthetized with isoflurane
but were not wrapped.
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To monitor RS-induced fecal pellet output in mice, the mice were placed individually into a 50 ml Falcon tube
(Becton Dickinson, Franklin Lakes, NJ) for 1 h. These tubes were small enough to restrain each mouse but were
large enough to allow breathing. The control mice were left to move freely in their cage. Aminophylline in saline
(10 ml kg−1) was orally administered 2 h before RS. The number of fecal pellets excreted during the RS period
(1 h) was counted.
Control (non-maternally separated) and maternally separated rats (see above) were tested for responsiveness
to a novel stress stimulus. This was induced by transferring the rats from their home cage with a white paper towel
to a new cage with a wired mesh, as described previously10. Aminophylline was orally administered 2 h prior to
exposure to a novel stress stimulus. The rats were placed in the new cage for 1 h, and the number of fecal pellets
excreted during this period was counted.

Measurement of lung airway resistance. Measurement of lung airway resistance was performed with a
computer-controlled small animal ventilator (FlexiVent, SCIREQ, Montreal, Canada) as described previously37.
The mice were anesthetized with chloral hydrate (500 mg kg−1), a tracheotomy was performed, and an 8-mm
section of metallic tube was inserted into the trachea. Mice were mechanically ventilated at a rate of 150 breaths
per min, using a tidal volume of 8.7 ml kg−1 and a positive end-expiratory pressure of 2–3 cm H2O. For measurement of the methacholine-induced increase in airway resistance, mice were exposed to nebulized methacholine
(1 mg ml−1) five times for 20 s, with a 40 s interval, and airway resistance was measured after each methacholine
challenge by the snap shot technique. Aminophylline was orally administered to mice 1 h before the test. All data
were analyzed using the FlexiVent software (FlexiVent, SCIREQ, Montreal, Canada).
Measurement of the plasma corticosterone level. After completion of the WRS experiment, the rats
were euthanized and blood was collected to measure the plasma corticosterone level, using an ELISA kit (Cayman
Chemical, Ann Arbor, MI), according to the manufacturer’s instructions.
Statistical analysis. All values are expressed as the mean ± s.e.m. For the defecation experiments, one or
two-way ANOVA followed by the Tukey test for unpaired results was used to evaluate differences between more
than two groups or between two groups. For the bronchodilation and visceral hypersensitivity to CRD study,
two-way ANOVA with repeated measures followed by the Tukey test was used. Differences were considered
significant at P < 0.05.
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Intravenous infusion of adipose-derived stem/stromal cells improves
functional recovery of rats with spinal cord injury
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Abstract
Background aims. Adipose tissue has therapeutic potential for spinal cord injury (SCI) because it contains multipotent cells
known as adipose-derived stem/stromal cells (ASCs). In this study, we attempted intravenous ASC transplantation in rats
with SCI to examine the effect on functional recovery. Methods. ASCs (2.5 × 106) were intravenously infused into SCI rats,
after which hindlimb motor function was evaluated. Distribution of transplanted ASCs was investigated and growth factor/
cytokine levels were determined. Results. Intravenous transplantation of ASCs promoted the functional recovery in SCI rats
and reduced the area of spinal cord cavitation. A distribution study revealed that ASCs gradually accumulated at the site of
injury, but long-term survival of these cells was not achieved. Levels of growth factors increased only slightly in the spinal
cord after ASC transplantation. Unexpectedly, cytokine-induced neutrophil chemoattractant (CINC)-1 showed a transient
but substantial increase in the spinal cord tissue and blood of the ASC group. CINC-1 was secreted by ASCs in vitro, and
the sponge implantation assay showed that CINC-1 and ASCs induced angiogenesis. CINC-1 promoted functional recovery in SCI rats, which was similar to the ASCs. Expression of glial cell line-derived neurotrophic factor was greater in the
ASC group than in the CINC-1 group, although both promoted extracellular signal-regulated kinase (ERK)1/2 phosphorylation; Akt phosphorylation was enhanced in the spinal cord after ASC transplantation. Conclusions. Our findings indicated
that intravenously transplanted ASCs gradually accumulated in the injured spinal cord, where cytokines such as CINC-1
activated ERK1/2 and Akt, leading to functional recovery.
Key Words: adipose-derived stem/stromal cells, cytokine-induced neutrophil chemoattractant-1, intravenous infusion, spinal cord injury

Introduction
Spinal cord injury (SCI) can result in partial or complete paralysis and disability. Currently, there is no
effective treatment for SCI. Cell transplantation is being
explored as a strategy to promote tissue regeneration, and a variety of cells, including embryonic stem
cells, have been tested for their therapeutic potential
for SCI [1–4]. However, there are some limitations
to their clinical application, which include ethical concerns, problems with immunogenicity and safety issues
related to the potential for tumorigenicity [5]. Somatic
stem cells, such as bone marrow–derived mesenchymal stromal cells (BM-MSCs), may offset these
problems because they are capable of self-renewal and
can differentiate into mesodermal lineages as well as
neuronal and glial cells [6–8]. MSCs (variously referred

to as mesenchymal stromal cells or multipotent
stromal cells) have been found in many tissues other
than BM [9–11]. Adipose tissues are an attractive
source of MSCs because of their ubiquitous distribution, accessibility and the ease with which they can
be harvested. Adipose tissue–derived MSCs, called
adipose-derived stem/stromal cells (ASCs), are obtained from adherent cultures of the stromal-vascular
fraction separated from fatty tissues [9]. ASCs and
BM-MSCs have similar characteristics [12] and can
undergo multilineage differentiation into fat, bone,
cartilage, smooth muscle, and neuronal, endothelial
or hepatic cells [9,13–15]. ASCs also secrete a variety
of growth factors, such as hepatocyte growth factor
(HGF) and vascular endothelial growth factor (VEGF),
which might mediate regeneration of the injured spinal
cord [16]. Furthermore, adipose tissue contains larger
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populations of MSCs than does BM [17], thus making
ASCs a promising target for regenerative medicine.
One important problem is the delivery of stem cells
to the site of injury. In most animal experiments as
well as in our previous study [4], cell transplantation
was performed by direct injection into the damaged
parenchyma, providing effective recovery of motor
function and spinal cord preservation after SCI [1–4].
However, direct injection into the lesion is too invasive for human SCI. Intravenous administration has
been chosen as the method of transplantation in patients with central nervous system disorders [18,19],
with its possible recent report for its effectiveness [20].
In this study, we attempted intravenous ASC transplantation in rats with SCI to examine the effect on
functional recovery and to investigate the role of ASCs.
Methods
Animals
Female Sprague-Dawley (SD) (Charles River Laboratories Japan) and green fluorescent protein (GFP)
transgenic rats (SD, CAG-EGFP, Japan SLC) were
housed in an animal room at a constant temperature
(23 ± 1°C) and humidity (50–60%) with a 12-h light/dark
cycle and were allowed free access to a standard diet
and water. Experimental procedures were performed
in accordance with the Guidelines for Animal Experimentation of St. Marianna University Graduate School
of Medicine.The experimental protocol was approved
by the Animal Research Committee, Institute for Animal
Experimentation, St. Marianna University Graduate
School of Medicine (approval numbers 1210002 and
1310005).
ASCs
Dorsal fat pads were obtained from 9-week-old rats
under anesthesia. The adipose tissue was minced and
digested for 1 h in 0.1% collagenase (Thermo Fisher
Scientific) at 37°C.The digestion process was stopped
by adding Dulbecco’s Modified Eagle’s Medium
(Thermo Fisher Scientific) containing 20% fetal bovine
serum (Thermo Fisher Scientific) and 1% antibioticantimycotic (Thermo Fisher Scientific). The digested
suspension was filtered through a 70-µm nylon
mesh cell strainer (BD Biosciences) to remove tissue
debris and centrifuged at 1000 rpm for 5 min. The
pellet (stromal-vascular fraction) was suspended in
medium and cultured in a 10-cm culture dish at 37°C
in humidified atmosphere 5% CO2 and 95% room air.
After 24 h, nonadherent cells were gently removed.
Adherent cells reached 80% confluence within 5–6 days
(passage 0 [P0]). Confluent cells (ASCs) were detached with 0.25% trypsin/1 mmol/L ethylenediamine
tetraacetic acid (EDTA;Thermo Fisher Scientific) and

plated in 75-cm2 flasks (P1).The doubling time (DT)
was determined by manually counting the number of
cells from P1 to P7.
Real-time reverse transcriptase-polymerase
chain reaction
Total RNA was extracted from ASCs with TRIzol
reagent (Thermo Fisher Scientific). After reverse transcription of 1 µg of total RNA, an aliquot of the cDNA
was amplified in a LightCycler system (Roche) with
LightCycler FastStart DNA Master SYBR Green I
(Roche) according to manufacturer’s instructions.
Transcript expression of nestin (neural stem cells), βIII
tubulin (neurons) and glial fibrillary acidic protein
(GFAP; astrocytes) was investigated with hypoxanthine phosphoribosyltransferase as an internal control.
Primer sequences were described previously [4].
SCI model, intravenous ASC transplantation and
functional evaluation
Spinal cord injury was induced by the weight-drop
method [21]. Ten-week-old rats weighing 210–230 g
were anesthetized, and dorsal laminectomy was performed at the T10 vertebra. A 10-g weight was then
dropped onto the spinal cord from a height of 25 mm.
Postoperatively, animals were kept warm on highly absorbent bedding and injected with antibiotics; they
received manual bladder expression twice daily until
reflex bladder emptying returned.
On day 8 after SCI, the rats were randomly assigned to two groups, and cell transplantation was
carried out. ASCs were incubated in growth medium
containing 10 ng/mL basic fibroblast growth factor
(bFGF; Thermo Fisher Scientific) for 24 h before
transplantation. The cells were detached with trypsin/
EDTA and resuspended in physiological saline;
2.5 × 106 cells (in 500 µL) were infused via the tail
vein at a rate of 25 µL/min using a stereotaxic
microinjector (model 310, Muromachi Kikai). SCI
control animals received the same volume (500 µL)
of physiological saline alone.
Hindlimb motor function was evaluated in SCI rats
by using the Basso-Beattie-Bresnahan (BBB) score,
a locomotor rating scale developed by Basso et al. [22].
A score from 0 (complete paralysis) to 21 (normal gait)
was recorded before and after SCI.
Spinal cord specimens
Under anesthesia, animals were perfused with physiological saline and then with 4% paraformaldehyde
in phosphate-buffered saline (PBS) (Wako Pure Chemical Industries) via intracardiac injection.
For hematoxylin and eosin staining, spinal cord
specimens were embedded in paraffin, cut into 4-µm
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sections and placed on SUPERFROST MAS-coated
glass slides (Matsunami Glass). The area of cavitation was measured by using WinROOF software
(Mitani Corporation).
For detection of GFP-expressing cells, spinal cord
specimens were fixed by immersion for 1 h, followed
by cryoprotection in 10%, 20% and 30% sucrose PBS
at 4°C, and finally frozen in Tissue-Tek O.T.C. compound (Sakura FineTechnical). Then 10-µm sections
were cut and placed on SUPERFROST MAS-coated
glass slides. Fluorescence was acquired under a conventional microscope equipped with a CCD camera
(IX70, Olympus).

instructions. Signals were directly detected with a chemiluminescence imaging system.

Investigation of ASC distribution

Comparison of ASCs and CINC-1 in SCI rats

ASCs were labeled with [3H]-thymidine ([methyl, 1′,
2′-3H]thymidine, PerkinElmer Japan). On day 8 after
SCI, [3H]-labeled ASCs (1247092 dpm/2.5 × 106 cells)
were intravenously infused into rats by the same
protocol as mentioned earlier. After 3, 24 and 48 h, a
15-mm spinal cord segment containing the damaged
region, blood and target organs were harvested, followed by solubilization with Soluene-350 (PerkinElmer
Japan). Aliquots of each solution were then used for
the determination of radioactivity with a β counter
(LSC-6100, ALOKA).

On day 8 after SCI, the rats were randomly assigned
to three groups, and treatment of ASCs (2.5 × 106 cells
in 500 µL saline), CINC-1 (5 µg/kg in 500 µL saline)
or saline (500 µL) was carried out. Hindlimb motor
function was evaluated by using the BBB score.

Measurement of cytokines
Medium with or without bFGF (10 ng/mL) was
replaced when ASCs grew to approximately 80%
confluence. After culture for 24 h, the supernatant
was collected for the measurement of cytokine expression and the number of cells was counted with a
hemocytometer.
Serum or plasma (EDTA) was prepared from
whole blood collected under anesthesia. Spinal cord
(15 mm length) lysate was prepared in buffer containing 20 mmol/L tris(hydroxymethyl)-aminomethane
hydrochloride (Tris-HCl; pH 7.5), 2 mol/L NaCl, 0.1%
Tween-80, 1 mmol/L phenylmethylsulfonyl fluoride
(PMSF; Sigma-Aldrich), and 1 mmol/L EDTA, allowing them to swell on ice before centrifugation at
15000 rpm for 30 min at 4°C.
Levels of HGF (Institute of Immunology), VEGF
(Immuno-Biological Laboratories), and cytokineinduced neutrophil chemoattractant (CINC)-1
(Immuno-Biological Laboratories) were measured
with enzyme-linked immunosorbent assay kits according to manufacturer’s instructions.
Cytokine array analysis
A RayBio rat cytokine antibody array (RayBiotech)
was used to assess cytokine expression in the spinal
cord lysate and serum according to the manufacturer’s

Sponge implantation
Sterilized 8-mm sponges (Astellas Pharma) were
subcutaneously implanted into the backs of normal
rats under anesthesia. The sponges were infused
with 100 µL of ASCs (2.5 × 106 cells), CINC-1 (R&D
Systems), or saline just before implantation. Four days
later, each sponge was harvested for measurement of
the hemoglobin content with a hemoglobin determination kit (Wako).

Western blot analysis
Spinal cord lysate was prepared in buffer containing
20 mmol/L Tris-HCl (pH 7.5), 150 mmol/L NaCl,
1(v/v)% Triton X-100, 5 mmol/L EDTA, 1 mmol/L
PMSF, 5 µg/mL aprotinin, 5 µg/mL leupeptin, Phosphatase Inhibitor Cocktail Set II (Calbiochem, Merck
KGaA) or the same buffer as described earlier.
Aliquots of lysate (20–70 µg) were separated by electrophoresis on 5–20% gradient SDS polyacrylamide
gels.The protein concentration was determined by using
a BCA protein assay kit (Thermo Fisher Scientific).
Proteins were transferred to polyvinylidene difluoride
membranes (Clearblot P, ATTO Corporation) and
incubated with anti-Akt (pan) (C67E7; rabbit, Cell
Signaling Technology), phosphor-Akt (Thr308)
(C31E5E; rabbit, Cell Signaling), p44/42 mitogenactivated protein kinase (MAPK), extracellular signalregulated kinase (ERK)1/2; rabbit, Cell Signaling),
phosphor-p44/42 MAPK (Thr202/Thr204; rabbit, Cell
Signaling), glial cell line–derived neurotrophic factor
(GDNF) (D-20; sc-328, rabbit, Santa Cruz Biotechnology), GFAP (clone G-A-5; mouse, Sigma-Aldrich),
myelin basic protein (MBP) (D-18; sc-13912, goat;
Santa Cruz Biotechnology), or anti-β-actin (clone
AC-15; mouse, Sigma-Aldrich).The membranes were
then incubated with electrochemiluminescence (ECL)
horseradish peroxidase (HRP)-labeled anti-goat
immunoglobulin (Ig)G (sc-2020; Santa Cruz Biotechnology), HRP-labeled anti-mouse IgG (GE
Healthcare UK), or HRP-labeled anti-rabbit IgG (GE
Healthcare UK). Finally, each membrane was incubated with ECL Prime Western blotting detection
system (GE Healthcare UK) and exposed to a Polaroid
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film. Immunoblot signals were semi-quantified with
a densitometer.
Statistical analysis
Results are expressed as the mean ± SE. The BBB
scores are expressed as the median and interquartile
range (IQR). Data were analyzed by Student’s t-test
(two-group comparisons), Dunnett’s test (pairwise
comparisons against the control group) or TukeyKramer test (multi-group comparisons). Statistical
analysis of BBB scores was performed with MannWhitney U-test (two-group comparisons) or SteelDwass test (multi-group comparisons). The statistical
analyses were performed with JMP 12 (SAS institute
Inc., Cary, NC, USA), and P < 0.05 was considered
statistically significant.

lengthened the DT with morphological change.
P2-ASCs (DT: 22.2 ± 0.7 h) had small, spindleshaped cell bodies (Figure 1B), whereas P7-ASCs (DT:
55.3 ± 1.2 h) had large, flat cell bodies (Figure 1B).
ASCs expressed neural lineage mRNAs. Expression
of nestin mRNA (neural stem cells) decreased with
passaging (P2 versus P7, P < 0.01, Figure 1C), whereas
expression for both βIII tubulin mRNA (neurons)
and GFAP mRNA (astrocytes) was not significantly
altered (Figure 1C). Flow cytometry yielded similar
results (data not shown). ASCs secreted large
amounts of HGF andVEGF in vitro. It should be noted
that bFGF promoted secretion of HGF (P < 0.01,
Figure 1D). On the basis of these findings, we used
P2-ASCs (ASCs) treated with bFGF as donor cells
for SCI rats.
Functional recovery after ASC transplantation through
intravenous route

Results
Characterization of ASCs
ASCs became apparently homogeneous during culture
and passage, although freshly isolated cells exhibited
heterogeneous features. ASCs could be expanded
with a DT of approximately 24 h at the first passage
(Figure 1A). Culture and passage were gradually

SCI caused complete hindlimb paralysis, after which
gradual recovery of locomotion was observed. Before
transplantation (day 8 after SCI), there was no difference in BBB score between the saline and ASC
groups. Intravenous transplantation of cells into SCI
rats was performed without adverse events. As shown

Figure 1. Characterization of cultured ASCs. (A) DT was determined at the indicated number of passages; data represent the mean ± SE
(n = 3–4). **P < 0.01 versus P1-ASCs. (B) Morphology of P2-ASCs and P7-ASCs. Scale bars = 500 µm. (C) Real-time reverse transcriptasepolymerase chain reaction. Data represent the mean ± SE (n = 5) of the relative ratio when the level of transcripts in P2-ASCs was arbitrarily
set as 1. **P < 0.01 versus P2-ASCs. (D) Secretion of cytokines. P2-ASCs were cultured for 24 h with or without bFGF. HGF and VEGF
in the culture medium and were measured by enzyme-linked immunosorbent assay. Data represent the mean ± SE (n = 4). **P < 0.01 versus
bFGF (–).
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Figure 2. Functional recovery following intravenous ASC transplantation, distribution of ASCs and growth factor expression. (A) On day
8 after injury (arrow), ASCs (2.5 × 106 cells) were infused into SCI rats via the tail vein (n = 20). BBB scores were determined before and
after transplantation. The median score is plotted; bars show the IQR. *P < 0.05 and **P < 0.01 versus the saline (n = 15). (B) After behavioral observation, hematoxylin-eosin staining of spinal cord specimens was performed for evaluation of cavity area. Scale bars = 1 mm.
Data represent the mean ± SE (ASCs; n = 8, saline; n = 5) relative to the area in the saline (defined as 100%). **P < 0.01 versus the saline.
(C) From the data shown in Table I, the tissue:blood ratio was calculated for the injured spinal cord and brain. Data represent the mean ± SE
(n = 3). *P < 0.05 and **P < 0.01 versus the ratio for brain. (D) HGF and (E) VEGF in the spinal cord were determined at the indicated
times following ASC infusion on day 8 after injury. Data represent the mean ± SE (n = 3–7). ##P < 0.01 vs. the normal controls.

in Figure 2A, ASC-treated SCI rats showed marked
improvement of hindlimb locomotive function after
one day (versus saline-treated SCI rats, P < 0.05).
During the observation period, the ASC group
showed significantly better recovery compared with
the saline group. In the ASC group, the BBB score
was 12.5 (IQR: 4.38), and some animals showed
frequent-consistent weight-bearing plantar walking
with good forelimb-hindlimb coordination. Although
the saline group also recovered, the BBB score was
9 (IQR: 2). Some animals crawled and moved without
weight-bearing. After behavioral observation, the
cavity at the site of spinal cord injury was smaller
in the ASC group than in the saline group (P < 0.01,
Figure 2B).
In an attempt to identify grafted cells, GFPexpressing ASCs were infused into SCI rats under the
same conditions. However, GFP-positive cells were
undetectable in the injured spinal cords 8 weeks after
transplantation (the median of BBB score: 14, IQR:
5.25, n = 8, data not shown).

In vivo distribution of transplanted ASCs
[3H]-Labeled ASCs were infused into SCI rats under
the same conditions to determine the fate of the cells
(Table I). The highest radioactivity (~30% of the injected amount) was detected in the lungs 3 h after
infusion, while radioactivity in the injured spinal cord
was much lower (0.029% of the injected amount at
3 h). The tissue:blood ratio (an index of cell distribution) was calculated at 3, 24 and 48 h after infusion
(Figure 2C). Compared with the brain:blood ratio, the
spinal cord:blood ratio was significantly higher, indicating that ASCs gradually accumulated in the
damaged spinal cord.

Cytokine levels in the spinal cord
In the injured spinal cord, the HGF level was significantly higher than in the normal cords (P < 0.01)
(Figure 2D), whereas the VEGF level was lower with
significance (P < 0.01, Figure 2E). However, both HGF
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Table I. Distribution of [3H]-labeled ASCs following intravenous
infusion into SCI rats.

3h
24 h
48 h

3h
24 h
48 h

Spinal cord
(15 mm length)

Blood

Brain

Heart

0.029 ± 0.003
0.055 ± 0.005
0.068 ± 0.013

5.6 ± 0.2
6.8 ± 0.2
7.7 ± 0.2

0.42 ± 0.03
0.49 ± 0.05
0.80 ± 0.01

0.41 ± 0.08
0.38 ± 0.07
0.58 ± 0.02

Lungs

Liver

Kidneys

Spleen

30 ± 4
3.5 ± 1.3
3.3 ± 0.5

0.47 ± 0.03
0.30 ± 0.09
0.45 ± 0.03

0.68 ± 0.06
0.66 ± 0.09
1.1 ± 0.6

0.54 ± 0.04
0.35 ± 0.04
0.43 ± 0.04

and VEGF levels did not differ between the saline and
ASC groups.
CINC-1 expression

On day 8 after injury, SCI rats received an injection of [3H]labeled ASCs (1247092 dpm/2.5 × 106 cells) via the tail vein.
Radioactivity was measured in the blood and each target organ.
Data represent the mean ± SE (n = 3) of the percent relative to the
radioactivity in injected cells.

Cytokine array analysis was performed to search
for other possible factors in functional recovery.
CINC-1, a member of the CXC chemokine family,
was strongly expressed in both the injured spinal
cord (Figure 3A) and serum (Figure 3B) 3 h after
ASC injection.
CINC-1 was then the focus of additional exploration and was found at 84.5 ± 19.9 pg/g tissue (n = 4)
in the normal spinal cord. SCI induced a greater than
150-fold increase (12.9 ± 1.1 ng/g tissue) at 5 h after
injury (n = 4, P < 0.01). The level in serum was also
more than eightfold higher than in normal serum

Figure 3. CINC-1 expression in vivo and in vitro, and angiogenesis. On day 8 after injury, ASCs (2.5 × 106 cells) were infused intravenously. (A) Spinal cord and (B) serum cytokine array at 3 h. CINC-1 signals are shown in dotted rectangles. (C) CINC-1 levels in the
spinal cord and (D) serum at the indicated times after ASC infusion. Data represent the mean ± SE (n = 3–10). ##P < 0.01 and **P < 0.01
versus the normal and saline controls, respectively. (E) ASCs were cultured for 24 h with or without bFGF, and CINC-1 in the culture
medium was measured by enzyme-linked immunosorbent assay. Data represent the mean ± SE (n = 4). **P < 0.01 versus bFGF (–). (F–H)
Sponges treated with CINC-1, ASCs (2.5 × 106 cells), or saline were subcutaneously implanted into the backs of normal rats and harvested on day 4. (F) Representative photographs of CINC-1 (0.1 µg)-, saline-, and ASC-treated sponges. (G, H) Hemoglobin content in
the implanted sponges treated with CINC-1 (G) and ASCs (H). Data represent the mean ± SE (each dose of CINC-1, n = 6; ASCs, n = 4).
**P < 0.01 versus the controls.
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(100 ± 22 pg/mL versus 837 ± 27 pg/mL, n = 4,
P < 0.01). At the time of ASC transplantation (day 8
after injury), CINC-1 levels in the injured spinal cord
remained high (Figure 3C). It should be noted that
the CINC-1 level in the ASC-treated spinal cords
(687 ± 74 pg/g tissue) was transiently but significantly higher than that in the saline-treated spinal
cords (305 ± 65 pg/g tissue; P < 0.01). Similar results
were obtained for the serum (P < 0.01, Figure 3D).
Secretion from cultured ASCs in vitro was high
and further augmented by addition of bFGF (P < 0.01,
Figure 3E).
To investigate the role of CINC-1 in functional recovery, a sponge implantation assay was performed.
Four days after sponge implantation, neocapillaries were
detected around the sponges treated with CINC-1
(0.1 µg; Figure 3F), whereas few were observed around
the saline sponges.The hemoglobin content of CINC1-treated sponges increased in a dose-dependent
manner, reflecting neovascularization (Figure 3G).
ASCs also induced neocapillary formation (Figure 3F)
with the increase of hemoglobin content (P < 0.01,
Figure 3H).
In vivo comparative study of ASCs and CINC-1
in SCI rats
When assessed by the BBB score, a single intravenous injection of CINC-1 also produced significant
recovery of hindlimb locomotive function. Compared
with CINC-1 (Figure 4A), the BBB scores in the ASC
group were better all the time, but there was no significant difference. GFAP and GDNF were more
strongly expressed in ASC-transplanted animals
than in the saline-injected animals (P < 0.05 and 0.01,
respectively, Figure 4C–D). In the CINC-1 group,
GFAP expression, but not GDNF, was slightly increased (Figure 4C–D). In addition, GDNF expression
in the ASC group was superior to that in the CINC-1
group (P < 0.01), similar to normal level (Figure 4D).
Phosphorylation of ERK1/2 and Akt was then
examined at 3 and 24 h after CINC-1 injection or
ASC transplantation. The enhanced potency of
ERK1/2 phosphorylation was similar between the
two (Figure 4E), although Akt phosphorylation was
enhanced in the ASC group (Figure 4F).
Discussion
The present study demonstrated that the intravenous infusion of ASCs into SCI rats could be
performed without difficulty and promoted the restoration of motor function.Thus, intravenous infusion
could be a promising method for less invasive cell
therapy. The fact that smaller cavities were observed
at the site of injury led us to hypothesize that grafted

7

ASCs accumulated at the target site and differentiated
into neuronal cells, leading to functional improvement.
ASCs express some neural markers, as do BMMSCs [23]; our results were consistent with this
observation. Cell proliferation and nestin expression
were reduced with multiple passages; hence, P2ASCs were used for the transplantation. In addition
to rapid growth, ASCs have the potential for differentiation into neuronal or glial lineages in vitro [9,13].
We confirmed that ASCs formed neurosphere-like
spheroids and then shifted to neurite morphology (data
not shown).Therefore, the ASCs were expected to differentiate at the target site into neuronal or glial lineage
in vivo.
A distribution study revealed that ASCs gradually accumulated at the site of injury, but long-term
survival of these cells was not apparent. Radiolabeling showed few ASCs in the injured spinal cord, where
around 1300 cells were found 24 h after infusion. Still,
compared with the brain in SCI animals, the cell distribution index revealed gradual accumulation in the
injured spinal cord. Furthermore, about twice the
number of ASCs were detected in the injured spinal
cord compared with the normal cord in our preliminary study.These findings prompt us to conclude that
some ASCs must have survived for a short time but
are unlikely to have differentiated into neuronal or glial
cells in vivo.
ASCs secrete angiogenic growth factors such as
HGF and VEGF [16], which have already been reported to contribute to functional recovery and tissue
repair after SCI through angiogenetic and antiapoptotic activity [24,25]. Our study also showed
that ASCs secreted abundant growth factors after
pre-incubation with bFGF in vitro. Therefore, we
hypothesized that growth factors secreted from
transplanted ASCs might contribute to functional recovery. However, the intravenous infusion of ASCs into
SCI rats produced little increase in these growth factors
in the injured spinal cords. Systemic transplantation
of ASCs in rats with elastase-induced pulmonary
emphysema enhanced the HGF expression in the
lung tissue [16]. Indeed, we found that ASCs accumulated in the lungs at a high level, perhaps accounting
for the high HGF levels observed in the pulmonary
emphysema model, but not in the SCI model.
CINC-1 was clearly a promising candidate for promoting functional recovery after ASC transplantation.
CINC-1 belongs to the CXC chemokine family, is
a counterpart of human growth–related oncogene
(GRO) in the interleukin (IL)-8 family and plays a
key role in neutrophil migration [26]. SCI markedly
increases the CINC-1 levels in the spinal cord within
several hours after injury and is related to the secondary injury process [27]. Indeed, a dramatic increase
(>150-fold) was observed 5 h after SCI. On the other
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Figure 4. In vivo comparative study of ASCs and CINC-1 in SCI rats. (A) On day 8 after injury (arrow), ASCs (2.5 × 106 cells, n = 8) or
CINC-1 (5 µg/kg, n = 13) were administered into SCI rats via the tail vein. BBB scores were determined before and after treatments. The
median score is shown: bars represent IQR (*P < 0.05 and **P < 0.01 for both groups versus the saline (n = 9). (B–D) After behavioral
observation, spinal cord lysates were isolated for Western blot analysis. Data represent the mean ± SE (n = 3–4) relative to β-actin. Normal
is a reference value (n = 1), is excluded from statistical analysis. *P < 0.05 and **P < 0.01 versus saline. ##p < 0.01 versus CINC-1.
(F) Three hours or 24 h after treatment, spinal cord lysates were prepared for Western blotting. Data represent the mean ± SE (n = 2)
relative intensity.

hand, the significant increase of CINC-1 expression
at 3 h after ASC infusion was quite unlike the early
response after injury. The increase was only moderate (<10 fold). Induction of CINC-1 is considered
important for tissue repair because activation and infiltration of neutrophils are essential for eliminating
damaged cells, cell debris and extracellular matrix proteins before regeneration can occur [28]. In addition,
CINC-1 has been reported to have an angiogenic
effect [29]. In fact, CINC-1 induced angiogenesis in
the sponge implantation study, but under low-dose
condition rather than in high-dose conditions. These
findings suggest that the moderate increased CINC-1

may have contributed to tissue repair and to the promotion of functional recovery. GRO/IL-8 regulates stem
cell homing [30]. GRO-α has also been shown to act
with platelet-derived growth factor to enhance rat spinal
cord oligodendrocyte precursor proliferation [31], and
CINC-1 protects neurons from apoptosis [32]. These
reports support our hypothesis that CINC-1 may have
an important role in the repair of the nervous system.
CINC-1 promoted functional recovery of SCI
rats, and the potency was similar to ASCs. Although
partly statistically not significant, both augmented
GFAP expression, perhaps due to the increase in
activated astrocytes [33]. It is of note that GDNF

- 275 -

ARTICLE IN PRESS
Effect of ASCs on SCI
expression in the ASC group was larger than that
in the CINC-1 group. Some growth factors that
mediate cell survival and tissue repair are produced
through signal induction [34–36]. CINC-1 and ASCs
enhanced ERK1/2 phosphorylation, although Akt
phosphorylation was more greatly enhanced after ASC
transplantation. These findings suggest that unidentified factors derived from ASCs may also contribute
to activation of upstream kinases triggering cell survival, tissue repair and regeneration. Gradual cell
distribution from the blood to the damaged area would
have resulted in bringing about sustained secretion and
signal induction via some soluble cytokines/chemokines
such as CINC-1.
In conclusion, the intravenous infusion of ASCs
accelerated motor function recovery and tissue repair
in SCI rats. Although undetectable, ASCs gradually
migrated to the site of injury and secreted soluble
factors such as CINC-1, which activated ERK1/2 and
Akt phosphorylation, leading to cell survival, tissue
repair and functional recovery. Intravenous route is
minimally invasive and thus an attractive approach in
clinical settings. Our findings thus contribute to the
development of cell therapy.
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BACKGROUND AND PURPOSE
Visceral hypersensitivity is responsible for pathogenesis of irritable bowel syndrome (IBS). Therefore, its prevention can help avoid
abdominal pain and discomfort in IBS. To ﬁnd candidate drugs for visceral hypersensitivity, we screened existing medicines for
their ability to prevent visceral sensitivity induced by colorectal distension (CRD) in rats and identiﬁed chlorpromazine, a typical
antipsychotic drug, as a candidate compound. In this study, we investigated the effect of chlorpromazine on visceral
hypersensitivity.

EXPERIMENTAL APPROACH
Visceral sensitivity (visceromotor response) was monitored by measuring the electrical activity of the abdominal external oblique
muscle contraction in response to CRD using a barostat apparatus. Visceral hypersensitivity was induced by a colonic instillation of
sodium butyrate or acetic acid in neonates.

KEY RESULTS
Oral administration of chlorpromazine suppressed butyrate-induced visceral hypersensitivity to CRD. Interestingly, atypical
antipsychotic drugs, quetiapine and risperidone, ameliorated butyrate-induced visceral hypersensitivity, whereas the typical
antipsychotic drugs, haloperidol and sulpiride, did not. Pharmacological analysis using speciﬁc inhibitors showed that a selective
5-HT2A receptor antagonist, ketanserin, suppressed butyrate-induced visceral hypersensitivity, whereas a selective dopamine D2
receptor antagonist, L-741626, did not. Furthermore, the 5-HT2A receptor agonist AL-34662 stimulated visceral sensitivity to CRD
in healthy control rats but not in butyrate-treated rats. These ﬁndings suggest that increased 5-HT levels in the colon contribute to
the induction of visceral hypersensitivity.

CONCLUSIONS AND IMPLICATIONS
Our results indicate that chlorpromazine ameliorates visceral hypersensitivity and that the 5-HT2A receptor is a potential therapeutic target for treating abdominal pain and discomfort in IBS.

Abbreviations
7OH-Cpz, 7-hydroxy chlorpromazine; ASIC, acid-sensing ion channel; CRD, colorectal distension; DRG, dorsal root
ganglion; IBS, irritable bowel syndrome; p-CPA, p-chlorphenylalanine; TRPV1, transient receptor potential vanilloid 1;
VMR, visceromotor response
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Introduction
Irritable bowel syndrome (IBS) is a complex functional gastrointestinal disorder characterized by chronic, recurrent abdominal pain and altered bowel habits (diarrhoea,
constipation or alternating diarrhoea/constipation). Its prevalence in the general population is remarkably high (~11% of
the world’s population) (Chang et al., 2014). Although not
life-threatening, it imposes a large burden on global
healthcare and considerably reduces patient quality of life
(Canavan et al., 2014). However, no satisfactory pharmacological therapy has been identiﬁed for IBS.
Psychiatric comorbidities are highly common in IBS patients (Ladabaum et al., 2012). Centrally acting agents including antidepressants, anxiolytics, antipsychotics and sedatives
are two to four times more likely to be prescribed to presumed
IBS patients compared to other patients (Grover and
Drossman, 2011). Atypical antipsychotic drugs have been effective in patients with severe IBS and abdominal pain
(Grover et al., 2009; Martin-Blanco et al., 2010; Pae et al.,
2013). However, the mechanisms underlying the efﬁcacy of
these drugs in ameliorating pain are unclear.
Visceral hypersensitivity plays an important role in IBS
pathogenesis, and IBS patients have been shown to present
visceral hypersensitivity in response to colorectal distension
(CRD) (Azpiroz et al., 2007). Therefore, suppression of this pathology could be an effective treatment option for IBS. The
mechanisms responsible for visceral hypersensitivity are not
completely understood. However, several contributing factors have been suggested, including enhanced visceral perception, altered intestinal microbiota, post-inﬂammatory
changes in gastrointestinal function and enhanced immunological reactivity (Keszthelyi et al., 2012; Matricon et al., 2012;
Simren et al., 2013; Brierley and Linden, 2014). In particular,
butyrate, a short-chain fatty acid produced by bacterial fermentation in the colon, appears to be important in the development of visceral hypersensitivity. Increased faecal butyrate
levels have been observed in IBS patients with diarrhoea, and
rectal instillation of butyrate increases visceral sensitivity to
colonic distension in rats (Treem et al., 1996; Bourdu et al.,
2005). 5-HT (serotonin) is another key molecule regulating
visceral perception (Cremon et al., 2011). In fact, a 5-HT3 receptor antagonist (alosetron) and 5-HT4 receptor agonist
(tegaserod) have been approved for the clinical treatment of
diarrhoea- and constipation-predominant IBS respectively.
However, adverse effects, such as ischaemic colitis and cardiac
toxicity, limit the use of these drugs (Pasricha, 2007). The role
of other 5-HT receptor subtypes, including 5-HT2A receptor,
in visceral sensitivity, has not been fully investigated.
The 5-HT2A receptor is mainly located in the brain, spinal
cord, sensory neurons and intestines. Recently, the 5-HT2A receptor antagonist cyproheptadine has been found effective
against abdominal pain in children with IBS (Madani et al.,
2016). Moreover, the 5-HT2A receptor antagonist ketanserin
showed an antinociceptive effect on abdominal pain in the
acetic acid-induced writhing test (Alhaider, 1991). These ﬁndings indicate that the 5-HT2A receptor is involved in visceral
pain sensitivity. In addition to visceral pain, the 5-HT2A receptor is associated with the potentiation of pain sensation.
Further, activation of the 5-HT2A receptor enhances transient
receptor potential vanilloid 1 (TRPV1) function in colon
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sensory neurons and acid-sensing ion channels (ASICs) in
dorsal root ganglion (DRG) neurons in vitro (Sugiuar et al.,
2004; Qiu et al., 2012). These results suggest that the 5-HT2A
receptor participates in peripheral sensitization.
We previously screened a compound library of clinically
available drugs for their ability to prevent the visceral pain response to noxious CRD (Asano et al., 2017) and identiﬁed aminophylline, a bronchodilator, as a potential candidate. As
chlorpromazine strongly suppressed visceral sensitivity
to noxious CRD in the same phenotypic screen, it was also
considered a candidate drug for abdominal pain. Chlorpromazine is traditionally used for treating schizophrenia, nausea
and vomiting and severe hiccups (Adams et al., 2005) and
has antagonistic activity at various receptors, including the
dopamine D2 receptor and 5-HT2A receptors (Horacek
et al., 2006). Chlorpromazine’s antagonistic activity against
the dopamine D2 and 5-HT2A receptors is involved in its
efﬁcacy in regulating positive or negative symptoms and
cognitive symptoms in schizophrenia respectively (Horacek
et al., 2006).
In this study, we investigated the effect of chlorpromazine
on visceral hypersensitivity to CRD. Our results suggest that
5-HT2A receptor activation and increased 5-HT levels in the
colon are involved in visceral hypersensitivity.

Methods
Animals
Male Wistar rats (4 to 5 weeks old, 150–200 g) or primiparaous
late pregnant Wistar female rats were obtained from Charles
River Laboratories Japan (Yokohama, Japan). Animals were
housed under conditions of controlled temperature
(22–24°C) and light (12 h light: 12 h dark cycle) for
1–2 weeks before experiments. The standard pellet diets
(Rodent Diet CE-2, CLEA Japan, Inc.) were fed to the experimental animals ad libitum. The experiments and procedures
described here were performed in accordance with the Guide
for the Care and Use of Laboratory Animals as adopted and
promulgated by the National Institutes of Health (NIH,
USA) and were approved by the Animal Care Committees of
Keio University and St. Marianna University. Animal studies
are reported in compliance with the ARRIVE guidelines
(Kilkenny et al., 2010; McGrath and Lilley, 2015).

Assessment of visceromotor response (VMR)
to CRD
VMR to CRD was monitored as described previously (Asano
et al., 2017). Brieﬂy, rats were deeply anaesthetized with an intraperitoneal injection of mixture of medetomidine chloride
(0.5 mg·kg 1), midazolam (2.5 mg·kg 1) and butorphanol
tartrate (2.5 mg·kg 1). We ensured adequate depth of anesthesia by testing pedal withdrawal and palpebral reﬂexes.
The skin was incised (1 cm-long incision), and the external
oblique muscle of the abdomen was exposed. Electromyography electrodes (Starmedical, Tokyo, Japan) were sutured into
the external oblique muscle to record the EMG. Electrode
leads were tunnelled s.c. and exteriorized at the nape of the
neck for future access. Incised skin was closed with nylon
sutures, and the rats were given butorphanol tartrate
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(2.5 mg·kg 1) and viccillin (30 mg·kg 1) s.c. After surgery, rats
were housed individually and allowed to recuperate for 5 to 7days before being used in the CRD study. During the recovery
period, several rats broke the EMG electrodes and were excluded from VMR assessment. On the day of the CRD test,
rats were restrained in a plastic conical tube cage (diameter,
6 cm; height, 15 cm), 15 min before electromyography. Rats
were not habituated to the tube prior to experiments. A polyethylene barostat balloon (length, 2 cm; maximum diameter,
1.5 cm; volume, 2–3 mL) was inserted in the colon, positioned 1 cm proximal to the rectum and connected to a balloon catheter, which was anchored with tape to the base of
the tail. Pressure and volume of the balloon were controlled
and monitored by a barostat device (Distender Series II; G &
J Electronics, Toronto, Canada) connected to it. Conscious
rats were subjected to graded phasic CRD (10, 20, 40, 60 and
80 mmHg; each distension in triplicate; duration, 20 s; interstimulus interval, 150 s) to estimate drug activity.
EMG data were collected and analysed using the 8 STAR
software package (Star Medical, Tokyo, Japan). EMG amplitude (mV·s) resulting from contraction of the external
oblique muscle was quantiﬁed by calculating the AUC of
the voltage alteration graph during CRD. EMG amplitude
data were corrected by subtracting the baseline EMG data,
which were collected 20 s before each CRD. The AUC
(mmHg·mV·s) of EMG amplitude (mV·s) – balloon pressure
(mmHg) curve – was also determined.
Colonic compliance (pressure–volume curves) was monitored during phasic CRD in control rats and presented as
change in cylinder volume and balloon pressure.
Chlorpromazine, sulpiride, haloperidol, risperidone
or quetiapine were administered p.o. 2 h before the CRD
test. Chlorpromazine was dissolved in saline, whereas other
drugs were suspended in 1% methylcellulose. Ketanserin,
L-741,626, AL-34662 and 7OH-Cpz were also suspended in
1% methylcellulose but were administered i.p. 15 min before
the CRD study. In the 5-HT depletion experiment, rats were administered p-chlorphenylalanine (p-CPA; 300 mg·kg 1,
p.o.) with 0.1% Tween-80 or vehicle 30 min before butyrate
application, once daily for 3 days.

frozen with liquid nitrogen and stored at 80°C until Western blot analysis. Tissue samples were homogenized in RIPA
buffer [50 mM Tris–HCl (pH 7.2), 150 mM NaCl, 1% sodium
deoxycholate, 1% SDS, 1% NP-40] containing protease inhibitor cocktail (Sigma, St. Louis, MO, USA) and phosphatase
inhibitor cocktail (Santa Cruz Biotechnology, Santa Cruz,
CA, USA). Samples were centrifuged at 15 000 × g at 4°C,
and the supernatants were collected. Total protein concentration of the sample was determined using the Bradford
method. Samples were subjected to electrophoresis on 10%
polyacrylamide SDS gel (Thermo Fisher Scientiﬁc, Rockford,
IL, USA), after which the separated proteins were transferred
to PVDF membranes. Membranes were blocked for 30 min
with Tris phosphate buffer containing 0.1% Tween-80
(T-TBS) and 5% skimmed milk and incubated overnight at
4°C with T-TBS containing the appropriate primary antibodies. Antibodies, including mouse monoclonal anti-5HT2A receptor (5-HT2A R) antibody (MABN1595, Merck
Millipore, Darmstadt, Germany), rabbit polyclonal antiphosphorylated ERK1/2 antibody (#9101, Cell Signalling
Technology), rabbit polyclonal anti-ERK1/2 antibody (#9102,
Cell Signalling Technology) and mouse monoclonal anti-βactin antibody (Sigma, St. Louis, MO, USA) were used at
1:2000, 1:2000, 1:2000 and 1:1000 dilutions respectively. The
membranes were washed three times with T-TBS, incubated
for 60 min at room temperature with horseradish peroxidaseconjugated secondary antibodies in T-TBS containing 2%
skimmed milk and washed three times with T-TBS. Signal was
developed in ECL™ Prime solution (GE Healthcare) and
imaged using ImageQuant™ LAS4000 image analyser (GE
Healthcare). Intensity of immunoreactive bands was quantiﬁed using Image J software (NIH) and normalized to β-actin
levels. Data are expressed as the fold change over saline groups.

Measurement of 5-HT levels in colonic tissues
After the 3 day butyrate treatment, the rats were killed and colon tissues were collected to determine tissue 5-HT levels
using an enzyme immunoassay kit (Beckman Coulter, Inc.,
Fullerton, CA, USA), according to the manufacturer’s
instructions.

Statistical analyses

Sodium butyrate- or acetic acid-induced
visceral hypersensitivity to CRD
A butyrate enema was performed using a previously described
method with some modiﬁcations (Asano et al., 2012). Brieﬂy,
rats were instilled with 1 mL sodium butyrate solution (110
mg·mL 1, pH 6.9) or saline into the colon twice daily for 3 days
(day 1 to 3). On day 4, rats were subjected to CRD experiments.
Acetic acid-induced colonic hypersensitivity was induced
as described previously (Winston et al., 2007). Primiparous
late pregnant Wistar female rats were individually housed
for about a week prior to giving birth (10–15 pups per rat).
The 10-day-old rat pups were subjected to intracolonic injection of 0.2 mL acetic acid (0.5% in saline) 2 cm from the anus;
control rats received an equal volume of saline. At 5–6 weeks
of age, VMR to CRD was measured in both groups of male rats.

Data and statistical analysis comply with the recommendations on experimental design and analysis in pharmacology
(Curtis et al., 2015). In all animal studies, a co-worker blinded
to the experimental protocol randomized animals into
groups. The values presented were derived from at least two
independent experiments. All data are expressed as mean ± SEM
values. Normalization was performed for the quantitative
analysis of Western blots. Statistical analyses were performed
using SPSS 24.0 software (IBM, Armonk, NY, USA). One or
two-way ANOVA followed by Dunnett’s test or Student’s t-test
for unpaired results was used to evaluate differences between
more than two groups or between two groups respectively.
Two-way ANOVA with repeated measures followed by
Bonferroni’s method was used for the phasic CRD test. Differences were considered signiﬁcant at P < 0.05.

Western blot analysis

Chemicals

Rats were killed by decapitation, and tissue samples from the
sigmoid colon and L5-S1 dorsal root ganglia were collected,

7-Hydroxy chlorpromazine (7OH-Cpz) was purchased from
Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA).
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Methylcellulose, sodium butyrate, haloperidol and
quetiapine were obtained from Wako Pure Chemical Industries (Osaka, Japan). Medetomidine chloride (Domitor®)
and butorphanol tartrate (Vetorphale®) were purchased from
Meiji Seika Pharma Co., Ltd. (Tokyo, Japan). Midazolam was
purchased from SANDOZ (Tokyo, Japan). 5-HT, pchlorphenylalanine, sulpiride and chlorpromazine hydrochloride (chlorpromazine) were purchased from Sigma (St.
Louis, MO, USA). Risperidone (Ris) was obtained from LKT
laboratories, Inc. (St Paul, MN, USA). AL-34662 was obtained
from Cayman Chemical Company (Ann Arbor, MI, USA). L741,626 and ketanserin tartrate (ketanserin) were obtained
from Abcam (Cambridge, UK).

Nomenclature of targets and ligands
Key protein targets and ligands in this article are hyperlinked
to corresponding entries in http://www.guidetopharmacology.
org/, the common portal for data from the IUPHAR/BPS Guide
to PHARMACOLOGY (Southan et al., 2016), and are permanently archived in the Concise Guide to PHARMACOLOGY
2015/16 (Alexander et al., 2015a,b).

Results
Effect of chlorpromazine on butyrate-induced
visceral hypersensitivity in rats
Effect of oral administration of chlorpromazine on butyrateinduced visceral hypersensitivity, which is a model of IBS,
was investigated in rats. Rats subjected to butyrate treatment
showed increase in VMR to CRD compared with that in
saline-treated control rats (Figure 1A, B). Oral preadministration of chlorpromazine signiﬁcantly decreased
this response in a dose–response manner (Figure 1A, B). Interestingly, chlorpromazine did not affect visceral sensitivity in
healthy control rats except at a high dose of 40 mg·kg 1
(Figure 1C) nor was colonic compliance affected (Figure 1D).
In a preliminary experiment, we observed that 12 mg·kg 1
chlorpromazine signiﬁcantly induced a cataleptic response
in healthy rats (an adverse effect). However, there was no
signiﬁcant difference between inhibitory actions of 4 and
12 mg·kg 1 chlorpromazine in Figure 1A, B. Thus, we
decided to use 4 mg·kg 1 chlorpromazine for subsequent
experiments. We also assessed the effect of chlorpromazine
on visceral hypersensitivity induced by colonic instillation
of dilute acetic acid to neonatal rats, another model of
IBS. As shown in Figure 1E, chlorpromazine restored
visceral sensitivity stimulated by acetic acid to the levels
observed in control rats.
The effect of antipsychotics other than chlorpromazine
on visceral hypersensitivity to CRD was also evaluated.
Typical antipsychotic drugs sulpiride and haloperidol and
atypical antipsychotics quetiapine and risperidone were
analysed. In addition to inhibiting the dopamine D2 receptor,
quetiapine and risperidone are 5-HT2A receptor antagonists.
According to a previous report, sulpiride, haloperidol,
quetiapine and risperidone show <500, 20, 0.13 and 0.33
5-HT2A/D2 Ki ratios respectively (Horacek et al., 2006). We
examined whether the inhibition of 5-HT2A receptor by antipsychotic drugs is associated with the suppression of visceral

BJP

hypersensitivity. As shown in Figure 2A, B, quetiapine and
risperidone suppressed butyrate-induced visceral hypersensitivity to CRD, whereas sulpiride and haloperidol did not.

Role of 5-HT2A receptor in visceral
hypersensitivity
Next, it was investigated whether 5-HT2A or dopamine D2
receptor antagonists could inhibit sodium butyrate-induced
increase in visceral sensitivity. Results showed that a selective
5-HT2A receptor antagonist, ketanserin, ameliorated
butyrate-induced visceral hypersensitivity to CRD, whereas
a selective dopamine D2 receptor antagonist, L-741,626, did
not. To conﬁrm these ﬁndings, the effect of 7OH-Cpz, which
does not bind to 5-HT2A receptors, was also assessed. 7OHCpz (4.2 mg·kg 1) was administered p.o. to rats at a dose
equivalent to that of chlorpromazine. 7OH-Cpz did not suppress butyrate-induced visceral hypersensitivity to CRD
(Figure 3A, B).
Moreover, we investigated whether a 5-HT2A receptor
agonist stimulated visceral sensitivity to CRD in healthy
rats to study the involvement of 5-HT2A receptor activation
in the stimulation of visceral sensitivity. AL-34662, a selective 5-HT2A receptor agonist, stimulated visceral sensitivity
to CRD in control rats (Figure 3C). Additionally, we investigated the effect of AL-34662 on visceral sensitivity in rats
treated with butyrate to determine the sensitivity of
5-HT2A receptor in butyrate-treated rats. AL-34662 did not
affect the VMR to CRD in butyrate-treated rats (Figure 3D)
and signiﬁcantly restored butyrate-induced visceral hypersensitivity to CRD in the presence of chlorpromazine
(Figure 3E).

Mechanisms underlying the inhibitory effect of
chlorpromazine on visceral hypersensitivity
Activation of ERK1/2 in DRG neurons plays an important role
in butyrate-induced colonic hypersensitivity to CRD (Xu
et al., 2013). We examined the effect of chlorpromazine on
the expression of phospho-ERK1/2 in DRG neurons after butyrate treatment. As shown in Figure 4A, B, administration of
sodium butyrate increased the expression of phospho-ERK1/
2, whereas oral pre-administration of chlorpromazine
inhibited this effect. To determine whether 5-HT2A receptor
antagonism is involved in the attenuation of ERK1/2 activation, we examined the effects of ketanserin and L-741626
on the expression of phospho-ERK1/2 in butyrate-treated
rats. Application of ketanserin but not L-741626 to
butyrate-treated rats decreased phospho-ERK1/2 expression
in DRG neurons (Figure 4C, D).
Moreover, expression of 5-HT2A receptors in DRG neurons
and colon was evaluated and shown not to change after
butyrate treatment (Figure 5A–C). Next, we determined colonic 5-HT levels. Butyrate treatment signiﬁcantly increased
5-HT levels in colonic tissues (Figure 5D). Subsequently, we
investigated the effect of a 5-HT synthesis inhibitor p-CPA
on butyrate-induced hypersensitivity (Qin et al., 2010). After
oral administration of p-CPA for 3 days, colonic 5-HT levels
signiﬁcantly decreased in butyrate-treated rats (Figure 6A),
whereas stimulated visceral sensitivity to CRD improved
(Figure 6B).
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Figure 1
Effects of chlorpromazine on visceral sensitivity to CRD in rats without or with butyrate or acetic acid treatment. Rats were administered saline,
sodium butyrate (Buty) or 0.5% acetic acid (0.5% AA) in neonates (A, B, E). Rats were orally administered the indicated doses of chlorpromazine
1
(Cpz) (mg·kg ) or vehicle (saline), then two hours later, the CRD study was performed (A–E). (A) Visceral sensitivity to CRD (EMG amplitude) was
determined. (B) Collective AUC data from (A). (C, D) Visceral sensitivity to CRD and colonic compliance in healthy control rats were examined.
*
#
*
#
Values are mean ± SEM; or P < 0.05 ( , vs. vehicle; , vs. saline).

Discussion
Various types of drugs including psychoactive agents are prescribed to IBS patients, and many target molecules for IBS
drugs have been proposed. However, an appropriate pharmacological therapy has not yet been established. Furthermore,
although some antipsychotic drugs are prescribed to treat
pain symptoms in IBS, their pain amelioration mechanisms
3374

are unclear. Previously, in a phenotypic screening, we identiﬁed aminophylline as a drug that suppressed visceral sensitivity response to repeated CRD. Aminophylline suppressed
stress-induced visceral hypersensitivity by inhibiting adenosine A2 receptors (Asano et al., 2017). In the same screen,
chlorpromazine showed similar effects. Chlorpromazine has
been used clinically as an antipsychotic drug for a long time.
However, the effects of chlorpromazine on IBS have not been
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Figure 2
1

Effects of antipsychotic drugs on butyrate-induced visceral hypersensitivity to CRD in rats. The indicated doses (mg·kg ) of sulpiride (Sul), haloperidol (Hal), quetiapine (Que), risperidone (Ris) or vehicle (1% methylcellulose) were administered p.o. to butyrate (Buty)-treated rats. Two hours
*
later, the CRD study was performed (A, B). (B) shows the collective AUC data from (A). Values are mean ± SEM; P < 0.05 vs. vehicle. Each graph of
Buty + Vehicle group in four panels represents the same data as in (A).

investigated in any non-clinical or clinical study. Herein, we
demonstrated that chlorpromazine suppressed visceral hypersensitivity in an IBS animal model, by inhibiting 5-HT2A
receptor signalling.
Oral administration of chlorpromazine prevented
butyrate- or acetic acid-induced visceral hypersensitivity to
CRD without affecting visceral sensitivity under normal conditions or affecting colonic compliance. This activity proﬁle
suggests that chlorpromazine could be beneﬁcial for IBS patients. Furthermore, atypical antipsychotic drugs risperidone
and quetiapine improved colonic hypersensitivity in rats.
Whereas sulpiride and haloperidol, which did not show this
effect in our analysis, are preferential dopamine D2 receptor
antagonists, quetiapine and risperidone inhibit both 5-HT2A
receptor and dopamine D2 receptor. Therefore, 5-HT2A receptor inhibition may be involved in the suppression of visceral
hypersensitivity. Although previous studies have suggested
the possibility of atypical antipsychotics as a treatment
option for IBS (Pae et al., 2013), this is the ﬁrst report in an
animal model.
Pre-administration of a subtype-speciﬁc 5-HT2A receptor
antagonist signiﬁcantly suppressed visceral sensitivity to

CRD in rats subjected to butyrate treatment. In contrast,
preferential dopamine D2 receptor inhibitor did not affect
visceral hypersensitivity. This result does not conﬂict with
previous reports suggesting that central activation of dopamine D2 receptor produces antinociceptive action against
CRD (Nozu et al., 2016; Okumura et al., 2016). Our results indicate that chlorpromazine-induced amelioration of visceral
hypersensitivity could have been mediated by 5-HT2A receptor antagonism. To conﬁrm this, we examined 7OH-Cpz,
which does not bind to 5-HT2A receptor (Suzuki et al., 2013),
and AL-34662, a subtype-speciﬁc 5-HT2A receptor agonist, in
the presence of chlorpromazine. As 7OH-Cpz does not inhibit 5-HT2A receptor but does bind to D2 receptor (Suzuki
et al., 2013), we anticipated that 7OH-Cpz treatment would
have no inhibitory effect on visceral hypersensitivity. As expected, 7OH-Cpz did not suppress butyrate-induced visceral
hypersensitivity to CRD, indicating that 5-HT2A receptor antagonism was involved in chlorpromazine-induced inhibition of visceral hypersensitivity. Moreover, AL-34662
induced visceral hypersensitivity in response to CRD in normal rats, but not in butyrate-treated rats, suggesting that the
activation of 5-HT2A receptor might be the mechanism
British Journal of Pharmacology (2017) 174 3370–3381
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Figure 3
Pharmacological study of role of the 5-HT2A receptor in visceral sensitivity to CRD. Rats treated with sodium butyrate (Buty) for 3 days were ad1
ministered, i.p., the indicated doses (mg·kg ) of L-741626 (a selective dopamine D2 receptor antagonist) (A, B), ketanserin (Ket) (a selective
5-HT2A receptor antagonist) (A, B), AL-34662 (a selective 5-HT2A receptor agonist) (D, E) or vehicle (1% methylcellulose), 15 min before the
1
CRD study. The indicated doses (mg·kg ) of chlorpromazine (Cpz) (E) or 7OH-Cpz (A, B) were administered, p.o., to butyrate-treated rats,
1
2 h before the CRD test. (C) The indicated doses of AL-34662 (mg·kg ) or vehicle (1% methylcellulose) were administered, i.p., to healthy control
*
rats. Fifteen minutes later, the CRD study was performed. (B) Collective AUC data from (A). Values are mean ± SEM; P < 0.05, vs. vehicle.

responsible for sodium butyrate-induced visceral hypersensitivity to CRD. Lack of visceral sensitivity to CRD stimulation
by AL-34662 in butyrate-treated rats may imply that the
5-HT2A receptor was already fully occupied by 5-HT produced
due to butyrate treatment. Additionally, as AL-34662 is
unable to cross the blood–brain barrier (Sharif et al., 2007),
5-HT2A receptors expressed in peripheral tissues (such as the
colon) rather than those in the central nervous system appear
3376

to be involved in the inhibitory effects of chlorpromazine.
However, our data do not exclude the possibility of a central
mechanism of chlorpromazine, as 5-HT2A receptors are
expressed in the brain and spinal cord and chlorpromazine
is a centrally acting agent. Furthermore, inhibition of spinal
5-HT2A receptors was reported to decrease nociceptive
responses to noxious stimuli (Rahman et al., 2011), and
chlorpromazine was shown to elicit a spinal blockade of
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Figure 4
Effect of chlorpromazine, ketanserin or L-741626 on the butyrate-induced activation of ERK1/2 in DRG neurons. Rats were intracolonically admin1
istered sodium butyrate or saline twice daily for 3 days (A–D). On the next day after the last administration, chlorpromazine (4 mg·kg ) or vehicle
1
1
(saline) was administered p.o. to these rats (A, B). Rats treated with butyrate were given ketanserin (5 mg·kg ), L-741626 (10 mg·kg ) or vehicle
(1% methylcellulose) (C, D), i.p. Two hours (A, B) or 15 min (C, D) later, the L5-S1 DRG were removed from rats and tissues were subjected to
Western blot analysis. (A) and (C) show representative data of immunoblotting. (B) and (D) show the relative data of band intensity at (A) and
*
(C) respectively. Values are mean ± SEM; P < 0.05, vs. vehicle.
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Figure 5
The expression of 5-HT2A receptors in DRG neurons and colon, and colonic 5-HT contents. Rats were administered sodium butyrate or saline via
1
colonic instillation twice daily for 3 days (A–D). After the last administration, chlorpromazine (4 mg·kg ) or vehicle (saline) was administered p.o.
Two hours later, the L5-S1 DRG or colon was removed from the rats and tissues were subjected to Western blot analysis (A–C) or 5-HT ELISA assay
(D). (A) and (B) show representative data of immunoblotting. (C) The relative data of band intensity at (A) and (B). Values are mean ± SEM;
*
P < 0.05 vs. saline.

nociception in rats (Chen et al., 2012). Thus, further studies
are required to determine whether the amelioration of colonic hypersensitivity by chlorpromazine originates from
peripheral or central actions of this drug.
As demonstrated earlier, 5-HT2A receptor antagonists have
an analgesic effect on inﬂammatory pain (Nitanda et al.,
2005; Cervantes-Duran et al., 2016). In the present study, we
3378

demonstrated the inhibitory effect of a 5-HT2A antagonist
on the visceral pain response in non-inﬂammatory models
(Bourdu et al., 2005). Inﬂammatory pain models, such as neuropathic pain and formalin stimulation, were shown to increase the expression of 5-HT2A receptors in DRG neurons
(Okamoto et al., 2002; Cervantes-Duran et al., 2016); however, colonic butyrate application did not alter the expression
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Figure 6
1

Effects of p-CPA on butyrate-induced visceral hypersensitivity to CRD in rats. Rats were administered 300 mg·kg p-CPA (a 5-HT synthesis inhibitor) or vehicle (0.1% Tween-80), p.o., once daily for 3 days. Thirty minutes after each treatment, sodium butyrate or saline was administered via
colonic administration. The next day, after the last administration of butyrate, the CRD test was performed (A). Colonic tissues removed from rats
*
#
*
#
were subjected to 5-HT ELISA assay (B). Values are mean ± SEM; or P < 0.05 ( , vs. vehicle; , vs. saline).

of 5-HT2A receptors in this study. This may be because the
pathophysiology of pain sensation differs between our
models and previous inﬂammatory pain models.
In rat DRG neurons, butyrate-induced colonic hypersensitivity is mediated by ERK1/2 activation (induction of
ERK1/2 phosphorylation) (Xu et al., 2013). Prevention of
ERK1/2 phosphorylation in DRG neurons by an MEK inhibitor attenuated the butyrate-induced enhancement of DRG
neuronal excitability and colonic hypersensitivity (Xu et al.,
2013). However, mechanisms based on an overexpression of
acid-sensing ion channels (ASICs), the T-type calcium channel (Cav3.2) or phosphorylated voltage-gated potassium
channel subunit 4.2 (pKv4.2) in colonic sensory neurons
have also been proposed (Marger et al., 2011; Xu et al.,
2013). These changes would result in the stimulation of neuronal ﬁring, leading to colonic hypersensitivity. In this study,
butyrate treatment increased the phosphorylation of ERK1/2,
whereas chlorpromazine prevented this activation without
altering 5-HT2A receptor expression in DRG neurons. Moreover, ketanserin but not L-741626 suppressed butyrateinduced ERK1/2 activation, suggesting that 5-HT2A receptors
may be involved in ERK1/2 activation in DRG neurons. Additionally, chlorpromazine improved visceral hypersensitivity
induced by intracolonic injection of dilute acetic acid in neonatal rats. Recent study using the acetic acid model has
shown that increased expression of 5-HT and 5-HT2A receptors in colon and DRG neurons is involved in the induction
of visceral hypersensitivity (Chen et al., 2016). Present study
focused on the role of 5-HT2A receptor and 5-HT in butyrateinduced visceral hypersensitivity, as these mechanisms have
not been investigated previously in this model.
Expression of 5-HT2A receptors in DRG neurons and colon
did not change after butyrate instillation, in agreement with
AL-34662 not stimulating visceral pain response in rats
treated with butyrate. Therefore, we focused on colonic
5-HT levels. Butyrate treatment increased 5-HT levels in the

colon, in agreement with the ﬁndings of a previous study
(Grider and Piland, 2007), which showed that butyrate causes
5-HT release in the rat colon. These ﬁndings indicate that the
change in 5-HT2A receptor expression does not contribute to
the inhibitory effect of chlorpromazine on visceral hypersensitivity, whereas increased levels of 5-HT may be responsible
for inducing visceral hypersensitivity. To conﬁrm this hypothesis, we examined the effect of p-CPA, an inhibitor of
5-HT synthesis, on visceral hypersensitivity. 5-HT depletion
via p-CPA treatment attenuated butyrate-induced colonic hypersensitivity. As elevated 5-HT levels or 5-HT2A receptor expression in the colon and DRG neurons are associated with
acetic acid-induced visceral hypersensitivity (Chen et al.,
2016), increased colon 5-HT levels may be a visceral hypersensitivity mechanism shared by butyrate and acetic acid
models. Moreover, inhibition of 5-HT2A receptor signalling
by chlorpromazine may account for antinociceptive effects
in these models. As ASIC3 and TRPV1 are required for visceral
sensitivity to CRD, and 5-HT2A receptor signalling enhances
TRPV1 and ASICs activity in sensory neurons (Sugiuar et al.,
2004; Jones et al., 2005; Qiu et al., 2012), activation of
5-HT2A receptors in our study may also be associated with
modulation of these channels. However, we could not
exclude the possibility that other effects of chlorpromazine, including histamine H1 receptor antagonism and anti-calmodulin
activity, may also be involved in the inhibitory effect observed
in this study (Horacek et al., 2006; Olah et al., 2007). Taken
together, our results indicate that butyrate-induced increase in
colonic 5-HT levels potentiates visceral sensitivity via the
5-HT2A receptor, with chlorpromazine potentially preventing
the binding of released 5-HT to 5-HT2A receptors.
In conclusion, we propose that the ameliorating effects of
chlorpromazine on visceral hypersensitivity may be beneﬁcial for IBS patients with abdominal pain and discomfort.
The inhibitory effect of chlorpromazine on visceral hypersensitivity is likely to be mediated by inhibition of 5-HT2A
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receptor signalling, and we suggest the 5-HT2A receptor as a
potential therapeutic target protein for abdominal pain and
discomfort in IBS.
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a b s t r a c t
Most peptide drugs have short half-lives, necessitating frequent injections that may induce skin sensitivity reactions; therefore, versatile prolonged-release delivery platforms are urgently needed. Here, we
focused on an oxidatively and thermally responsive recombinant elastin-like polypeptide with periodic
cysteine residues (cELP), which can rapidly and reversibly form a disulfide cross-linked network in which
peptide can be physically incorporated. As a model for proof of concept, we used enfuvirtide, an antiretroviral fusion-inhibitor peptide approved for treatment of human immunodeficiency virus (HIV) infection.
cELP was mixed with enfuvirtide and a small amount of hydrogen peroxide (to promote cross-linking),
and the soluble mixture was injected subcutaneously. The oxidative cross-linking generates a network
structure, causing the mixture to form a hydrogel in situ that serves as an enfuvirtide depot. We fabricated a series of enfuvirtide-containing hydrogels and examined their stability, enfuvirtide-releasing profile and anti-HIV potency in vitro. Among them, hydrophobic cELP hydrogel provided effective
concentrations of enfuvirtide in blood of rats for up to 8 h, and the initial concentration peak was suppressed compared with that after injection of enfuvirtide alone. cELP hydrogels should be readily adaptable as platforms to provide effective depot systems for delivery of other anti-HIV peptides besides
enfuvirtide.
Statement of Significance
In this paper, we present an anti-HIV peptide delivery system using oxidatively and thermally responsive
polypeptides that contain multiple periodic cysteine residues as an injectable biomaterial capable of
in situ self-gelation, and we demonstrate its utility as an injectable depot capable of sustained release
of anti-HIV peptides. The novelty of this work stems from the platform employed to provide the depot
encapsulating the peptide drugs (without chemical conjugation), which consists of rationally designed,
genetically engineered polypeptides that enable the release rate of the peptide drugs to be precisely
controlled.
Ó 2017 Acta Materialia Inc. Published by Elsevier Ltd. All rights reserved.

1. Introduction
The application of effective antiretroviral therapy (ART) has
transformed human immunodeficiency virus (HIV) infection into
a long-term and manageable disorder [1]. Enfuvirtide (also known
as Fuzeon, T-20 or DP178) is a potent antiretroviral fusion inhibitor
composed of a linear sequence of 36 naturally occurring L-amino
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Machida, Tokyo 194-8543, Japan.
1

acid residues with an acetylated N-terminus and a carboxamide
C-terminus, and prevents HIV from entering host cells [2–4]. Enfuvirtide interferes with an earlier stage of infection than standard
ART regimens, and has been used in combination with other
antiretroviral agents for the treatment of HIV-infected individuals
and AIDS patients with multidrug-resistant HIV infections that
no longer respond to standard ART. Despite its therapeutic efficacy,
the clinical use of enfuvirtide is limited, as the peptide is rapidly
cleared from the circulation, principally by degradation in the liver
and renal clearance, resulting in a short plasma half-life of approximately 2 h [2]. To maintain an effective blood concentration, a
twice-daily subcutaneous (s.c.) injection schedule has been established clinically, but due to the frequency of administration, skin
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sensitivity reaction side effects often occur at the injection sites
[5,6], and this eventually decreases patient compliance.
Significant effort has hence been expended to develop longeracting analogs of enfuvirtide with the goal of generating a drug
that will provide a well-sustained, flat concentration-versus-time
profile in the therapeutic range. Such an agent would not only
reduce the necessary number of injections, but also prevent
‘‘peak-and-valley” fluctuations associated with s.c. injections of
short-acting analogs that provide a therapeutically effective drug
concentration for only short time and may also have undesired side
effects, including development of drug-resistant strains of HIV.
Several groups have proposed the attachment of enfuvirtide to carrier molecules such as polyethylene glycol (PEG) [7], xten [8], sialyllactose [9], pentasaccharide [10], dihydrosphingosine [11],
serum albumin [12], or Fc fragments [13] as a strategy to obtain
prolonged circulation. However, these chemical modifications
require site-specific covalent bond formation, which generally
has a low yield and is often difficult to scale-up. After enfuvirtide,
second- and third-generation derivatives with increased antiviral
potency were developed [14,15], and many synthetic peptides that
interact with HIV in vitro [16,17] are candidates for stopping the
lifecycle of HIV via different mechanisms from those of standard
drugs used in ART. A general methodology for in vivo delivery without the need for chemical conjugation of individual peptides is
therefore needed. Kapoor et al. approached this issue by in situ formation of enfuvirtide-containing implants using poly (D,L-lactideco-glycolide) with organic solvents [18].
Elastin-like polypeptides (ELPs) are a class of artificial polypeptides composed of the pentameric repeat Val-Pro-Gly-Xaa-Gly
(where Xaa is any amino acid except Pro). ELPs are increasingly utilized for many biomedical applications, as they are non-cytotoxic,
biodegradable, and show good pharmacokinetics [19]. We are
interested in the design of in situ depot using ELPs for peptide
drugs that need drug delivery system, especially anti-HIV peptides.
Herein we describe the design and characterization of injectable
hydrogels as a platform for in situ formation of subcutaneous drug
depots to provide sustained release of anti-HIV peptides. The central hypothesis underlying this design is that hydrogels can entrap
a sufficient amount of peptide to form a drug depot, which would
be slowly degraded, resulting in prolonged release of active peptide into the circulation. To validate this idea, we selected enfuvirtide as a model anti-HIV peptide. In this system, enfuvirtide is
physically mixed with a recombinant elastin-like polypeptide that
incorporates periodic cysteine (Cys) residues (cELP), and then with
a small amount of hydrogen peroxide that serves as an oxidant to
rapidly form a disulfide cross-linked network [20]. The preparation
remains in a soluble, injectable state, but undergoes gelation and
phase transition (dehydration) between room and body temperature. Therefore, a hydrogel is formed in situ after s.c. injection. This
hydrogel depot is slowly degraded, resulting in prolonged release
of enfuvirtide. Our present results confirm the validity of this strategy, and we show that a single s.c. injection of enfuvirtidecontaining hydrophobic cELP in rats forms a hydrogel depot that
provides prolonged anti-HIV activity as compared with injection
of the naked peptide. We believe this cELP hydrogel platform
should be readily adaptable to provide novel delivery systems for
a variety of anti-HIV peptides besides enfuvirtide.

2. Materials and methods
2.1. Materials
Escherichia coli (E. coli) EB5alpha and BL21 (DE3) cells were purchased from EdgeBio (Gaithersburg, MD) and EMD Chemicals (San
Diego, CA), respectively. All cultures were grown in Terrific Broth
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(TB) Dry medium from MO Bio Laboratories (Carlsbad, CA). Tris
(2-carboxyethyl)phosphine (TCEP) hydrochloride and Slide-ALyzer dialysis cassette were purchased from Pierce Biotechnology
(Rockford, IL). Polymyxin B sulfate was purchased from EMD
Chemicals. Enfuvirtide was purchased from ProSpec-Tany TechnoGene (Ness Ziona, Israel). Hydrogen peroxide (H2O2; 30 wt% solution), sodium sulfite (Na2SO3), and elastase (from porcine
pancreas) were purchased from Wako Pure Chemical Industries
(Osaka, Japan). 5,50 -Dithiobis(2-nitrobenzoic acid) (DTNB) was
purchased from Dojindo Laboratories (Kumamoto, Japan). Copper
chloride, polyethyleneimine (PEI; 50% (w/v) solution), azidothymidine (AZT), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte
trazolium bromide (MTT), and RPMI 1640 medium were purchased
from Sigma-Aldrich (St. Louis, MO). Sodium curdlan sulfate (79
kDa) was from Ajinomoto (Tokyo, Japan). Precast SDS-PAGE 5–
15% Tris-HCl gradient gel was obtained from D.R.C. (Tokyo, Japan).
A human T-cell leukemia virus type I (HTLV-I) positive T-cell line,
MT-4 [21] was used for evaluating anti-HIV activity. MOLT-4 cells
[22], a lymphoblastoid T-cell line, were used for obtaining HIV-1IIIB
(an X4 HIV-1 stain). HIV-1IIIB was prepared from culture supernatant of persistently infected MOLT-4/HIV-1IIIB cells and stored
at 80 °C, and the titer of the virus stock was determined as 50%
tissue culture infectious doses (TCID50) using MT-4 cells [23].
MT-4 cells and MOLT-4 cells were cultured at 37 °C a humidified
atmosphere of 5% CO2 in air, using RPMI 1640 medium with 10%
heat-inactivated fetal bovine serum (FBS), 100 units mL1 of penicillin, and 100 lg mL1 of streptomycin (Gibco Life Technologies,
Grand Island, NY).
2.2. Nomenclature
ELPs are described with the nomenclature ELP[AxVyCz-n], where
n refers to the number of pentapeptide repeats and x, y, and z refer
to the relative fractions of alanine, valine, and cysteine in the guest
residue position along the length of the polypeptide, respectively.
The polypeptides used in this study have the composition ELP
[A14V1C1-160] (cELP1) and ELP[V15C1-160] (cELP2). ELP[V-160]
(ELPctrl), which does not contain Cys residues, was used as a control
polypeptide. Cys-containing ELPs are denoted as cELP throughout
the paper to distinguish them from general ELPs (for full sequence
details, see Fig. S1).
2.3. Construction of ELPs
ELPs were designed and synthesized as described previously
[20]. Briefly, BL21(DE3) E. coli cells were transformed with recombinant pET-24a(+) vector containing ELP genes. The synthesis of
ELPs was based on constitutive expression from the leaky T7 promoter in the host E. coli cells. 1 L of TB media supplemented with
50 lg mL1 kanamycin was inoculated with 35 mL of an overnight
culture, and incubated overnight at 37 °C on an orbital shaker. The
E. coli cells were harvested by centrifugation at 2500g for 10 min
and then re-suspended in phosphate-buffered saline (PBS) and
lysed by ultrasonication. To precipitate genomic DNA with insoluble cell debris, the lysate was supplemented with polyethyleneimine (at 1.2 wt%) and centrifuged at 16,000g at 4 °C. Each cELP was
purified from the soluble fraction of cell lysate by 5 rounds of
inverse transition cycling (ITC) [24] with TCEP solution (pH 7.0)
and re-suspended in 20 mM TCEP (pH 7.0) supplemented with
1500 units mL1 polymyxin B sulfate. ELPctrl was also purified by
means of 5 rounds of ITC with PBS instead of TCEP. The purified
ELPs were dialyzed at 4 °C for 16 h against PBS using 10-kDa
molecular weight cut-off Slide-A-Lyzer dialysis cassettes. The purity and molecular weight (MW) of ELPs were examined by SDSPAGE. The gels were stained with 0.5 M copper chloride, and ELP
concentration was determined spectrophotometrically using the
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molar extinction coefficient of 5630 M1 cm1 at 280 nm for the
sole tryptophan present in each ELP. The content of thiol moieties
was quantified by DTNB. The presence of endotoxin was quantified
by a gel clot assay using Limulus amoebocyte lysate (LAL) PYROGENT (Lonza, Walkersville, MD). ELP stocks were stored at 80
°C until required.
2.4. Hydrogel formation
cELP hydrogels were formed by mixing a cELP with an appropriate amount of H2O2 solution. In brief, cELP solution was mixed
with H2O2 solution on ice, then the mixture was further incubated
on ice for at least 3 min. H2O2 accelerates the formation of disulfide
bonds in cELP, promoting the formation of a cross-linked network.
The final concentrations of cELP and H2O2 were 2.2–5.0 wt% and
0.3 wt%, respectively. Hydrogel formation was determined by
means of the tube inversion test [25]. Briefly, for 1 mL of hydrogels
in vials (12  75 mm size), no flow within 1 min upon inverting the
vial at 4 °C is regarded as the gel state.
2.5. Hydrogel degradation study
We examined hydrogel degradation via spontaneous fracture
and proteolytic degradation. For the former experiments, cELP
solutions (2.5 wt%) were mixed with 0.3 wt% H2O2 on ice to form
hydrogels, and the mixtures were incubated at 20 °C or 37 °C.
The resulting hydrogels (50 lL) were inspected daily until complete fracture occurred, for a maximum of 3 weeks. For the latter
experiments, 100 lL of PBS was added on top of the hydrogels
(50 lL) after their formation, and the mixture was incubated on
ice for 1 h to extract excess H2O2. After 1 h, the upper solution
was replaced with either fresh PBS or PBS containing 0.5 units
mL1 elastase (100 lL). Incubation was continued at 20 °C or 37
°C for 2 h or 16 h. The remaining hydrogels were completely fractured by ultrasonication using a Bioruptor UCD-250 (Diagenode;
Liege, Belgium) with three runs of 5 min (30-s pulses, 30-s intervals) in ice water, then the samples were subjected to SDS-PAGE.
The gels were stained with 0.5 M CuCl2 staining solution. cELPs
without H2O2 were used as a control for the sol state.
2.6. Enfuvirtide release from cELP hydrogels in vitro
Enfuvirtide (400 lM) was added to aqueous cELP solution (5.0
wt%), and 0.3 wt% H2O2 was then added on ice to trigger hydrogel
formation, and incubation was continued on ice for 30 min. Then
1.5 mL of RPMI 1640 medium containing 10% heat-inactivated
FBS was added to a vial containing the prepared enfuvirtide/cELP
hydrogel (1 mL). The vial was incubated at 37 °C and 300 lL aliquots of the supernatant were collected at scheduled time points,
i.e., 0, 2, 4, 8, 16, 24, 48, 72, 96, 120, 144, and 168 h. After each
removal of supernatant, fresh RPMI 1640 medium containing
FBS, 100 units mL1 of penicillin, and 100 lg mL1 of streptomycin
was added to keep the total volume of supernatant at 1.5 mL. The
activity of released enfuvirtide was evaluated by anti-HIV activity
assay. As a control, enfuvirtide was mixed with ELPctrl solution
under the same conditions.
2.7. Anti-HIV activity assay
The recovered supernatants containing enfuvirtide from the
in vitro experiments were subjected to anti-HIV activity assay after
quenching residual H2O2 with 35 mM Na2SO3. The inhibitory
effects of in vitro supernatant and/or rat serum samples on HIV-1IIIB
replication were estimated in terms of the level of inhibition of
virus-induced cytopathic effects (CPE) in MT-4 cells. Aliquots of
3  105 MT-4 cells mL1 were infected with HIV-1IIIB at a multi-

plicity of infection (MOI) of 0.01. HIV- and mock-infected MT-4
cells were cultured for 5 days with different concentrations of
enfuvirtide-containing in vitro supernatants and/or rat sera and
the cell viability was quantified by MTT assay, as described previously [23,26,27]. The 50% cytotoxic concentration (CC50) and the
50% effective concentration (EC50) were determined from the
dose–response curves with mock-infected and HIV-infected cells,
respectively.
2.8. Animal studies
Four-week-old male Sprague-Dawley (SD) rats with an average
body weight of about 100 g were purchased from Charles River
Laboratories Japan (Yokohama, Japan). SD rats were housed in an
isolated animal room at constant temperature (23 ± 1 °C) and
humidity (50–60%) with a 12 h light/dark cycle, and were allowed
free access to 30 kGy CL-2 diet (Clea Japan, Tokyo) and sterilized
water. All animal experiments were performed in accordance with
the Guidelines for Animal Experimentation of St. Marianna University Graduate School of Medicine. The experimental protocol was
approved by the Animal Research Committee, Institute for Animal
Experimentation, St. Marianna University Graduate School of Medicine (approval number 1604013).
2.9. In vivo pharmacokinetic study of enfuvirtide depots
In vivo studies of enfuvirtide depots were carried out in male SD
rats. The animals were randomly divided into 4 groups of 4 animals
each to receive different treatment. Group I and II rats were administered pure enfuvirtide solution in PBS (pH 7.4) as a single s.c. dose
of 9 mg kg1 or 18 mg kg1, respectively, at the back. Group III and
VI rats were given a single s.c. injection of cELP2 hydrogel (3.3 wt%
in PBS (pH 7.4)) containing enfuvirtide at 9 mg kg1 and 18 mg
kg1, respectively. All rats were anesthetized with sodium pentobarbital (40 mg kg1) throughout the injection procedures. Blood
from all animals was obtained from the inferior ophthalmic vein
for serum preparation at pre-determined time points, i.e., 0 (predose), 0.5, 4, 8, 24 h after s.c. administration of enfuvirtide. Serum
samples were stored at 80 °C until used for anti-HIV activity
assay and HPLC analysis. The release of enfuvirtide was quantified
by reversed-phase HPLC using a PurospherÒ STAR RP-18 endcapped column (4.6  250 mm, 5 lm; Merck, Darmstadt, Germany) with acetonitrile; fluorescence detection was performed
with excitation and emission wavelengths of 280 and 350 nm,
respectively. Enfuvirtide concentration was determined from the
peak area by reference to a standard curve. The residual amount
of enfuvirtide in hydrogels was estimated as follows: the hydrogels
excised from rats were immersed in Tris-HCl (pH 8.0) buffer and
physically fractured with a spatula, and then the mixture was
ultrasonicated in a Bioruptor UCD-250 using three runs of 10 min
(30-s pulses, 30-s intervals) in ice water. After centrifugation at
16,000g at 4 °C, the supernatants were analyzed by reversedphase HPLC as described above.
2.10. Histological studies
We evaluated in vivo gel formation and the duration of the gel
state after injection of cELP2 hydrogel containing enfuvirtide into
male SD rats. Formulations comprising 3.3 wt% cELP2, 0.3 wt%
H2O2, and enfuvirtide (18 mg kg1) in 0.5 mL of PBS (pH7.4) were
injected subcutaneously using a syringe with a 26-gauge needle
after anesthetizing the rats with sodium pentobarbital (40 mg
kg1). The rats were sacrificed on day 10 after gel implantation
and tissue specimens with residual hydrogels were rinsed with
PBS, fixed with 4% formaldehyde in PBS, dehydrated, embedded
in paraffin blocks, sectioned (4 lm), and stained with hematoxylin
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and eosin (HE) for light-microscopic examination. Histological profiles of individual skin samples were observed under a light
microscope.
2.11. Statistical methods
Results are expressed as the mean ± SEM from at least three
independent experiments. Data from the in vitro and in vivo release
studies were analyzed with unpaired Student’s t test.
3. Results and discussion
3.1. Production of ELPs
ELPs were expressed in E. coli without isopropyl b-D-1thiogalactopyranoside (IPTG) and purified by means of the ITC protocol; typically, a yield of 100–200 mg L1 was obtained, with >95%
purity (Table 1). Polymyxin B is known to have high affinity for the
lipid A moiety of endotoxins [28], and has been used in a commercial affinity chromatography support to remove endotoxin molecules from biological and aqueous solutions. In the ITC protocol,
polymyxin B can remove bacterial pyrogen without the need for
chromatography. Polymyxin B per se was successfully removed
by centrifugation at 37 °C, at which ELPs undergo phase transition
and are precipitated. The product thus obtained was finally subjected to overnight dialysis. ITC purification in the presence of TCEP
together with polymyxin B afforded cELPs with endotoxin levels
that are below the FDA-required limit of 5 EU dose1 (1 dose = 1
mg) for biologics. cELPs were purified as thiol-free monomers (over
80%) after overnight dialysis against PBS. cELP2 and ELPctrl have a Tt
below body temperature (37 °C), whereas cELP1 has a Tt well above
body temperature.
3.2. Formation of enfuvirtide/cELP hydrogels
We have previously demonstrated in rheological experiments
that cELP hydrogels have typical characteristics of covalent crosslinked networks at both 4 °C and 37 °C: (1) the storage moduli

are larger than the loss moduli and moduli do not exhibit frequency dependence during a linear frequency sweep; (2) the gelation kinetics are fast: too fast, in many cases, to be characterized in
the rheometer (Fig. S2) [20]. To enable effective drug depot formation, the formulation of cELP, H2O2 solution, and enfuvirtide should
be optimized to ensure rapid gelation in situ after s.c. injection, so
that a sufficient amount of enfuvirtide is entrapped and the initial
burst is kept to a minimum. Gelation of cELPs proceeds well even
with a very limited amount of H2O2: over 0.1 wt% is enough to
induce gelation, and the concentration requirement is not strict
[29]. The key factors that control the sol-gel phase transition rate
are the concentrations of cELP and enfuvirtide. To determine the
relationship between hydrogel formation and concentrations of
cELP and enfuvirtide, the sol (flow) and gel (no flow) states of mixtures of cELP and enfuvirtide was differentiated by means of the
tube inversion test. Enfuvirtide/cELP hydrogels were fabricated
simply by mixing the three components: cELP, enfuvirtide, and
0.3 wt% H2O2 solution. The sol-gel transition plot of enfuvirtide/
cELP hydrogels at various concentrations is shown in Fig. 1. The
sol-gel transition patterns of cELP1 and cELP2 were almost the
same, with a critical gelation concentration of 2.2 wt% in the
presence or in the absence of enfuvirtide (900 lM).

3.3. Assessment of cELP hydrogel depot viability
Technologies that create a change in properties of bulk hydrogel
in response to an environmental cue have been developed for
biomedical applications [30–33]. Our enfuvirtide/cELP hydrogel is
formed by disulfide cross-linking polymerization. Meanwhile,
inter- and/or intramolecular reshuffling of disulfide bonds, especially in unfolded proteins, is a well characterized phenomenon
[34]. Since we intend to use cELP as an erosion-based drug release
depot, it is important to know whether the hydrogel shows selfdepolymerization chain-reaction due to cleavage of intermolecular
disulfide bonds, leading to fracture of the hydrogel and spontaneous solution formation. Therefore, we investigated the
reversibility of the sol-to-gel transition of cELPs using the tube
inversion test, as described above. When TCEP solution (100 mM,

Table 1
ELP polymers evaluated in this article.
ELP

na

MW (kDa)

[AxVyCz]b

Ratio of VPGCG

Tt (°C)c

cELP1

160

62.5

A14VC

1/16

42.9

cELP2

160

66.5

1/16

23.0

ELPctrl

160

66.4

V15C
V

1/10

24.1

a,b

ELP[AxVyCz-n], where the capital letters in bracket are single-letter amino acid codes of a guest residue, the subscripts denote the ratios of the guest residues in the
monomer, and n indicates the number of pentapeptides in the ELP.
c
Tt of ELP monomers in PBS at 2.5 wt%. Tt was defined as the solution temperature that corresponded to the maximum in the first derivative of the absorbance (350 nm)
[20]. Cysteine (C) residue available for cross-linking in each ELP is underlined.

Fig. 1. Sol-gel transition plot of enfuvirtide/cELP hydrogels. The sol (flow) and gel (no flow) states of enfuvirtide/cELP hydrogel were identified by the test tube inversion
method. No flow within 1 min upon inverting the vial was regarded as the gel state. The concentration of H2O2 was maintained at 0.3 wt%.
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pH 7.0) was added on top of the hydrogels in a vial and incubation
was carried out at 20 °C (at which temperature none of the three
ELPs shows phase transition), partial fracturing was confirmed
after 16 h, and the hydrogels of both cELP1 and cELP2 completely
reverted to solution form after 3 days. Higher concentrations of
TCEP tended to accelerate the transition rate from gel to sol. Next,
we examined the time course of spontaneous unraveling of the
network structure, leading to fracture of the hydrogel. The transition from gel to sol started to occur between 18 and 21 days upon
incubation at 20 °C. The reverted solutions were analyzed by SDSPAGE and free thiol was quantified using DTNB reagent. Under
reducing conditions (b-mercaptoethanol), major bands corresponding to cELP monomers with MW of 60–70 kDa were
detected, as observed with fresh stocks of cELPs (Fig. 2A); this
result indicates that cELP monomer molecules did not degrade
during the incubation. On the other hand, under non-reducing conditions, smeared bands ranging of over approximately 250 kDa
appeared, suggesting that the reverted cELP existed as oligomers
(tetramer or larger) in the reverted solution. In accordance with
this, the content of free thiol in the reverted solution was very
low compared with that of fresh cELP solution (Fig. 2B). These
results suggest that free thiols in the hydrogel may attack intermolecular disulfide cross-links that sustain the network structure
of cELPs and preferentially form intramolecular disulfide bonds,
giving rise to a self-unraveling chain-reaction.
As the cELP/enfuvirtide hydrogel depot was designed to reside
in subcutaneous space for a prolonged period of time, we were
interested in testing its stability to elastase, a degradative enzyme
[35] that is released from neutrophils (known as leukocyte elastase). The hydrophilic cELP1 hydrogel was almost completely fractured, whereas the hydrophobic cELP2 hydrogel remained partially
intact, after 16 h incubation with elastase at 37 °C. Complete fracture of cELP2 hydrogels required incubation for over 36 h. After the
enzymatic digestion, the mixtures were ultrasonicated to fracture
the hydrogels completely, and the extent of proteolytic degradation was analyzed by SDS-PAGE. In the gel state, bands corresponding to each cELP monomer were detected after elastase digestion
for 2 h, and a weak band of hydrophobic cELP2 monomer was
detected even after 16 h, whereas those bands had disappeared
in the sol state (Figs. 3A and S3). These results indicate that cELPs
in the sol state were completely degraded by elastase. Similarly,
hydrophobic ELPctrl was completely degraded after 2 h, indicating
that the resistance of hydrophobic cELP2 to elastase is not due to
the intrinsic phase-transition character of ELPs. In the case of

digestion with elastase at 20 °C, similar results were observed,
though the degradation rate was slower (data not shown). Shah
et al. reported that ELP coacervate, a viscous liquid, was formed
after the phase transition, and was completely degraded by elastase [36], in accordance with our present findings. We have
reported that cELP hydrogels retain thermally triggered phase
transition behavior [20]. Indeed, the hydrophobic cELP2 hydrogel
at 2.5 wt% displayed a strong phase transition at 37 °C, forming
an opaque gel (Fig. 3B). Overall, these results demonstrate that
hydrophobic cELP2 hydrogel is proteolytically more stable than
hydrophilic cELP1 hydrogel, presumably because the hydrophobic
environment in the cross-linked network of cELP2 and low water
content impede access of elastase to potential cleavage sites. Seo
et al. also reported that tuning the physical properties of hydrogel
was an efficient strategy to control drug release rate, although they
focused on the relationship between weight decrease behavior and
hydrophobicity [37]. Thus, we concluded that the hydrophobic
cELP2 hydrogel is a promising candidate as a depot for sustained
delivery of enfuvirtide.
3.4. In vitro activity of enfuvirtide released from hydrogels
Next, we examined the anti-HIV activity of enfuvirtide released
from hydrogels in human T lymphocyte assay using MT-4 cells. HIV
infection reduced the viability of the cells to almost zero during
incubation for 5 days in our assay system. Enfuvirtide inhibited
the virus-induced CPE in HIV-1IIIB-infected MT-4 cells and the
results of anti-HIV activity evaluated in terms of MTT assay are
shown in Table 2. The nucleoside analog reverse-transcriptase
inhibitor (NRTI) AZT and the virus adsorption inhibitor curdlan sulfate were included as control compounds, and displayed antiviral
activity in this assay system. Prolonged incubation of enfuvirtide
with 0.3 wt% H2O2 at 37 °C slightly reduced the anti-HIV activity.
When gelatinous enfuvirtide formed by cELPs was incubated under
the same conditions, we did not observe this reduction, probably
because the buffering effect of cELPs shielded enfuvirtide from oxidation by H2O2. The concentration of H2O2 in the assay system was
very critical for MT-4 cell viability (CC50 was estimated to be
0.00011 wt%), so all recovered sample solutions were quenched
with Na2SO3 and diluted with RPMI 1640 medium (see Materials
and Methods). We evaluated whether the recovered sample solutions retained anti-HIV activity using the parameter RND50, which
is the reciprocal number of the dilution affording 50% inhibition of
the HIV-induced cytopathic effect [27]. As shown in Fig. 4A,

Fig. 2. (A) Representative copper-stained SDS-PAGE gel of cELPs. Each cELP was mixed with 0.3 wt% H2O2, and then the mixtures were incubated on ice to form hydrogels,
which were incubated at 20 °C until they completely fractured spontaneously. The resulting sample solutions were analyzed by SDS-PAGE. (B) The thiol content of cELP in the
resulting solutions formed by reversion from the gel state was also quantified by DTNB with L-cysteine as a standard.
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Fig. 3. SDS-PAGE analysis of hydrogel degradation by elastase. (A) Representative SDS-PAGE gels stained with copper chloride. Elastase solution was added on top of
hydrogels, and each mixture was incubated at 37 °C for the time indicated in the text. The mixture was treated by ultrasonication and then examined by SDS-PAGE. Asterisks
show elastase, and dots show digested ELPs. (B) Thermally responsive behavior of ELPs in sol and gel states. Mixtures of ELPs and H2O2 or water were incubated on ice for 3
min, and the further incubated at 37 °C for 10 min. The vials were inverted to assess the fluidity of the ELPs. Asterisks show liquid colloidal suspension of ELP.

Table 2
Anti-HIV activities determined by MTT assay.
Compound

EC50 (nM)

CC50 (nM)

Enfuvirtide
Enfuvirtide w/H2O2a
AZT
Curdlan sulfateb

3.3
24.2
14.7
184.9

5620
3498
230,110
>1,000,000

MT-4 cells were infected with HIV-1IIIB at an MOI of 0.01. The values are the
averages of at least three separate experiments.
a
Enfuvirtide (100 lM) was incubated with 0.3 wt% H2O2 for 168 h, then Na2SO3
was added to quench H2O2, and the mixture was assayed for anti-HIV activity.
b
Results are shown as ng mL1.

sustained release was observed with both cELP1 and cELP2 hydrogels. The supernatant of cELP1 hydrogel showed more potent antiHIV activity than that of cELP2 hydrogel at the early stage of the
assay (48 h), while the supernatant of cELP2 hydrogel showed
far more potent anti-HIV activity after 120 h. ELPctrl, in which enfuvirtide is not encapsulated in coacervate, showed potent anti-HIV
activity at the initial stage, but the activity diminished over time
due to the successive samplings and medium replacements (see
Materials and Methods). When the hydrogels were physically fractured (after 168 h) and the supernatants were examined, increased
anti-HIV activity was confirmed, especially for cELP2 hydrogels
(Fig. 4B). The time-dependent release of enfuvirtide analyzed by
reversed-phase HPLC paralleled the anti-HIV activity in vitro
(Fig. S4). These results suggest that enfuvirtide was entrapped in
these hydrogels even after 7 days (168 h) and there was a greater
amount of residual enfuvirtide in cELP2 hydrogel. These release
profiles are similar to the reported pattern for bovine serum albumin (BSA) [20]. cELP1 hydrogel is more hydrophilic than cELP2, and

thus water would move more easily in and out of the hydrogel to
extract enfuvirtide. In addition, fractures of cELP1 hydrogel were
grossly visible by day 2–3, which was earlier than in the case of
cELP2 hydrogels; this would be another reason why the supernatant of cELP1 hydrogel contains more enfuvirtide at an earlier
stage.

3.5. In vitro anti-HIV activity of rat serum following s.c. administration
of the formulation
Next, we examined whether a single injection of enfuvirtide/
cELP2 hydrogel depot provides extended anti-HIV activity compared with enfuvirtide alone. Negative control sera collected
before the injection showed weak anti-HIV activity at concentrations of more than 5–10% in our assay. Serum mannose-binding
protein (MBP) was reported to inhibit infection by HIV [38], and
thus we used rat sera at a concentration below 5% and confirmed
that the diluted sera showed neither anti-HIV activity nor significant cytotoxicity in MT-4 cells. Enfuvirtide/cELP2 hydrogels
afforded dose-dependent blood anti-HIV activity at 4 h: 4.5, 9,
18 mg kg1 gave RND50 values of 49, 91, and 167, respectively
(Fig. 5A). After a single injection (18 mg kg1), enfuvirtide/cELP2
hydrogel showed prolonged anti-HIV activity that persisted for 8
h post injection (Fig. 5B). Also, the rapid increase of anti-HIV activity seen at 0.5 and 4 h after injection of enfuvirtide alone was suppressed in the case of enfuvirtide/cELP2 hydrogel. No significant
activity was observed after 24 h post injection, though serum samples were monitored for up to 10 days. In contrast, injection of
enfuvirtide alone resulted in undetectable blood anti-HIV activity
by 8 h post injection. We further examined the residual amount
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Fig. 4. Anti-HIV activity of enfuvirtide released from cELP hydrogel depots in human T-cell line MT-4 cell assay. The activity was assessed in terms of the parameter RND50,
which is the reciprocal number of the dilution affording 50% inhibition of the HIV-induced cytopathic effect. (A) Time-course analyses of anti-HIV activity. ELPs pre-mixed
with enfuvirtide were mixed with H2O2 solution, then the mixtures were incubated for 3 min. RPMI medium containing 10% FBS was added to the resulting hydrogels, and
incubation was continued at 37 °C for the time indicated in the text. The anti-HIV activity of released enfuvirtide was evaluated by MTT assay. ELPctrl, which does not form a
hydrogel, was used as a control. Each data point represents the mean value ± SEM (n = 3–5). *, P < .06; **, P < .03. (B) Residual enfuvirtide in cELP hydrogel depots after
incubation at 37 °C for 1 week (168 h). After 1 week incubation, the hydrogels were fractured physically with a spatula followed by ultrasonication, then the mixtures were
centrifuged, and the supernatants were subjected to MTT assay. Data shown are the mean ± SEM and are representative of three independent experiments.

of enfuvirtide in enfuvirtide/cELP hydrogel on days 1 and 10 after s.
c. injection. When the hydrogels were excised from subcutaneous
tissue and analyzed by reversed-phase HPLC, 11% of the injected
dose of enfuvirtide was detected in the hydrogel samples at day
1 on average, while no enfuvirtide was detected in the samples
at day 10. These results suggest that enfuvirtide was successfully
entrapped in the hydrogel, resulting in suppression of the initial
burst and slow release over a whole day. It seems likely that
time-dependent change of blood anti-HIV activity would continue
to occur in parallel with erosion of the hydrogel thereafter, but we
could not confirm that this is the case because of the detection
limit of the method of analysis.
Hydrogel formation in vivo, the lifetime of the gel state, and biocompatibility were investigated after s.c. injection of enfuvirtide/
cELP2 hydrogels into SD rats. Fig. 5C shows representative photograph of enfuvirtide/cELP2 hydrogel on day 10 after the s.c. injection. Transformed enfuvirtide/cELP2 hydrogels were observed at
the injection sites, and little inflammation was apparent macroscopically. This was confirmed by HE staining (Fig. 5D). We further
evaluated the thermal responsiveness, which is an intrinsic feature
of ELP. As shown in Fig. 5E, the enfuvirtide/cELP2 hydrogel excised
from the injection site was opaque at 37 °C, but was transparent on
ice. This means that the enfuvirtide/cELP2 hydrogels retained the
thermally triggered phase-transition behavior of cELP even after
indwelling in vivo for 10 days.
There could be two major reasons for the apparent disconnect
between in vitro and in vivo release profiles. One is the thermally
triggered phase transition of cELP and the other is the in vivo setting of the enfuvirtide depot. At body temperature, gelation driven

by intermolecular disulfide bond formation and thermally triggered phase transition both occur simultaneously. As shown in
Fig. 1, the concentration of cELP should be above 2.2 wt% to form
the hydrogel. The phase transition removes cELP from the aqueous
phase to form a precipitate that does not contain enfuvirtide, leading to a decreased concentration of cELP, especially at the contact
interface with the skin. This would cause an initial burst of enfuvirtide after subcutaneous injection. Another possible reason is that
the rats move about freely after recovering from anesthesia, so that
enfuvirtide/cELP hydrogels under the skin are subjected to external
pressure from that time point. This might cause loss of enfuvirtide
from the hydrogels.
H2O2 solution is commonly used as an antiseptic for wound
clearing at concentrations that are 10-fold those used in the present studies (i.e., 3 wt%). Additionally, H2O2 is rapidly metabolized
by enzymes to oxygen and water that are non-toxic to cells.
Indeed, we carefully checked in detail under skin after implantation, but no significant inflammation was not observed macroscopically. Hence, we believe that subcutaneous administration of a
concentration of 0.3 wt% H2O2 solution is likely to be non-toxic.
More prolonged retention of enfuvirtide under the skin might be
achieved by covalent attachment to cELPs. Also, design of ELPs that
undergo thermally triggered phase transition more slowly (or that
do not undergo the phase transition) at body temperature might be
an effective strategy. We are currently exploring these possibilities
by changing the number of Cys residues and the chain length of
cELP, aiming to design more stable, longer-lasting depots for a
range of anti-HIV peptides. Further studies on the generality and
limitations of injectable cELP hydrogels are in progress.

- 296 -

D. Asai et al. / Acta Biomaterialia 64 (2017) 116–125

123

Fig. 5. Anti-HIV activity of sera and characteristics of in situ-formed enfuvirtide depots. The activity was assessed in terms of the parameter RND50, which is the reciprocal
number of the dilution affording 50% inhibition of the HIV-induced cytopathic effect. (A) Subcutaneous (s.c.) injection of cELP2/enfuvirtide/H2O2 in rats was carried out to
form depots in situ. Four hours after injection, blood was collected and centrifuged to obtain serum, and anti-HIV activity was evaluated by MTT assay. Data shown are the
mean ± SEM and are representative of four independent experiments. (B) Time-course analyses of anti-HIV activity of rat sera prepared at scheduled time points as indicated
in the text after single injection (18 mg kg1). Anti-HIV activity was evaluated by MTT assay. Each data point represents the mean value ± SEM (n = 4). *, P < .07; **, P < .05. (C)
Photograph of enfuvirtide/cELP2 hydrogel in rat on day 10 after s.c. injection. Ten days after injection, the rats were incised to confirm hydrogel formation. The arrows indicate
the hydrogel depots. (D) Histological analysis of tissue specimens with residual hydrogel at day 10 after s.c. injection into rats. The cells were stained with HE. (E) Photograph
of enfuvirtide/cELP2 hydrogel excised from rats on day 10 after s.c. injection. Ten days after injection, the hydrogel was excised from the injection site, incubated on ice for 10
min, and then further incubated at 37 °C for 10 min. Enfuvirtide/cELP2 hydrogel incubated at 20 °C for 10 days in a vial was used as a control as in vitro gel.

Fig. 6. Schematic illustration of our system for sustained release of enfuvirtide. Hydrogel was formed by disulfide cross-linking in cELP. However, disulfide formation is a
reversible process in a state of dynamic equilibrium, and intramolecular disulfide bond formation is favored over intermolecular disulfide bond formation. Consequently, the
dynamic equilibrium leads to unraveling of the network structure, fracture of the hydrogel, and spontaneous solution formation. In addition, proteolytic degradation by
subcutaneous proteinases, such as elastase, also promotes fracture of the hydrogel. These changes result in sustained release of enfuvirtide from the hydrogel depot.

4. Conclusion
In this study, we have developed a sustained-release enfuvirtide
formulation, consisting of an injectable material capable of in situ
self-gelation followed by spontaneous degradation, employing
recombinant polypeptide cELP. The key feature of this system is
the erosion-based drug-release behavior of cELP hydrogels in the
context of reversible gelation (Fig. 6). Three polypeptides with different characteristics (two cELPs and ELPctrl) were synthesized.
Hydrogels incorporating enfuvirtide were formed by both cELPs

under conditions of mild oxidation. The hydrogel systems showed
different enfuvirtide release patterns, and hydrophobic character
of cELP (as in cELP2) is critical for high resistance to fracture and
proteolytic degradation of the hydrogel, so that enfuvirtide can
be entrapped for long period of time. The released enfuvirtide
retained anti-HIV activity, and no significant inflammation was
observed in the tissues surrounding the hydrogel depot. Injectable
hydrogels have emerged as promising materials for controlled drug
delivery applications because they offer important advantages; for
example, they do not require surgical implantation, which is
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necessary for prefabricated sustained-release implants, and they
are biodegradable, being bioresorbable as well as being cytocompatible. Substantial work has been done on monitoring the
controlled-release properties of hydrogels [39–41], including
antiretroviral long-acting injectable depot formulations for HIV
[42]. In connection with the current standard ART therapy, development of depot-type anti-HIV drugs would offer the following
advantages: (1) the development of easy-to-use gel formulations
for preventing rectal HIV infection [43,44]; (2) convenient introduction of drugs and formulations to treat drug-resistant HIV variants, which may require drugs with different mechanisms to stop
the HIV lifecycle and/or delivery systems optimized for individual
drugs. The duration of an effective anti-HIV activity level in blood
using the present hydrogel system is only several hours. However,
this system has considerable potential for improvement, because
rational design of the number of cross-linking points in cELPs by
genetic modification enables easy tuning of the mesh size and
hydrophobicity of the resulting hydrogel, as well as other parameters that determine the drug release profile from the hydrogel
depot. Thus, the cELP hydrogel system may hold the promise of
tailor-made long-lasting depot systems for a variety of drugs.
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Abstract: Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder, with the
characteristic symptoms of chronic abdominal pain and altered bowel habits (diarrhea, constipation,
or both). IBS is a highly prevalent condition, which negatively affects quality of life and is a significant
burden on global healthcare costs. Although many pharmacological medicines have been proposed
to treat IBS, including those targeting receptors, channels, and chemical mediators related to
visceral hypersensitivity, successful pharmacotherapy for the disease has not been established.
Visceral hypersensitivity plays an important role in IBS pathogenesis. Immune activation is
observed in diarrhea-predominant patients with IBS and contributes to the development of visceral
hypersensitivity. Adenosine is a chemical mediator that regulates many physiological processes,
including inflammation and nociception. Among its receptors, the adenosine A2B receptor regulates
intestinal secretion, motor function, and the immune response. We recently demonstrated that the
adenosine A2B receptor is involved in visceral hypersensitivity in animal models of IBS. In this review,
we discuss the possibility of the adenosine A2B receptor as a novel therapeutic target for IBS.
Keywords: adenosine A2B receptor; irritable bowel syndrome; visceral hypersensitivity; diarrhea;
abdominal pain; immune response

1. Introduction
Irritable bowel syndrome (IBS) is a chronic functional gastrointestinal disorder involving
abdominal pain or discomfort, bloating, diarrhea, and/or constipation [1]. IBS is defined by the
symptom-based Rome criteria without the detection of organic causes [2,3]. The prevalence of
IBS in the general population is remarkably high (affecting approximately 11% of the world’s
population) [3]. Although IBS is not life-threatening, it accords a large burden on global healthcare
and markedly reduces quality of life [4]. Four subtypes of IBS are recognized, depending on
the predominant stool pattern: IBS with constipation (IBS-C), IBS with diarrhea (IBS-D), mixed
IBS (IBS-M), and un-subtyped IBS (IBS-U) [2,3]. Pharmacological treatments effective against
abdominal pain are insufficient in IBS-D therapy, and drugs targeting chemical mediators or receptors
involved in visceral sensitivity have recently been developed. Alosetron and ramosetron, both
antagonists of the serotonin 3 (5-hydroxytryptamine 3; 5-HT3 ) receptors, are approved for use in
patients with IBS [5,6]. Rifaximin, an antibacterial drug, and eluxadoline, which has both µ-opioid
receptor agonist and δ-opioid receptor antagonist activities, were also recently approved for IBS-D
treatment [6,7]. However, although these advances have significantly improved IBS-D treatment,
additional pharmacological therapeutic options are required [8].
The mechanism of IBS pathogenesis is not fully understood. However, visceral hypersensitivity
plays a vital role in its development [9]. Therefore, drugs targeting visceral hypersensitivity
J. Clin. Med. 2017, 6, 104; doi:10.3390/jcm6110104
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could represent a novel pharmacological approach to IBS treatment. Enhanced visceral perception,
psychological factors, altered intestinal microbiota, and immune activation all contribute to visceral
hypersensitivity [10–12]. In particular, immune activation in the gastrointestinal tract has recently
attracted much attention as a potential mechanism. This is because inflammatory mediators in the
intestinal mucosa, such as adenosine 50 -triphosphate (ATP), bradykinin, and adenosine, activate
primary afferent nerve endings. This indirectly triggers the release of nociceptor ligands such as
histamine and 5-HT, or causes increased intestinal permeability, which allows exposure to bacteria or
their products [12,13]. These harmful events enhance visceral sensitivity. Among inflammatory cells,
mast cells appear to be key players. This suggests that anti-inflammatory agents might be a promising
therapeutic strategy for visceral hypersensitivity.
Adenosine is a purine nucleoside metabolized from ATP. Among its receptor subtypes,
the A2B receptor has low affinity and is activated by high concentrations of adenosine arising
from pathological conditions [14]. Until recently, our understanding of this receptor was limited
by the lack of pharmacological and molecular tools, including genetically modified mouse
models. However, progress in developing these tools has revealed multiple functions, including
immunomodulation, relaxation of smooth muscle, and intestinal secretion, in various cell types [14,15].
Recently, we suggested that blockade of the A2B receptor could be therapeutically beneficial for IBS-D,
based on the attenuation of visceral hypersensitivity and reduced stress-induced defecation in animal
models [16]. The presence of functional A2B receptors has been demonstrated in various tissue types.
Furthermore, A2B receptors have been found to be potential therapeutic targets in several diseases.
In this review, we focus on the role of the A2B receptor in gut function and the immune response,
and its involvement in IBS pathogenesis, particularly in the control of intestinal secretion, motility,
and sensation.
2. Etiology of IBS
Regardless of the subtype, visceral hypersensitivity is a common feature of patients with IBS.
It is thought that increased visceral sensitivity predominantly contributes to the abdominal pain
experienced in IBS. In fact, patients with IBS have a lowered threshold for abdominal pain in response
to colorectal distension (CRD) compared with healthy control individuals [9]. Stimulation of visceral
sensitivity in the gastrointestinal tract might be linked not only to abdominal pain, but also to other
symptoms, including diarrhea, as chemical mediators facilitating visceral sensitivity such as 5-HT
and ATP can also directly or indirectly activate secretion and sensorimotor functions. IBS is defined
as a functional gastrointestinal disorder without any obvious abnormalities. However, increasing
evidence indicates that low-grade inflammation is important for IBS symptoms and visceral
hypersensitivity. In particular, low-grade inflammation is consistently observed in patients with IBS-D.
3. Visceral Hypersensitivity
Visceral hypersensitivity is a multifactorial process. Recent studies have revealed the presence
of low-grade mucosal inflammation and immune activation, related with impaired epithelial barrier
function (increased paracellular permeability) and aberrant neuronal sensitivity in patients with
IBS [11,13,17]. Chemical mediators from inflammatory cells sensitize primary afferent nerves, favoring
the recruitment of silent nociceptors, which results in secondary spinal sensitization. The release of
mediators such as potassium ions, ATP, bradykinin, and prostaglandin E2 (PGE2 ) directly activates
nerve endings and indirectly triggers the release of algesic mediators such as histamine, 5-HT, and
nerve growth factor from other cells. These mediators in turn stimulate proximal afferent nerve endings
and nociceptors, leading to pain sensitization or diarrhea. In particular, consistent observations in
human and animal studies support an important role in mast cells and their mediators in exciting
visceral sensory neurons [17–19].
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4. Immune Activation in IBS
Evidence of immune activation in patients with IBS has been obtained from blood samples
and intestinal biopsies [20–24]. Consistent with this, previous digestive infections and long-lasting
inflammatory features are often observed in patients with IBS (termed post-infectious IBS and
post-inflammatory IBS, respectively) [25,26]. Although a variety of inflammatory cell types are
involved in visceral hypersensitivity, a recent meta-analysis has suggested that increased numbers
of mast cells and CD3+ T cells in the intestinal mucosa are reliable markers of immune activation
in IBS [24]. Mucosal inflammatory cells change the luminal environment to an inflammatory state.
Supernatants of colonic biopsies from patients with IBS display increased levels of proteolytic activity,
which depends on the activation of nuclear factor (NF)-κB [22]. In addition to local inflammation in
the intestinal mucosa, systemic inflammatory changes have been reported in patients with IBS [21,23].
Higher levels of plasma interleukin (IL)-6 and IL-8 have been observed in patients with IBS than in
control individuals [21]. In particular, elevated IL-6 levels correlate significantly with IBS symptoms,
including abdominal pain and bloating [21,27]. Elevated levels of cytokines and chemokines, including
tumor necrosis factor (TNF)-α, IL-1β, and IL-6, were observed in peripheral blood mononuclear cell
supernatants from patients with IBS-D, and their levels correlated with the frequency and intensity of
abdominal pain [23]. These supernatants caused mechanical hypersensitivity in colonic afferent nerve
endings, and this was suppressed by infliximab, a monoclonal antibody against TNF-α. These findings
demonstrate that immune activation in patients with IBS is associated with clinical outcomes, and
that anti-inflammatory agents can be effective in the treatment of IBS. However, a recent clinical
study showed that the anti-inflammatory agent 5-aminosalicylic acid (mesalazine) did not improve
abdominal pain or stool consistency in patients with IBS-D compared with placebo groups, nor did it
provide satisfactory relief [28].
Increasing evidence suggests that mast cells located at the host-environment interface, in close
proximity to sensory nerves, play a significant role in abdominal pain or discomfort. Mast cell
mediators such as histamine, tryptase, leukotriene, 5-HT, and platelet-activating factor can activate
sensory nerves [17,29]. Sustained sensitization by such mediators could lead to the enhancement of
visceral sensitivity. It has been demonstrated that a high density of degranulated mast cells exists in
the colonic mucosa of patients with IBS, and the proximity of activated mast cells to mucosal nerve
fibers is correlated with the severity of abdominal pain [29]. These observations have suggested that
mast cell–nerve interactions are a therapeutic target for visceral pain. Clinical trials have recently
been conducted on drugs targeting mast cells. Inhibition of the histamine H1 receptor by ebastine
reduces visceral hypersensitivity, global symptoms, and abdominal pain in patients with IBS [30].
Furthermore, the mast cell stabilizer ketotifen increases the threshold for discomfort during IBS with
visceral hypersensitivity and improves IBS symptoms, including abdominal pain [31]. However, no
relationship has been observed among mast cell number, visceral perception, and IBS symptoms.
Although further studies are required to confirm that immune activation is associated with
alterations in gut function—particularly visceral sensitivity and IBS symptoms—taken together,
the available literature provides valuable insights into the potential mechanisms underlying IBS.
5. The Adenosine A2B Receptor
Adenosine is an extracellular purine nucleoside signaling molecule responsible for diverse actions
in the nervous, cardiopulmonary, renal, and gastrointestinal systems [32]. It is produced by the
dephosphorylation of its precursor, ATP. Under stressful or injurious conditions, ATP is released from
cells and is rapidly degraded to adenosine by sequential hydrolysis. Extracellular ATP and adenosine
diphosphate (ADP) are mainly hydrolyzed by ecto-apyrase to adenosine monophosphate (AMP),
which is further metabolized by ecto-50 -nucleotidase (CD73). The biological actions of adenosine
are mediated by binding to G protein-coupled receptors, classified into four subtypes: A1 , A2A , A2B ,
and A3 . The regulation of biological functions by adenosine is strictly related to its extracellular
concentration. A1 , A2A , and A3 receptors possess high-affinity ligand-binding characteristics and are
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activated by physiological adenosine concentrations in the submicromolar range (10–200 nM), whereas
A2B receptors are activated by micromolar levels of adenosine (10–100 µM), which are achieved
in pathological conditions, including hypoxia, ischemia, and inflammation, or in other stressful
environments [32].
Adenosine A2B receptors are expressed in a wide variety of cell types and exert tissue- and
cell-specific effects [32,33]. A2B receptor activation triggers the stimulation of adenylate cyclase and
phospholipase C by coupling to Gs and Gq proteins, respectively. This stimulation leads to increases
in intracellular cyclic AMP (cAMP) and calcium ion levels [32,33]. Transcriptional induction of
the A2B receptor is caused by hypoxia, bacterial lipopolysaccharide, or inflammatory mediators,
including PGE2 , IL-1β, and TNF-α [32]. The presence of functional A2B receptors has been
demonstrated in hematopoietic, mast, myocardial, intestinal epithelial, muscle, retinal pigment
epithelial, endothelium, and neurosecretory cells [15,32,33]. The functions of A2B receptors have
highlighted their promise as therapeutic targets for asthma, inflammatory bowel diseases, respiratory
diseases, and arteriosclerosis [14,32,34]. The recent development of pharmacological and molecular
tools, including genetically modified mice, has advanced our understanding of the roles of the
adenosine A2B receptor in pathophysiological processes, including intestinal inflammation [32,34,35].
Previous studies have demonstrated significant A2B receptor involvement in the control of intestinal
secretion, motility, and sensation [14,33]. In the following section, we focus on the roles of the A2B
receptor in gut function and immune responses associated with IBS pathogenesis.
6. Intestinal Fluid Secretion
In the alimentary tract, adenosine A2B receptors are predominantly expressed in the colon,
particularly in intestinal epithelial cells and enteric neurons [14]. In the intestinal epithelia, adenosine
mediates chloride secretion via the A2B adenosine receptor, which results in the movement of isotonic
fluid into the lumen [36]. This physiological process naturally serves to hydrate the mucosal surface
and contributes to mucosal defenses against luminal pathogens. However, the extreme secretory flush
also produces secretory diarrhea. Studies performed using human intestinal epithelial cells suggest that
the stimulation of chloride secretion through apical A2B receptors is a potential target for the treatment
of diarrheal diseases [36]. The activation of the A2B receptor by adenosine or agonists produces
electrogenic chloride secretion in a polarized human intestinal epithelial cell line [36]. In addition,
adenosine A2B receptor-deficient mice display reduced stool water content, suggesting a role of the
receptors in chloride secretion [37]. CD73 knockout mice exhibit a defect in converting ATP into
adenosine, suggesting that the stimulation of colonic water movement by luminal ATP involves
metabolized adenosine and apical A2B receptors [38]. Furthermore, bacterial toxins trigger the chloride
secretion response through the A2B receptor. The A2B receptor antagonist MRS-1754 prevents the
stimulation of secretion by conditioned medium containing ATP released from cells infected with
enteropathogenic Escherichia coli [39]. Clostridium difficile toxins upregulate the expression of the
A2B receptor in the human colon cell line HCT-8, and the receptor antagonist ATL-692 decreases
toxin-induced secretion [40]. These observations indicate that the adenosine A2B receptor regulates
intestinal fluid secretion in epithelial cells, and that excess activation could cause diarrhea.
7. Release of 5-HT from Enterochromaffin Cells
Enterochromaffin (EC) cells are neuroendocrine cells in the epithelial lining of the gastrointestinal
tract lumen. These cells secrete 5-HT and modulate gut motility, secretion, and pain. EC cells
express the adenosine A2B receptor and are thought to function as mechanosensors. A recent
study demonstrated that the adenosine receptor agonist 50 -N-ethylcarboxamidoadenosine (NECA)
stimulates 5-HT release, while the antagonist MRS-1754 inhibits its secretion from EC cells [41].
Moreover, stimulation using a flex-based mechanical stress model induced the release of 5-HT, and this
was inhibited by MRS-1754 and amplified by NECA [41]. The release of 5-HT induced by mechanical
stretch might be involved in A2B receptor function. This is supported by the finding that A2 receptor
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antagonists suppressed mechanically evoked 5-HT release in the human carcinoid cell line, BON cells,
suggesting that endogenous adenosine can activate excitatory A2A /A2B receptor signaling pathways
in EC cells to regulate 5-HT release [42,43]. Another study showed that the A2B receptor localizes in
human epithelial cells lining both the villi and crypts of the intestine [44]. The A2B receptor has also
been found to be overexpressed in EC cells from patients with diseases such as Crohn’s disease [41,43].
Thus, the A2B receptor might be expressed in human EC cells and induced by inflammatory stress,
which modulates 5-HT release.
8. Colonic Motility
In addition to regulatory roles in intestinal epithelial cells, the A2B adenosine receptor participates
in the modulation of colonic motor function. Nonadrenergic noncholinergic (NANC) inhibitory
neurotransmission plays a pivotal role in colonic motility. ATP and nitric oxide (NO) are major
mediators of NANC transmission. Recent experiments using A2B receptor-knockout/β-gal-knock-in
mice and ATL-801, an A2B receptor antagonist, demonstrated that A2B receptors expressed on
enteric neurons regulate distal colonic motility [37]. That study revealed a constipation-like
phenotype, with delayed colonic transit, impaired colonic motility, and increased stool retention [37].
Mechanistically, the phenotype might be caused by defects in colonic relaxation, through
aberrant A2B receptor activation via the NO-cyclic guanosine monophosphate (cGMP) pathway.
Subsequently, another group demonstrated that A2B receptors are located in the neuromuscular
compartment, and that the A2B receptor antagonist MRS-1754 enhances both electrically and
carbachol-induced cholinergic contractions in normal longitudinal muscles [45]. This result suggests
that the activation of A2B receptors is associated with the inhibition of excitatory cholinergic pathways.
Although this differs from the findings of Chandrasekharan et al., suggesting that the A2B receptor
contributes to the facilitation of inhibitory nitrergic nerve control [37], both observations result in
similar inhibitory modulation in the colon. Furthermore, we recently found that MRS-1754 suppresses
defecation induced by wrap-restraint stress in normal rats and by novel environmental stress in
maternally separated rats [16]. These findings indicate that the specific inhibition of A2B receptors
could be used as a therapeutic approach for diarrhea or motility disorders, but further investigations
are needed to fully understand the function of the receptor.
9. Modulation of the Inflammatory Response
The extracellular accumulation of adenosine contributes to the regulation of inflammation.
A2B receptors regulate the immune response in various cell types, including mast cells, epithelial cells,
and macrophages. Here, we describe the roles of the A2B receptor in the inflammatory response related
to IBS pathogenesis.
Intestinal adenosine A2B receptors modulate inflammation in both acute and chronic models
of colitis [46–49]. Genetic ablation or pharmacological blockade of the A2B receptor with ATL-801
attenuated the clinical and histological features of intestinal inflammation in experimental colitis, in
parallel with reductions in IL-6 and keratinocyte-derived chemokine secretion [46,47]. In contrast,
the A2B antagonist PSB-1115 promoted intestinal inflammation in an acute colitis model, and this was
related to the modulation of IL-10 production [49]. The enhancement of the inflammatory response
observed with the loss of the A2B receptor might depend on the protective effects of intestinal epithelial
cells rather than immune cells. Recently, it was reported that intestinal epithelial-specific A2B receptors
confer protective roles against intestinal inflammation [48]. The reason for the disparate results of
these studies remains unclear.
Mast cells are increasingly appreciated as a crucial cell type in initiating inflammation and the
immune response. As described above, activated mast cells in the intestinal mucosa play an important
role in the pathogenesis of IBS. Adenosine is known to potentiate the antigen-induced degranulation of
mast cells, based on the observation that inhaled adenosine causes bronchoconstriction in patients with
asthma [50]. There is evidence that enprofylline and theophylline, two clinically used anti-asthmatic
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agents, block adenosine-induced IL-8 production by the human mast cell line HMC-1 by targeting
the A2B receptor, attracting increased interest in this receptor [51]. Moreover, A2B receptors stimulate
the release of IL-4, IL-13, vascular endothelial growth factor, and IL-8 from mast cells [52,53].
Conversely, the genetic deletion of the A2B receptor in mice enhances antigen-induced mast cell
degranulation [54].
Although we have described the anti-inflammatory actions of the A2B receptor, it is difficult to
reconcile the evidence into either pro-inflammatory or anti-inflammatory roles for the receptor, as A2B
receptor knockout mice appear to have a pro-inflammatory phenotype compared to wild-type controls,
characterized by elevated plasma TNF-α levels and increased vascular permeability for albumin in the
colon, kidneys, and lungs [55]. This discrepancy in receptor function may be derived from differences
in tissue type (lung or intestine), inflammation type (pro-inflammatory or allergic), or the time scale
over which inflammatory response progression was observed (acute or chronic).
10. Anti-Nociceptive Actions
Studies on pain sensitivity in relation to the A2B receptor have been limited due to
a lack of selective pharmacological tools. However, several studies have recently demonstrated
that pharmacological blockade of the A2B receptor is effective in inflammatory pain models.
In a formalin-induced pain model, systemic or local administration of the selective A2B receptor
antagonist PSB-1115 attenuated nociception in both the first and second phases of the test [56].
Moreover, this inhibitor produced robust dose-dependent analgesia and enhanced morphine-induced
anti-nociception in a hot plate test [57]. In addition to effects on the somatic pain response, our study
showed that A2B receptor antagonists affect visceral hypersensitivity in response to CRD. We found
that the systemic administration of MRS-1754 and PSB-1115 suppressed this pain response in rats [16].
In addition to acute pain, adenosine and the adenosine A2B receptor play major roles in chronic pain
by promoting immune–neuronal interaction. A recent study using adenosine deaminase knockout or
complete Freund’s adjuvant-injected mice revealed that sustained elevated extracellular adenosine
activates adenosine A2B receptors on myeloid cells, which in turn transactivates the nociceptors of
sensory neurons, causing neuronal hypersensitivity and chronic pain [58]. These findings imply that
the inhibition of the adenosine A2B receptor can suppress pain responses.
11. Conclusions and Remarks
Visceral hypersensitivity plays a crucial role in IBS pathogenesis. Previous studies have
demonstrated altered inflammatory responses in IBS, and immune activation is likely to be responsible
for the stimulation of visceral sensitivity and clinical outcomes. Consistent observations suggest that
mast cells are key players in the development of visceral hypersensitivity. Conversely, the adenosine
A2B receptor regulates both intestinal fluid secretion into the lumen and colonic motility. These actions
can be beneficial for diarrhea in IBS. Although the A2B receptor is involved in the immune response,
it is not clear whether it plays a pro-inflammatory or anti-inflammatory role in the gastrointestinal
tract. It is also controversial whether the A2B receptor can stimulate mast cell activity. Importantly,
blocking the A2B receptor suppresses both somatic and visceral pain. Taken together, although the
inhibition of the A2B receptor might be effective for the treatment of pain and diarrhea associated with
IBS, with the exception of our recent work, the role of the A2B adenosine receptor in IBS development
has not been investigated. Further research is warranted to evaluate the possibility of targeting the
A2B receptor for IBS-D treatment.
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ABSTRACT
Aim: The effect of boiogito extract combined with glucosamine HCl was assessed in adjuvant-induced arthritis (AIA) rats.
Methods: Rats received a daily oral mixture of boiogito extract (125 mg/kg) and glucosamine HCl (80 mg/kg) before and after
once-off adjuvant injection. Treatment was continued up to the day when blood and/or tissue were collected (day 12 or day
21). Paw swelling, arthritis score, and inﬂammatory mediators were assessed.
Results: Combined treatment was more effective for AIA than either agent alone. Both serum nitric oxide (NO) and tissue NO
were signiﬁcantly suppressed in the adjuvant-uninjected hind paw on day 12. Boiogito extract signiﬁcantly reduced the tissue
level of matrix metalloproteinase (MMP)-13. In addition, interleukin (IL)-1β-induced MMP-13 by SW1353 chondrocytes was
dose-dependently suppressed by boiogito extract, while glucosamine HCl had little effect. IL-1β-induced phosphorylation of
extracellular signal-related kinase (ERK) was inhibited by the combination of boiogito extract and glucosamine HCl, but was
most strongly suppressed by glucosamine HCl alone.
Conclusion: Combined treatment with boiogito extract and glucosamine HCl had a protective effect against AIA in rats. This
effect was related to strong suppression of MMP-13 production (mainly by boiogito extract) and inhibition of inﬂammatory
mediator production via ERK signaling (mainly by glucosamine HCl).
KEY WORDS: boiogito, glucosamine HCl, matrix metalloproteinase-13, osteoarthritis

INTRODUCTION
Osteoarthritis (OA) is one of the most common chronic diseases and is a major cause of disability in the elderly. Its incidence is increasing rapidly as the world’s population ages.
OA is characterized by cellular loss in articular cartilage, an
important factor in progressive cartilage deterioration, given
that apoptosis of chondrocytes leads to degradation of the
extracellular matrix (ECM) in the joint cartilage of OA
patients [1]. Matrix metalloproteinases (MMP) play a critical
role in the initiation and progression of cartilage destruction
together with various cytokines [2,3].
Boiogito is a traditional Japanese herbal medicine containing boi (stem or rhizome of Sinomenium acutum (Thnb.)
*
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Rehder & E.H. Wilson), ogi (root of Astragalus membranaceus Bunge), sojutsu (rhizome of Atractylodes lancea DC.),
taiso (fruit of Zizyphus jujuba Miller var. inermis Rehder),
kanzo (root of Glycyrrhiza uralensis Fisch. ex DC.), and shokyo (rhizome of Zingiber ofﬁcinale Roscoe). In Japan, boiogito has been used clinically for the treatment of edema,
arthritic pain, and nephrotic syndrome. Kogure et al.
reported that treatment with boiogito improved both the
Harris hip score and clinical criteria in OA patients [4]. In
addition, boiogito has been shown to have a cardioprotective
effect in the isolated blood-perfused canine heart [5], to
inhibit obesity in ovariectomized rats [6], and to increase
fatty acid metabolism by cells of the proximal renal tubules
[7]. Furthermore, boiogito has been reported to improve
hydrarthrosis in a rat model of knee OA [8].
Glucosamine has been shown to be effective for adjuvant
arthritis in rats [9–11]. In addition, Nakamura et al. showed
that glucosamine signiﬁcantly improved pain and swelling of
arthritic joints compared with placebo in patients with rheumatoid arthritis (RA) [12]. Matsuno et al., however,
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Table 1 | Components of boiogito
Original plant

Plant part(s)

Family name

Japanese name

Sinomenium acutum (Thnb.) Rehder & E.H. Wilson

Stem, rhizome

Menispermaceae

Boi

Astragalus membranaceus Bunge

Root

Leguminosae

Ogi

Atractylodes lancea DC.

Rhizome

Compositae

Sojutsu

Zizyphus jujuba Miller var. inermis Rehder

Fruit

Rhamnaceae

Taiso

Glycyrrhiza uralensis Fisch. ex DC.

Root

Leguminosae

Kanzo

Zingiber ofﬁcinale Roscoe

Rhizome

Zingiberaceae

Shokyo

concluded that glucosamine was more effective for OA than
RA [13], and Kulkarni et al. reported that glucosamine HCl
improved pain in 59 patients with knee OA [14]. Recently, a
randomized, double-blind, placebo-controlled trial by Sterzi
et al. showed that glucosamine HCl combined with chondroitin sulfate and bio-curcumin was effective for knee
OA [15].
Locoﬁt GL® (Ohta’s Isan, Tokyo, Japan) contains both
boiogito extract and glucosamine HCl and has been used
to treat hyperhidrosis or arthritic joint swelling and pain
associated with obesity in Japan. The efﬁcacy of this combination of boiogito extract and glucosamine HCl, however, has not been evaluated. The aim of this study was
therefore to assessed the effect of this combined product in
rats with adjuvant-induced arthritis (AIA), and compare it
with the effects of boiogito extract or glucosamine HCl
alone.

METHODS
Reagents

Boiogito extract (boiogito dried extract-O, Lot No. 10 K176)
was provided by Alps Pharmaceutical Industries (Gifu,
Japan). Boiogito extract was prepared as follows. The following materials were extracted with 20 volumes of distilled
water for 50 min at 95–100 C: boi (X3F138), ogi (E3H176),
sojutsu (E3D81), taiso (E4C52), kanzo (S15F119), and shokyo (S15G131) (5.0/5.0/3.0/3.0/1.5/1.0; w/w; Table 1). The
solution was ﬁltered and concentrated at 60 C in vacuo, followed by spray drying (yield: 17.2%). The extract thus
obtained contained 0.77% glycyrrhizic acid and 0.39% sinomenine (Figure S1 and S2).
Glucosamine HCl was purchased from Sigma-Aldrich
(St Louis, MO, USA).

Animals

Wistar rats were purchased from Charles River Laboratories
Japan (Yokohama, Japan). The rats were housed in an animal room at a constant temperature (22–24 C) and humidity (50–60%) with a 12 h light/dark cycle, and were allowed
free access to a standard diet and water. The animal experiments were performed in accordance with the Guidelines for
Animal Experimentation of St Marianna University Graduate School of Medicine (approval no. 1501010).
AIA model

Seven-week-old female rats (215.7  11.5 g) were randomly
divided into the following groups (n = 5 each): (i) salinetreated AIA control group; (ii) combined therapy (boiogito
extract 125 mg/kg and glucosamine HCl 80 mg/kg) AIA
group; (iii) boiogito extract (125 mg/kg)-treated AIA group;
(iv) glucosamine HCl (80 mg/kg)-treated AIA group; and
(v) a normal control group. Complete Freund’s adjuvant
(0.5 mg/0.05 mL, Chondrex, Redmond, WA, USA) was
injected once, intradermally, into the right hind foot pad.
Test compounds suspended in saline (1 mL/kg) were given
orally at 1 h before the adjuvant injection, followed by daily
treatment up to day 12 or day 21. Although the daily dose of
Locoﬁt GL® is 3.6 g in humans (approx. 60 mg/kg), a ﬁvefold higher dose was used in this study, corresponding to
125 mg/kg for boiogito extract and 80 mg/kg for
glucosamine HCl.
Paw volume was determined every 3 or 4 days with a
plethysmometer (TK-101CMP; Unicom, Chiba, Japan). Paw
erythema and swelling were then graded as per the following
5-point scale, and arthritis score [16] calculated: 0, no
inﬂammation; 1, swelling and erythema of the digits; 2, moderate swelling and erythema of the paw; 3, severe swelling
and erythema of the limb; and 4, severe swelling, erythema,
gross deformity, and difﬁculty using the limb.
Serum measurements and uninjected paw

Cell lines

Chondrosarcoma cell line (SW1353) was purchased from
ATCC (Salisbury, UK). Cells were cultured in D-MEM
(Sigma-Aldrich) with 10% fetal bovine serum (Invitrogen,
Carlsbad, CA, USA) and 1% antibiotic/antimycotic (Thermo
Fisher Scientiﬁc, Waltham, MD, USA).

After in vivo observation, a blood sample was collected
under anesthesia, and serum was stored. On day 12, the
adjuvant-uninjected hind paw was resected at the ankle
under deep anesthesia. Paw tissue samples were homogenized in 20 mmol/L Tris–HCl (pH 7.5), 2 mol/L NaCl, 0.1%
Tween-80, 1 mmol/L phenylmethylsulfonylﬂuoride (PMSF),
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Lysates were prepared with 20 mmol/L Tris–HCl (pH 7.5),
150 mmol/L NaCl, 1(v/v)% Triton X-100, 5 mmol/L EDTA,
1 mmol/L PMSF, 5 μg/mL aprotinin, 5 μg/mL leupeptin,
2 mmol/L
imidazole,
1 mmol/L
sodium
ﬂuoride,
1.15 mmol/L sodium molybdate, 1 mmol/L sodium orthovanadate, and 4 mmol/L sodium tartrate dihydrate.
After centrifugation, the lysates (20 μg) were separated by
electrophoresis on 10% sodium dodecylsulfate polyacrylamide gels and proteins were transferred to polyvinylidene
diﬂuoride membranes. The membranes were incubated with
antibodies targeting p44/42 mitogen-activated protein kinase
(MAPK; ERK, rabbit; Cell Signaling Techology, Danvers,
MA, USA), phosphor-p44/42 MAP kinase (p-ERK, rabbit;
Cell Signaling Technology), phosphor p38 (mouse; Abcam,
Cambridge, UK), or p38 (rabbit, Cell Signaling Technology),
followed by incubation with electrochemiluminescence
(ECL) horseradish peroxidase (HRP)-labeled anti-mouse IgG
or HRP-labeled anti-rabbit IgG (GE Healthcare Japan,
Tokyo, Japan). Then the membranes were incubated with
the ECL Prime Western blotting detection system
(GE Healthcare Japan) and signals were quantiﬁed on
densitometry.
Statistical analysis

Data are given as mean  SEM. One-way analysis of variance followed by Tukey test or Dunnett’s test was used to
evaluate differences, which were considered to be signiﬁcant
for P < 0.05.
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SW1353 cells (3 × 10 ) were cultured for 24 h in serum-free
medium, incubated for 2 h with boiogito extract and/or glucosamine HCl, and then cultured in fresh medium containing IL-1β (10 ng/mL) for a further 24 h. Culture
supernatants were used for measurement of MMP-13 and
tissue inhibitor of matrix metalloproteinase (TIMP)-1 (R&D
systems). In addition, cells (2 × 106) incubated for 2 h with
reagents were exposed to IL-1β for 15 min, after which
phosphorylation of extracellular signal-related kinase (ERK)
and p38 was assessed.
Boiogito extract and glucosamine HCl were dissolved in
phosphate-buffered saline and sterilized by passage through
a 0.45 μm membrane ﬁlter.

2

5
Δ paw volume (mL)

and 1 mmol/L ethylenediaminetetra-acetic acid (EDTA), followed by centrifugation.
Hyaluronic acid (HA), nitric oxide (NO), prostaglandin
(PG)E2, and MMP-13 were measured with an HA assay kit
(Seikagaku, Tokyo, Japan), nitrate/nitrite assay kit, PGE2
EIA kit (Cayman Chemical, Ann Arbor, MI, USA) and
MMP-13 ELISA kit (R&D Systems, Minneapolis, MN, USA),
respectively.
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Figure 1 | Effect of (▪) boiogito extract with glucosamine HCl (Ext
+ GlcN), (□) boiogito extract alone (Ext); and (○) glucosamine HCl
alone (GlcN) on (a,b) change in paw volume (a, adjuvant-injected
paw; b, uninjected paw) and (c) arthritis score up to day 21 in rats
with adjuvant-induced arthritis (AIA; ●, AIA control). (d) Serum hyaluronic acid (HA) on day 21. *P < 0.05, **P < 0.01 †vs AIA control,
‡
vs normal control.

RESULTS
Hind paw swelling and arthritis score

In saline-treated AIA control rats, rapid swelling of the right
hind paw was noted after adjuvant injection and there was a
subsequent steady increase of paw swelling until day
21 (Fig. 1a). In the combined boiogito extract and glucosamine HCl (Ext + GlcN)-treated AIA group, however, significant reduction of hind paw swelling was achieved during
the observation period.
In the AIA control group, swelling of the adjuvantuninjected left hind paw was detected on day 12 and
increased until day 21 (Fig. 1b). In the AIA control, the
mean increase of paw volume was >1.0 mL. In the Ext + GlcN
AIA group, however, the increase in paw volume was signiﬁcantly suppressed.
In the AIA control, the arthritis score increased to
7.80  1.38 by day 21 (Fig. 1c), while in the Ext + GlcN
AIA group, arthritis score was signiﬁcantly reduced. Boiogito
extract alone also reduced the score, but it was not signiﬁcant; and glucosamine HCl alone had little effect. Thus,
combined treatment (Ext + GlcN) was more effective than
either agent alone for alleviating the signs and symptoms
of AIA.

© 2018 The Authors. Traditional & Kampo Medicine published by John Wiley & Sons Australia, Ltd
on behalf of Japan Society for Oriental Medicine and Medical and Pharmaceutical Society for WAKAN-YAKU.

- 312 -

Boiogito extract with glucosamine

60
50

**‡
**‡

40
30
20
10
0

*†

(d)

**‡

**‡
**‡

**‡

6
5

*‡

4
3

SW1353 chondrocyte MMP-13 and TIMP-1 production
in vitro

2
1
0
Normal AIA
control control

*†

MMP13 (ng/hind paw)

(e)35
30

**‡

**‡

**‡

25

nmol per hind paw). Combined treatment lowered the
increase (Fig. 2c). Glucosamine HCl suppressed the NO, but
the boiogito extract had little effect.
Tissue PGE2 was signiﬁcantly higher in the AIA control
than in the normal control group (4.21  0.90 ng vs
1.64  0.28 ng per hind paw). PGE2 was lowered in all treatment groups, but this was not signiﬁcant (Fig. 2d).
Tissue MMP-13 was signiﬁcantly increased in the AIA
control than in the normal control group (27.9  1.4 ng vs
16.6  2.1 ng per hind paw; Fig. 2e). It was signiﬁcantly
lower in the boiogito extract-treated group.
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When chondrocytes were exposed to IL-1β, there was a signiﬁcant increase in MMP-13, while boiogito extract caused
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Figure 2 | Effect of boiogito extract (Ext), glucosamine HCl (GlcN)
and their combination (Ext + GlcN) in adjuvant-induced arthritis (AIA)
rats on day 12. (a,b) Serum (a) hyaluronic acid (HA) and (b) nitric
oxide (NO). (c–e) Tissue (c) NO, (d) prostaglandin (PG)E2, and
(e) matrix metalloproteinase (MMP)-13 in the adjuvant-uninjected
hind paw. *P < 0.05, **P < 0.01 †vs AIA control, ‡vs normal control.
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Next, we focused on day 12, which was when the volume of
the adjuvant-uninjected hind paw began to increase.
Serum HA was slightly elevated in the AIA control. The
increase was suppressed in all other treatment groups, but
the effect was not signiﬁcant (Fig. 2a).
In the AIA control, serum NO was dramatically elevated
to 48.7  7.5 μmol/L on day 12 (Fig. 2b). In the combined
treatment AIA group, serum NO was reduced to 27.7  3.1
μmol/L. Both boiogito extract alone and glucosamine HCl
alone suppressed serum NO, but neither agent had a signiﬁcant effect.
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Figure 3 | (a) Effect of boiogito extract (Ext.) and/or glucosamine
HCl (GlcN) on interleukin (IL)-1β-stimulated SW1353 cell matrix
metalloproteinase (MMP)-13 production in vitro and on (b,c) phosphorylation (p-) of extracellular signal-related kinase (ERK) and p38.
*P < 0.05, **P < 0.01 vs control (IL-1β alone).
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Table 2 | Effect of boiogito and/or glucosamine on IL-1β-induced MMP-13 and TIMP-1 SW1353 cell production
Boiogito
extract

Glucosamine
HCl

IL-1β

MMP-13 (ng/mL)
Mean  SEM

TIMP-1 (ng/mL)
Mean  SEM

(−)

(−)

(−)

−0.05  0.02

19.5  0.81

(−)

MMP-13/TIMP-1 ratio

(−)

(−)

(+)

45.8  1.05

21.4  0.93

2.16  0.09

(+)

(+)

(+)

40.5  0.46*,†

26.8  1.23*,†

1.60  0.07**,†

(+)

(−)

(+)

40.3  0.77*,†

26.8  1.43*,†

1.73  0.14**,†

(−)

(+)

(+)

45.4  1.50

24.1  1.43

1.90  0.08

* P < 0.05;
** P < 0.01;
†
vs control (IL-1β alone).
Final concentration was 3 mg/mL for boiogito extract and 10 mmol/L for glucosamine HCl.
IL, interleukin; MMP, matrix metalloproteinase; TIMP-1, tissue inhibitor of matrix metalloproteinase.

dose-dependent suppression (Fig. 3a). The response to combined treatment was similar to the effect of boiogito extract
alone, while glucosamine HCl alone had little inﬂuence. Cell
viability was similar under all culture conditions.
Boiogito extract increased TIMP-1, and decreased the
MMP-13/TIMP-1 ratio, regardless of the presence or
absence of glucosamine HCl (Table 2).
Phosphorylation of ERK and p38 by chondrocytes in vitro

Exposure of cells to IL-1β increased phosphorylation of ERK
by 1.5-fold, while this was dose-dependently decreased by
boiogito extract and/or glucosamine HCl. The maximum
decrease was noted after addition of glucosamine HCl alone
(Fig. 3b,c).
In contrast, a 1.8-fold increase of p38 phosphorylation following exposure to IL-1β was not suppressed by either boiogito extract or glucosamine HCl.

DISCUSSION
In the present study, combined treatment with boiogito
extract and glucosamine HCl signiﬁcantly reduced paw
edema and the arthritis score in AIA rats. Boiogito extract
alone was less potent, indicating that combined therapy may
be more effective for joint inﬂammation in diseases
such as OA.
Hyaluronic acid is an inﬂammatory mediator [17], and its
level was signiﬁcantly decreased by boiogito extract. Both
serum and tissue (adjuvant-uninjected hind paw) NO were
also signiﬁcantly suppressed by boiogito extract. Furthermore, tissue PGE2 was reduced by boiogito extract, although
not signiﬁcant. This suggests that suppression of inﬂammatory mediators contributes to the anti-arthritic activity of
boiogito extract.
Glucosamine has already been reported to be effective in
AIA rats [9–11]. Following oral treatment, glucosamine is
absorbed and metabolized, after which it may be incorporated into arthritic joints and support chondrocyte function
42
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[18]. Nakamura et al. reported that glucosamine reduced
joint pain and swelling in RA patients [12], while Matsuno
et al. concluded that glucosamine was more effective for OA
than RA [13]. A recent randomized, double-blind, placebocontrolled study showed that glucosamine HCl combined
with chondroitin sulfate and bio-curcumin was effective for
knee OA [15]. The equivalent dose of glucosamine HCl
alone, however, had little inﬂuence on AIA in the present rat
model. Therefore, it seems that glucosamine-HCl itself was
not effective against AIA in the present study, but acted to
promote the pharmacological effects of boiogito extract.
The TIMP regulate tissue breakdown by blocking the
activity of MMP, and the balance between these enzymes is
assumed to be a critical determinant of ECM turnover, especially during progression of OA. Boiogito extract signiﬁcantly reduced tissue MMP-13 in the adjuvant-uninjected
hind paw. Boiogito extract also suppressed IL-1β-induced
MMP-13 production by SW1353 chondrocytes, while
increasing TIMP-1, suggesting that not only a decrease of
MMP-13 but also reduction of the MMP-13/TIMP-1 ratio
may play an important role in suppressing paw edema
in vivo. Glucosamine HCl had little effect on MMP-13 and
TIMP-1 by chondrocytes.
The MAPK participate in inﬂammation and joint destruction in both RA and OA, and MAPK inhibitors have been
reported to decrease synovial inﬂammation and cartilage
damage in an animal model of arthritis [19]. MAPK are also
activated by treating cultured chondrocytes with IL-1β [20].
Lu et al. found that MMP-13 was suppressed by inhibiting
the phosphorylation of MAPK such as ERK and p38 [21]. In
the present study, boiogito extract suppressed ERK phosphorylation in association with a decrease of MMP-13, while
glucosamine HCl markedly suppressed ERK phosphorylation
with little effect on MMP-13. Scotto d’Abusco et al. reported
that glucosamine HCl suppressed MMP-13 production by
inhibiting the phosphorylation of p38, but not ERK [22],
which is inconsistent with the present results. Although further investigation of this issue is required, the present results
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suggest that ERK signaling might be involved in MMP-13
production by chondrocytes, but glucosamine HCl seems to
have little inﬂuence on MMP-13 despite suppressing the
ERK pathway. Kim et al. and Jang et al. reported that suppression of ERK had an anti-inﬂammatory effect [23,24],
and glucosamine has been reported to alleviate oxidative
stress by inhibition of MAPK signaling [25]. In the present
study, both serum and tissue NO were lower on day 12 in
rats treated with glucosamine HCl, although the differences
were not signiﬁcant. Therefore, although glucosamine HCl
had little inﬂuence on MMP-13, it may have had an antiinﬂammatory effect via the ERK pathway that contributed to
greater in vivo reduction of NO.
In conclusion, the combination of boiogito extract and
glucosamine-HCl could be an effective treatment for joint
inﬂammation in diseases such as OA. In addition to strong
suppression of MMP-13 production by boiogito extract, the
anti-inﬂammatory effect of glucosamine HCl mediated via
ERK signaling suggests the more potent anti-arthritic activity
of this combination.
It is also important to determine which component of
boiogito extract has the most potent anti-arthritic activity.
Sinomenine, a major component of boi, has been reported to
ameliorate arthritis by acting on MMP [26,27]. The doses of
sinomenine tested in this study were equivalent to 0.48 mg/
kg (125 mg/kg in vivo) and 32 μmol/L (3 mg/mL in vitro),
being much lower than in previous reports. Although the
data are not shown, 50 μmol/L sinomenine alone had a weak
inhibitory effect, but a high dose (250 μmol/L) had similar
efﬁcacy to that of boiogito extract (Table 2). Therefore,
other components of boiogito extract must have contributed
to its activity in addition to sinomenine.
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The standard treatment for chronic obstructive pulmonary disease is a combination
of anti-inflammatory drugs and bronchodilators. We recently found that mepenzolate
bromide (MP), an antagonist for human muscarinic M3 receptor (hM3 R), has both
anti-inflammatory and short-acting bronchodilatory activities. To obtain MP derivatives
with longer-lasting bronchodilatory activity, we synthesized hybrid compounds based
on MP and two other muscarinic antagonists with long-acting bronchodilatory activity
glycopyrronium bromide (GC) and aclidinium bromide (AD). Of these three synthesized
hybrid compounds (MP-GC, GC-MP, MP-AD) and MP, MP-AD showed the highest
affinity for hM3 R and had the longest lasting bronchodilatory activity, which was
equivalent to that of GC and AD. Both MP-GC and MP-AD exhibited an antiinflammatory effect equivalent to that of MP, whereas, in line with GC and AD,
GC-MP did not show this effect. We also confirmed that administration of MP-AD
suppressed elastase-induced pulmonary emphysema in a mouse model. These findings
provide important information about the structure-activity relationship of MP for both
bronchodilatory and anti-inflammatory activities.
Keywords: chronic obstructive pulmonary disease, anti-inflammatory, long-acting bronchodilatory activity,
mepenzolate

INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a serious health problem and the world’s fourth
leading cause of death (Mannino and Kiriz, 2006). This disease state is defined by a progressive and
not fully reversible airflow limitation and an abnormal inflammatory response (Rabe et al., 2007;
Vestbo et al., 2013; Vogelmeier et al., 2017). For the clinical treatment of COPD, it is therefore
important not only to improve airflow limitations by inducing bronchodilation, but also to hinder
disease progression by suppressing inflammatory responses.
The standard treatment for COPD is to use bronchodilators such as β2-agonists and muscarinic
receptor antagonists, with this approach being effective in overcoming airflow limitations (Barnes
and Stockley, 2005; Vestbo et al., 2013; Vogelmeier et al., 2017). Short-acting β2-agonists (SABAs)
and muscarinic antagonists (SAMAs) were previously used for COPD treatment; however, longacting β2-agonists (LABAs) and muscarinic antagonists [LAMAs, of which tiotropium bromide

Frontiers in Pharmacology | www.frontiersin.org

1

- 317 -

April 2018 | Volume 9 | Article 344

Tanaka et al.

Identification of Mepenzolate Derivatives

precursor of hybrid compound (pre-Hyb) was synthesized
by the condensation of carboxylic acid (BA or CA) and
amino-alcohol (PR, PP, or QC). The each final quaternary
salt of hybrid compounds (MP-GC, GC-MP, MP-AD) was
prepared as described previously (Yamashita et al., 2014), with
some modifications (see below). Column chromatography was
performed using Silica gel 60N (Kanto Chemical, Co., Tokyo,
Japan).
Melting point (mp) data were recorded on Yanaco MPJ3 micro-melting point apparatus. 1 H-NMR spectra and 13 CNMR spectra were measured at 400 and 100 MHz, respectively,
on a VARIAN 400-MR spectrometer. High resolution mass
spectra were detected with an ESI-TOF mass spectrometer
(Bruker MicroTOF, Bruker, Bremen, Germany) in the positive
mode. HPLC data were recorded on a Waters 2695 Alliance
separation module and a Waters 2996 photodiode array detector
(Waters, Milford, MA, United States) with a reverse-phase
column (TSKgel Super-ODS, 150 mm × 4.6 mm, 2 µm,
Tosoh, Co., Tokyo, Japan). CH3 CN/20 mM KH2 PO4 buffer
(3:7) was used as the mobile phase at a flow rate of
0.3 ml/min, with detection performed at an optical density of
210 nm.

(TP), glycopyrronium bromide (GC), and aclidinium bromide
(AD) are common examples] have shown superior eÿc acy over
the short-acting bronchodilators for the treatment of COPD
(Vestbo et al., 2013; Vogelmeier et al., 2017). Thus, LABAs and
LAMAs (or combinations of the two) are now used as first-line
drugs for COPD treatment.
On the other hand, the inflammatory responses associated
with COPD are generally treated with steroids; however, their
impact on reducing disease progression and mortality (Barnes
and Stockley, 2005; Calverley et al., 2007; Tashkin et al., 2008) is
attenuated because COPD-associated inflammation often shows
resistance to steroid treatment (Alsaeedi et al., 2002; Calverley
et al., 2007). Thus, it is important for new types of antiinflammatory compounds to be developed for the treatment of
COPD.
Based on the aforementioned, we previously screened a
library of approved medicines to identify compounds capable
of preventing elastase-induced pulmonary emphysema in mice
(an animal model of COPD), and selected mepenzolate bromide
(MP) (Tanaka et al., 2013), which is an orally administered
muscarinic receptor antagonist used to treat gastrointestinal
disorders (Long and Keasling, 1954; Buckley et al., 1957; Chen,
1959). We showed that MP not only exerts an anti-inflammatory
effect via a muscarinic receptor-independent mechanism, but also
possesses a short-acting bronchodilatory effect via a muscarinic
receptor-dependent mechanism [via its binding to human
muscarinic M3 receptor (hM3 R)] (Tanaka et al., 2013, 2014;
Kurotsu et al., 2014). The anti-inflammatory activity of MP,
which was more potent than that of steroids (Tanaka et al.,
2012, 2013), is mediated via a decreased level of reactive oxygen
species (ROS) in the lung due to the inhibition of NADPH
oxidase activity and the induction of superoxide dismutase (SOD)
and glutathione-S-transferase (GST) expression (Tanaka et al.,
2013).
In the present study, we examined MP derivatives that
have both anti-inflammatory and longer-acting bronchodilatory
activities, as these could be beneficial for the treatment of
COPD. To this end, we synthesized hybrid compounds from
MP and long-acting muscarinic antagonists (GC and AD) and
identified one compound that showed both a longer duration
of bronchodilatory activity (equivalent to GC and AD) together
with anti-inflammatory properties consistent with those of MP.

General Procedure for the Preparation of
pre-Hyb
To a solution of 2-alkyl-2-hydroxy-2-phenylacetic acid (BA or
CA) (1.0 eq.) in DMF, carbonyldiimidazole (1.6 eq.) was added
and the mixture was stirred for 15 min at room temperature.
A solution of N-alkyl amino alcohol (PR, PP, or QC) (1.2 eq.)
in DMF was added dropwise into the mixture at 80◦ C and the
mixture was stirred for 18 h at that temperature. The reaction was
quenched with H2 O at room temperature and organic materials
were extracted with EtOAc. The combined extract was washed
with brine, dried over Na2 SO4 and concentrated in vacuo. The
residue was then applied to a short silica gel column, eluted
with EtOAc and concentrated in vacuo to give title compound
(pre-Hyb), which was used for the next step without further
purification.

(±)-3-(2-Hydroxy-2,2-diphenylacetoxy)-1,1dimethylpyrrolidinium Bromide
(MP-GC)
2.0 g (8.7 mmol) of benzilic acid (BA) and 1.3 mL (11 mmol)
of 1-methylpyrrolidin-3-ol (PR) were used to give pre-Hyb. To
a solution of pre-Hyb (2.2 g, 7.0 mmol) in CH3 CN (12 mL),
CH3 Br (2.0 M in THF, 18 mL) was added and stirred for 5 h at
room temperature. The precipitate was filtered off and the filtrate
re-crystallized with CH3 CN and diethyl ether to give the title
compound as a white solid (2.0 g, 69% 2 steps). mp: 211–212◦ C;
1 H-NMR (DMSO-d6): δ = 7.29–7.38 (m, 10H), 6.81 (s, 1H), 5.51
(brs, 1H), 3.84–3.89 (m, 1H), 3.52–3.70 (m, 3H), 3.6 (s, 3H),
2.93 (s, 3H), 2.62–2.74 (m, 1H), 2.08–2.14 (m, 1H); 13 C-NMR
(DMSO-d6): d = 172.3, 142.9, 127.9, 127.7, 127.0, 80.6, 73.3, 69.3,
64.0, 52.7, 51.9, 40.2, 38.9, 29.9; HRMS: calcd. for C20 H24 NO3
(M+ ): 326.1751; found: m/z = 326.1755; HPLC: t R (min) = 3.12
(98%). This is a known compound, but its spectrum data are not
covered by patents or non-patent literature documents.

MATERIALS AND METHODS
Chemistry
Muscarinic M3 receptor antagonists were purchased from
commercial sources; mepenzolate bromide (MP) was from
Sigma-Aldrich (St. Louis, MO, United States); tiotropium
bromide (TP) and glycopyrronium bromide (GC) were from
Tokyo Chemical Industry, Co., Ltd. (Tokyo, Japan); aclidinium
bromide (AD) was from Toronto Research Chemicals (Toronto,
ON, Canada). All other solvents and reagents for organic
syntheses were purchased from Tokyo Chemical Industry,
Co., Ltd. (Tokyo, Japan) or Wako Pure Chemical Industries
(Tokyo, Japan) and used without further purification. The
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described here were carried out in accordance with the Guide
for the Care and Use of Laboratory Animals as adopted
and promulgated by the National Institutes of Health, and
were approved by the Animal Care Committee of Musashino
University (Approval NOs. 16004 and 17006).

(±)-3-(2-Cyclopentyl-2-hydroxy-2-phenylacetoxy)1,1-dimethylpiperidinium Bromide
(GC-MP)
1.5 g (6.8 mmol) of 2-cyclopentyl-2-hydroxy-2-phenylacetic
acid (CA) and 1.0 mL (8.1 mmol) of 1-methylpiperidin-3ol (PP) were used to give pre-Hyb. To a solution of preHyb (0.41 g, 1.3 mmol) in CH3 CN (5 mL), CH3 Br (2.0 M
in THF, 6.4 mL) was added and stirred for 5 h at room
temperature. The precipitate was filtered off and the filtrate
re-crystallized with CH3 CN and diethyl ether to give the title
compound as a white solid (0.38 g, 22% 2 steps). mp: 164–
165◦ C; 1 H-NMR (DMSO-d6): δ = 7.56–7.59 (d, J = 7.5,
2H), 7.25–7.37 (m, 3H), 5.14 (brs, 1H), 3.37–3.62 (m, 4H),
2.89–3.06 (m, 7H), 1.23–1.79 (m, 12H); 13 C-NMR (DMSO-d6):
δ = 173.0, 142.2, 142.7, 128.0, 127.3, 125.7, 79.3, 66.1, 61.5,
60.8, 46.4, 40.1, 38.9, 26.6, 26.0, 25.6, 25.4, 16.4; HRMS calcd.
for C20 H30 NO3 (M+ ): 332.2220; found: m/z = 332.2224; HPLC:
t R (min) = 4.94 (98%). This is a known compound, but its
spectrum data are not covered by patents or non-patent literature
documents.

Treatment of Mice With PPE and Each
Drug
Mice maintained under anesthesia with isoflurane were
administered one intratracheal bolus of PPE (15 or 20 U/kg), MP
(3.8, 37.5 µg/kg), TP (8.4 µg/kg), GC (7.1, 35.5 µg/kg), AD (10.1,
50.4 µg/kg), MP-GC (3.6, 36.2 µg/kg), GC-MP (3.7, 36.8 µg/kg),
and MP-AD (4.9, 49.3 µg/kg) in 0.9% NaCl via micropipette
(P200). For control mice, 0.9% NaCl alone was administered by
the same procedure.
Figure 3; MP, GC, AD, MP-AD, MP-GC, or GC-MP were
administered intratracheally. After 1, 24, 48, or 72 h, mice were
exposed to nebulized methacholine 5 times and airway resistance
was determined after each methacholine challenge.
Figure 4 and Table 2; MP, TP, GC, AD, MP-AD, MPGC, and GC-MP were administered intratracheally once only.
After 1 h, mice were treated with or without (control) PPE
(20 U/kg) once only. Six (Figure 4) or twenty-four (Table 2)
hours after the PPE administration, BALF was prepared and
the total cell number and the number of neutrophils were
determined.
Figure 5; MP-AD was administered intratracheally once
daily for 16 days (from day 0 to day 15). 1 h after the first
administration, mice were treated with or without (control)
PPE (15 U/kg) once only on day 0. 21 days after the PPE
administration, lung mechanics was monitored, and sections of
pulmonary tissue were prepared.

(±)-3-(2-Hydroxy-2,2-diphenylacetoxy)-1-(3phenoxypropyl)-1-azoniabicyclo[2.2.2]octane
Bromide (MP-AD)
1.6 g (0.60 mmol) of benzilic acid (BA) and 1.0 g (7.9 mmol)
of quinuclidin-3-ol (QC) were used to give pre-Hyb. To a
solution of pre-Hyb (0.10 g, 0.30 mmol) in 1,4-dioxane (5 mL)
(3-bromopropoxy)benzene (0.11 g, 11 mmol) was added and
stirred for 6 days at room temperature. The precipitate was
filtered off and the filtrate re-crystallized with CH3 CN and diethyl
ether to give the title compound as a white solid (50 mg, 30%
2 steps). mp: 177–178◦ C; 1 H-NMR (DMSO-d6): δ = 7.23–
7.42 (m, 12H), 6.86–6.89 (m, 3H), 6.78 (s, 1H), 5.22 (brs,
1H), 3.94–4.04 (m, 2H), 3.85–3.88 (m, 1H), 3.25–3.44 (m, 5H),
3.01–3.07 (m, 1H), 1.45–2.25 (m, 7H); 13 C-NMR (DMSO-d6):
δ = 173.0, 158.6, 143.6, 143.5, 130.1, 128.5, 128.4, 128.2, 127.6,
127.5, 121.5, 115.0, 81.3, 69.1, 65.1, 61.1, 60.0, 54.3, 53.2, 24.0,
22.2, 20.9, 18.1; HRMS calcd. for C30 H34 NO4 (M+ ): 472.2482;
found: m/z = 472.2488; HPLC: t R (min) = 9.26 (99%). This
is a known compound whose 1 H-NMR spectrum was similar
to that previously reported as (R)-MP-GC (Yamashita et al.,
2014).

Preparation of Bronchoalveolar Lavage
Fluid (BALF) and Cell Count Method
BALF was collected from mice by cannulating the trachea
and lavaging the lung with 1 ml of sterile PBS containing
50 U/ml heparin (2 times). About 1.8 ml of BALF was routinely
recovered from each animal. The total cell number in the BALF
was counted using a hemocytometer and a manual counter.
Cells were stained with Diff-Quik reagents after centrifugation
with Cytospin 4 (Thermo Electron Corporation, Waltham,
MA, United States), and differential counts of more than 50
inflammatory cells were done in each of four or more separate
sections of smear using fluorescence microscopy (Olympus
DP71). The ratio of number of neutrophils to total cell number
was determined by counting the number of neutrophils. This cell
counting was conducted by an investigator blinded to the study
protocol.
R

Chemicals
Porcine pancreatic elastase (PPE) and methacholine chloride
(methacholine) were obtained from Sigma-Aldrich (St. Louis,
MO, United States). Novo-Heparin for injection was from
Mochida Pharmaceutical, Co. (Tokyo, Japan). Chloral hydrate
was from Nacalai Tesque (Kyoto, Japan). Diff-Quik was from
Sysmex, Co. (Kobe, Japan). Formalin neutral buffer solution
was from WAKO Pure Chemicals (Tokyo, Japan). Mayer’s
hematoxylin, 1% eosin alcohol solution and malinol were from
MUTO Pure Chemicals (Tokyo, Japan).

Measurement of Lung Mechanics and
Airway Resistance
Lung mechanics and airway resistance were monitored with
a computer-controlled small-animal ventilator (FlexiVent,
SCIREQ, Montreal, QC, Canada), as described previously
(Shalaby et al., 2010; Tanaka et al., 2012). Mice were anesthetized

Animals
ICR mice (6–7 weeks old, male) were purchased from Charles
River (Yokohama, Japan). The experiments and procedures
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with chloral hydrate (500 mg/kg), a tracheotomy was performed,
and an 8 mm section of metallic tube was inserted into the
trachea. Mice were mechanically ventilated at a rate of 150
breaths/min, using a tidal volume of 8.7 ml/kg and a positive
end-expiratory pressure of 2–3 cmH2 O.
Total respiratory system compliance was measured by the
snapshot. All data were analyzed using FlexiVent software
(version 5.3; SCIREQ, Montreal, QC, Canada).
Mice were exposed to nebulized methacholine (5 mg/ml) five
times for 20 s with a 40 s interval, and airway resistance was
measured after each methacholine challenge by the snapshot
technique. All data were analyzed using FlexiVent software.

TABLE 2 | Effect of intratracheal administration of compounds on PPE-induced
inflammatory responses.
Total cells (×105 cells)
Control

1.26 ± 0.25

0.12 ± 0.07

PPE

9.66 ± 0.54∗∗

7.46 ± 0.57∗∗

6.30 ± 0.90##

4.11 ± 0.68##

PPE + MP (37.5 µg/kg)

Histopathological Analysis

Neutrophils (×105 cells)

PPE + TP (8.4 µg/kg)

10.00 ± 1.27

6.81 ± 1.03

PPE + TP (42.1 µg/kg)

10.05 ± 0.57

7.31 ± 0.22

PPE + GC (7.1 µg/kg)

10.20 ± 0.93

7.34 ± 0.92

PPE + GC (35.5 µg/kg)

9.09 ± 1.09

6.25 ± 0.83

PPE + AD (10.1 µg/kg)

11.88 ± 2.01

9.06 ± 1.63

PPE + AD (50.4 µg/kg)

9.75 ± 1.12

6.86 ± 0.88

Mice were treated with or without (control) PPE (20 U/kg) once only on day 0.
The indicated doses (µg/kg) of each compound were administered intratracheally
once only on day 0. Twenty-four hours after the PPE administration, BALF was
prepared and the total cell number and the number of neutrophils were determined
as described in Section “Materials and Methods.” Values represent mean ± SEM
(n = 4–8). ∗∗ P < 0.01 (versus control); ## P < 0.01 (versus PPE only). Data are
representative of two independent experiments.

Twenty one days after PPE treatment, mice were euthanized
with an excess of isoflurane. Lung tissue samples were fixed
in 10% formalin neutral buffer solution for 24 h at a pressure
of 25 cmH2 O, and then embedded in paraÿn before being
cut into 4 µm-thick sections. Sections were stained first
with Mayer’s hematoxylin and then with 1% eosin alcohol

solution (H&E staining). Samples were mounted with malinol
and scanned using a NanoZoomer-XR digital slide scanner
(Hamamatsu Photonics, Shizuoka, Japan). All images were
analyzed using NDP.view2 software (Hamamatsu Photonics,
Shizuoka, Japan).
To determine the mean linear intercept (MLI) (an indicator of
airspace enlargement), 20 lines (800 µm) were drawn randomly
on the image of a section and intersection points with alveolar
walls were counted to determine the MLI, as described previously
(Weibel, 1963). This morphometric analysis was conducted by an
investigator blinded to the study protocol.

Filter-Binding Assay
The filter-binding assay was performed as described previously
(Yamashita et al., 2014), with some modifications. Membrane
fractions prepared from Chinese Hamster Ovary (CHO)-K1 cells
expressing human muscarinic M2 receptor (hM2 R) or hM3 R
(Membrane Target Systems, Perkin-Elmer Life and Analytical
Sciences, Boston, MA, United States; protein concentration,
8 µg/well) were incubated with 2 nM [3 H]NMS (N-methyl[3 H]-scopolamine methylchloride) (85.5 Ci/mmol) at room
temperature for 2 h in 200 µL PBS in the presence of each
compound. A range of concentrations (10−11 to 10−6 M) for
each compound was tested in triplicate to generate competitive
binding curves. Non-specific binding was determined in the
presence of atropine (2.5 µM). The samples were passed
through a GF/C filter (Filtermat A, PerkinElmer Life and
Analytical Sciences, Boston, MA, United States) pre-incubated
for 1 h with 1.0% polyethylenimine, and washed four times
with ice-cold wash buffer [50 mM Tris/HCl (pH 7.4), 100 mM
NaCl, 0.05% Tween-80]. Filters were then dried for 30 min
before attachment to a MeltiLex A melt-on scintillation
sheet (PerkinElmer Life and Analytical Sciences, Boston, MA,
United States). The radioactivity remaining on the filter was
monitored with a MicroBeta Trilux microplate scintillation
counter (PerkinElmer Life and Analytical Sciences, Boston, MA,

FIGURE 1 | Structure of clinically-used muscarinic antagonists.

TABLE 1 | Binding of compounds to hM2R or hM3R.
Compound

Ki (nM)
hM3 R

hM2 R

Mepenzolate (MP)

4.6

1.8

Tiotropium (TP)

0.22

0.64

Glycopyrronium (GC)

0.7

1.0

Aclidinium (AD)

0.34

0.39

MP-GC

1.1

0.79

GC-MP

1.2

0.53

MP-AD

0.72

0.64

Membrane fractions prepared from CHO-K1 cells expressing hM2R or hM3R were
incubated with 2 nM [3 H]NMS (85.5 Ci/mmol) in the presence of each compound.
A range of concentrations (10−11 to 10−6 M) for each compound was tested in
triplicate to generate competitive binding curves to determine Ki values. The shown
value is an average of at least two independent experiments.
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FIGURE 2 | Structure of hybrid compounds. The chemical structure of each compound [mepenzolate (MP), glycopyrronium (GC), and aclidinium (AD)] was
separated into parts left and right of the ester bond. These parts were then used to synthesize the shown hybrid structures.

SCHEME 1 | Synthesis of compounds MP-GC, GC-MP, and MP-AD.

three independent curves. All curve-fitting procedures were
performed using Prism (GraphPad Software, Inc., San Diego, CA,
United States).

United States). Aÿnitie s at equilibrium were determined as
antagonist dissociation constant (Ki) values after correcting the
experimentally determined IC50 values with the experimentally
determined Kd value of NMS for hM2 R or hM3 R and the
concentration of NMS, as described previously (Yamashita
et al., 2014). Shown values are an average of at least two
independent experiments. The Ki value was obtained from
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All values are expressed as the mean ± SEM. Homoscedasticity
of data were verified by Levene test, then, data were examined
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using one-way ANOVA followed by the Tukey test or GamesHowell test for unpaired results was used to evaluate differences
between three or more groups. Differences were considered to be
statistically significant for values of P < 0.05.

RESULTS
Affinity for hM3 R and Anti-inflammatory
Activities of MP, TP, GC, and AD

We first compared the binding of MP, TP, GC, and AD to hM3 R
and hM2 R (Figure 1). The binding aÿnity of each compound
to each receptor was determined by carrying out [3 H]NMS
displacement studies on each receptor. A higher Ki value means
a lower aÿnity for hM3 R, because Ki value is related to the
concentration of each compound that causes 50% inhibition of
NMS-binding to hM3 R. As shown in Table 1, MP showed the
highest Ki value (by a factor of at least five compared with TP,
GC, and AD), thus indicating it had the lowest aÿnity for hM3 R.
Similar results were observed for hM2 R (Table 1).
The total number of leucocytes and the individual number of
neutrophils in BALF are indicators of pulmonary inflammatory
responses; these increased after PPE treatment in a manner that
could be partially suppressed by the simultaneous intratracheal
administration of MP (Table 2), as described previously (Tanaka
et al., 2013, 2014). Because compared to neutrophils, neither the
macrophage nor eosinophil number was so apparently increased
in BALF after PPE treatment (Tanaka et al., 2013, 2014), we
did not count them here. As none of TP, GC, and AD showed
anti-inflammatory activity equivalent to that of MP (Table 2),
we attempted to identify MP derivatives that had an aÿnity
for hM3 R equivalent to that of TP, GC, and AD and an antiinflammatory activity equivalent to that of MP.

Synthesis of Hybrid Compounds and
Their Affinities for hM3 R

We synthesized hybrid compounds based on MP and LAMAs
used in the clinical setting (GC and AD). The structures of
MP and these LAMAs were separated into two parts with
a view to synthesizing hybrid compounds by substitution of
each of the parts (Figure 2). We synthesized mepenzolateglycopyrronium (MP-GC), glycopyrronium-mepenzolate (GCMP) and mepenzolate-aclidinium (MP-AD) (Figure 2). The
synthetic route for these compounds are outlined in Scheme 1.
First, the ester compound (pre-Hyb) was synthesized by the
condensation of an appropriate carboxylic acid (BA or CA)
and aminoalcohol (PR, PP, or QC). The precursor of target
compound (pre-Hyb) was quaternized with the appropriate
methyl bromide or phenoxy alkyl bromide to give target
compounds (MP-GC, GC-MP, and MP-AD). These compounds
are known and were identified by their melting points, NMR
spectra, and mass spectra. On the other hand, we could
not synthesize a hybrid compound based on aclidiniummepenzolate.
As shown in Table 1, all of the hybrid compounds had a lower
Ki value for hM3 R than MP. Of the target compounds, MP-AD
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FIGURE 3 | Effect of compounds on methacholine-induced airway
constriction. Indicated doses of MP (A), GC, AD, and MP-AD (B) or MP-GC
or GC-MP (C) were administered intratracheally. After the indicated period,
mice were exposed to nebulized methacholine 5 times and airway resistance
was determined after each methacholine challenge as described in Section
“Materials and Methods.” Values represent mean ± SEM. ∗ P < 0.05;
∗∗ P < 0.01; n.s., not significant. The control data is the same in all graphs.
Data are representative of two independent experiments.
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FIGURE 4 | Effect of compounds on PPE-induced inflammatory responses. Mice were treated with or without (control) PPE (20 U/kg) once only on day 0. The
indicated doses (µg/kg) of MP and MP-AD (A) or MP, GC, MP-GC, or GC-MP (B) were administered intratracheally once only. Six hours after the PPE
administration, BALF was prepared and the total cell number and the number of neutrophils were determined as described in Section “Materials and Methods.”
Values represent mean ± SEM. ∗∗ P < 0.01 (versus control); # P < 0.05, ## P < 0.01 (versus PPE only); n.s., not significant. Data are representative of two
independent experiments.

examined the duration of bronchodilation for MP-GC and GCMP. Both of these compounds showed bronchodilatory activity
at 1 and 24 h, but not at 48 h (Figure 3C), suggesting that MPGC and GC-MP exhibit bronchodilatory activity intermediate to
that of MP and MP-AD.

showed the lowest Ki value for hM3 R (highest aÿnity for hM3 R),
while GC-MP showed the lowest Ki value for hM2 R.

Bronchodilation Activities of Hybrid
Compounds

As shown in Figure 3A, the intratracheal administration of MP
induced bronchodilation in a dose-dependent manner, which is
consistent with our previously reported findings (Tanaka et al.,
2013, 2014). We also confirmed that the bronchodilatory activity
of MP disappeared within 24 h (Figure 3A), suggesting that its
effects were short-acting.
We then compared these results with the duration of
bronchodilatory activity of GC, AD, and MP-AD. As shown
in Figure 3B, these compounds all exhibited dose-dependent
bronchodilatory activity within 1 h of their administration.
Compared to baseline, significantly increased bronchodilation
(reduced airway resistance) was observed 48 h (but not 72 h) after
the administration, suggesting that MP-AD has a long-lasting
bronchodilatory activity, similar to that of GC and AD. We also
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Anti-inflammatory and Anti-emphysemic
Activities of Hybrid Compounds

As shown in Figure 4A, the anti-inflammatory activity of MPAD was similar to that of MP. We also found that MP-GC
exhibited anti-inflammatory activity, but as for GC, GC-MP did
not (Figure 4B). These results suggest that the double phenyl
rings in MP are important for its anti-inflammatory activity.
We next examined the effect of the long-term (up to
15 days) administration of MP-AD on PPE-induced lung
injury. Histopathological analysis revealed that while PPE
administration damaged the alveolar walls and increased MLI,
this effect could be partially suppressed by the administration of
MP-AD (Figures 5A,B). We could not find any adverse effects
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FIGURE 5 | Effect of MP-AD on PPE-induced pulmonary damage. Mice were treated with or without (control) PPE (15 U/kg) once only on day 0. The indicated
doses of MP-AD were administered intratracheally once daily for 16 days (from day 0 to day 15). Sections of pulmonary tissue were prepared on day 21 and
subjected to histopathological examination (H&E staining) (scale bar: 2.5 mm). (A) Airspace size was estimated by determining the MLI as described in Section
“Materials and Methods.” (B) Total respiratory system compliance was determined on day 21 as described in Section “Materials and Methods.” (C) Values represent
mean ± SEM. ∗∗ P < 0.01 (versus control); # P < 0.05 (versus PPE only). Data are representative of two independent experiments.

GC or AD. Among the compounds identified (MP-GC, GC-MP,
and MP-AD), MP-AD showed the highest aÿnity for hM3 R and
the longest bronchodilatory activity. It should be noted that the
duration of bronchodilation associated with MP-AD is equivalent
to that of GC and AD, which are clinically used LAMAs. Based on
these results, we speculate that the N-substituted 3-quinuclidinyl
ester of AD is important for its long-acting bronchodilatory
properties. On the other hand, both MP-GC and MP-AD showed
anti-inflammatory effects similar to MP, whereas GC-MP, like
GC and AD, did not exhibit this effect. Based on these results, we
speculate that the double phenyl rings in MP are important for its
anti-inflammatory activity. Our findings thus provide important
information concerning the structure-activity relationship for
MP, which underlies its bronchodilatory and anti-inflammatory

(such as decrease in body weight or behavior abnormalities)
in mice subjected to the long-term administration of MP-AD.
Treatment of mice with PPE increased total respiratory system
compliance (Figure 5C), as described previously (Hamakawa
et al., 2011). We here found that treatment of mice with MP-AD
restored total respiratory system compliance (Figure 5C). Based
on these results, we suggest that MP-AD suppresses PPE-induced
emphysema through its anti-inflammatory activity.

DISCUSSION
To obtain MP derivatives with longer-acting bronchodilatory
activity, we synthesized hybrid compounds based on MP and
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activities. We consider that in silico drug design should be
done for this target, because such trial for other diseases was
successfully done for other studies (Corbo et al., 2007; De Luca
et al., 2012). Such structure-activity investigation may also help
to identify compounds with better toxicological profile avoiding
off target effects (De Bellis et al., 2017).
As for the mechanism underlying these effects, the results
from this study support the notion that the bronchodilatory
effect is mediated through an antagonistic action toward
hM3 R. Concerning the anti-inflammatory effects seen here,
we previously showed that MP decreases ROS levels in
the lung by inhibiting NADPH oxidase activity and by
inducing the expression of SOD and GST, both of which are
endogenous anti-oxidants (Tanaka et al., 2013). Furthermore,
we previously described inhibitory effects of MP on nuclear
factor-κB and histone deacetylase 2, both of which are
involved in the pathogenesis of COPD (Tanaka et al., 2013).
Although we did not examine the effect of MP-AD on
these inflammation-related proteins, a similar mechanism may
underlie the anti-inflammatory properties of MP-AD. In order
to confirm this, immunohistochemical experiments would be
useful.
We measured airway resistance in mice exposed to nebulized
methacholine, which is the most representative method for
monitoring bronchodilatory effects (Ather et al., 2016; Murad
et al., 2017). Although this method is convenient, it seems
to be an asthmatic-like condition rather than COPD-like
condition. Therefore, the effect of each drug on airway
resistance should be examined in COPD animal model in future.
Furthermore, in emphysema, the most important parameter
is a compliance of pulmonary alveolus or total respiratory
system. The compliance correlates best with lung structure
(structural parameters) (Hamakawa et al., 2011). We here
showed that treatment of mice with PPE increased total
respiratory system compliance and that treatment of mice

with MP-AD restored total respiratory system compliance
(Figure 5C).
In this study, we used intratracheal administration of each
drug, because this method is convenient for experiments.
However, it is possible that the compound does not distribute
evenly through this method (Tanaka et al., 2010; Sato et al.,
2015). The patchy appearance of airspace enlargement on the
histological section following treatment with MP-AD may be
explained by this uneven distribution of the drug. Thus, we
should examine the distribution of this drug in the lung after
intratracheal administration in future.
We also confirmed here that MP-AD suppressed elastaseinduced pulmonary damage and emphysema in a COPD mouse
model. Taken together, we propose that MP-AD could serve
as a new drug candidate for the treatment of COPD, given its
long-lasting bronchodilatory and anti-inflammatory activity.
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Abstract: Adipose tissue contains multipotent cells known as adipose-derived stem/stromal cells
(ASCs), which have therapeutic potential for various diseases. Although the demand for adipose
tissue for research use remains high, no adipose tissue bank exists. In this study, we attempted
to isolate ASCs from cryopreserved adipose tissue with the aim of developing a banking system.
ASCs were isolated from fresh and cryopreserved adipose tissue of rats and compared for proliferation
(doubling time), differentiation capability (adipocytes), and cytokine (hepatocyte growth factor and
vascular endothelial growth factor) secretion. Finally, ASCs (2.5 × 106 ) were intravenously infused
into rats with spinal cord injury, after which hindlimb motor function was evaluated. Isolation and
culture of ASCs from cryopreserved adipose tissue were possible, and their characteristics were not
significantly different from those of fresh tissue. Transplantation of ASCs derived from cryopreserved
tissue significantly promoted restoration of hindlimb movement function in injured model rats.
These results indicate that cryopreservation of adipose tissue may be an option for clinical application.
Keywords: adipose tissue; adipose-derived stem/stromal cells; cryopreservation; spinal cord injury;
transplantation; tissue bank

1. Introduction
Regenerative medicine has advanced rapidly in recent years. Embryonic stem (ES) cells, induced
pluripotent stem (iPS) cells, and somatic stem cells have all become candidates for transplantation
in regenerative therapy. However, ES or iPS cells have some limitations to their clinical application,
including ethical concerns, problems with immunogenicity, and safety issues related to the potential
for tumorigenicity [1]. Somatic stem cells, such as mesenchymal stem cells (MSCs), may offset these
problems, as they are capable of self-renewal and can differentiate into multi-lineages [2–4]. In addition,
MSCs are known to have low immunogenicity [5]. Therefore, MSCs are prioritized over ES or iPS cells
in clinical trials. MSCs have been found in many tissues, including adipose tissue, which possesses
its own advantages for use in regenerative medicine [6–8]. These advantages include its ubiquitous
distribution, its accessibility, and the ease with which it can be harvested. Moreover, it contains two
kinds of regenerative cells, de-differentiated fat cells (DFAT) and adipose-derived stem/stromal cells
(ASCs). Spinal cord injury (SCI) results in partial or complete paralysis and disability. Currently, cell
Int. J. Mol. Sci. 2018, 19, 1963; doi:10.3390/ijms19071963
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2.2. Adipogenic and Osteogenic Differentiation
Adipogenic differentiation of Fresh- and Cryo-ASCs was evaluated. When confluent cells
were subsequently cultured in adipogenic medium, intracellular lipid droplets formed (Figure 2).
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will be not concerns about the potential risks of immuno-response even in such circumstances because
MSCs containing ASCs are known to have low immunogenicity, and immunologically tolerant [5,21].
In conclusion, ASCs were obtained from cryopreserved adipose tissue, and, with the exception of
adipose differentiation, they were functionally equivalent to freshly isolated ASCs. These findings
show that banking of adipose tissue is possible, suggesting the use of cryopreserved adipose tissue in
future clinical applications.
4. Materials and Methods
4.1. Animals
Female Sprague–Dawley rats (Charles River Laboratories Japan, Yokohama, Japan) were housed
in an animal room at a constant temperature (23 ± 1 ◦ C) and humidity (50%–60%) with a 12-h
light/dark cycle and were allowed free access to a standard diet and water. Experimental procedures
were performed in accordance with the Guidelines for Animal Experimentation of St. Marianna
University Graduate School of Medicine (Kawasaki, Japan). The experimental protocol was approved
by the Animal Research Committee, Institute for Animal Experimentation, St. Marianna University
Graduate School of Medicine (approval number 1310005, 25 October 2013).
4.2. Cryopreservation of Adipose Tissue
Dorsal fat pads were obtained from eight–nine-week-old rats (n = 4) under anesthesia. The weight
of adipose tissues was measured, and they were divided into five parts. Adipose tissues were soaked
in a cryoprotectant (TC-Protecter, DS Pharma Biomedical, Osaka, Japan), and then stored in a freezer
at −80 ◦ C.
4.3. Isolation of ASCs
Frozen tissues were fast-thawed in a water bath at 37 ◦ C and washed with phosphate-buffered
saline (PBS). The fresh or thawed adipose tissue was minced and digested for 1 h in 0.1% collagenase
(Thermo Fisher Scientific, Waltham, MA, USA) at 37 ◦ C. The digestion process was stopped by
adding Dulbecco’s Modified Eagle’s Medium (DMEM, Thermo Fisher Scientific) containing 20% fetal
bovine serum (FBS, Thermo Fisher Scientific) and 1% antibiotic-antimycotic (Thermo Fisher Scientific).
The digested suspension was filtered through a 70-µm nylon mesh cell strainer (BD Biosciences,
Franklin Lakes, NJ, USA) to remove tissue debris and centrifuged at 1000 rpm for 5 min. The pellet
(stromal-vascular fraction) was suspended in medium and cultured in a 10-cm culture dish at 37 ◦ C
in a humidified atmosphere of 5% CO2 and 95% room air. After 24 h, non-adherent cells were gently
removed. When adherent cells reached 80% confluence (passage 0: P0), confluent cells (ASCs) were
detached with 0.25% trypsin/1 mM ethylenediamine tetraacetic acid (EDTA) (Thermo Fisher Scientific)
and plated in flasks at a density of 2.5 × 105 cells/75 cm2 (P1). DT was determined by manually
counting the number of cells from P1 to P7. The numbers of cells and culture times (CT) were used
to calculated DTs based on the following formula: DT = log 2 × CT/(log N − log N0 ) where N0
represents the initial cell number and N represents cell number at the time of harvest.
4.4. Adipogenic and Osteogenic Differentiation
Differentiation into adipocytes was performed using a modification of the previously
described methods [2,22]. Confluent cells were incubated in adipogenic induction medium
(a 3:1 mixture of DMEM and Ham’s F-12 Medium (Thermo Fisher Scientific) containing 10% FBS,
1% antibiotic-antimycotic, 5 µg/mL insulin (Thermo Fisher Scientific), 5 µg/mL transferrin (Thermo
Fisher Scientific), 0.25 µM dexamethasone (DEX, MP Biomedicals, Aurora, OH, USA), and 500 µM
3-isobutyl-1-methylxanthine (IBMX, Wako, Osaka, Japan)) for three days, followed by culture in
maintenance medium (induction medium without DEX and IBMX) for several days. After this culture
procedure was repeated three times, the cells were cultured in maintenance medium for seven days.
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Cells were fixed in 10% phosphate-buffered formalin for 1 h and stained with Oil Red O (Sigma-Aldrich,
St. Louis, MO, USA) to visualize lipid droplet accumulation.
Differentiation into osteoblasts was performed using Osteoblast-Inducer Reagent (Takara Bio,
Shiga, Japan). ASCs were incubated in osteoblastic induction medium (DMEM containing 20%
FBS, 5 µg/ml ascorbic acid, 100 nM hydrocortisone, and 10 mM β-glycerophosphate) for 21 days.
The medium change was performed each three day. ALP as an osteoblast marker was detected by an
ALP stain kit according to the manufacturer’s instructions (Takara Bio).
4.5. Measurement of Cytokines
After P2-ASCs were cultured for four days, the supernatant was collected for the measurement of
cytokines, and the number of cells was counted with a hemocytometer. After centrifuged at 1000 rpm
for 5 min, and aliquots of supernatant were used for assay.
Levels of HGF (Institute of Immunology, Tokyo, Japan) and VEGF (Immuno-Biological
Laboratories, Gunma, Japan) were measured by a sandwich method with enzyme-linked
immunosorbent assay kits according to manufacturer’s instructions. The value was represented
as per 105 cells.
4.6. SCI Model, Intravenous ASC Transplantation, and Functional Evaluation
Spinal cord injury was induced by the weight-drop method [23]. Ten-week-old rats weighing
210–230 g were anesthetized, and dorsal laminectomy was performed at the T10 vertebra. Then, a 10 g
weight was dropped onto the spinal cord from a height of 25 mm. Postoperatively, animals were kept
warm on highly absorbent bedding, injected with antibiotics, and given manual bladder expression
twice daily until reflex bladder emptying returned.
On day eight after SCI, rats were randomly assigned to two groups, and cell transplantation was
carried out using the method reported in our previous study [13]. ASCs were incubated in growth
medium containing 10 ng/mL basic fibroblast growth factor (bFGF, Thermo Fisher Scientific) for 24 h
before transplantation. The cells were detached with trypsin/EDTA and resuspended in physiological
saline; 2.5 × 106 cells (in 500 µL) were infused via the tail vein at a rate of 25 µL/min using a stereotaxic
microinjector (model 310, Muromachi Kikai, Tokyo, Japan). SCI control animals received the same
volume (500 µL) of physiological saline alone.
Hindlimb motor function was evaluated in SCI rats using the BBB score, a locomotor rating scale
developed by Basso et al. [24]. A score from 0 (complete paralysis) to 21 (normal gait) was recorded
before and after SCI.
4.7. Statistical Analysis
Results are expressed as the mean ± standard error (SE). BBB scores are expressed as the median
and IQR. Data were analyzed by Dunnett’s test (pairwise comparisons against the control group).
Statistical analysis of BBB scores was performed using the Mann-Whitney U-test. The statistical
analyses were performed with JMP 13 (SAS Institute Inc., Cary, NC, USA), and p < 0.05 was considered
statistically significant.
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The use of non-steroidal anti-inﬂammatory drugs (NSAIDs) for the treatment of inﬂammatory pain is limited by
gastrointestinal complications. The rapid action of NSAIDs is associated with better pain relief. Previously, we
demonstrated that ﬂuoro-loxoprofen, a novel NSAID, has less ulcerogenic potential than other NSAIDs, attributable to its gastroprotective properties. The aim of this study was to investigate and compare the eﬀects of
ﬂuoro-loxoprofen on inﬂammatory pain in rats with those of other NSAIDs. Oral administration of ﬂuoro-loxoprofen, loxoprofen, and celecoxib resulted in equivalent analgesic action against yeast-induced inﬂammatory
pain. The antinociceptive eﬀect of ﬂuoro-loxoprofen was maximized within 1 h after administration, which is
less time than that observed for loxoprofen (2 h) and celecoxib (3 h). We conﬁrmed that both ﬂuoro-loxoprofen
and loxoprofen suppressed the increases in prostaglandin E2 in inﬂamed paws. In addition to yeast-induced pain,
ﬂuoro-loxoprofen produced a similar eﬀect against adjuvant-induced inﬂammatory pain, with faster peak analgesic eﬀects than those observed for loxoprofen and celecoxib. Taken together, these results suggest that the
analgesic eﬀect of ﬂuoro-loxoprofen is equivalent to that of loxoprofen and celecoxib. Moreover, the analgesic
eﬀect of ﬂuoro-loxoprofen against inﬂammatory pain was more rapid than that of other NSAIDs, and this may be
associated with its rapid absorption property.

1. Introduction
Non-steroidal anti-inﬂammatory drugs (NSAIDs) are among the
most commonly used drugs worldwide for the treatment of pain, inﬂammation, and fever (Biederman, 2005; Wongrakpanich et al., 2018).
NSAIDs inhibit the production of prostaglandins by blocking cyclooxygenase (COX), which is essential for prostaglandin synthesis (Rao and
Knaus, 2008). Since prostaglandins are key mediators for inducing inﬂammation and nociception, the suppression of prostaglandin production by NSAIDs is responsible for the analgesic and anti-inﬂammatory
eﬀects of these drugs (Dahl and Kehlet, 1991). Among COX subtypes,
COX-1 and COX-2 play pivotal roles in the protection of gastrointestinal
mucosa and inﬂammatory response in peripheral tissues, respectively
(McCarberg and Cryer, 2015; Rao and Knaus, 2008).

Although NSAIDs are very eﬀective and useful for pain management, their use is associated with gastrointestinal, cardiovascular, and
renal complications (Harirforoosh et al., 2013; Ungprasert et al., 2015).
Gastrointestinal toxicity is the major problem in chronic NSAID users.
Previous studies have shown that arthritis patients who use NSAIDs
have a high incidence of adverse events in upper and lower gastrointestinal mucosa (Graham et al., 2005; Sostres et al., 2013). Recently,
selective COX-2 inhibitors (mainly celecoxib) have been reported to be
associated with fewer gastrointestinal problems than nonselective
NSAIDs (e.g., ibuprofen, aspirin, and diclofenac), because COX-2 inhibitors do not inﬂuence COX-1 activity, which is responsible for mucosal protection (Targownik et al., 2008). In contrast, gastroprotective
agents, such as proton pump inhibitors, are also eﬀective in preventing
NSAID-induced gastrointestinal injuries (Arora et al., 2009; Targownik
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Fig. 1. Structures of loxoprofen and ﬂuoro-loxoprofen.

et al., 2008). Therefore, selective COX-2 inhibitors or nonselective
NSAIDs plus gastroprotective agents are presently considered beneﬁcial
for preventing adverse events in NSAID users (McCarberg and Cryer,
2015; Targownik et al., 2008).
Loxoprofen, a nonselective NSAID prodrug, is widely used in Japan
and several other countries (Arakawa et al., 2009; Greig and GarnockJones, 2016) (Fig. 1). It is prescribed for the treatment of inﬂammation
and pain in post-operative or trauma patients, as well as those with
osteoarthritis, myalgia, or trauma-induced swelling (Arakawa et al.,
2009; Greig and Garnock-Jones, 2016). The pharmacodynamic proﬁle
of loxoprofen shows anti-inﬂammatory and anti-analgesic activities similar to or greater than those of other NSAIDs, including indomethacin,
ketoprofen, ﬂurbiprofen, and felbinac, in both human and animal studies (Greig and Garnock-Jones, 2016). Furthermore, loxoprofen has a
characteristic rapid absorption proﬁle (Greig and Garnock-Jones,
2016). Although it is reported to be safe (Arakawa et al., 2009; Kawano
et al., 1995; Yamakawa et al., 2010a), recent clinical studies have reported that loxoprofen may cause more gastrointestinal complications
than celecoxib (Fujimori et al., 2016; Sakamoto et al., 2013).
Recently, we identiﬁed ﬂuoro-loxoprofen, a loxoprofen derivative
and novel NSAID, that causes less gastrointestinal injuries than loxoprofen (Fig. 1). The anti-inﬂammatory activity and pharmacokinetics
of ﬂuoro-loxoprofen have been determined previously (Suemasu et al.,
2012; Yamakawa et al., 2010b, 2012). In the present study, we investigated the eﬀect of ﬂuoro-loxoprofen on acute or chronic pain using
rat models of inﬂammatory pain.

2. Material and methods
2.1. Chemicals
Fluoro-loxoprofen sodium salt (ﬂuoro-loxoprofen-Na) was synthesized as described previously (Yamakawa et al., 2010b, 2012). Loxoprofen sodium salt dihydrate (loxoprofen-Na) was obtained from
Tokyo Chemical Industry Co., Ltd. (Tokyo, Japan). Celecoxib was
purchased from LKT Laboratories (Saint Paul, USA). Brewer's yeast
extract was purchased from Sigma (St. Louis, USA). The prostaglandin
E2 (PGE2) ELISA kit was obtained from Cayman Chemical Company
(Ann Arbor, USA). Complete Freund's adjuvant (CFA) was purchased
from Difco Laboratories (Detroit, USA). Methylcellulose was purchased
from Wako Pure Chemical Industries (Osaka, Japan).

2.2. Animals
Female Lewis rats were obtained from Charles River Laboratories
Japan (Yokohama, Japan). Male Wistar-Imamichi rats were obtained
from Sankyo Labo Service Corporation (Tokyo, Japan). All animals
were housed under controlled temperatures (22–24 °C) and illumination (12 h light cycle starting at 8:00 A.M.). The experiments and procedures described here were performed in accordance with the Guide
for the Care and Use of Laboratory Animals as adopted and promulgated by the National Institutes of Health and were approved by the
Animal Care Committee of Keio University and St. Marianna University.

Fig. 2. Eﬀects of ﬂuoro-loxoprofen or loxoprofen against acute pain and
paw prostaglandin E2 (PGE2) levels after yeast injections. Wistar-Imamichi
rats were given a sub-plantar injection of a 20% yeast suspension (A, B). The
rats were orally administered vehicle (1% methylcellulose) or the indicated
doses (mg/kg) of ﬂuoro-loxoprofen-Na or loxoprofen-Na after 4.5 h (A, B). (A),
Pain thresholds in the paw were measured 0.5–7 h after drug administration.
The broken line in gray represents the mean of the rat thresholds before yeast
injection (normal levels). (B) PGE2 levels in the inﬂamed paws were determined
at indicated times via an enzyme-linked immunoassay (ELISA) kit. Values are
means ± S.E.M. One-way analysis of variance (ANOVA) followed by Tukey (A)
or Dunnett's (B) post hoc test was performed. *, P < 0.05 vs. vehicle. $,
P < 0.05 vs. loxoprofen-Na (1.0). #, P < 0.05 vs. loxoprofen-Na (3.0).

2.3. Yeast-induced inﬂammatory pain
Yeast-induced peripheral inﬂammatory pain was induced as described previously (Ushiyama et al., 2008). Male Wistar-Imamichi rats
(4–5 weeks old) were fasted for 16 h before the experiments. Acute
inﬂammation was induced via sub-plantar injections of 0.1 ml of a 20%
suspension of brewer's yeast in saline into the right hind paw. After
injecting yeast (2, 4, or 4.5 h), the rats were subjected to a paw pressure
test; rats with a threshold of less than 120 g were selected and evenly
divided into ﬁve groups. Immediately, test drugs or vehicle (1% methylcellulose) were orally administered at a volume of 5 ml/kg. Pain
threshold to pressure of the inﬂamed paw was measured from 0.5 h to
7 h using the Randall-Selitto method. The threshold in naïve rats was
also determined before injecting yeast. Randall-Selitto method is a wellestablished method for assessment of acute inﬂammatory pain. Younger
Wistar-Imamichi rats are susceptible to acute inﬂammation and suitable
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Fig. 3. Analgesic eﬀects of ﬂuoro-loxoprofen or celecoxib against yeastinduced paw hyperalgesia in rats. Wistar-Imamichi rats were given a subplantar injection of a 20% yeast suspension. The rats were orally administered
vehicle (1% methylcellulose) or the indicated doses (mg/kg) of ﬂuoro-loxoprofen-Na or celecoxib after 4.5 h. Paw thresholds were measured 0.5–7 h
after drug administration. The broken line in gray represents the means of the
rat thresholds before yeast injection (normal levels). Values are
means ± S.E.M. One-way analysis of variance (ANOVA) followed by Tukey
post hoc test was performed. #, P < 0.05 vs. ﬂuoro-loxoprofen-Na (3.2).

for measuring vocalization in response to paw pressure as a marker of
pain behavior. Forty-ﬁve or 23 rats were used to compare the analgesic
action of loxoprofen (Fig. 2A) or celecoxib (Fig. 3) with that of ﬂuoroloxoprofen, respectively. Fluoro-loxoprofen was prepared at an
equivalent molecular weight of loxoprofen. Our previous study showed
the anti-inﬂammatory action by oral ﬂuoro-loxoprofen at a concentration range of 1.1–11 mg/kg in rats (Yamakawa et al., 2010b, 2012).
Celecoxib at a dose of 10 mg/kg has indicated anti-inﬂammatory activity in previous studies (Pinheiro and Calixto, 2002; Suleyman et al.,
2004). In addition, loxoprofen or celecoxib is orally applied at around 3
or 5 mg/kg per day in clinical practice, respectively. Therefore, we
adopted 1.0–3.0 mg/kg of loxoprofen, 1.1–3.2 mg/kg of ﬂuoro-loxoprofen, or 1.7–15 mg/kg of celecoxib in this experiment, respectively.

2.4. Adjuvant-induced inﬂammatory pain
Arthritis-induced inﬂammatory pain was induced as described
previously with some modiﬁcations (Magari et al., 2003). Female Lewis
rats (4–5 weeks old) were subjected to sub-plantar injections of CFA
(0.1 ml, 0.5 mg/ml Mycobacterium butyricum with paraﬃn oil) into the
left paw. Test drugs or vehicle (1% methylcellulose) were orally administered 18–21 days later. Since our preliminary experiments and
previous reports have shown that pain threshold reaches a plateau of
reduction until 18 days after CFA injection, we examined the analgesic
eﬀects at this period (Magari et al., 2003). The ﬁrst pressure test was
performed on the experiment day before drug treatment (time 0 h).
After that, the rats were evenly divided into four groups to have a similar threshold. Pain threshold to pressure of right paw was measured
from 0.5 h to 7 h after drug application. Sixteen or 14 rats were used to
compare the analgesic action of loxoprofen (Fig. 4A) or celecoxib
(Fig. 4B) with that of ﬂuoro-loxoprofen, respectively. Lewis rats are
known as a high responder strain to CFA-mediated arthritis. Arthritis is
more frequent in females than in males in clinical practice. Therefore,
in this study, we used female Lewis rats for the evaluation.

Fig. 4. Analgesic eﬀects of ﬂuoro-loxoprofen, loxoprofen, or celecoxib
against adjuvant-induced paw hyperalgesia in rats. Lewis rats were given a
sub-plantar injection of complete Freund's adjuvant (CFA) (0.5 mg/ml
Mycobacterium butyricum with paraﬃn oil) into the left paw (Day 0) (A, B). On
days 18 to day 21, the rats were orally administered vehicle (1% methylcellulose) or the indicated doses (mg/kg) of ﬂuoro-loxoprofen-Na (A, B), loxoprofen-Na (A), or celecoxib (B). The pain thresholds in the right paws were
then measured 0.5–7 h after drug administration (A, B). Values are
means ± S.E.M. One-way analysis of variance (ANOVA) followed by Tukey
post hoc test was performed. *, P < 0.05 vs. vehicle. #, P < 0.05 vs. loxoprofen-Na (3.0) (A) or celecoxib (15) (B).

2.5. Randall-Selitto paw pressure test
A modiﬁed Randall-Selitto paw pressure test was used to measure
pain threshold (Randall and Selitto, 1957). Wistar-Imamichi or Lewis
rats experienced hyperalgesia attributable to yeast- or adjuvant-induced
inﬂammation and paw edema. Pain threshold was measured by using
an Analgesy-Meter (Ugo Basile, Italy). We observed the reaction while
gradually increasing the pressure on the inﬂamed paw. Pain was
deemed to be present if the rats exhibited a vocal reaction response to
pressure.
2.6. Measurement of tissue PGE2 levels
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injecting yeast. The rats were then killed with an overdose of isoﬂurane
from 15 min to 2 h after drug administration, and the tissues were removed from the injected paws. Tissue PGE2 levels were determined by
an enzyme immuno-linked assay (EIA) according to the manufacturer's
instructions, as described previously (Yamakawa et al., 2010b). Each
group comprising 3 rats (total 9 rats) or 6 rats (total 18 rats) was used in
experiments at 15 and 30 min, or 1 and 2 h after NSAID administration,
respectively. The PGE2 levels in 3 naïve rats were determined to serve
as normal control.
2.7. Statistical analyses
All data are expressed as mean ± S.E.M. values. Statistical analyses
were performed using SPSS 24.0 software (IBM, Armonk, USA). Oneway analysis of variance (ANOVA) followed by post hoc Dunnett's or
Tukey multiple comparison test was used to evaluate diﬀerences between more than two groups. Diﬀerences were considered signiﬁcant at
P < 0.05.
3. Results
3.1. Eﬀects of loxoprofen and ﬂuoro-loxoprofen on yeast-induced
inﬂammatory pain and PGE2 levels in rat paws
Loxoprofen is currently used in clinical practice and has a safer
proﬁle and equivalent or greater anti-inﬂammatory and anti-nociception activity than other NSAIDs (Greig and Garnock-Jones, 2016;
Kawano et al., 1995). In the present study, we examined the eﬀect of
various NSAIDs on acute pain response in rats using a yeast-induced
inﬂammatory pain model. As shown in Fig. 2A, yeast injections decreased the pain threshold in rat paws from 285 ± 25 g to
61.8 ± 4.4 g, and this hyperalgesia persisted 7 h after vehicle treatment. We also conﬁrmed the elevations in PGE2 levels in rat paws after
yeast injection, as an indicator of acute inﬂammation (Fig. 2B). Oral
administration of 3.0 mg/kg of loxoprofen suppressed the reduction of
pain threshold from 30 min to 7 h, and restored it to normal (healthy
control) levels at 2 h after treatment (*, P < 0.05) (Fig. 2A). The
NSAID doses that exerted antinociceptive action were similar to those
reported previously (Futaki et al., 2009). In contrast, oral ﬂuoro-loxoprofen (3.2 mg/kg) showed signiﬁcant pain reduction at 30 min to 6 h,
with a peak time of 1 h after administration (*, P < 0.05). Notably, the
time required for ﬂuoro-loxoprofen (3.2 mg/kg) to reach its maximum
analgesic eﬀect was shorter than that for loxoprofen (3.0 mg/kg) (1 h
and 2 h after NSAID treatment, respectively) (#, P < 0.05) (Fig. 2A).
Moreover, we observed that analgesic action by ﬂuoro-loxoprofen was
eliminated more rapidly than that by loxoprofen from 3 to 6 h after
treatment (#, P < 0.05 and $, P < 0.05). Both loxoprofen (3.0 mg/kg)
and ﬂuoro-loxoprofen (3.2 mg/kg) signiﬁcantly suppressed yeast-dependent increases in PGE2 in rat-injected paws from 15 min to 2 h after
oral administration (*, P < 0.05) (Fig. 2B).
3.2. Analgesic eﬀect of ﬂuoro-loxoprofen and celecoxib on yeast-induced
inﬂammatory pain
Next, we compared the analgesic activity of ﬂuoro-loxoprofen to
that of celecoxib. Celecoxib is a representative NSAID that is eﬀective
for treating inﬂammatory pain with mild onset (Brune et al., 2010);
therefore, we determined whether ﬂuoro-loxoprofen produces antinociceptive action more rapidly than celecoxib in this model. As shown
in Fig. 3, celecoxib exerted antinociceptive action against yeast-induced
pain in a dose-dependent manner. At 3 h after oral administration, we
found the peak time of analgesic action of celecoxib, suggesting mild
onset. Both ﬂuoro-loxoprofen (3.2 mg/kg) and celecoxib (15 mg/kg)
restored the decreased pain threshold produced by yeast injections to
levels observed in rats without yeast treatment (1 h and 3 h after NSAID
treatment, respectively). Compared with celecoxib (15 mg/kg), ﬂuoro-

loxoprofen (3.2 mg/kg) showed stronger analgesic action at 1 h and
weaker action at 3 h (#, P < 0.05).
3.3. Antinociceptive eﬀects of loxoprofen, ﬂuoro-loxoprofen, and celecoxib
on adjuvant-induced inﬂammatory pain
Finally, we evaluated the eﬀect of ﬂuoro-loxoprofen on adjuvantinduced inﬂammatory pain in rats. This model mimics patients with
rheumatoid arthritis and is a representative rodent model to investigate
the analgesic activity of NSAIDs (Nagakura et al., 2003). The pain
threshold was signiﬁcantly lower in adjuvant-treated rats than in nontreated rats (Fig. 4A). In addition, oral administration of both ﬂuoroloxoprofen (3.2 mg/kg) and loxoprofen (3.0 mg/kg) signiﬁcantly suppressed the hyperalgesic response and restored the response to levels
observed in rats without adjuvant treatment (*, P < 0.05). We observed diﬀerences in pain threshold between ﬂuoro-loxoprofen and
loxoprofen, indicating that ﬂuoro-loxoprofen has superior action at
30 min and 1 h and inferior action at 4 h to loxoprofen after administration (#, P < 0.05). The time of peak antinociceptive action was 1
and 2 h after application of ﬂuoro-loxoprofen and loxoprofen, respectively. We also compared the antinociceptive action of ﬂuoro-loxoprofen (3.2 mg/kg) to that of celecoxib (15 mg/kg) in this model. The
results of adjuvant-induced pain model showed that the time required
for ﬂuoro-loxoprofen to reach maximum analgesic activity is shorter
than that for celecoxib, suggesting that ﬂuoro-loxoprofen is a fast-acting
analgesic (Fig. 4B). We found signiﬁcant diﬀerences in analgesic activity between the two NSAIDs at 1, 3, and 4 h after treatment. At 1 h
after treatment, ﬂuoro-loxoprofen acted more rapidly than celecoxib
(#, P < 0.05). In addition, its eﬀect was eliminated more rapidly than
celecoxib at 3 and 4 h after treatment (#, P < 0.05). Moreover, we
calculated the area under the curve (AUC, g*h) (Fig. 4A and B) to
compare the analgesic activity between ﬂuoro-loxoprofen, loxoprofen,
and celecoxib; no signiﬁcant diﬀerences in AUC were observed (data
not shown).
4. Discussion
Although NSAIDs are widely used to treat pain, adverse eﬀects associated with their use, especially gastrointestinal complications, are
problematic in clinical practice. Many studies suggest that the side effects associated with celecoxib are tolerable than those associated with
other nonselective NSAIDs (Targownik et al., 2008). However, celecoxib is not suitable for the treatment of acute pain, such as dental
pain and post-operative pain, because it is slowly absorbed and does not
reduce pain rapidly (Brune et al., 2010; Mamidi et al., 2002). Therefore,
a fast-acting NSAID with fewer gastrointestinal side eﬀects is required.
We recently identiﬁed ﬂuoro-loxoprofen as a novel NSAID causing
fewer gastrointestinal injuries (Suemasu et al., 2012; Yamakawa et al.,
2012). In addition, the pharmacokinetic proﬁle of oral ﬂuoro-loxoprofen showed that it is absorbed more rapidly with higher peak
plasma concentration (Cmax), and it is cleared from the plasma faster
than loxoprofen (Yamakawa et al., 2013). In the present study, we investigated the analgesic eﬀect of ﬂuoro-loxoprofen on inﬂammatory
pain in rats.
We used a yeast-induced inﬂammatory pain model to evaluate the
eﬀects on acute pain and compared the analgesic activity of ﬂuoroloxoprofen to that of loxoprofen. The antinociceptive action of ﬂuoroloxoprofen was similar to that of loxoprofen, and both NSAIDs restored
the pain threshold levels of yeast-treated rats to those observed before
injection. However, we found that the peak time of analgesic eﬀect for
ﬂuoro-loxoprofen was faster than that for loxoprofen. Moreover, we
observed that ﬂuoro-loxoprofen has an equivalent potency and more
rapid action against acute inﬂammatory pain than celecoxib. The peak
time of antinociceptive eﬀects for ﬂuoro-loxoprofen, loxoprofen, and
celecoxib was 1, 2, and 3 h after oral administration, respectively,
suggesting that ﬂuoro-loxoprofen is the most rapid analgesic among the
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three NSAIDs. A recent clinical study reported that a single administration of loxoprofen results in a more rapid onset and superior eﬃcacy
against pain after spinal surgery than celecoxib (Sekiguchi et al., 2015).
In addition, it has been reported that the analgesic activity of celecoxib
is inferior to that of ibuprofen (ﬁlm-coated tablet) during the early pain
period (0–8 h) (Malmstrom et al., 2002). Thus, celecoxib might not be
an appropriate analgesic to treat pain during the early pain period when
compared to fast-acting NSAIDs such as ibuprofen and loxoprofen. The
results of our animal studies (Figs. 2 and 3) are in agreement with the
ﬁndings in humans.
Furthermore, we examined the eﬀect of ﬂuoro-loxoprofen on arthritis-induced pain response in rats. NSAIDs are commonly used to
treat patients with rheumatoid arthritis (Croﬀord, 2013). We used this
animal model as it closely mimics the symptoms observed in clinical
practice. In some cases, loxoprofen is clinically used for episodes of pain
to manage pain. We considered the availability of ﬂuoro-loxoprofen for
pain management in arthritis patients. Fluoro-loxoprofen showed antinociceptive action against arthritis-induced pain more rapidly than
loxoprofen and celecoxib in this model as well as in yeast model. At the
peak point of analgesia, all NSAIDs restored the pain thresholds to those
observed in naive rats. These results suggest that ﬂuoro-loxoprofen may
provide rapid relief of pain symptoms in patients with rheumatoid arthritis. As described above, arthritis patients chronically using NSAIDs
have a high incidence of gastrointestinal toxicity (Graham et al., 2005;
Sostres et al., 2013). Since ﬂuoro-loxoprofen provides both rapid analgesia and fewer gastrointestinal injuries than loxoprofen, it could be
therapeutic option for treating pain in arthritis patients.
The key factors for achieving better pain relief clinically with fewer
adverse eﬀects, include the choice of NSAID, the lowest eﬀective dose,
rapid onset, and a short duration (Brune and Patrignani, 2015; Brune
et al., 2010; Masso Gonzalez et al., 2010). When treating acute pains,
such as dental and post-surgical pain, time to onset and rapid absorption play particularly vital roles for eliciting better analgesic eﬀects. It
has been suggested that the time to maximum concentration (Tmax)
(absorption speed) of NSAIDs is related to their eﬀectiveness in humans. Fast-acting formulations of ibuprofen (arginine, lysine, and sodium salt) provide better pain relief than standard ibuprofen, which is
associated with shorter Tmax and higher Cmax (Moore et al., 2014).
Moreover, it has been suggested that diclofenac potassium is better at
relieving pain than diclofenac sodium salt, a phenomenon that is dependent on its shorter Tmax (Derry et al., 2009). Therefore, rapid-acting
NSAIDs can contribute to better pain relief. Since the antinociceptive
action of ﬂuoro-loxoprofen is faster than that of loxoprofen, it could
produce better outcomes in patients. Furthermore, fast elimination
(short half-life) from non-target tissues is important in preventing adverse events (Brune et al., 2010). Because long half-life NSAIDs, such as
piroxicam and phenylbutazone, cause long-term inhibition of COX, they
can increase the risk of toxicities, especially if administered repeatedly.
Previously, we demonstrated a faster elimination rate of ﬂuoro-loxoprofen than that of loxoprofen (Yamakawa et al., 2013). In this study,
we observed that ﬂuoro-loxoprofen eliminated analgesic activity more
rapidly than loxoprofen. We speculate that the characteristic proﬁle of
ﬂuoro-loxoprofen, which is rapid absorption with higher Cmax and
faster elimination from plasma than loxoprofen, contributes to its rapid
analgesic action and possible lower gastrointestinal toxicities. The absorption and distribution of ﬂuoro-loxoprofen in vivo are controlled by
its balance of lipophilicity and hydrophilicity, and iconicity. It is wellknown that incorporation of ﬂuorine or ﬂuorinated groups increases the
lipophilicity of a drug, particularly aromatic benzenes, which contribute to the enhancement of pharmacological action, cell permeability
(absorption), and plasma concentration (Iwao, 2009). Such a mechanism may be associated with the properties of ﬂuoro-loxoprofen.
Our study has several limitations. First, we examined both the ulcerogenic and analgesic activities of ﬂuoro-loxoprofen using only a
single dose. Although the analgesic properties of ﬂuoro-loxoprofen may
be more appropriate for treating acute pain, such as dental pain (that is,

short-term), rather than chronic pain, such as arthritis, the eﬀects of
repeated doses remain to be determined. Secondly, we did not measure
the diﬀerences in the degree of antinociception between ﬂuoro-loxoprofen and loxoprofen in this study. Our previous results showed that
the Cmax of ﬂuoro-loxoprofen was approximately 1.4 times higher than
that of loxoprofen; therefore, we expected that ﬂuoro-loxoprofen could
have a stronger analgesic activity than loxoprofen. However, we did not
measure any diﬀerences between ﬂuoro-loxoprofen and loxoprofen.
This may be because we assessed hyperalgesic pain responses to mechanical pressure but not spontaneous pain in this study. Spontaneous
pain is also an important indicator to investigate analgesic activity in
both humans and animals. Thus, future experiments to determine
spontaneous pain should be performed. Moreover, we did not statistically analyze tissue PGE2 levels between each time point (15 min,
30 min, 1 h, and 2 h) after NSAID treatment, because these experiments
were performed on diﬀerent days and not on the same day. Under such
an experimental condition, it was deemed diﬃcult to obtain appropriate results by statistical analysis of insuﬃcient number of animals
(N = 3). However, it is likely that there is no diﬀerence in PGE2 reduction between the two NSAIDs within 1 h after administration. Thus,
ﬂuoro-loxoprofen might show antinociceptive mechanisms other than
COX-2 inhibition. The changes in other inﬂammatory mediators responsible for acute pain should be examined in future studies.
5. Conclusion
Based on these results, it can be suggested that the analgesic eﬀects
of ﬂuoro-loxoprofen may be equivalent to those of loxoprofen and
celecoxib. Moreover, ﬂuoro-loxoprofen could produce analgesic eﬀects
against inﬂammatory pain more rapidly than other NSAIDs, which
might be associated with its rapid absorption property. Thus, ﬂuoroloxoprofen could be beneﬁcial for the treatment of acute pain.
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ABSTRACT
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The treatment for patients with chronic obstructive pulmonary disease (COPD) usually involves a combination of
anti-inflammatory and bronchodilatory drugs. We recently found that mepenzolate bromide (1) and its derivative, 3-(2-hydroxy-2, 2-diphenylacetoxy)-1-(3-phenoxypropyl)-1-azoniabicyclo[2.2.2]octane bromide (5),
have both anti-inflammatory and bronchodilatory activities. We chemically modified 5 with a view to obtain
derivatives with both anti-inflammatory and longer-lasting bronchodilatory activities. Among the synthesized
compounds, (R)-(–)-12 ((R)-3-(2-hydroxy-2,2-diphenylacetoxy)-1-(3-phenylpropyl)-1-azoniabicyclo[2.2.2]octane bromide) showed the highest affinity in vitro for the human muscarinic M3 receptor (hM3R). Compared to 1
and 5, (R)-(–)-12 exhibited longer-lasting bronchodilatory activity and equivalent anti-inflammatory effect in
mice. The long-term intratracheal administration of (R)-(–)-12 suppressed porcine pancreatic elastase-induced
pulmonary emphysema in mice, whereas the same procedure with a long-acting muscarinic antagonist used
clinically (tiotropium bromide) did not. These results suggest that (R)-(–)-12 might be therapeutically beneficial
for use with COPD patients given the improved effects seen against both inflammatory pulmonary emphysema
and airflow limitation in this animal model.

1. Introduction
Chronic obstructive pulmonary disease (COPD) is a serious health
problem that is defined by a progressive and not fully reversible airflow
limitation and an abnormal inflammatory response.1–3 To treat COPD
and to concomitantly elicit improved airflow by bronchodilation, it is

important to suppress the inflammatory processes associated with this
disease.
Both β2-agonists and muscarinic receptor antagonists are used
clinically to achieve bronchodilation in the treatment of COPD.2–4
Short-acting bronchodilators were previously used; however, in recent
times long-acting -agonists (LABAs) and muscarinic receptor

Abbreviations: aclidinium, aclidinium bromide; BALF, bronchoalveolar lavage fluid; CDI, carbonyldiimidazole; COPD, chronic obstructive pulmonary disease;
FEV0.1, forced expiratory volume in 0.1 s; FVC, forced vital capacity; glycopyrronium, glycopyrronium bromide; GST, glutathione S-transferase; hM2R, human
muscarinic M2 receptor; hM3R, human muscarinic M3 receptor; HDAC2, Histone deacetylase 2; IFN, interferon; IL, interleukin; KC, keratinocyte chemoattractant;
LABA, long-acting β2-agonist; LAMA, long-acting muscarinic antagonist; mepenzolate, mepenzolate bromide; MLI, mean linear intercept; [3H]NMS, N-methyl-[3H]scopolamine methylchloride; PPE, porcine pancreatic elastase; QNB, 3-quinuclidinyl benzilate; ROS, reactive oxygen species; SOD, superoxide dismutase; tiotropium,
tiotropium bromide; TNF, tumor necrosis factor
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antagonists (LAMAs) have replaced the shorter-acting ones due to their
superior efficacy.2,3 Tiotropium bromide (tiotropium), glycopyrronium
bromide (glycopyrronium), and aclidinium bromide (aclidinium) are
representative LAMAs used in the clinical setting.
The inflammation associated with COPD is typically treated with
steroids; however, COPD disease progression is not fully suppressed by
steroid treatment4–6 because of resistance in part of the inflammatory
processes to steroid treatment.6,7 Histone deacetylase 2 (HDAC2) seems
to play an important role in the inflammatory responses associated with
COPD.8–10 Because corticosteroids use HDAC2 to suppress inflammation,8,11,12 the inhibitory effect of cigarette smoke on HDAC2 may be
responsible for the reduced sensitivity of COPD patients to steroid
treatment.8 It is therefore important for new types of anti-inflammatory
compounds to be developed to treat COPD.
From a library of medicines approved in Japan, we screened for
compounds that suppress porcine pancreatic elastase (PPE)-induced
pulmonary emphysema and inflammation in mice, and selected mepenzolate bromide (mepenzolate),13 an orally administered muscarinic
receptor antagonist used for the treatment of gastrointestinal disorders.14–16 Mepenzolate exhibits not only anti-inflammatory effects via
a muscarinic receptor-independent mechanism, but also provides shortacting bronchodilatory effects via a muscarinic receptor-dependent
mechanism.13,17,18 We previously reported that mepenzolate showed
anti-inflammatory activity in PPE-induced pulmonary emphysema in
mice.13 We also showed that steroids and other anti-inflammatory
drugs did not demonstrate anti-inflammatory activity in the same PPE
models,19 suggesting that the anti-inflammatory activity of mepenzolate is more potent than that of steroids. The anti-inflammatory activity
of mepenzolate is mediated via a decreased level of reactive oxygen
species (ROS) in the lung due to the NADPH oxidase activity and the
induction of superoxide dismutase (SOD) and glutathione S-transferase
(GST) expression.13
We previously postulated that mepenzolate derivatives possessing
both anti-inflammatory and long-acting bronchodilatory activities
might be beneficial for the treatment of COPD. To obtain such derivatives, we synthesized hybrid compounds based on mepenzolate and
glycopyrronium or aclidinium, and found that one of these hybrid
compounds (3-(2-hydroxy-2, 2-diphenylacetoxy)-1-(3-phenoxypropyl)1-azoniabicyclo[2.2.2]octane bromide (5) showed both a longer-acting
bronchodilatory activity (equivalent to glycopyrronium and aclidinium) and possessed anti-inflammatory properties (equivalent to mepenzolate).20 Based on these results, in the present study we chemically
modified 5 to obtain derivative compounds with both anti-inflammatory and even longer-acting bronchodilatory activities. As for
synthesized hybrid compounds based on mepenzolate bromide (MP),
glycopyrronium bromide (GC), and aclidinium bromide (AD), both MPGC and MP-AD showed anti-inflammatory effects similar to MP,
whereas GC-MP, like GC and AD alone, did not.20 Based on these results, we speculated here that the double phenyl rings in MP (Fig. 1) are
important for its anti-inflammatory activity and therefore, we avoided
modifying this part. Instead, we chemically modified the terminal
phenyl ring combined with the nitrogen atom of quinuclidine. Among
the derivatives obtained, (R)-(–)-12 showed the highest affinity for
hM3R in vitro and the longest bronchodilatory activity in vivo, with an
anti-inflammatory effect similar to that of 5 and mepenzolate. These
results suggest that (R)-(–)-12 might be therapeutically beneficial in a
clinical setting for COPD patients.
2. Results

Fig. 1. Structure of clinically-used muscarinic antagonists 1–4 and hybrid
compound 5.

dioxane provided the desired corresponding target compounds 6–27.
The enantiomers (R)-(–)-12 and (S)-(+)-12 were synthesized in the
same manner as that for (R)-(–)-1 and (S)-(+)-1 with enantiomerically
pure 3-quinuclidinol instead of racemic 3-quinuclidinol.21 All of the
new target compounds were characterized by NMR and HRMS. Protocols for the synthesis and characterization of final compounds 6–27 and
intermediates 29–50 are described in the supporting information.
2.2. Chemical modifications to mepenzolate
The binding affinity of each compound to hM3R was determined by
carrying out N-methyl-[3H]-scopolamine methylchloride ([3H]NMS)
displacement studies on this receptor. The binding affinities of mepenzolate (1), tiotropium (2), glycopyrronium (3), aclidinium (4) and
compound 5 (Fig. 1) are shown in Table 1 (data for 1–5 are from our
previous report20). The affinity of 5 for hM3R was higher than that of 1
but lower than that of 2.20
The total number of leucocytes and the individual number of neutrophils in bronchoalveolar lavage fluid (BALF) are indicators of pulmonary inflammatory responses; we previously showed that increases
in these numbers after PPE treatment were partially suppressed by the
simultaneous intratracheal administration of 1 and 5.13,17,20 On the
other hand, none of 2–4 showed anti-inflammatory activity.20 Based on
these findings, we attempted to identify derivatives of 5 that have an
affinity for hM3R similar to that of 2 and an anti-inflammatory activity
similar to that of 1 and 5. Because the high affinities of drugs for hM2R
are associated with adverse effects on cardiac function,22 compounds
that showed a higher affinity for hM3R than for hM2R were preferred
and thus the focus of the selection process used in this study.
The strategy used for making chemical modifications to 5 is shown
in Fig. 2. We modified the linker moiety of 5 (Scheme 1), first shortening (6 and 7) or extending (8 and 9) the linker length of 5. We also
changed the linker moiety of 5 into a carbon chain without a heteroatom (10–14), with 12 found to have the highest affinity for hM3R
(Table 1). As for hM2R, 12 showed a slightly lower affinity (Table 1).
A variety of substituents were then introduced into the terminal
phenyl ring combined with the linker of 12 to obtain derivatives thereof
(15–27) (Scheme 1). However, the simplest analogue 12, which had no
substituent on the terminal phenyl ring, showed the highest affinity for
hM3R. Based on these results, 12 was selected for further analysis.

2.1. Chemistry

2.3. Synthesis and activity of enantiomers of mepenzolate derivatives

The route followed to synthesize target compounds 6–14 and 15–27
is outlined in Scheme 1. QNB (3-quinuclidinyl benzilate) (28) was the
key compound used for synthesizing all target compounds. Subsequent
quaternization of 28 with an appropriate alkyl bromide (29–50) in 1,4-

As for 1, 12 has one asymmetric carbon atom, enabling it to exist in
two enantiomeric forms (Fig. 2), for which a racemic mixture of these
two enantiomers was used in the experiments described above. We
recently reported that although anti-inflammatory activity was
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Scheme 1.

indistinguishable between enantiomers (R)- (–)-mepenzolate (R)-(–)-1
and (S)-mepenzolate (S)-(+)-1, the binding affinity of (R)-(–)-1 to
hM3R in vitro and its bronchodilatory activity in vivo were superior to
that of (S)-(+)-121.
We have synthesized (R)-(–)-12 and (S)-(+)-12, and examined their
biochemical and pharmacological activities. As shown in Table 1, (R)(–)-12 exhibited a higher affinity for hM3R than (S)-(+)-12. We also
compared their bronchodilatory activities. As shown in Fig. 3A, at a
dose of 48 µg/kg, 12 and (R)-(–)-12 but not (S)-(+)-12 showed
bronchodilatory activity. These in vivo results were consistent with the
in vitro results for hM3R affinity (Table 1). On the other hand, the
measured anti-inflammatory activity was indistinguishable among 12
and its enantiomers ((R)-(–)-12 and (S)-(+)-12) (Fig. 4A). Taken together, these results suggest that (R)-(–)-12 may be preferable to (S)(+)-12, and that the higher affinity for hM3R of the (R)-enantiomer
compared with the (S)-enantiomer was a general property of mepenzolate derivatives.

administration (Fig. 5A, B), suggesting that (R)-(–)-12 exhibits longacting bronchodilatory activity, similar to that of 2.
An examination of anti-inflammatory activity revealed that 1 and
(R)-(–)-12 significantly suppressed the PPE-induced increase in the total
number of leucocytes and the individual number of neutrophils in BALF
(Fig. 4B). We recently reported a similar anti-inflammatory effect for 5,
but not for 2-4.20
We next examined the mechanism underlying (R)-(–)-12′s anti-inflammatory activity. As shown in Fig. 4C, PPE-induced an increase in
the mRNA expression of tumor necrosis factor (TNF)-α, interleukin (IL6), interferon (IFN)-γ, and keratinocyte chemoattractant (KC); this expression was suppressed by the administration of (R)-(–)-12 in all cases.
Furthermore, administration of (R)-(–)-12 to healthy mice increased
GST activity in the lung, suggesting that this effect is involved in the
anti-inflammatory activity of (R)-(–)-12, as in the case of 1.13

2.4. Bronchodilatory and anti-inflammatory activities of R-12

The effects of the long-term administration of 2 and (R)-(–)-12 on
lung injury and dysfunction induced by PPE were compared.
Histopathological analysis revealed that PPE induced damage to the
alveolar walls and an increase in the mean linear intercept (MLI; an
indicator of airspace enlargement). These effects could be partly suppressed by the administration of (R)-(–)-12 but not by 2 (Fig. 6A and B).
PPE-induced lung dysfunction can be monitored by using the
FEV0.1/FVC19,23. While the PPE treatment decreased the FEV0.1/FVC
ratio, administration of (R)-(–)-12 but not 2 significantly restored the
towards control values (Fig. 6C). The results presented in Fig. 6 suggest
that the long-term administration of (R)-(–)-12, but not of 2, suppress
PPE-induced lung injury and dysfunction.

We next compared the bronchodilatory activities of 1–5 and (R)(–)-12, beginning with their dose–response profiles. A dose of 38 µg/kg
for 1 corresponds to 42, 36, 50, 49 and 48 µg/kg for 2, 3, 4, 5, and (R)(–)-12, respectively, based on their molecular weights. As shown in
Fig. 3B, 1 h after administration of each drug, complete suppression of
the methacholine-induced increase in airway resistance was observed
with 2 and (R)-(–)-12 at doses of 4.2 and 4.8 µg/kg, respectively. We
recently reported that complete suppression of the methacholine-induced increase in airway resistance was observed with 1, 3, 4, and 5 at
doses of 38, 3.6, 5.0 and 4.9, respectively.20 These results suggest that
(R)-(–)-12 has a strong bronchodilatory activity, similar to that of 2
which is currently used in the clinical setting.
We subsequently compared the duration of bronchodilatory activity
exhibited by the derivative compounds. We previously found that the
bronchodilatory activity of 1 disappeared within 24 h of its administration.20 We also showed that the bronchodilatory activities of 3 and 4
(clinically used LAMAs) were still present 48 h after their administration, but had disappeared by 72 h.20 As shown in Fig. 5A, bronchodilatory activity with 3, 4, and 5 was not observed up to 96 h after drug
administration. On the other hand, (R)-(–)-12 and 2 still showed
bronchodilatory activity at 96 or 120 h, respectively, after

2.5. Effect of 2 and R-12 on PPE-induced lung injury and dysfunction

3. Discussion
We have chemically modified 5 to produce derivatives with both
anti-inflammatory and longer-lasting bronchodilatory activities.
Although a drug’s affinity for hM3R is not always correlated with its
duration of action, we selected this index for the initial screening of
drugs given that hM3R affinity can be rapidly determined for large
panels of compounds. Of all the derivatives synthesized, 12 showed the
highest affinity for hM3R. Compound 12 has an asymmetric carbon
atom, with (R)-(–)-12 exhibiting a higher affinity for hM3R in vitro and
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Table 1
Binding of compounds to hM2R or hM3R. Membrane fractions prepared from
CHO-K1 cells expressing hM2R or hM3R were incubated with 2 nM [3H]NMS
(85.5 Ci/mmol) in the presence of each compound. A range of concentrations
(10-11 to 10-6 M) for each compound was tested to generate competition curves
to determine Ki values. At the initial screening, we examined affinity values
from triplicate measurements and determined mean values. For some compounds that showed a relatively high affinity at the initial screening, we reexamined the affinity in independent experiments and confirmed the results.
Mean values of triplicate data for each one experiments are shown in the table.
Compounds whose affinity values were re-examined in additional experiments
are denoted by an asterisk (*). Data for 1–5 are from our previous report [20].
Values represent mean ± S.E.M.
Compound

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
(R)-(–)-12
(S)-(+)-12

Ki (nM)
hM3R

hM2R

5.3 ± 2*
0.20 ± 0.02*
0.81 ± 0.2*
0.56 ± 0.3*
0.88 ± 0.1*
2.8 ± 0.08
0.65 ± 0.4*
41 ± 21
42 ± 12
81 ± 39
0.86 ± 0.4
0.44 ± 0.04*
4.7 ± 0.6*
17 ± 0.4
1.1 ± 0.3
6.5 ± 2
20 ± 16
3.8 ± 2
1.9 ± 0.6
19 ± 4
1.7 ± 0.2
0.51 ± 0.1*
2.6 ± 0.4
0.86 ± 0.4*
2.3 ± 2
7.8 ± 2
1.5 ± 0.1
0.40 ± 0.06*
184 ± 30*

2.1 ± 2*
0.49 ± 0.2*
1.6 ± 0.7*
0.43 ± 0.04*
0.68 ± 0.1*
—
0.40 ± 0.2*
12 ± 0.2
12 ± 1
21 ± 3*
2.3 ± 0.2*
0.72 ± 0.01
12 ± 0.5
7.1 ± 2
0.69 ± 0.04
2.1 ± 1*
9.2 ± 2
—
1.4 ± 0.5
—
0.49 ± 0.2
0.11 ± 0.1
1.6 ± 0.3
1.1 ± 0.5
0.18 ± 0.1
0.91 ± 0.7
2.6 ± 0.3
1.0 ± 0.2*
68 ± 28*

—, not tested.
* , more than two independent experiments were performed.

longer bronchodilatory activity in vivo than (S)-(+)-12. Compound (R)(–)-12 was thus selected for further study of its pharmacological activities compared to those of clinically used LAMAs.
The results in this study suggest that the length of the linker moiety
(between the nitrogen atom of quinuclidine and the terminal phenyl

ring) is an important parameter determining a compound’s affinity for
hM3R, and that chemical modification of the terminal phenyl ring is not
an effective measure to increase affinity for hM3R. It was reported that
the mode of interaction of 2 with the muscarinic receptors is unique,24
with the results in this study suggesting that (R)-(–)-12 has a similar
interaction mode to that of tiotropium. Further study is needed to examine the nature of (R)-(–)-12′s mode of interaction with hM3R. In
addition, investigation of interaction of (R)-(–)-12 with the other
muscarinic receptor subtypes is also important in order to understand
the molecular mechanism of its pharmacological action.
Previously, we examined the effect of intratracheal administration
of 2 on increased fecal pellet output induced by restraint stress. As a
result, compared to the protective effect of 2 against PPE-induced lung
injury, more than 100 times higher dose of 2 was required to affect fecal
pellet output.17 We assumed that this is due to the low efficiency of
intratracheally administered 2 to transfer to blood, because we showed
that the blood concentration of 2, 1 min after the intratracheal administration (10 mg) was 3 µg/ml, whereas that of intravenous administration (7.5 mg) was 40 µg/ml.17 Based on these results, we
speculate that intratracheally administered (R)-(–)-12 also has less effect on organs (such as colon) other than lung and bronchi, compared to
its respiratory effects.
Comparison of the activities of (R)-(–)-12 and of clinically used
LAMAs (2–4) revealed that the duration of bronchodilation by (R)(–)-12 was longer than that of 3–5 and similar to that of 2. The longterm intratracheal administration of (R)-(–)-12, but not of 2, also suppressed PPE-induced pulmonary emphysema and respiratory dysfunction. These results suggest that (R)-(–)-12 might be therapeutically
beneficial for the treatment of COPD patients given that (R)-(–)-12
appears to have beneficial effects against both inflammation-induced
pulmonary emphysema and airflow limitation. While we selected the
elastase model for the initial evaluation of candidate drugs given the
rapid and acute effects seen therein, further studies with other models,
such as the cigarette smoke model,25 would be important to further
characterize the properties of candidate drugs. Patent applications have
been submitted for (R)-(–)-12 and related compounds.
4. Materials and methods
More detailed descriptions concerning the methods are provided in
the Supplementary Information.
4.1. Synthesis of targeted compounds and purity analyses.
Methods for the synthesis of targeted compounds are described in
the Supplementary Information. HPLC analysis was used for determining the purity of targeted compounds, with a purity of greater
than 95% purity confirmed for all cases.

Fig. 2. Strategy used for making chemical modifications to 5 and structures of enantiomers of 1 ((R)-(–)-1 and (S)-(+)-1) and 12 ((R)-(–)-12 and (S)-(+)-12)..
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Fig. 3. Dose-response curves for compounds
12, (R)-(–)-12, and (S)-(+)-12 (A) or 2 and
(R)-(–)-12 (B) for methacholine-induced
airway constriction. Indicated doses were
administered intratracheally. After 1 h, mice
were exposed to nebulized methacholine
five times and airway resistance was determined after each methacholine challenge
as described in the Materials and Methods.
Values
represent
mean ± S.E.M.
*P < 0.05. Control data are the same in all
graphs. Data are representative of two independent experiments.

Fig. 4. Effect of compounds on PPE-induced inflammatory responses. Mice were treated with or without (control) PPE (20 U/kg) once only on day 0 (A, B, C). The
indicated doses (µg/kg) of compounds were administered intratracheally once only (A, B, C). Twenty-four hours after the PPE administration, BALF was prepared and
the total cell number and the number of neutrophils were determined as described in the Materials and Methods (A, B). Twenty-four hours after the PPE administration, total RNA was extracted from lung tissue and subjected to real-time RT-PCR using a specific primer set for each gene. Values were normalized to Hprt1 and
expressed relative to the Control (C). Male ICR mice were administered intratracheally with indicated doses (µg/kg) of (R)-(–)-12 or vehicle (saline) once only.
Twenty-four hours after the (R)-(–)-12 administration, lung homogenates were prepared. GST activity was determined as described in the Materials and Methods (D).
Values represent mean ± S.E.M. **P < 0.01 (versus control); #P < 0.05, ##P < 0.01 (versus PPE only); n.s., not significant. Data are representative of two
independent experiments.
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Fig. 5. Time-course of effect of compounds
2, 3, 4, 5 and (R)-(–)-12 (A) or 2 and (R)(–)-12 (B) on methacholine-induced airway
constriction. Indicated doses were administered intratracheally. After 96 h (A) or 120 h
(B), mice were exposed to five cycles of
nebulized methacholine and airway resistance was determined after each methacholine challenge as described in the
Materials and Methods. Values represent
mean ± S.E.M. **P < 0.01; n.s., not significant. The control data are the same as in
Fig. 6A. Data are representative of two independent experiments.

4.2. Treatment of mice with PPE and test drugs

4.5. Measurement of airway resistance and FEV0.1/FVC

Mice were sedated with 2% isoflurane and then administered intratracheally with PPE (15 or 20 U/kg) followed by the test compound
(various doses) contained in a vehicle (0.9% NaCl; 1 ml/kg) via micropipette (P200). For control mice, the 0.9% NaCl vehicle alone was
administered by the same procedure.

Respiratory function and airway resistance were monitored with a
computer-controlled small-animal ventilator (FlexiVent, SCIREQ,
Montreal, Canada), as described previously.19,23 Mice were anesthetized with chloral hydrate (500 mg/kg), a tracheotomy was performed,
and an 8 mm section of metallic tube was inserted into the trachea.
Mice were mechanically ventilated at a rate of 150 breaths/min, using a
tidal volume of 8.7 ml/kg and a positive end-expiratory pressure of 2–3
cmH2O.
For measurement of methacholine-induced increases in airway resistance, mice were exposed to nebulized methacholine (5 mg/ml) five
times for 20 sec with a 40 sec interval, and airway resistance was
measured after each methacholine challenge by the snapshot technique.
All data were analysed using FlexiVent software.
Determination of the FEV0.1/FVC (forced expiratory volume in the
first 0.1 s to forced vital capacity) ratio was performed with the same
computer-controlled small-animal ventilator connected to a negative
pressure reservoir (SCIREQ, Montreal, Canada), as described previously.19,23 Mice were tracheotomised and ventilated as described
above. The lung was inflated to 30 cmH2O over one second and held at
this pressure. After 0.2 sec, the pinch valve (connected to ventilator)
was closed and after a further 0.3 sec, the shutter valve (connected to
negative pressure reservoir) was opened for exposure of the lung to the
negative pressure. The negative pressure was held for 1.5 sec to ensure
complete expiration. The FEV0.1/FVC ratio was determined using
FlexiVent software.

4.3. Preparation of BALF and cell count method
BALF was collected by cannulating the trachea and lavaging the
lung with 1 ml of sterile PBS containing 50 U/ml heparin (2 times).
About 1.8 ml of BALF was routinely recovered from each animal. The
total cell number was counted using a hemocytometer. Cells were
stained with Diff-Quik reagents after centrifugation in a Cytospin® 4
(Thermo Electron Corporation, Waltham, MA), and the ratio of number
of neutrophils to total cell number was determined to calculate the
number of neutrophils.
4.4. Histopathological analysis
Lung tissue samples were fixed in 10% formalin neutral buffer solution for 24 h at a pressure of 25 cmH2O, and then embedded in paraffin before being cut into 4 µm-thick sections. Sections were stained
first with Mayer’s hematoxylin and then with 1% eosin alcohol solution
(H & E staining). Samples were mounted with malinol and inspected
with the aid of an Olympus BX51 microscope (Tokyo, Japan).
To determine the MLI, 20 lines (800 µm) were drawn randomly on
the image of a section and intersection points with alveolar walls were
counted to determine the MLI.26 This morphometric analysis was conducted by an investigator blinded to the study protocol.
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Fig. 6. Effect of 2 and (R)-(–)-12 on PPE-induced pulmonary damage and dysfunction. Mice were treated with or without (control) PPE (15 U/kg) once only on day 0.
The indicated doses of 2 or (R)-(–)-12 were administered intratracheally once daily for 14 days (from day 0 to day 13) (A-C). Sections of pulmonary tissue were
prepared on day 14 and subjected to histopathological examination (H & E staining) (scale bar, 500 µm) (A). Airspace size was estimated by determining the MLI as
described in the Materials and Methods (B). FEV0.1/FVC values were determined on day 14 as described in the Materials and Methods (C). Values represent
mean ± S.E.M. **P < 0.01 (versus control); #P < 0.05 (versus PPE only). Data are representative of two independent experiments.

4.6. Real-time reverse transcription polymerase chain reaction (RT-PCR)
analysis.
Total RNA was extracted from lung tissue using an RNeasy kit according to the manufacturer’s protocol. Samples were reverse-transcribed using the PrimeScript® kit described above. The synthesized
cDNA was used in real-time PCR experiments with SsoAdvanced
Universal SYBR Green Supermix and analyzed with a Bio-Rad
(Hercules, CA) CFX96™ real-time system and CFX Manager™ software.
Specificity was confirmed by electrophoretic analysis of reaction products and by the inclusion of template- or reverse transcriptase-free

controls. To normalize the amount of total RNA present in each reaction, hypoxanthine phosphoribosyltransferase 1 (HPRT1) cDNA was
used as an internal standard. Primers were designed using PrimerBLAST websites. Primers sequences will be provided upon request.
4.7. Measurement of GST activity
Left lung homogenates were prepared 24 h after (R)-(–)-12 administration, GST activity in the homogenates was measured with the aid of
a GST assay kit according to the manufacturer’s protocol. GST activity
was expressed relative to activity in the control sample.
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4.8. Filter-binding assay

doi.org/10.1016/j.bmc.2019.06.016.

The filter-binding assay was performed as described previously21
with some modifications. Membrane fractions prepared from Chinese
Hamster Ovary (CHO)-K1 cells expressing human muscarinic M2 receptor (hM2R) or human muscarinic M3 receptor (hM3R) (Membrane
Target Systems, Perkin-Elmer Life and Analytical Sciences, Boston, MA;
protein concentration, 8 µg/well) were incubated with 2 nM [3H]NMS
(N-methyl-[3H]-scopolamine methylchloride) (85.5 Ci/mmol) at room
temperature for 2 h in 200 μL PBS in the presence of each compound. A
range of concentrations (10-11 to 10-6 M) of each compound was tested
in triplicate to generate competition curves. Non-specific binding was
determined in the presence of atropine (2.5 µM). The samples were
passed through a GF/C filter (Filtermat A, PerkinElmer Life and Analytical Sciences, Boston, MA) that was pre-incubated for 1 h with 1.0%
polyethylenimine, and washed four times with ice-cold wash buffer
(50 mM Tris/HCl (pH 7.4), 100 mM NaCl, 0.05% Tween-80). Filters
were then dried for 30 min before attachment to MeltiLex A (melt-on
scintillation sheet; PerkinElmer Life and Analytical Sciences, Boston,
MA). The radioactivity remaining on the filter was monitored with a
MicroBeta Trilux microplate scintillation counter (PerkinElmer Life and
Analytical Sciences, Boston, MA). Affinities at equilibrium were determined as equilibrium dissociation constant (Ki) values after correcting the experimentally determined IC50 values with the experimentally determined NMS Kd value for hM2R or hM3R and the
concentration of NMS, as described previously.21 All adjustments were
performed using Prism (GraphPad Software, Inc., San Diego, CA).
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A2B adenosine receptor inhibition
by the dihydropyridine calcium
channel blocker nifedipine involves
colonic fluid secretion
Teita Asano1*, Yuto Noda2, Ken-Ichiro Tanaka3, Naoki Yamakawa4, Mitsuhito Wada5,
Tadaaki Mashimo6,7, Yoshifumi Fukunishi6, Tohru Mizushima2* & Mitsuko Takenaga

1

The adenosine A2B receptor is a critical protein in intestinal water secretion. In the present study, we
screened compound libraries to identify inhibitors of the A2B receptor and evaluated their effect on
adenosine-induced intestinal fluid secretion. The screening identified the dihydropyridine calcium
antagonists nifedipine and nisoldipine. Their respective affinities for the A2B receptor (Ki value) were 886
and 1,399 nM. Nifedipine and nisoldipine, but not amlodipine or nitrendipine, inhibited both calcium
mobilization and adenosine-induced cAMP accumulation in cell lines. Moreover, adenosine injection
into the lumen significantly increased fluid volume in the colonic loop of wild-type mice but not A2B
receptor-deficient mice. PSB-1115, a selective A2B receptor antagonist, and nifedipine prevented
elevated adenosine-stimulated fluid secretion in mice. Our results may provide useful insights into
the structure–activity relationship of dihydropyridines for A2B receptor. As colonic fluid secretion by
adenosine seems to rely predominantly on the A2B receptor, nifedipine could be a therapeutic candidate
for diarrhoea-related diseases.
Adenosine is an important mediator of multiple functions, such as intestinal secretion, contraction, inflammation, and sensation in the gastrointestinal tract1–3. Among adenosine receptors, the A2B receptor is highly
expressed in the colon and has critical roles in pathological conditions4. In general, adenosine levels and A2B
receptor expression are low under normal conditions, but increase in response to ischemia, inflammation, and
tissue injuries. The activated A2B receptor stimulates intestinal water secretion and sensation or modulates inflammatory response and colonic motility5,6. As a result, it is associated with the development of gastrointestinal diseases, such as irritable bowel syndrome (IBS), secretary diarrhoea, and inflammatory bowel disease7,8. Therefore,
this receptor has attracted substantial attention as a therapeutic target. Although pharmacological and molecular
tools, including genetically modified mouse models, have revealed multiple functions of the A2B receptor, such
as immunomodulation, relaxation of smooth muscle, and intestinal secretion5,9, our understanding of its biology
remains unclear.
Diarrhoea is caused by bacterial and viral infections, inflammatory processes, drugs, genetic disorders, and
abnormal intestinal secretion or electrolyte absorption10,11. However, the pathophysiology of diarrhoea is not fully
understood. Chloride secretion into the lumen following activation of the cystic fibrosis transmembrane conductance regulator (CFTR) channel in intestinal epithelial cells plays a crucial role in secretory diarrhoea1,12. Several
studies suggest that A2B receptor activation causes fluid secretion into the lumen. In vitro studies using colonic
epithelial cells have demonstrated that adenosine increases luminal water volume through apical or basolateral
1
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Figure 1. Summary of the compounds. ‘Ki (A2B)’ values are the [3H]-DPCPX binding assay results and
‘cAMP’ values are the adenosine-induced cAMP assay results. Pharmacophore analysis of the compounds was
performed. Green, blue, and orange circles represent the hydrogen donor site binding His2807.43, a hydrogen
donor with side-chain binding to Tyr101.35, and the common –OCH3 group close to Ser2797.42, respectively.
Green cross ‘X’ represents the mismatch between the ligand NO2 group and the pharmacophore. #, the values of
BAY60-6583 were adopted from van der Hoeven et al.44.

A2B receptors13,14. Although both cAMP activation via Gs proteins and the intracellular calcium pathway contribute to chloride or water secretion in epithelial cells, chloride release is most likely due to cAMP elevation following A2B receptor activation1,15. A recent report has shown that A2B receptor-mediated direct activation of the
CFTR channel is associated with water secretion in epithelial cells12. Nevertheless, evidence that the A2B receptor
modulates fluid secretion has remained limited, in part because of a lack of appropriate pharmacological agents
or genetically modified mice.
Recently, we reported that blockade of the A2B receptor could be beneficial for diarrhoea-predominant IBS8.
Inhibition of the receptor by pharmacological agents ameliorated colonic hypersensitivity and stress-induced
defecation in rodent models of IBS. In the present study, we screened a library of approved medicinal compounds
for candidate drugs that could suppress adenosine A2B receptor activation. We also determined the role of various
adenosine receptor subtypes involved in colonic fluid secretion induced by luminal adenosine and examined the
effect of the candidate drug on fluid secretion in mice.

Results

Identification of nifedipine through screening for adenosine A2B receptor binding compounds.

Screening of a compound library identified 12 candidate drugs with binding affinity for the A2B receptor
(Supplementary Table 1). Of these, three were already known, four had a xanthine-like structure, and two were
dihydropyridine calcium channel blockers. We focused on the latter, nifedipine and nisoldipine, because dihydropyridine is similar to the structure of BAY60-6583, a known adenosine A2B receptor agonist (Fig. 1). Nifedipine
inhibited [3H]-DPCPX binding to the A2B receptor membrane in a dose-dependent manner and its Ki value
was 886 ± 514 nM (Fig. 2a). We also examined the binding activity of other dihydropyridine calcium channel
blockers and Fig. 1 summarizes the results. Nisoldipine but not nitrendipine and nilvadipine significantly suppressed [3H]-DPCPX binding, whereas isradipine and amlodipine exhibited only weak binding to the A2B receptor (Fig. 2a). The Ki values of nisoldipine and isradipine were 1.40 ± 0.46 µM and 11.47 ± 4.39 µM, respectively.
We confirmed the effect of nifedipine on adenosine-induced calcium mobilization in CHO cells stably expressing
the A2B receptor. Dose-dependent calcium mobilization by adenosine was observed, with fluorescence being
nearly maximal with 10 µM of adenosine (data not shown). As shown in Fig. 2b,c, adenosine caused immediate
calcium mobilization while nifedipine dose-dependently blocked it but did not stimulate it. Nisoldipine had a
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Figure 2. Binding affinity of dihydropyridine calcium blockers for the A2B receptor and effect on calcium
mobilization. (a) Curves generated from competition displacement experiments in HEK293 cells expressing
human adenosine A2B receptor in the presence of [3H]-DPCPX and various calcium antagonists (nifedipine,
nisoldipine, amlodipine, isradipine, nitrendipine, and nilvadipine). Data represent the average of three
independent experiments. (b) Calcium mobilization assay in CHO cells stably expressing both human
adenosine A2B receptor and Gα15 protein and incubated with various concentrations of nifedipine. Cells
were stimulated by injection with 1 µM adenosine (Ado) solution or HBSS. Calcium mobilization (∆F/F) was
calculated based on fluorescence intensity readings. (c) Calcium mobilization assay in the presence of various
concentrations of nisoldipine, amlodipine, and nitrendipine. All data are expressed as mean ± SEM. [3H]DPCPX, 8-cyclopentyl-1,3-dipropylxanthine, [dipropyl-2,3-3H(N)].
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similar effect, whereas amlodipine and nitrendipine did not. The IC50 values of nifedipine and nisoldipine were
42.4 µM and 34.0 µM, respectively.

Effect of dihydropyridine calcium blockers on adenosine-induced cAMP production in intestinal epithelial cells. Next, we examined the effect of nifedipine on intracellular cAMP levels in colonic

epithelial T84 cells. Fluid secretion and dominant A2B receptor expression have already been reported in this
cell line13. First, we characterized the cells’ cAMP response to adenosine agonists. Adenosine or BAY60-6583 (a
specific A2B receptor agonist) induced cAMP accumulation in a significant dose-dependent manner, whereas a
selective A2B antagonist, PSB-1115, suppressed adenosine-produced cAMP elevation (IC50 = 84.0 nM) (Fig. 3a,b).
Pharmacological analysis using specific agonists showed that CPA (A 1 receptor) increased cAMP levels in T84
cells and both BAY60-6583 (A2B receptor) and IB-MECA (A3 receptor) induced modest stimulation, whereas
CGS21680 (A2A receptor) had only a minor effect (Fig. 3b). cAMP elevation by CPA, CGS21680, and IB-MECA
was completely blocked by PSB-1115 (Fig. 3c), suggesting that the observed effect was mediated by their
non-specific binding to the A2B receptor. Thus, cAMP accumulation induced by adenosine in T84 cells likely
involves the A2B receptor.
We then examined the effect of dihydropyridine calcium blockers on cAMP response in T84 cells. In the
absence of adenosine, both nifedipine and nisoldipine slightly decreased intracellular cAMP levels, nitrendipine
caused an increase, and amlodipine had no significant effect (Fig. 4a). In addition, nifedipine dose-dependently
inhibited cAMP accumulation (Fig. 4b) induced by either adenosine (IC 50 = 10.8 µM) or BAY60-6583
(IC50 = 21.5 µM). Nisoldipine, but not amlodipine or nitrendipine, exhibited similar dose-dependent inhibition
of adenosine-induced cAMP levels (IC50 = 8.7 µM) (Fig. 4c). The results are summarized in Fig. 1. To determine
whether nifedipine decreases intracellular cAMP levels independent of its A2B receptor blockade, we examined
the effect of nifedipine on an adenylate cyclase activator, forskolin, which induced increases in cAMP levels. We
observed no influence by nifedipine on elevated cAMP by the compounds, suggesting that adenosine-stimulated
cAMP elevation is dependent on the A2B receptor (data not shown).

Effect of nifedipine on adenosine-induced colonic fluid secretion in mice. Finally, we investigated
whether the A2B receptor stimulated intestinal fluid secretion and whether nifedipine suppressed it in vivo. First,
we characterized fluid secretion induced by luminal adenosine in C57BL/6 mice. As shown in Fig. 5a, adenosine
injection into the colonic lumen increased fluid content in a dose-dependent manner. Analysis of subtype-specific
agonists revealed that only the adenosine A2B receptor agonist BAY60-6583 significantly increased luminal fluid
content (Fig. 5b). Confirming this point, increased fluid production by luminal adenosine was absent from A 2B
receptor-knockout mice (Fig. 5c). These results suggest that stimulation of fluid secretion by luminal adenosine is
dependent on the A2B receptor, and it was suppressed by nifedipine and PSB-1115 (Fig. 5d).

Discussion

Increased intestinal fluid secretion plays an important role in diarrhoea-related diseases such as IBS, and
infection- or drug-induced diarrhoea10,11. Several studies have reported an association between adenosine A2B
receptor and intestinal fluid secretion. Inhibition of the A2B receptor has been shown to be effective against IBS
with diarrhoea in rodents8. To identify candidate A2B receptor inhibitors, we screened a library of medicines in
clinical use. As their pharmacokinetics, pharmacodynamics, metabolism, tolerability, and toxicity are already
known in humans, they can be relatively easily included in a pilot study16. Using a competitive binding assay, we
identified four drugs with xanthine-like structures and three known A2B receptor binding compounds, including
aminophylline, confirming the specificity of the screening (Supplementary Table 1). Considering that A2B receptor antagonists without a xanthine backbone had not been reported previously, we focused on two dihydropyridine calcium antagonists, nifedipine and nisoldipine, whose structure is similar to BAY60-6583, a selective A2B
receptor agonist (Fig. 1). The inhibitory action of nifedipine and nisoldipine could reveal important structure–
activity information.
Unlike other calcium antagonists (e.g., nitrendipine, amlodipine, nilvadipine, and isradipine), nifedipine and
nisoldipine exhibited significant binding affinity for the A2B receptor. This property may be explained by the
presence of an ortho-nitric oxide substitute on the benzene ring of nifedipine and nisoldipine that is absent from
other compounds (Fig. 1). This nitric oxide group might be critical in preventing the binding of adenosine to the
A2B receptor. To confirm the competition assay results, we performed a calcium mobilization test in CHO cells
stably expressing the A2B receptor. Both nifedipine and nisoldipine inhibited but did not stimulate this calcium
response, with the former exhibiting a stronger inhibitory action, in line with the competitive binding assay
results. This result also suggested that both calcium blockers have antagonistic activity for A2B receptor.
As a mechanism of colonic fluid secretion by A2B receptor activation, intracellular cAMP elevation by Gs
protein and mobilisation of intracellular calcium by Gq protein have been suggested1. Nichols et al. recently
reported that cAMP elevation but not calcium mobilisation mediated by Gq-protein in T84 colonic epithelial cells
predominantly contributes to secretary activity into the lumen through CFTR channel activation17. Therefore,
we confirmed the antagonistic activities of nifedipine and nisoldipine on adenosine- or BAY60-6583-dependent
activation in T84 cells using a cAMP accumulation assay. Again, amlodipine and nitrendipine showed no effect,
consistent with the calcium assay results. We also determined a weak inhibition of intracellular cAMP levels by
nifedipine and nisoldipine in the absence of adenosine stimulation. Amlodipine and nitrendipine did not inhibit
adenosine-induced cAMP levels and showed a weak increase in cAMP without adenosine stimulation.
While the expression profiles of adenosine receptors and intestinal fluid secretion have been extensively characterized in T84 cells18, responsiveness to specific agonists for each adenosine receptor has not been examined.
Here, we investigated the cAMP response to activation of each adenosine receptor. We speculated that cAMP
production by adenosine receptor agonists originated predominantly from A2B receptor activation in the cells. In
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Figure 3. Responsiveness of cAMP production to adenosine receptor agonists in T84 cells. (a) Intracellular
cAMP levels in confluent epithelial T84 cells incubated with various concentrations of either adenosine (Ado)
or the selective A2B receptor antagonist PSB-1115 for 15 min. (b) Intracellular cAMP levels in confluent T84 cells
incubated with various concentrations of the selective receptor agonists CPA (A1R), CGS21680 (A2AR), BAY606583 (A2BR), or IB-MECA (A3R). (c) Intracellular cAMP levels in confluent T84 cells incubated with various
concentrations of selective receptor agonists (100 μM) and the A2B receptor antagonist PSB-1115 (100 nM). All
data are expressed as mean ± SEM.

Fig. 3b, CPA, CGS21680, and IB-MECA caused cAMP elevation at a concentration of nearly 100 µM. However,
we consider that these results are derived from non-specific A2B receptor binding of these agonists, because the Ki
values of CPA, CGS21680, and IB-MECA for A2B receptors are 18,600 nM,>10,000 nM, and 11,000 nM, respectively19. In addition, elevated intracellular cAMP levels by these agonists were blocked by a selective A2B antagonist, PSB-1115 (Fig. 3c). Furthermore, a previous study showed low or undetectable expression of A1 and A3
receptors in T84 cells18. Thus, adenosine- or BAY60-6583-induced cAMP accumulation may be predominantly
mediated by A2B receptor. Although we do not evaluate this in normal intestinal epithelial cells and cannot fully
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Figure 4. Effect of calcium blockers on adenosine-induced cAMP accumulation in T84 cells. (a) Intracellular
cAMP levels in confluent T84 cells incubated with various concentrations of nifedipine, nisoldipine,
amlodipine, or nitrendipine. (b) Intracellular cAMP levels in the presence of varying concentrations of
adenosine (0–100 μM) or 10 µM BAY60-6583 for 15 min. (c) Intracellular cAMP levels in the presence of 100 µM
adenosine (Ado) and various concentrations of nisoldipine, amlodipine, or nitrendipine. All data are expressed
as mean ± SEM.

exclude the association with A2A receptor, activation of A2B receptor by binding of extracellular adenosine might
cause an increase in intracellular cAMP levels through Gs protein, followed by CFTR channel activation in intestinal epithelial cells, leading to fluid secretion.
Moreover, we observed that both adenosine- and BAY60-6583-stimulated cAMP increases were blocked by
nifedipine. The latter may bind to an active site shared by both agonists. Site-directed mutagenesis suggests that
Phe1732.52 and Trp2476.48 on the A2B receptor are important for BAY60-6583 and adenosine binding20,21. The
present docking study supported the above mutagenesis analysis. Namely, our docking model shows that these
amino acid residues can form ionic interactions with nifedipine (Fig. 6). Therefore, Phe1732.52 and Trp2476.48 may
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Figure 5. Involvement of adenosine A2B receptor and effectiveness of nifedipine in colonic fluid secretion in
mice. (a) Representative image of colonic loop treated with vehicle (saline containing 2.5% DMSO) or 1 mM
adenosine (Ado), and colonic fluid volume following injection of various doses of adenosine. (b) Effect of
the selective adenosine receptor agonists CPA (A1R), CGS21680 (A2AR), BAY60-6583 (A2BR), and IB-MECA
(A3R) on colonic fluid volume in C57/BL6 mice. (c) Adenosine-induced colonic fluid secretion in C57/BL6
and A2B receptor-deficient mice. (d) Effect of nifedipine or PSB-1115 on adenosine (1 mM)-induced colonic
fluid secretion in mice. All data are expressed as mean ± SEM. *P < 0.05 or **P < 0.01 (vs. vehicle). #P < 0.05 or
##
P < 0.01 (vs Ado in wild-type).
be required for the interaction between nifedipine and the A2B receptor. The present docking study also suggested
the pharmacophore model. Figure 1 shows the pharmacophore analysis of the calcium antagonists based on the
present assay results. The NO group should be essential in the A2B binding and bind the NH of His2807.43. The
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Figure 6. Docking model of the interaction between human adenosine A2B receptor and nifedipine. Nifedipine
is shown as a stick model, with carbon coloured in yellow, nitrogen in blue, hydrogen in white, and oxygen in
red. Broken lines connecting Tyr101.35, Ala642.61, His2807.42, and Ser2797.42 represent possible hydrogen bonds
(or CH…O interactions) with nifedipine. The distances of nifedipine from Tyr101.35, Ala642.61, Phe173ECL2.52,
His2807.42, and Ser2797.42 were calculated to be 3.38 Å, 3.42 Å, 3.35 Å, 2.86 Å, and 3.54 Å, respectively, without
taking account of hydrogens. The dihydropyridine of nifedipine can form a π–π stacking interaction with
Phe173ECL2.52.
ester parts indicated by the blue circles are common structures binding the OH group of Tyr10 1.35and the variation of the side chains suggests that these parts should locate toward the outside of the A2B receptor. The –OCH3
groups are common structures among these compounds, and are located towards the inside of the receptor, with
no additional space. The pharmacophore analysis of the assay results and the docking results are consistent with
each other.
Finally, we sought to confirm the in vitro results by examining the effect of nifedipine on luminal
adenosine-induced intestinal fluid secretion in mice. Specifically, we investigated the effect of adenosine receptor
agonists on fluid secretion in the colon. Only BAY60-6583, an A2B receptor agonist, significantly increased intestinal fluid content (Fig. 5b). This finding was confirmed using A2B receptor-deficient mice. These results agreed
with those for cAMP accumulation in T84 cells. To our knowledge, this is the first evidence that the colonic A2B
receptor is predominantly involved in water secretion into the lumen. We confirmed that adenosine-induced
increases in fluid contents were blocked by the selective A2B antagonist PSB-1115 as well as nifedipine, suggesting that the latter’s inhibitory action relied on blocking the A2B receptor. However, A2B receptor in the colon is
also expressed in various cell types, such as enteric neurons, vascular cells, and mast cells18, which can indirectly
contribute to water secretion in vivo. Thus, we need to examine this possibility using epithelial cell-specific A2B
receptor-deficient mice in our next study. The dose required to inhibit fluid secretion by adenosine was higher for
nifedipine than PSB-1115. This is supported by the fact that the affinity of nifedipine for the receptor was lower
than that of PSB-1115. However, nifedipine possesses antagonistic calcium activity at a nanomolar level22, which
may also contribute to the suppression of fluid secretion, a possibility we could not exclude.
Nifedipine is commonly used in medication. In general, anti-diarrhoea drugs can cause constipation in
humans. Nifedipine treatment also seems to be associated with constipation23. According to adverse events from
prescribing information, constipation in nifedipine users has been reported approximately 1% of patients (versus
0% in placebo). Previous reports have showed that nifedipine slows small intestinal transit or suppresses colonic
motility in humans24,25. Although these results suggest the potential of nifedipine as an anti-diarrhoea agent, its
A2B receptor antagonistic activity for intestinal epithelial cells as well as its calcium inhibitory activity in intestinal
smooth muscle cells can contribute to the effects.
Our study has also some limitations. First, we did not assess the binding affinity of other adenosine receptor
subtypes. We have recently conducted preliminary experiments to determine whether nifedipine binds to A1 and
A2A receptors. We have found a weak affinity of nifedipine for both receptors (the Ki values of A1 and A2A receptors were 4.3 µM and 4.1 µM, respectively). Thus, we could not fully exclude the involvement of other receptor
subtypes in the present study. Although our pharmacological studies using selective agonists indicate the specific involvement of the A2B receptor, experiments using genetically modified cells (e.g., A2B receptor-knockout
T84 cells) or mice (e.g., epithelial cell-specific A2B receptor-deficient mice) could be beneficial in future studies.
Second, future studies should investigate normal intestinal cell lines, as their receptor expression profiles and
responsiveness to adenosine may be different from those of cancer cells. In addition, other types of fluid secretion
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assays such as the Ussing chamber assay and 2D or 3D secretion assays are necessary to validate our idea. Third,
in the present study we did not determine the influence of nifedipine or PSB-1115 on luminal fluid contents in
the absence of adenosine treatment. Because A2B receptor can be mainly activated by extracellular adenosine in
pathophysiological conditions, we focused on these conditions in this study. However, it is important to investigate whether nifedipine or PSB-1115 affect fluid secretory activity in normal conditions or modulate absorption
processes in luminal fluid dynamics, as fluid absorption from epithelial cells occurs before secretion. Here, we
observed colonic fluid contents 2 h after adenosine injection. Thus, we could not exclude the possibility that adenosine A2B receptor suppresses absorption.
In summary, the identification of nifedipine, an already approved drug, as an inhibitor of the A2B receptor
could facilitate its application in clinical trials as a therapeutic candidate for diarrhoea-related diseases. Moreover,
modelling of its interaction with the receptor’s active site could drive the design of specific modifications that
ameliorate its function.

Methods

Chemicals. Nifedipine, nisoldipine, nitrendipine, nilvadipine, and isradipine were obtained from Tokyo
Chemical Industry (Tokyo, Japan) and Wako Pure Chemical Industries (Osaka, Japan). PSB-1115 was purchased from Santa Cruz Biotechnology. Amlodipine besylate (amlodipine), adenosine deaminase (ADA), N6cyclopentyladenosine (CPA), forskolin, and adenosine were purchased from Sigma (St. Louis, MO). CGS21680,
IB-MECA, and EHNA hydrochloride (EHNA) were obtained from Abcam (Cambridge, UK). BAY60-6583 was
purchased from Tocris Bioscience (Bristol, UK). The compound library consisting of 1,241 existing medicines
was a kind gift from LTT Bio-Pharma Co., Ltd (Tokyo, Japan).
Animals. Male C57/BL6N mice (9–12 weeks old, 22–28 g) and male adenosine A2B receptor (A2BAR)-deficient
mice were purchased from Charles River Laboratories Japan and Deltagen Inc26, respectively. Animals were
housed in controlled temperature (22–24 °C) and light (12-h light/12-h dark cycle) conditions for more than
4 days before experiments. The heterozygous mice were backcrossed to C57BL/6 N strain mice for four generations to generate congenic C57BL/6 N strain ADORA2B gene mutant mice. Crossbreeding of C57BL/6 N strain
ADORA2B mutant heterozygous mice generated the same background strain as wild-type (WT) or ADORA2B
gene knockout homozygous mice. We have confirmed that both WT and C57BL/6 N mice showed similar colonic
fluid secretion in normal conditions. The phenotypic properties of the genetically modified mice have also been
characterized in previous studies27–29. All animal studies were performed in accordance with the ARRIVE 30,31
and National Institutes of Health guidelines, and were approved by the Animal Care Committees of St. Marianna
University (approval numbers: TG180529-5 and 1804015).
Competitive receptor binding assay.

The ligand binding assay was performed using 8-cyclopentyl-1,3dipropylxanthine,[dipropyl-2,3-3H(N)] ([3H]-DPCPX). Membrane fractions (20 µg) prepared from human
embryonic kidney (HEK) 293 cells expressing human adenosine A 2B receptor (Perkin-Elmer) were incubated
with 30.5 nM [3H]-DPCPX, test drugs, and assay buffer (50 mM HEPES pH 7.4, 5 mM MgCl2, 1 mM EDTA) in
a 96-well microplate at room temperature for 1 h. A range of concentrations (3 nM to 100 µM) for each compound was tested in triplicate to generate competition curves. The samples were passed through a GF/C filter
(Perkin-Elmer) pre-soaked for 1 h with 0.5% BSA and washed four times with wash buffer (5 mM HEPES pH
7.4, 5 mM MgCl2, 1 mM EDTA, 0.25% BSA). Filters were then dried for 30 min before attachment to a MeltiLex
A (Perkin-Elmer). The radioactivity remaining on the filter was monitored with a MicroBeta Trilux microplate
scintillation counter (Perkin-Elmer). Inhibitory binding constant (Ki) values were determined from IC50 and KD
values according to the Cheng & Prusoff equation32. Ki and IC50 values were calculated by non-linear regression
analysis using the equation for a sigmoid concentration-response curve (Graph-PAD Prism). The K D value for
[3H]-DPCPX binding to A2BR was determined by saturation assay (KD = 10.9 nM). Non-specific binding was
examined in the presence of PSB-1115 (10 µM). All experiments were performed in triplicate. Data were normalized to the results of each compound at 3 nM. The data represent the average of the values from at least three
independent experiments.
Test drugs or control drugs (aminophylline, CGS21680, BAY60-6583, PSB-1115, NECA) (approximately
10 µM) were screened using 96-well microplates, each of which included a non-specific binding control (without [3H]-DPCPX), buffer control (without drug), and aminophylline and PSB-1115 as positive controls. Before
drug screening, we confirmed that the Ki values of the positive control drugs were similar to those in previous
reports and that a selective A2A agonist, CGS21680, had no affinity for the A2B receptor membrane. Each plate was
normalized to the buffer control. From the screening, we selected drugs with higher affinity than aminophylline.
Then, these candidates were tested at three different concentrations (0.1–10 µM) in triplicate. Finally, we identified 12 candidates that had equivalent binding affinity to aminophylline.

®

Calcium mobilization assay. Calcium mobilization was assayed using the FRIPR calcium-6 assay kit
(Molecular Devices) according to the manufacturer’s instructions. Chinese hamster ovary (CHO) cells stably expressing both human adenosine A2B receptor and Gα15 protein (GeneScript) were seeded in a 96-well
microplate (poly-D-lysine-coated black plate) at a density of 3×104 cells/well with 100 µL Ham’s F12 containing
heat-inactivated 10% FBS, 1% penicillin/streptomycin (Gibco), 400 µg/mL G418, and 100 µg/mL hygromycin.
Cells were incubated for 24 h at 37 °C in 5% CO2. After that, 100 μL loading buffer containing 2.5 mM probenecid
was added to each well, and incubation proceeded for another 2 h. A 20-μL test drug solution was added to the
appropriate wells and the plates were kept at room temperature for 10 min. Cells were stimulated by the addition
of 20 µL 1 µM adenosine solution or Hank’s balanced salt solution (HBSS) with an injector. Fluorescence intensity
(F) was measured by a TECAN plate reader (excitation 485 nm; emission 525 nm; 80 cycles; single detection).
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Serial concentrations of test drugs dissolved in DMSO were prepared with HBSS (3 to 100 µM). Calcium mobilization (∆F/F) was calculated as follows: ∆F/F = [(maximum F value after adenosine treatment) – (maximum F
value before adenosine treatment)] / (maximum F value before adenosine treatment). As these cells overexpress
not only the A2B receptor but also the Gα15 protein, this cell line was suitable for the evaluation of A2B receptor
binding activity.

cAMP accumulation assay. Colonic epithelial T84 cells (CCL-248; ATCC) were plated into a 24-well
microplate at a density of 2×105 cells/well with 500 μL DMEM/Ham’s F12 (1:1 mixture) supplemented with 5%
FBS and 1% penicillin/streptomycin. Cells were incubated for approximately 7 days at 37 °C in 5% CO2 until
confluent. During preculture, the medium was changed twice a week. Confluent cells were washed with 300 μL
HBSS containing 1 unit/mL adenosine deaminase (ADA) before further incubation for 2 h with HBSS without
ADA. After that, cells were preincubated with 100 μL 50 µM rolipram for 15 min, and then with 100 μL adenosine
receptor agonist and calcium blockers for another 15 min. During adenosine stimulation, ADA inhibitor EHNA
(50 µM) was added with rolipram to avoid adenosine degradation. T84 cells were washed with HBSS and lysed
with 250 μL 0.1 N HCl at room temperature for 20 min. Intracellular cAMP levels were determined by an enzymatic cAMP assay kit from Cayman Chemical Company (Ann Arbor, MI) according to the instruction manual.
Assessment of colonic fluid secretion and absorption. To determine the intestinal luminal fluid vol-

ume, a mouse intestinal loop model was used as described previously with some modifications 2. Mice fasted
for 18 h were anesthetized with 2% isoflurane. The intestinal tract was exposed using a 1-cm middle incision.
The colon was ligated with silk approximately 1 cm distal to the caecal–colon junction. Then 100 μL drug solution or vehicle (saline containing 2.5% DMSO) was injected from the ligated point into the colonic lumen.
Immediately, one loop of approximately 2 cm was prepared by ligating the colon around 3 cm distal to the caecal–colon junction. The tract was returned to the peritoneal cavity, and the abdominal incision was closed with
sutures. Mice were allowed to recover from the anaesthesia. After 2 h, the colonic loop was removed, and its
length and weight (including intraluminal contents) were measured. Then, the loop was opened and wiped to
remove residual contents. The volume of residual intraluminal fluid was calculated as follows: Residual fluid volume (μL/cm) = [(isolated loop weight with intraluminal contents) – (isolated loop weight without intraluminal
contents)] / loop length. Finally, data were normalized to 100% vehicle. Control mice were treated with saline
containing 2.5% DMSO (vehicle) alone. For assessment of the inhibitory activity of nifedipine or PSB-1115 on
adenosine-produced colonic water secretion, a 1 mM adenosine solution was used.

Homology modelling. As no experimental structures of A2B were available at the time, homology-based
models were built for A2B. These were based on a crystal structure of the closely related A2A, which has 55%
sequence identity to A2B in the transmembrane region. The crystal structure of A2A (PDB entry 5N2R33); complexed with an antagonist (PSB36) served as a structural template. The sequence of human A 2B (UniProt entry
P29275) was aligned to that of the A2A crystal structure using MATRAS34 Subsequently, the alignment in the
second extracellular loop (ECL2) was manually edited (Supplementary Fig. 1). The C-terminus was excluded from
the model because the coordinates were missing in the template. The cytochrome b562RIL fused between TM5 and
TM6 was replaced with the corresponding wild-type amino acid sequence (QLRTELMD) of A2B. According to a
mutagenesis study of the four cysteine residues in the ECL2, the C17145.50S mutant lost its capacity for high-affinity
binding to the A2B antagonist, whereas cysteine-to-serine mutants in the other three positions behaved like the
wild-type receptor35. Therefore, we considered only the C783.25–C17145.50 disulphide bond, which is highly conserved in class A G protein-coupled receptors. The antagonist PSB36 was incorporated and placed in the same
position as in the A2A crystal structure. All modelling procedures were performed using Modeller v9.1336.
Docking simulation.

The crystal structures of nifedipine found in the Crystallography Open Database37
were computationally docked into the A2B model using the sievgene/myPresto docking engine38 implemented
in MolDesk ver. 1.139. The partial charge was derived by quantum chemical calculations using Gaussian0340 at
the HF/6-31 G* level followed by RESP fitting41. The AMBER99 force field parameters42 were applied to A2B. All
acidic residues (Asp and Glu) and all basic residues (Lys and Arg) were set to be negatively and positively charged,
respectively. The His2807.43 residue was assumed to be positively charged whereas all other His residues were set
to be neutrally charged and protonated at the δ-nitrogen atom. The binding pocket of A2B was specified as a collection of probe points, which were located as the heavy atoms of PSB36 modelled with A 2B. Flexible docking was
performed by twisting the rotatable bonds of nifedipine, while the coordinates of the A2B model remained fixed.
The plausibility of docking was evaluated by the scores of the docking program. The best pose giving the highest
score is shown in Fig. 6.

Statistical analysis. Data and statistical analysis were compiled using recommendations on experimental
design and analysis in pharmacology43. Values obtained from animal experiments were derived from at least two
independent experiments. All data are expressed as mean ± standard error of the mean (SEM). For the assessment
of colonic fluid secretion, normalization was performed after collection of all data. Statistical analyses were performed using SPSS 24.0 software (IBM). One- or two-way ANOVA followed by Dunnett’s test or Tukey’s test were
used to evaluate differences between more than two groups. Differences were considered significant at P < 0.05.
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Background: Tumor necrosis factor (TNF)-a is suggested to induce epithelial-mesenchymal transformation (EMT) of renal tubular epithelial cells that possibly exacerbates renal interstitial ﬁbrosis in
glomerulonephritis (GN). We here investigated whether layilin (LAYN), a c-type lectin-homologous
protein, was involved in the EMT process.
Methods: Expression of LAYN was investigated in kidneys of mice administered with TNF-a and in a clear
cell renal carcinoma cell line of KMRC-1 stimulated with TNF-a by quantitative polymerase chain reaction (qPCR) and/or western blotting. Expression of LAYN was assessed immunohistochemically in renal
biopsy samples of patients with various types of GN. Changes of EMT markers and cell morphology by
TNF-a and transforming growth factor (TGF)-b in LAYN-knocked down KMRC-1 cells were investigated
by qPCR and immunocytochemistry.
Results: Administration of TNF-a increased expression of LAYN in renal tubular epithelia in mice. TNF-a
but not TGF-b increased expression of LAYN in KMRC-1 cells. Renal biopsy samples from the patients
with GN showed high expression of LAYN in tubular epithelial cells. TNF-a induced up-regulation of
vimentin, down-regulation of E-cadherin, and ﬁbroblast-like morphological change in KMRC-1 cells,
indicating occurrence of EMT. These changes were not observed in the LAYN-knocked down cells. In
contrast, similarly occurred TGF-b-induced EMT was not affected by the LAYN knockdown.
Conclusion: Our data indicate that LAYN is involved in the TNF-a-induced EMT of renal tubular epithelial
cells. LAYN may play roles in the generation of renal interstitial ﬁbrosis in GN via TNF-a-induced EMT.
© 2015 Elsevier Inc. All rights reserved.
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1. Introduction
Glomerulonephritis (GN) is one of the major causes of chronic
renal failure. Although pathological mechanisms for the onset and
progression of GN have not been fully understood, roles of cytokines such as tumor necrosis factor (TNF)-a have been suggested.
For example, high expression of TNF-a in patients with IgAN was

* Corresponding author. Clinical Proteomics and Molecular Medicine, St. Marianna
University Graduate School of Medicine, 2e16e1 Sugao, Miyamae, Kawasaki, Kanagawa, 216e8511, Japan.
E-mail address: t3kato@marianna-u.ac.jp (T. Kato).

reported [1]. TNF-a derived from mesangial cells has been reported
to stimulate renal tubular epithelia (RTE) cells to secrete TNF-a in
IgA nephropathy (IgAN) [2]. TNF-a derived from mesangial cells has
been reported to damage podcytes [3]. Increased renal production
of TNF-a has been reported in lupus nephritis (LN) and antineutrophil cytosol antibody (ANCA)-associated GN (AAGN) [4,5].
In GN, inﬂammation of glomeruli is the central phenomenon,
however, it has been suggested that decrease of glomerular ﬁltration
rates is promoted by RTE damages rather than glomerular damages
themselves [6]. Although mechanisms for the generation of RTE
damages have been poorly understood, epithelial-mesenchymal
transformation (EMT) is recently thought to be involved in the RTE
damages [7,8]. On the one hand, that lack of RTE cells by EMT would

http://dx.doi.org/10.1016/j.bbrc.2015.09.121
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cause damages of the renal tubular basement membrane [9,10].
On the other hand, proliferation of ﬁbroblastic cells by progression
of EMT would cause renal interstitial ﬁbrosis that hampers
glomerular functions [9,10]. In general, transforming growth factor
(TGF)-b is a well-known inducer of EMT in various cell types [11].
However, several studies indicate that TNF-a is an EMT inducer in GN
[12e15].
Layilin (LAYN) is a transmembrane protein with homology with
c-type lectin [16]. Studies on mice showed that LAYN was expressed
in various organs such as liver, heart, kidney, and spleen [16],
however, distribution of LAYN in human has not been fully investigated. LAYN has been reported as a receptor for hyaluronic acid
[17], but also reported to bind to cytoskeletal proteins such as talin
and merlin to regulate cell adhesion [18,19]. In fact, some studies
showed that LAYN was involved in the inﬁltration and metastasis of
cancer cells [20]. Largely, functions of LAYN remain to be fully
elucidated.
Recently, we reported that TNF-a increased expression of LAYN
in human chondrocytes [21]. Thereby we here hypothesize that
LAYN plays roles in the TNF-a-mediated EMT induction of RTE cells.
To test this hypothesis, we investigated whether TNF-a increased
renal expression of LAYN in mice and in a human clear cell renal
carcinoma cell line, whether renal expression of LAYN was
increased in patients with GN, and whether LAYN was involved in
TNF-a-induced EMT of the cell line.
2. Materials and methods
2.1. Clinical samples

2.3. Immunohistochemistry
Formalin-ﬁxed parafﬁn-embedded mouse and human kidney
samples, sectioned to be 2 mm-thick, were deparafﬁnized with
xylene. Then the mouse and human kidney sections, incubated at
121  C for 15 min and 93  C for 20 min respectively, were reacted
with goat anti-LAYN polyclonal antibodies (R&D, MN, USA) and
mouse anti-LAYN monoclonal (IgG1) antibodies (Santa Cruz
Biotechnology, TX, USA), respectively. As a negative control, normal
goat IgG and normal mouse IgG1 (DAKO cytomation, Glostrup,
Denmark) were used in place of the anti-LAYN antibodies, respectively. Horseradish peroxidase (HRP)-conjugated anti-goat and
anti-mouse immunoglobulin antibodies (ImmPRESS Reagent,
VECTOR LABORATORIES, INC., Burlingame, CA, USA) were used as
the 2nd antibodies, respectively. Bound 2nd antibodies were
detected by DAB þ Substrate Chromogen System (Dako). Nuclei of
the mouse kidney sections were stained by Mayer's hematoxylin
solution (Wako Pure Chemical Industries, Osaka, Japan).
2.4. Cell culture
A human clear cell renal carcinoma cell line of KMRC-1 was
obtained from Japanese Collection of Research Bioresources Cell
Bank (Osaka, Japan). KMRC-1 cells were cultured in Dulbecco's
modiﬁed Eagle's medium (DMEM, GIBCO, Carsbad, CA) supplemented with 10% fetal calf serum (FBS, Wako), 100 units/ml penicillin, and 100 mg/ml streptomycin (Sigma-Aldrich, St. Louis, MO,
USA). The cells were cultured at 37  C in 5% CO2.
2.5. Treatment of KMRC-1 cells with small interfering RNA (siRNA)

Renal needle biopsy samples were obtained from 4 patients
with IgAN of H-grade I (2 males and 2 females; mean age 26.8
years old [range 22e39]), 4 patients with IgAN of H-grade II (4
males; mean age 36.5 years old [range 16e59]), 4 patients with
IgAN of H-grade III (2 males and 2 females; mean age 48.8 years
old [range 35e67]), 4 patients with LN (1 male and 3 females;
mean age 38.8 years old [range 27e51]), 4 patients with AAGN (2
males and 2 females; mean age 67.8 years old [range 44e80]), and
4 donors of renal transplantation (0 h protocol biopsies) (4 males;
mean age 39.3 years old [range 30e51]). The diagnoses of IgAN,
LN, and AAGN were made by their respective criteria [22e24].
Histological lesions of the biopsy samples in the IgAN patients
were classiﬁed into H-grade IeIV, according to the reported
guideline [22].
Written informed consent was obtained from each of the patients and donors. This study protocol was approved by the ethics
committee of St. Marianna University School of Medicine. The study
was performed in compliance with the World Medical Association
Declaration of Helsinki.
2.2. Animal experiments
Six Slc:ICR mice were intraperitoneally injected with 20 mg of
human TNF-a (PROSPEC, Ness Ziona, Israel). Three Slc:ICR mice
were intraperitoneally injected with phosphate buffered saline
(PBS) as a negative control (non-treated, NT). After 48 h, 3 out of the
6 TNF-a-injected mice and the control mice were sacriﬁced (TNF-a
(1) and NT, respectively). The remaining 3 mice were again
intraperitoneally injected with 20 mg of human TNF-a (TNF-a (2)).
After 48 h, the TNF-a (2) mice was sacriﬁced. Kidneys of the mice
were subjected to western blotting and immunohistochemical
staining. The animal experiments were carried out in KAC, Co., Inc.
(Kyoto, Japan) in accordance with protocols reviewed and approved
by the animal care and use committee of KAC.

KMRC-1 cells were transfected with 200 pmol/f100 mm dish or
100 pmol/f35 mm dish of siRNA for human LAYN (nucleotides
462e486 (GGGAGGGACACAGAGGCCTTGTTAT) in NM_001258390.1,
Invitrogen, Carlsbad, CA, USA) using Lipofectamine RNAiMAX (Invitrogen). As a negative control, the cells were transfected with the
same doses of control siRNA (Stealth™ RNAi Negative Control Medium GC Duplex, Invitrogen). After 24 h, the KMRC-1 cells were
cultured in the starvation condition of DMEM supplemented with 1%
FBS, 100 units/ml penicillin, and 100 mg/ml streptomycin for 24 h.
The cells were treated with 10 ng/ml human TNF-a (PROSPEC) or
10 ng/ml human TGF-b (PEPROTECH, Rocky Hill, NJ, USA) for 24 h
and subjected to the following experiments.
2.6. Western blotting
Western blotting was performed as described previously [25].
The mouse kidneys, washed in PBS, were minced and homogenized
in a lysis buffer (20 mM Tris-HCl, 250 mM NaCl, 1% NP-40, 1 mM
dithiothreitol) including protease inhibitor cocktail (Roche, Basel,
Switzerland). KMRC-1 cells, washed in PBS, were sonicated in the
same lysis buffer. After centrifugation, collected supernatants were
used as protein samples. The protein samples were separated by
15% SDS-PAGE and transferred into nylon membranes. The membranes were reacted to the same antibodies as above. Bound antibodies were visualized using an enhanced chemiluminescence
detection system (GE healthcare, Buckinghamshire, UK).
2.7. RNA extraction, reverse transcription, and quantitative
polymerase chain reaction (qPCR)
Total RNA, puriﬁed from the KMRC-1 cells using RNeasy® (Qiagen, Venlo, the Netherlands), was converted to cDNA by High Capacity cDNA Reverse Transcription Kits® (Life Technologies,
Rockville, MD, USA), according to the manufacturer's instructions.

- 387 -

T. Adachi et al. / Biochemical and Biophysical Research Communications 467 (2015) 63e69

65

qPCR was performed by ABI Prism 7000 Sequence Detection
System (Applied Biosystems, Foster city, CA, USA). To measure
mRNA for LAYN and GAPDH, the mixture of 2 mg of cDNA, 300 nM
each of forward and reverse primers, and Power SYBR® Master Mix
(Applied Biosystems) was subjected to qPCR. Nucleotide sequences
of the primers are as follows: LAYN: 50 -CACAGCCTGCCAGGACCTTTA
and 50 -TGCACCGGTCATCATTCCA, and GAPDH: 50 -TGGTATGGTGGAAGGACTCA and 50 -ATGCCAGTGAGCTTCCCGTT. To measure
mRNA for vimentin and E-cadherin, the mixture of 2 mg of cDNA, 2
solutions of TaqMan® Gene Expression Assays (Hs00185584_m1
and Hs01023894_m1, respectively, Applied Biosystems), and TaqMan® Gene Expression Master Mix (Applied Biosystems) was
subjected to qPCR. The thermal cycle condition was as follows:
95  C for 10 min, followed by 40 cycles of 95  C for 15 s and 60  C for
60 s.
2.8. Immunocytochemistry
KMRC-1 cells cultured in 35 mm dishes (ASAHI GLASS, Tokyo,
Japan) were ﬁxed in PBS containing 4% paraformaldehyde. The
ﬁxed cells were reacted to Alexa 488-labeled phalloidin (Cytoskelton Inc., Denver, CO, USA) to detect F-actin and Alexa 488labeled anti-zona occludens (ZO)-1 antibodies (Abcam, Cambridge, UK) to detect ZO-1. Nuclei were stained with DAPI (Wako).
The bound Alexa 488 and DAPI were detected using a ﬂuorescence
microscope (BIOREVO (BZ-9000), KEYENCE, Jena, Germany). The
width and length of the cells were measured using BZ-II Analyzer
Ver. 1.42 (KEYENCE).
2.9. Statistical analysis
Statistical signiﬁcance was calculated by Student's t-test. A value
of p < 0.05 was considered to be statistically signiﬁcant.
3. Results
3.1. Renal expression of LAYN is up-regulated by TNF-a in vivo
First, to investigate effects of TNF-a on renal expression of LAYN
in vivo, we intraperitoneally administered TNF-a to mice once or
twice (TNF-a (1) and TNF-a (2), n ¼ 3 for each) as well as PBS once
as a negative control (NT, n ¼ 3). Then renal expression of LAYN was
analyzed by western blotting and immunohistochemistry. As a
result, we found that renal expression of LAYN was signiﬁcantly
increased in the TNF-a (2) mice (p ¼ 3.0  104, Fig. 1A), although
the increase was not obvious in the TNF-a (1) mice (Fig. 1A). In the
immunohistochemistry, high expression of LAYN in kidneys was
also demonstrated in the TNF-a (2) mice (Fig. 1B), where LAYN was
highly expressed in renal tubules and, to lesser extent, in mesangial
areas of glomeruli (Fig. 1B). These data indicate that TNF-a upregulates expression of LAYN mainly in renal tubules.

Fig. 1. Effects of TNF-a on LAYN expression in mouse kidneys. A: Kidney samples were
obtained from mice intraperitoneally injected with 20 mg TNF-a once (n ¼ 3, TNF-a
(1)) or twice (n ¼ 3, TNF-a (2)) and also from mice intraperitoneally injected with
PBS as a negative control (n ¼ 3, non-treated (NT)). Then proteins extracted from the
kidney samples were subjected to western blotting to detect LAYN (lower panel). Intensity of LAYN bands was measured with a densitometer. The average of the LAYN
intensity in the NT group was deﬁned as 1.0. Mean values with SD are shown (upper
panel). B: LAYN was immunohistochemically detected in mouse renal sections.
Representative results from the TNF-a (2) and NT groups are shown. As a negative
control, goat non-speciﬁc IgG was used in place of goat anti-LAYN antibodies. A black
bar indicates 100 mm.

consistent with the results from the mouse experiment as above
described. Taking these data together, TNF-a is likely involved in
the high expression of LAYN in patients with GN.
3.3. Suppression of LAYN inhibited TNF-a-induced change of EMT
markers

3.2. High expression of LAYN in kidneys of patients with GN
Next, we immunohistochemically investigated expression of
LAYN in kidney sections of patients with various types of GN.
Speciﬁcally, we prepared renal biopsy sections from patients with
IgAN of H grade (HG) IeIII (n ¼ 4 for each grade), LN (n ¼ 4), and
AAGN (n ¼ 4), and from kidney donors of renal transplantation as a
healthy control (HL, n ¼ 4). As a result, 18 out of the 20 GN patients
showed high expression of LAYN, compared to HL, although 2 out of
the 4 LN patients (LN-2 and -3) did not show high LAYN expression
(Fig. 2). LAYN was mainly expressed in renal tubules, cellular
crescents, and inﬁltrating inﬂammatory cells (Fig. 2) and, to lesser
extent, in mesangial areas of glomeruli. These data was largely in

We hypothesize that TNF-a causes EMT of RTE cells via LAYN. To
test this hypothesis, we ﬁrst investigated whether TNF-a increased
expression of LAYN using a clear cell renal carcinoma cell line of
KMRC-1 by western blotting. As a result, expression of LAYN was
signiﬁcantly increased by the treatment with TNF-a (p ¼ 0.011,
Fig. 3A). In contrast, expression of LAYN was signiﬁcantly decreased
by treatment with TGF-b (p ¼ 2.3  106, Fig. 3A). Next, we assessed
EMT markers in LAYN-knocked down KMRC-1 cells with or without
TNF-a treatment. By a preliminary experiment on the efﬁciency of
siRNA for LAYN, we conﬁrmed that LAYN mRNA was hardly
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Fig. 2. Renal expression of LAYN in patients with GN. LAYN was detected in renal sections from patients with IgAN (H-grade (HG) IeIII, n ¼ 4 for each grade), LN (n ¼ 4), and AAGN
(n ¼ 4) and from donors of renal transplantation (0 h protocol biopsies, Healthy, HL) using anti-LAYN antibodies. A black bar indicates 100 mm.

detected even in the TNF-a-treated condition (Fig. 3B). We then
evaluated effects of LAYN knockdown on the induction of EMT by
assessing mRNA for EMT markers of vimentin and E-cadherin. As a
result, mRNA levels of vimentin were signiﬁcantly increased by the
TNF-a treatment in the control cells (p ¼ 0.028), however, the TNFa mediated increase of vimentin mRNA was totally suppressed in
the LAYN-knocked down cells (Fig. 3C, left panel). On the other
hand, mRNA levels of vimentin were signiﬁcantly increased by the
treatment with TGF-b, regardless of whether LAYN was knocked
down or not (p ¼ 0.001 and p ¼ 0.001, respectively, Fig. 3C, right
panel). In the case of E-cadherin, the mRNA levels were signiﬁcantly decreased by the TNF-a treatment in the control cells
(p ¼ 0.014), however, such decrease was not observed in the LAYNknocked down cells (Fig. 3D, left panel). On the other hand, mRNA
levels of E-cadherin were not actually affected by the TGF-b

treatment, regardless of whether LAYN was knocked down or not
(Fig. 3D, right panel). These data indicate that LAYN is an essential
factor for TNF-a-induced EMT but not for TGF-b-induced EMT.
In addition, in KMRC-1 cells transfected with control siRNA,
mRNA levels of LAYN were signiﬁcantly increased by the treatment
with TNF-a (p ¼ 0.0064), whereas the levels tended to be decreased
by the treatment with TGF-b (Fig. 3B). This result was largely in
accordance with the changes of the LAYN protein levels as shown in
Fig. 3A.
3.4. Suppression of LAYN inhibited TNF-a-induced morphological
changes
Finally, we evaluated effects of the LAYN knockdown on
morphological changes of KMRC-1 cells by the treatment with TNF-
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Fig. 3. Effects of LAYN siRNA on the expression of EMT markers in KMRC-1 cells. A: KMRC-1 cells were cultured with or without 10 ng/ml TNF-a and TGF-b for 24 h (n ¼ 3). Then
LAYN was detected by western blotting (lower panel). Intensity of LAYN bands was measured by a densitometer. The average of the LAYN intensity in the NT samples was deﬁned as
1.0. BeD: KMRC-1 cells were transfected with control or LAYN siRNA. Then the cells were cultured with or without 10 ng/ml TNF-a and TGF-b for 24 h (n ¼ 3). Then, RNA extracted
from the cells was used for reverse-transcription and the subsequent quantitative real time-PCR to estimate amounts of mRNA for LAYN, vimentin, E-cadherin, and GAPDH. mRNA
levels of LAYN (B), vimentin (C), and E-cadherin (D) were corrected using those of GAPDH. In each panel, the average of the corrected mRNA levels in the NT samples transfected
with control siRNA was deﬁned as 1.0. Mean values with SD are shown.

a. As a result, in the F-actin staining, the control cells, which were
originally round in shape, changed to be ﬁbroblast-like in shape by
the TNF-a treatment, however, the LAYN-knocked down cells
remained rather round in shape against the TNF-a treatment
(Fig. 4A). On the other hand, the control cells appeared to become
partially dendritic in shape by the TGF-b treatment and this change
was suppressed by the knockdown of LAYN (Fig. 4A). We tried to

quantify the morphological changes of KMRC-1 cells by measuring
the length/width ratios of the cells. As a result, the change of
length/width ratios on average was signiﬁcantly increased by the
TNF-a treatment as well as by the TGF-b treatment (Fig. 4B, lower
left panel). Importantly, in the control cells, the average length/
width ratio increased to 2.1-folds (from 1.7 to 3.6) by the TNF-a
treatment, however, in the LAYN-knocked down cells, the ratio
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change was only 1.1-folds (from 1.5 to 1.6), as shown in Fig. 4Blower left panel. This data quantitatively demonstrate that LAYN is
an essential molecule for the TNF-a-induced EMT from the
morphological viewpoint. On the other hand, the changes of the
length/width ratios by the TGF-b treatment were very similar between the control and LAYN-knocked down cells (1.2-folds vs. 1.1folds, Fig. 4B, lower right panel). This indicates that TGF-b-induced
EMT does little needs LAYN.
Furthermore, we examined localization of ZO-1, a tight junction protein, which was known to move from periphery to cytosol
in cells by EMT [26]. As a result, in the control cells, ZO-1 was
found to move from periphery to cytosol of cells by the TNF-a
treatment, however, in the LAYN-knocked down cells, ZO-1
remained in periphery against the TNF-a treatment (Fig. 4C). On
the other hand, ZO-1 did not change its localization by the TGF-b
treatment, regardless of whether LAYN was knocked down or not
(Fig. 4C).
These morphological data largely support that LAYN is an
essential molecule for the TNF-a-induced EMT but not for the TGFb-induced EMT.

4. Discussion

Fig. 4. Effects of LAYN siRNA on morphology of KMRC-1 cells and ZO-1 localization. A:
KMRC-1 cells were transfected with control or LAYN siRNA. Then the cells were
cultured with or without 10 ng/ml TNF-a and TGF-b for 24 h (n ¼ 3). After ﬁxation, Factin was detected using Alexa 488-labeled phalloidin (green). Nuclei were stained
with DAPI (blue). A white bar indicates 100 mm. B: [Upper panels] KMRC-1 cells in the
Fig. 4A were observed in low-power ﬁelds. A white bar indicates 100 mm. Length and
width of all the cells in each of these 6 panels were measured using BZ-II Analyzer Ver.
1.42. [Middle and lower panels] The length/width ratios of the cells deﬁned as ‘length
(a)/width (b)’ were calculated. Mean values with SD are shown. C: Localization of ZO-1
in ﬁxed KMRC-1 cells was investigated using Alexa 488-labeled anti-ZO-1 antibodies
(green). Nuclei were stained with DAPI (blue). A white bar indicates 100 mm.

Our ﬁndings are summarized as follows: 1) TNF-a up-regulated
expression of LAYN in mouse kidneys and in KMRC-1 cells, 2) Renal
expression of LAYN in patients with GN were higher than that in
healthy donors, and 3) LAYN was essential for TNF-a-induced EMT,
but not for TGF-b-induced EMT in KMRC-1 cells.
On the ﬁrst and second points, the main renal cells that
increased expression of LAYN by the TNF-a treatment of mice were
RTE cells (Fig. 1B). KMRC-1 we used in vitro is a human clear cell
renal carcinoma cell line. In general, clear cell renal carcinomas are
known to be derived from renal proximal tubules, displaying
epithelial cell-like morphology [27,28]. Thereby, TNF-a is highly
speculated to up-regulate LAYN expression in RTE cells in human.
Together with the facts that LAYN was highly expressed mainly in
RTE cells in patients with GN (Fig. 2) and many studies demonstrated high renal levels of TNF-a in patients with GN [1,29], TNF-a
would be a responsible molecule for the high LAYN expression in
RTE cells of GN patients.
On the third point, several studies have suggested that TNF-a
causes EMT of RTE cells by experiments using clear cell renal carcinoma cells [12e14]. We here also used a clear cell renal carcinoma
cell line of KMRC-1 to investigate roles of LAYN in EMT. Since TGF-b
is a well-known EMT inducer in various epithelial cells [9,11], TGF-b
would be involved in EMT in GN. We thus investigated roles of
LAYN in the TNF-a-induced EMT as well as in TGF-b-induced EMT.
Importantly, TNF-a up-regulated expression of LAYN but TGF-b
down-regulated the expression (Fig. 3A). TNF-a-induced changes of
EMT marker expression and cell shape were almost completely
suppressed by the knockdown of LAYN, whereas the changes by
TGF-b were not affected by the knockdown of LAYN (Figs. 3 and 4).
From these data, LAYN is an essential molecule for TNF-a-induced
EMT of KMRC-1 cells, but would not be involved in the TGF-binduced EMT. TNF-a-induced EMT and TGF-b-induced EMT would
have different pathological roles in GN, even if the both EMTinducing pathways are involed in the pathophysiology of GN.
Considering together that expression of LAYN was up-regulated by
TNF-a but down-regulated by TGF-b (Fig. 3A) and that RTE cells
strongly expressed LAYN in GN patients, TNF-a may be a dominant
EMT inducer of RTE cells in GN.
In conclusion, our data indicate that LAYN is involved in the TNFa-induced EMT of RTE cells. LAYN may play critical roles in the
pathophysiology of GN from the viewpoint of EMT.
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Purpose: To elucidate effects of salazosulfapyridine (SASP) and methotrexate (MTX), major
anti-rheumatic drugs, on exosomes derived from SW982 of a human synovial sarcoma cell line.
Experimental design: SW982 was treated with SASP and/or MTX under interleukin-1␤ (IL1␤)-treated or nontreated conditions. Exosomes were isolated from the culture media, and
exosomal proteome was analyzed by 2D-DIGE. Protein spots whose intensity was significantly
altered by the above treatments were identified by MS.
Results: Two hundred ninety-four protein spots were detected in the exosome preparations by
2D-DIGE. Compared to the nontreated cells, SASP-, MTX-, and (SASP + MTX)-treated cells
displayed 8, 10, and 21 exosomal protein spots with more than ±2.0-fold intensity differences
(p < 0.05), respectively. Similarly, the IL-1␤-treated cells displayed 58 exosomal protein spots
with more than ±1.5-fold intensity differences (p < 0.05). In about half of the 58 spots, the
IL-1␤-induced intensity changes were suppressed by simultaneous addition of SASP and/or
MTX. Most of the identified proteins were immunity- or anti-oxidation-related proteins.
Conclusions and clinical relevance: The SASP and/or MTX treatments altered the protein
profiles of exosomes and suppressed the effects of IL-1␤ on the exosomal proteome. Exosomes
may play roles in the actions of these anti-rheumatic drugs.
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Introduction

Exosomes are membranous extracellular vesicles with diameters of 30–100 nm [1]. They are initially formed as intracellular
vesicles of multivesicular endosomes (MVEs) and then are secreted from cells by fusion of MVEs with plasma membrane
[2]. Functionally, exosomes have been reported to play roles
in various immune reactions [1, 3, 4], intercellular communication [5], and transfer of RNAs and proteins [6].
Rheumatoid arthritis (RA) is a systemic autoimmune disorder characterized by synovial inflammation and hyperplasia. Chronic inflammation in multiple joints sometimes
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Clinical Relevance
Exosomes are membranous extracellular vesicles
with diameters of 30–100 nm, which have recently attracted much attention for their various immunomodulatory functions. Since rheumatoid arthritis (RA),
characterized by systemic synovial inflammation, is
associated with various immunological disorders,
exosomes are presumed to be related to the pathophysiology and treatment of RA. However, roles of

leads to severe joint destruction. Methotrexate (MTX) and
salazosulfapyridine (SASP) are oral disease-modifying antirheumatic drugs (DMARDs) used widely in the world. MTX,
a folate antagonist, is one of the most effective DMARDs.
MTX prevents de novo pyrimidine and purine syntheses,
and consequently inhibits proliferation of lymphocytes [7].
Further, MTX suppresses synthesis of synovial metalloproteinases (MMPs) [8]. SASP, consisting of sulfapyridine (SP)
and 5-aminosalicylic acid, is also commonly used in the treatment of RA. Action mechanisms of SASP include inhibition
of dendritic cell maturation [9], suppression of IL-2 production by T cells [10], and inhibition of synovial cell proliferation
[11]. Clinically, MTX and SASP are often used in combination, since the combination therapy was found more effective
than a mono-therapy with MTX or SASP [12].
Since RA is associated with various immunological disorders and exosomes are involved in various immunoreactions,
exosomes are presumed to play roles in the pathophysiology
and treatment of RA. For example, exosomes derived from
synovial fibroblasts were reported to contain a membrane
form of tumor necrosis factor-␣ [13]. It was also reported
that exosomes from interleukin-1␤ (IL-1␤)-stimulated synovial fibroblasts upregulated MMP-13 expression in chondrocytes [14]. As for effects of DMARDs on exosomes, no
report has been available to our knowledge, although many
studies have focused on effects of DMARDs on synovial cells
themselves.
Based on these backgrounds, we here tried to analyze effects of MTX and SASP on the protein profiles of exosomes
derived from a synovial sarcoma cell line of SW982 under IL1␤-stimulated or nonstimulated conditions by 2D-DIGE and
subsequent MS analysis. SW982 has been frequently used as
a substitute of synovial cells in studies on arthritis, although
synovial sarcoma including SW982 is classified as a miscellaneous tumor of uncertain histological origin [15–17]. We
found that the treatments with SASP and/or MTX altered the
protein profiles of exosomes and that the treatments with
SASP, MTX, and in particular, the combination of SASP
and MTX suppressed a part of the protein profile changes
induced by IL-1␤. Our data would promote understanding
of roles of exosomes in the pathogenesis and treatments of
RA.

exosomes in the pathophysiology and treatment of
RA have been poorly understood. This study showed
that salazosulfapyridine (SASP) and methotrexate
(MTX) of representative anti-rheumatic drugs greatly
affected protein profiles of exosomes derived from
SW982 of a synovial sarcoma cell line. Our findings
would help understanding of roles of exosomes in
the pathogenesis and treatment of RA.

2

Materials and methods

2.1 Reagent preparation, cell culture, and
stimulation with drugs
A synovial sarcoma cell line of SW982 was obtained from
American Type Culture Collection (Manassas, Va., USA, Cell
number HTB-93). SW982 cells were cultured and stimulated
as described in the Supporting Information. Preparation of
SASP, MTX, and IL-1␤ is also described in the Supporting
Information. The cells were treated with SASP, MTX, SASP
+ MTX, IL-1␤, IL-1␤ + SASP, IL-1␤ + MTX, and IL-1␤ +
SASP + MTX in triplicate for 48 h. Nontreated cells were used
as a negative control. Then supernatants of the culture were
collected for preparation of exosomes. On the other hand, the
cells were washed in PBS and proteins were extracted into
a cell lysis buffer (30 mM Tris-HCl pH 8.0, 7 M Urea, 2 M
Thiourea, 4% CHAPS). The resulting cell lysates were used
for cellular protein analyses.

2.2 Preparation of cellular and exosomal proteins,
transmission electron microscopic analysis, and
Western blotting for exosome markers
For preparation of exosomal proteins, exosomes were isoR
lated from the collected supernatants using ExoQuick-TC
(System Bioscience, Mountain View, CA). Briefly, the supernatants were centrifuged at 3000 × g for 15 min at
4⬚C to remove cell debris. Then, the resulting supernatants
were subjected to 0.22-m vacuum filters to remove impurities such as apoptotic bodies, and then an appropriate
volume of ExoQuick-TC was added, according to the manufacturer’s instructions. The Exoquick-TC/supernatant mixtures were refrigerated at 4⬚C overnight, and then were centrifuged at 1500 × g for 30 min at 4⬚C. The pellets consisting
of exosomes were collected and dissolved in the cell lysis
buffer. The protein concentrations of the resulting exosome
lysates were determined by the Bradford method. In some
cases, a part of the exosome pellets was resuspended in PBS
for transmission electron microscopic analysis. Preparation
of the cellular proteins, transmission electron microscopic
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Figure 1. A transmission electron micrograph
of the isolated exosomes and detection of exosome markers by Western blotting in the isolated exosomes. (A) A part of the exosomes
isolated using Exoquick-TC was subjected to
transmission electron microscopic analysis. A
representative result is shown. (B) Lysates from
the isolated SW982 exosomes were separated
by SDS-PAGE and transferred onto nylon membranes. Then Alix and HSP70, representative
exosome markers, were detected by their specific antibodies. Whole cell lysates from Jurkat
cells were used as a positive control. JC: Jurkat
cells, ctl IgG: control IgG.

analysis, and Western blotting for exosome markers are described in the Supporting Information.
2.3 2D-DIGE analysis and protein identification
The exosome lysates and the parent cell lysates were separated
by 2D-DIGE, respectively, as described previously [18]. The
procedures were briefly described in the Supporting Information. Protein identification is also described in the Supporting
Information.
2.4 Statistical analysis
Statistical significance was calculated by Student’s t-test. A
p value of less than 0.05 was considered to be statistically
significant.

3

four groups of SASP-treated, MTX-treated, (SASP + MTX)treated, and nontreated as a negative control. As a result, the
extracted exosomal proteins were separated to make 294 protein spots in total on the gels, as shown in Fig. 2A. Then
intensity of the separated protein spots, adjusted by that of
the internal control, was compared among the groups. The
number of protein spots whose intensity was significantly altered by these drugs is summarized in Table 1. In the SASP-,
MTX-, and (SASP + MTX)-treated group, 58, 44, and 42 out
of the 294 protein spots showed significantly altered intensity
compared to the nontreated group, respectively (p < 0.05)
(Table 1). These data demonstrated that the SASP and/or
MTX treatments altered the protein profiles of exosomes
considerably. Representative spots whose intensity was

Table 1. Number of exosomal protein spots intensity of which
was significantly altered with SASP and/or MTX treatments

Results
Drug

Number of protein
spots with altered
intensity (p < 0.05)

Difference
(x-fold)

SASP

58

2.0<x
1.5<x
1.0<x
x<1.0
x<1/1.5
x<1/2.0

2
8
16
42
24
6

MTX

44

2.0<x
1.5<x
1.0<x
x<1.0
x<1/1.5
x<1/2.0

8
25
31
13
11
2

SASP + MTX

42

2.0<x
1.5<x
1.0<x
x<1.0
x<1/1.5
x<1/2.0

20
28
33
9
8
1

3.1 Isolation of exosomes from culture supernatants
of SW982 cells
We stimulated SW982 cells with above drugs and then isolated exosomes from the culture supernatants. As a result,
almost all the isolated extracellular vesicles showed diameters
of 30–100 nm in transmission electron microscopic analysis,
as shown in Fig. 1A. The observed sizes were compatible
with the definition of the exosome [1]. Furthermore, representative exosomal markers of Alix and HSP70 were detected
in lysates of the isolated exosomes by Western blotting, as
shown in Fig. 1B. These results indicated the successful isolation of exosomes. In addition, we confirmed the cell viability
in these culture conditions was nearly 100% in our preliminary experiments (data not shown).
3.2 Effects of SASP, MTX, and SASP + MTX on the
exosomal protein profile
We then extracted proteins from the isolated exosome samples for 2D-DIGE to compare protein profiles among the

Number
of spots

In total, 294 protein spots were detected in the exosome preparation. Numbers of the protein spots intensity of which was significantly altered by the drugs are shown (p < 0.05).
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Figure 2. 2D-DIGE images showing protein profiles of exosomes derived from SW982 cells. (A) SW982 cells were treated with 100 g/mL
SASP alone, 1 g/mL MTX alone, 100 g/mL SASP + 1 g/mL MTX, and with media alone as a negative control. Then exosomes were
isolated from the cell culture supernatants. Extracted exosomal proteins were separated by 2D-DIGE. (B) SW982 cells were treated with
100 g/mL SASP, 1 g/mL MTX, and 100 g/mL SASP + 1 g/mL MTX with the simultaneous addition of 2 ng/mL IL-1␤. Then exosomal
proteins were analyzed similarly as (A).

significantly altered by the drug stimulation are shown in
Supporting Information Fig. 1.
Of note, the 58 protein spots affected by SASP and the 44
spots affected by MTX shared only ten spots (Fig. 3A), indicating different pharmacological mechanisms of the two drugs.
Again, focusing on the 21 protein spots that changed their
intensity more than 2.0-fold or less than 1/2.0-fold (p < 0.05),
17 spots (81.0%) showed significant intensity changes only
by the SASP + MTX treatment, not by the SASP treatment
alone or by the MTX treatment alone (Fig. 3B). The result
indicates additive or synergistic effects of SASP and MTX to
form the exosomal protein profile change.

3.3 Effects of SASP, MTX, and SASP + MTX on the
IL-1␤-induced changes of the exosomal protein
profiles
Next, we investigated whether IL-1␤ affected the protein profiles of exosomes and if affected, whether SASP and MTX suppressed the effects of IL-1␤. For this aim, we treated SW982
cells with SASP, MTX, or SASP + MTX under the IL-1␤stimulated condition and then compared exosomal protein
profiles among these groups by 2D-DIGE similarly as above
(Fig. 2B). As a result, out of the 294 detected protein spots, 62
spots (21.1%) changed their intensity by the IL-1␤ treatment
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3.4 Comparison of protein profile change between
exosomes and their parent cells

Figure 3. Venn diagrams showing shared protein spots intensity
of which was significantly altered by SASP, MTX, and/or IL-1␤. (A)
Classification of all the exosomal protein spots whose intensity
was significantly altered by the SASP and/or MTX treatments. (B)
Classification of exosomal protein spots whose intensity was significantly altered more than 2.0-fold or less than 1/2.0-fold by the
SASP and/or MTX treatments. (C) The spots whose IL-1␤-induced
alterations were significantly suppressed by simultaneous addition of SASP and/or MTX.

(p < 0.05). Fifty-eight out of the 62 spots showed more than
1.5-fold or less than 1/1.5-fold changes (Table 2).
Focusing on the 58 protein spots, we then examined
whether the SASP and/or MTX treatments suppressed the
effects of IL-1␤. As a result, the addition of SASP, MTX,
SASP + MTX suppressed the IL-1␤-induced changes (p <
0.05) in 4 (6.9%), 6 (10.3%), and 16 (27.6%) out of the 58
spots, respectively (Table 2, Fig. 3C, Supporting Information
Fig. 2). A representative image of spot ID 464 is shown in
Supporting Information Fig. 1.
Of note, the addition of SASP, MTX, and SASP + MTX
enhanced the IL-1␤-induced changes with significance only
in 1 (1.7%), 1 (1.7%), and none (0%) out of the 58 spots,
respectively (Table 2). Thus, we concluded that IL-1␤ affected
the exosomal protein profiles greatly and that SASP, MTX,
and SASP + MTX, in particular, SASP + MTX suppressed a
considerable part of the effects of IL-1␤.

It would be of interest whether the changes of exosomal protein profiles are simple reflections of those of the parent cells
treated by the drugs. To investigate this point, we treated
SW982 cells with SASP + MTX, which greatly affected the
exosomal protein profiles. Then we detected cellular protein
spots with significant intensity changes using 2D-DIGE, similarly as the analysis of exosomal proteins. As a result, we detected 994 protein spots in total (Supporting Information Fig.
3), out of which ten spots changed their intensity more than
1.5-fold or less than 1/1.5-fold (p < 0.05) (Supporting Information Table 1A). Importantly, seven out of the ten spots were
not detected in the 2D panels of the exosomal proteins. The
intensity of the remaining three spots, which showed 1.77-,
1.86-, and 2.08-fold increases by the SASP + MTX treatment
in the whole cell extract, did not show any increase in the exosomal extracts (0.82-, 0.99-, and 0.92-fold change by the SASP
+ MTX treatment, respectively). On the other hand, in the 2D
panels of the exosomal proteins, we detected 36 protein spots
whose intensity was changed by SASP + MTX more than
1.5-fold or less than 1/1.5-fold (p < 0.05) (Table 1, Supporting
Information Table 1B). Intensity of 32 out of the 36 exosomal
spots did not show actual changes (0.921.20-fold) in the 2D
panels of SW982 cellular proteins (Supporting Information
Table 1B). Three (ID 673, 134, 40) out of the remaining four
spots were not detected in the panel from the cell bodies, and
remaining one (ID131) spot showed increased intensity in the
panels of the cellular proteins in contrast with the decreased
intensity in the panels of the exosomal proteins. Taking these
data together, we concluded that the protein profile changes
of exosomes by the SASP + MTX treatment were distinct
from those of their parent cells.

3.5 Identification of exosomal proteins affected by
SASP, MTX, and SASP + MTX under the
conditions with/without IL-1␤-treatment
We tried to identify the 35 exosomal protein spots which
showed more than 2.0-fold or less than 1/2.0-fold intensity

Table 2. Number of protein spots intensity of which was significantly altered by the stimulation with IL-1␤ and the additional treatment
with SASP and/or MTX

IL-1␤-/nontreated

(IL-1␤ + SASP and/or MTX)- /IL-1␤-treated

Number of spots (p < 0.05,
Difference >1.5 or 1/1.5)

Difference

SASP

MTX

SASP + MTX

Upregulated (p < 0.05)
Not significant (p  0.05)
Downregulated (p < 0.05)
Upregulated (p < 0.05)
Not significant (p  0.05)
Downregulated (p < 0.05)

1
15
0
4
38
0

1
15
0
6
36
0

0
16
0
16
26
0

58

Upregulated

16

Downregulated

42
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changes (p < 0.05) by the treatment with SASP and/or MTX
as shown in Fig. 3B and Supporting Information Fig. 4. By
MS analysis, we identified 17 out of the 35 protein spots as
listed in Supporting Information Table 2. They were classified
into three groups from the standpoint of biological function:
immune system-related proteins of Ras-related protein Rab7b and GTP-binding nuclear protein Ran; oxidative stressrelated proteins of cytoglobin, NAD(P)H dehydrogenase 1,
and glyceraldehyde-3-phosphate dehydrogenase; and others.
The two immune system-related proteins were upregulated
by the MTX treatment and more greatly by the SASP + MTX
treatment. The three oxidative stress-related proteins were
upregulated by the MTX treatment and more greatly by the
SASP + MTX treatment.
Similarly, we tried to identify 21 exosomal protein spots,
which showed more than 1.5-fold or less than 1/1.5-fold intensity changes (p < 0.05) by the treatment with IL-1␤ and
the changes were suppressed by the simultaneous addition
of SASP and/or MTX as shown in Fig. 3C and Supporting Information Figs. 2 and 4. By MS analysis, we identified 14 out
of the 21 protein spots as listed in Supporting Information
Table 3. They were also classified into three groups: immune
system-related proteins of GTP-binding nuclear protein Ran
and SH2 domain containing protein 1B; oxidative stressrelated proteins of Clusterin, Thioredoxin-interacting protein,
NAD(P)H dehydrogenase 1, and glyceraldehyde-3-phosphate
dehydrogenase; and others. The two immune system-related
proteins were downregulated by IL-1␤ treatment and the
IL-1␤-induced decreases were canceled by MTX or SASP
+ MTX treatment. The four oxidative stress-related proteins were downregulated by IL-1␤ treatment and the IL-1␤induced decreases were canceled by SASP or SASP + MTX
treatment.

4

Discussion

In this study, we analyzed effects of SASP, MTX, and/or IL1␤ on protein profiles of exosomes derived from a human
synovial sarcoma cell line of SW982. Our findings are summarized as follows: (1) The SASP and/or MTX treatments altered the protein profiles of exosomes considerably. (2) IL-1␤
affected the exosome protein profiles greatly and SASP and/or
MTX, in particular, SASP + MTX suppressed a considerable
part of the effects of IL-1␤. (3) In exosomes, the number of
detected protein spots by 2D-DIGE was only about one-thirds
of that in the cell bodies and protein spots greatly affected
by the SASP + MTX treatment were different between the
cell bodies and exosomes. (4) The proteins affected by SASP
and/or MTX under the conditions with/without IL-1␤ were
mostly those related to the immune system and oxidative
stress.
On the first point, this study demonstrated for the first
time that anti-rheumatic drugs affected the protein profiles
of exosomes, to our knowledge (Table 1). The main body of the
affected proteins was different between the SASP- and MTX-

treated groups, which would reflect different pharmacological
functions of the two drugs. Interestingly, a considerable number of protein spots were affected only by the combination of
SASP and MTX. This indicates the additive and/or synergistic
effects between SASP and MTX. This is in accordance with
the actual clinical use of the two drugs in combination and
the fact that the combination therapy is more effective than
mono-therapy with only one of the two [12].
On the second point, IL-1␤ is known to stimulate synovium to produce inflammatory cytokines such as IL-6 and
enzymes like cyclooxygenase-2 and MMPs in RA [19]. Exosomes from IL-1␤-stimulated synovial fibroblasts were reported to upregulate MMP-13 expression in chondrocytes
[14]. Thereby, IL-1␤ was expected to affect exosomal proteins.
Here, we demonstrated that IL-1␤ greatly altered the protein
profile of exosomes. Furthermore, a considerable part of the
IL-1␤-induced changes of the exosomal protein profiles was
suppressed by the simultaneous treatments with SASP, MTX,
and in particular, SASP + MTX (Table 2). Previous reports
have revealed that SASP and MTX inhibit the IL-1␤-induced
inflammation [8, 11]. The suppression of the IL-1␤-induced
changes of exosomal proteins by SASP and/or MTX would
be resulted from the blockage of the IL-1␤ signal pathway in
the cell bodies.
On the third point, the changes of exosomal proteins by
the SASP + MTX treatment were distinct from those of the
cell bodies, in other words, the exosomal protein profiles were
not a reflection of whole cell protein profiles. It has been reported that endosomal sorting complex required for transport
(ESCRT) machinery are essential for both the formation of
MVEs and the sorting of proteins into MVEs [20]. A part of
the protein-sorting process by ESCRT machinery occurs in an
ATP-dependent manner [20,21]. MTX, which increases extracellular adenosine levels by inhibition of AMP deaminase and
adenosine deaminase [7,8], could influence ATP metabolism
and affect the sorting process by ESCRT machinery. This
point needs to be investigated in the future.
On the last point, we identified several functionally notable
exosomal proteins altered by the treatment of SW982 cells
with SASP, MTX, and/or IL-1␤. Generally, exosomes released
to the extracellular environment from parent cells have been
reported to affect target cells by several mechanisms such
as cellular binding via receptor-ligand interactions, fusing
with target cell membrane or internalization by target cells
by endocytosis [2]. Since exosomes have an ability to transfer
specific proteins to target cells to deliver signals [22], functions
of exosomes in target cells would be affected by change of
exosomal protein profiles.
The identified proteins in this study were classified into
three functional groups: immune system-related, oxidative
stress-related, and others (Supporting Information Tables
2 and 3). The three immune system-related proteins suppress immune reaction by monocytes, T cells or NK cells
[23–26], and the five oxidative stress-related proteins have
protective functions from oxidative stress [27–30] or inhibit
anti-oxidative molecule [31].
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One example of the immune system-related proteins, Rasrelated protein Rab-7b is one of Rab proteins that are small
guanosine triphosphatases. Rab-7b is localized to late endosomes, lysosomes, and Trans Golgi Network, directing the
transport between these compartments [32]. It has been reported that Rab-7b promotes degradation of Toll-like receptor (TLR) 4 and TLR9 and downregulates TLR4- and TLR9mediated inflammatory responses in macrophages [23, 24].
It has been also reported that exosomes are taken up more
effectively into macrophages than into nonphagocytic cells
[33]. Together with our result that exosomal Rab-7b was
increased by the SASP + MTX treatment, intake of the
increased exosomal Rab-7b may provide anti-inflammatory
effects in macrophages.
One example of the oxidative stress-related proteins, Cytoglobin, whose expression is elevated in response to oxidant exposure, exerts a protective influence against oxidative
stress [27]. Several reports have shown that both SASP and
MTX induce ROS, which inhibit cell proliferation and induce
apoptosis [7, 34]. In our study, Cytoglobin in exosomes were
increased by the treatment with SASP and MTX. Thereby,
exosomes secreted from the SASP + MTX-treated cells may
have protective functions from oxidative stress.
Lastly, differences between synovial sarcoma and synovial
cells should be noted. The name of “synovial sarcoma” was
originally given because it occurs primarily in the vicinity
of large joints and resembles developing synovium [35, 36].
However, later, significant differences between synovial sarcoma and synovial cells have been evidenced [17, 36, 37]. Furthermore, synovial sarcoma has been found to arise in organs without synovial structure [36]. Thereby, synovial sarcoma is now classified as a miscellaneous tumor of uncertain histological origin, and is thought to arise from undifferentiated mesenchymal cells [15, 16]. On the other hand,
SW982 has been frequently used as a substitute of synovial
cells in studies on arthritis like RA, probably because it is
extremely difficult to establish cell lines from primary synovial cells. Since SW982 and primary synovial cells have been
reported to share similar physiological and immunological
properties such as cytokine expression and signaling profiles
[38, 39], SW982 would still be a useful cell line in studies
on arthritis. Considering these circumstances, it should be
investigated whether our findings from the experiments using SW982 can be applied to primary synovial cells in the
future.
In conclusion, we have demonstrated that SASP and MTX
changed exosomal protein profiles and that the drugs suppressed the IL-1␤ induced change of exosomal protein profiles. Our data implies possible roles of exosomes in the actions of SASP and MTX.
We would like to thank Professor M. Takagi and Mr. Y. Natsuki for their help in transmission electron microscopic analysis,
Dr. S. Tatsunami for his help in statistical analysis and Ms. M.
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Objective: For diagnosis

of dementia with Lewy bodies (DLB), we tried to ﬁnd blood biomarkers for the

disease.
Serum peptides were comprehensively detected by mass spectrometry. Peptides of interest
were identiﬁed by tandem mass spectrometry.
Results: One hundred forty-six peptides were detected in a training set consisting of 30 DLB patients, 30
patients with Alzheimer’s disease (AD), and 28 healthy control (HC) subjects. Multivariate analysis for
discriminating the DLB group from the non-DLB (AD and HC) group using ion intensity of four peptides (2898, 4052, 4090, and 5002 m/z) showed sensitivity of 93.3% and speciﬁcity of 87.9% (DLB/
nonDLB-4P model). In a testing set consisting of 20 DLB patients, 30 AD patients, and 14 HC subjects,
this model showed sensitivity of 90.0% and speciﬁcity of 88.6%. DLB/nonDLB-4P model detected
86.7% and 90.0% of the AD patients as non-DLB in the training and testing sets, respectively, and discriminated all the 15 patients with amnestic mild cognitive impairment as non-DLB. Notably, a combination of two peptides (1737 and 5002 m/z) showed sensitivity of 95.0% and speciﬁcity of 93.3%
for discriminating the DLB group from the AD group (DLB/nonDLB-2P model) in the testing set.
The peptides used in these models included fragments from complement 4b, Wnt-2b, and
lipopolysaccharide-binding protein, which were reported to be involved in the pathology of DLB or
Parkinson’s disease and hippocampal neurogenesis.
Conclusions: Serum peptide proﬁles would provide useful DLB biomarker candidates, which may be
implicated in the pathophysiology of the disease. Copyright # 2015 John Wiley & Sons, Ltd.
Methods:
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Introduction
Dementia with Lewy bodies (DLB) is a neurodegenerative disorder associated with cognitive decline, visual
hallucinations, and parkinsonism. DLB is the second
most common subtype of senile dementia after
Alzheimer’s disease (AD), accounting for 10–15% of
the dementia (McKeith et al., 2004). At present, diagnosis of DLB is made by the revised criteria in 2005
(McKeith et al., 2005), in which the diagnosis is based

on clinical symptoms and brain imaging. However,
evaluation of the symptoms and imaging could be different among experts. Furthermore, differential
diagnosis of DLB from AD is difﬁcult because of the
overlap in clinical presentation. Simple and noninvasive biomarkers that can differentiate DLB from
AD are essential for the diagnosis of DLB.
Several biological ﬂuid markers have been explored
for the diagnosis of DLB such as α-synuclein, amyloid
beta 40/42, tau/phosphorylated-tau, neuroﬁlaments,
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DJ-1, heart-type fatty acid-binding protein (H-FABP),
and biogenic amines and their metabolites (Mollenhauer
et al., 2008; Ohrfelt et al., 2009; Bibl et al., 2006; Parnetti
et al., 2008; Clark et al., 2003; Mollenhauer et al., 2005;
de Jong et al., 2007; Waragai et al., 2007; Mollenhauer
et al., 2007; Wada-Isoe et al., 2008; Steinacker et al.,
2004; Herbert et al., 2014). Comprehensive studies have
also found several proteins as potential biomarkers for
DLB (Wada-Isoe et al., 2007; Abdi et al., 2006). Among
them, α-synuclein, the main constituent of Lewy bodies,
has been the most intensively studied biomarker;
however, the results are still controversial (Mollenhauer
et al., 2008; Ohrfelt et al., 2009). Although most of these
markers have been examined in cerebrospinal ﬂuid,
blood would be a more convenient material for
biomarkers.
In this study, we tried to ﬁnd novel blood biomarkers for DLB, which could efﬁciently differentiate
DLB from AD. For this aim, we comprehensively
detected serum peptides from DLB patients, AD patients, and healthy control (HC) subjects. Our analysis
would provide useful blood biomarker candidates for
the diagnosis of DLB.
Materials and methods
Patients

Ion intensity of peptides was measured by matrixassisted laser desorption/ionization time-of-ﬂight
mass spectrometer (Ultraﬂex, Bruker Daltonics). The
ion intensity was compared among the DLB, AD,
MCI, and HC groups by ClinPro Tools (Bruker
Daltonics). Peptides were designated as p + peptide
mass/charge ratio (i.e., p2989 indicates a peptide with
2989 m/z). Amino acid sequences of peptides were
identiﬁed by tandem mass spectrometry using nanoHPLC system (1200 Series; Agilent Technologies, Palo
Alto, CA, USA) connected to an ion trap mass spectrometer (HCT Ultra, Bruker Daltonics) as described
previously (Noguchi et al., 2014).
Statistical analysis

Signiﬁcance of peptide ion intensity difference was
calculated by Student’s t-test. Discriminant models were
generated using orthogonal partial least squarediscriminant analysis (OPLS-DA; SIMCA-P+, Umetrics,
Umea, Sweden). Receiver operating characteristic
(ROC) analysis was conducted by JMP software (SAS
Institute, Cary, NC, USA). Signiﬁcance of prediction
values of the discriminant models was calculated by
Wilcoxon signed-rank test.
Results

The diagnoses of DLB, AD, and mild cognitive
impairment (MCI) were made according to the
respective criteria (McKeith et al., 2005; American
Psychiatric Association, 1994; McKhann et al., 1984;
Petersen et al., 1999). Japanese patients with those diseases and HC subjects, who were 55 years old or more,
were enrolled in this study (Table 1). Patients with
Parkinson’s disease (PD), dementia other than DLB
and AD, and psychiatric diseases other than dementia
were excluded. Either brain computed tomography or
magnetic resonance imaging was performed in the
enrolled patients. All the MCI patients were with
amnestic MCI.
Peripheral blood was obtained from the subjects
with written informed consents. The study protocol
conformed to the ethical guidelines of the Declaration
of Helsinki revised in 2008 and was approved by the
ethics committee of St. Marianna University School
of Medicine.

Comparison of serum peptide ion intensity among the
DLB, AD, and HC groups

To ﬁnd serum peptides useful for the discrimination
of DLB from AD and HC, we comprehensively compared ion intensity of serum peptides between DLB
patients and AD patients, and between DLB patients
and HC subjects in the training set (Table 1). A total
of 146 peptide ion peaks were detected (data not
shown). Nineteen peptides showed at least 1.2-fold
higher ion intensity in the DLB group than in the
AD group (p < 0.05) (Table 2). Conversely, 10 peptides showed at least 1.2-fold lower ion intensity in
the DLB group than in the AD group. Similarly, 32
and 11 peptides showed at least 1.2-fold higher and
lower ion intensity in the DLB group than in the HC
group, respectively. Serum peptide proﬁles of DLB
were different from those of AD and HC.

Analysis of serum peptide proﬁles

Discriminant models between the DLB and AD groups

Serum peptides were puriﬁed by weak cation exchange
(MB-WCX, Bruker Daltonics, Ettlingen, Germany).

To discriminate DLB from AD, we performed supervised
multivariate analysis of serum peptide proﬁles. Ion
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23 DON, 6 GAL, 5 MEM,
3 DON+MEM

1 (SSc)
4/3
37

1 (RA)
2/1
44
(44 DON)

HT, 28; HL, 13; MT, 12; IHD, 7;
DM, 6; COPD, 3; CI, 3; Others, 6

HT, 12; MT, 10; DM, 8; IHD, 6;
HL 3; HU, 3; Others, 11

Testing set
(n = 30)

16:14
16:14
9.4 ± 6.0
79.4 ± 5.0
18.3 ± 3.4
22.5 ± 5.6
1y9m ± 1y4m
44

Training set
(n = 30)

15:15
12:8
78.5 ± 5.8
8.4 ± 5.0
15.7 ± 9.7
20.4 ± 7.1
3y2m ± 1y10m
37

Testing set
(n = 20)

AD (n = 60)

1 (SjS)
0/1
1
(1 GAL)

HT, 8; MT, 4; HL, 3; HU, 3;
DM, 2; IHD, 2; Others, 5

7:8
77.7 ± 4.8
26.9 ± 1.3
2y3m ± 1y9m
12

MCI (n = 15)

15:13
70.8 ± 7.1*
29.1 ± 1.4

NA
NA
NA

NA
NA

Training set
(n = 28)

9:5
70.6 ± 6.9*
29.2 ± 1.2

Testing set
(n = 14)

HC (n = 42)

#
Means ± standard deviations are shown. Statistical signiﬁcance of age difference was calculated by Wilcoxon Signed-rank test. The HC groups showed signiﬁcant differences of age against
all the disease groups.
*p < 0.05.
$
Number of patients are shown. A part of the patients were with multiple physical diseases. One MCI patient was prophylactically treated.
DLB, dementia with Lewy bodies; AD, Alzheimer’s disease; HC, healthy control; MCI, mild cognitive impairment; MMSE, Mini-Mental State Examination; y, years; m, months; HT, hypertension, MT, malignant tumors; DM, diabetes mellitus; IHD, ischemic heart diseases; HL, hyperlipidemia; HU, hyperuricemia; COPD, chronic obstructive pulmonary disease; CI, cerebral infarction; SSc, systemic sclerosis; RA, rheumatoid arthritis; SjS, Sjogren’s syndrome; DON, donepezil; GAL, galantamine; MEM, memantine; NA, not applicable.

Inflammatory disease$
Liver/renal dysfunction$
Medication$

Male : female
Age# (years old)
MMSE#
Disease duration#
Physical disease$

Training set
(n = 30)

DLB (n = 50)

Table 1 Clinical information of the subjects
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Table 2 Comparison of peptide ion intensity
Peptides ion
intensity

Increased

Decreased

Differences (x-folds)

Numbers of peptides
DLB/AD

DLB/HC

0
5
19
2
10
1
0

1
10
32
6
11
4
2

2.0 ≤ x
1.5 ≤ x
1.2 ≤ x
1.2‹x‹1.2
1.2 ≥ x
1.5 ≥ x
2.0 ≥ x

Numbers of peptides, ion intensity of which was signiﬁcantly different in the DLB group from that in the AD group or the HC group,
are shown (p < 0.05).
DLB, dementia with Lewy bodies; AD, Alzheimer’s disease; HC,
healthy control.

intensity of all the 146 peptides was analyzed to generate
discriminant models between the DLB and AD groups in
the training set. As a result, a discriminant model generated with all the 146 peptides (DLB/AD-146P model) accurately distinguished the 30 DLB patients from the 30
AD patients (Figure 1(A)). Explanatory variable (R2) of
this model was 0.858, which indicated its high potential
for the discrimination. Predictor variable (Q2) of this
model was 0.563, indicating its high potential for the prediction, because Q2 is desired to exceed 0.4 in biological
studies (Hatsugai et al., 2010).
We next tried to completely discriminate between the
DLB and AD groups using a minimal number of peptides. For this aim, we selected peptides from the 146
peptides in the DLB/AD-146P model, using their variable
importance of the projection (VIP) and S-plot parameters. VIP indicates contribution of each peptide to generate the model. S-plot shows reliability (p(corr)) and
magnitude (w) of each peptide, indicating the usefulness
as a biomarker candidate and the difference of its ion intensity between the two groups, respectively (Figure 1
(B)). We found that a combination of 13 peptides
completely discriminated between the two groups
(DLB/AD-13P model) (Figure 1(C)). DLB/AD-13P
model provided a high R2 of 0.803 and Q2 of 0.625.
VIP of the 13 peptides was varied from 0.231 to 2.100, indicating different contributions of the individual peptides
to generate this model (Figure 1(D)). These peptides
would be useful for discriminating DLB from AD.
Discriminant models between the DLB and HC groups

We next tried to discriminate between the DLB and
HC groups in the training set. The model generated

with 146 peptides (DLB/HC-146P model) accurately
distinguished the two groups with a relatively high
R2 of 0.750 and a high Q2 of 0.546 (Figure 1(E)). We
selected important peptides according to the VIP and
S-plot parameters and found that only six peptides
were necessary for complete discrimination (DLB/
HC-6P model, Figure 1(F)–(H)). This model showed
a fairly high R2 of 0.707 and a high Q2 of 0.606. VIP
of the six peptides was from 0.768 to 1.351, indicating
a relatively similar contribution of the peptides to generate this model (Figure 1(H). These peptides were
thought to have a pivotal role in the discrimination
of DLB from HC.
Discriminant models between the DLB and non-DLB
groups

To ﬁnd a speciﬁc biomarker for DLB, we tried to discriminate the DLB group from the AD and HC (nonDLB) group in the training set. The model generated
with all the 146 peptides (DLB/nonDLB-146P model)
completely discriminated between the DLB and nonDLB groups with a high R2 of 0.898, but with a relatively low Q2 of 0.339 (Figure 1(I), Table 3). When a
part of the peptides was selected according to the
VIP and S-plot parameters, no DLB/nonDLBdiscriminant model that completely discriminated
the two groups was obtained (data not shown). Therefore, we used the ion intensity of the 13 peptides of
DLB/AD-13P model and the six peptides of
DLB/HC-6P model to create a new model that discriminated the DLB group from the non-DLB group.
Because two peptides overlapped between the 13 and
six peptides, 17 peptides in total were used for the discrimination (DLB/nonDLB-17P model). This model
nearly completely discriminated between the two
groups, in which only one DLB patient was diagnosed
as non-DLB (Figure 1(J)–(L), Table 3). We subsequently started to select important peptides from the
17 peptides to ﬁnd a minimal number of peptides that
efﬁciently discriminated the DLB group from the nonDLB group.
We ﬁrst examined the ability of each of the 17 peptides’ ion intensity to discriminate between the DLB
and non-DLB groups, using area under the ROC
curve (AUROC) (Figure 2(A)). The AUROC of the
17 peptides’ ion intensity ranged from 0.541 to
0.836. Next, we removed the peptide with the lowest
AUROC and then generated a DLB/nonDLBdiscriminant model with the remaining peptides. By
repeating this process, we generated 17 models. The
AUROC of these models was gradually decreased from
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Figure 1 Generation of dementia with Lewy bodies (DLB)-discriminant models. (A). Ion intensity of the 146 peptides detected in 30 DLB patients
and 30 Alzheimer’s disease (AD) patients in the training set was subjected to orthogonal partial least square-discriminant analysis (OPLS-DA)
(DLB/AD-146P model). X axis indicates the ﬁrst principal component for the discrimination. (B). S-plot of the peptides in DLB/AD-146P model.
Magnitude (w and x axis) and reliability (p(corr) and y axis) of the peptides are visualized. Shaded areas of p(corr) > | ± 0.2956| included 27 peptides.
(C). The second discriminant model between the DLB and AD groups using a minimum number of peptides. To generate this model, the 27 peptides
with p(corr) > | ± 0.2956| in DLB/AD-146 model were selected (Figure 1(B)). A discriminant model generated with the 27 peptides completely differentiated DLB and AD (data not shown). Each of the 27 peptides was examined to be necessary for the complete discrimination, by which a combination
of 13 peptides was found to discriminate completely between the DLB and AD groups (DLB/AD-13P model). (D). variable importance of the projection (VIP) of the 13 peptides. (E). Ion intensity of the 146 peptides detected in 30 DLB patients and 28 healthy control (HC) subjects in the training set
was subjected to OPLS-DA (DLB/HC-146P model). (F). S-plot of the peptides in DLB/HC-146P model. Shaded areas of p(corr) ≥ 0.28 and p(corr) ≤ 0.27 included 36 peptides. (G). The second discriminant model between the DLB and HC groups using a minimum number of peptides. To generate
this model, the 36 peptides with p(corr) ≥ 0.28 or p(corr) ≤ -0.27 (Figure 1(F)), which completely differentiated the DLB group from the HC group
(data not shown), were selected and examined one by one to be necessary for the complete discrimination. A combination of six peptides was found
to discriminate completely between the DLB and HC groups (DLB/HC-6 model). (H). VIP of the peptides in DLB/HC-6P model. (I). Ion intensity
of the 146 peptides detected in 30 DLB patients and 58 non-DLB patients and subjects in the training set was subjected to OPLS-DA (DLB/nonDLB146P model). (J). The second discriminant model between the DLB and non-DLB groups using 17 peptides (DLB/nonDLB-17P model) is shown. (K).
VIP values of the 17 peptides. (L). S-plot of the 17 peptides. Shaded areas show those with p(corr) ≥ | ± 0.3| and w ≥ | ± 0.15|.

0.997 to 0.836 according to the decrease of the number of peptides (Figure 2(B)). The model generated
with six peptides (DLB/nonDLB-6P model) showed
sensitivity and speciﬁcity of more than 80.0% (Figure 2

(C) and (D), Table 3). Interestingly, a model generated with two peptides (DLB/nonDLB-2P model)
showed higher AUROC than the model generated
with three peptides (Figure 2(B)), displaying
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Table 3 Evaluation and validation of DLB/nonDLB-discriminant models
Training set (DLB 30, nonDLB 58)

Testing set (DLB 20, nonDLB 44)

Models
(Peptides)

DLB

nonDLB

DLB
nonDLB

30
0

0
58

DLB
nonDLB

29
1

0
58

DLB

27

nonDLB

AUROC

100.0

100.0

1.000

nonDLB

9
11

1
43

13
7

2
42

11

18

4

3

47

2

40

DLB
nonDLB

24
6

7
51

19
1

6
38

DLB
nonDLB

29
1

11
47

19
1

7
37

DLB
nonDLB

28
2

7
51

18
2

5
39

17P

3P
(p4052, p4090,
p4979)
4P
(p2898, p4052,
p4090, p5002)

Spec
(%)

DLB

146P

6P
(p1737,p2898,
p2988
p4052,p4979,
p5002)
2P
(p1737, p5002)

Sens
(%)

96.7

100.0

90.0

0.998

81.0

80.0

0.923

87.9

96.7

0.882

81.0

93.3

0.925

87.9

0.956

Sens
(%)

Spec
(%)

AUROC

45.0

97.7

0.920

65.0

95.5

0.966

90.0

90.9

0.943

95.0

86.4

0.928

95.0

84.1

0.936

90.0

88.6

0.935

Sens, sensitivity; Spec, speciﬁcity ; DLB, dementia with Lewy bodies; AUROC, area under the receiver operating characteristic.

sensitivity and speciﬁcity of 80.0% or more (Figure 2
(C) and (E), Table 3).
Furthermore, we used S-plot parameters of the
DLB/nonDLB-17P model to select valuable peptides
from the 17 peptides. Speciﬁcally, nine peptides with
p(corr) > | ± 0.3| and w > | ± 0.15| were selected
(Figure 1(L)), and all the 84 combinations of three out
of the nine peptides were subjected to generation of
DLB/nonDLB-discriminant models. As a result, 7 out
of the 84 models showed sensitivity and speciﬁcity of
80.0% or more (data not shown). To ﬁnd more useful
models, we added one out of the nine peptides to these
seven models with three peptides to generate models
with four peptides. Similarly, we deleted one peptide
from the seven models with three peptides to generate
models with two peptides. As a result, 19 models with
four peptides and one model with two peptides showed
sensitivity and speciﬁcity of 80.0% or more (data not
shown). These 26 DLB/nonDLB-discriminant models
consisting of two to four peptides were subjected to
validation together with the aforementioned models.

model was also high in the testing set (97.7% and
95.5%, respectively), whereas sensitivity of these models
was low (45.0% and 65.0%, respectively) (Table 3). Notably, the DLB/nonDLB-6P model showed high sensitivity of 90.0% and high speciﬁcity of 90.9% in the testing
set. The DLB/nonDLB-2P model also showed high sensitivity of 95.0% and high speciﬁcity of 86.4%. Among the
26 models generated using S-plot parameters, two
models generated with three peptides and eight models
generated with four peptides showed sensitivity and speciﬁcity of 80.0% or more in the testing set (data not
shown). Among these 10 models, a model generated with
three peptides of p4052, p4090, and p4979 showed sensitivity of 95.0% and speciﬁcity of 84.1% (DLB/nonDLB3P model) (Figure 2(F), Table 3). Similarly, another
model generated with four peptides of p2898, p4052,
p4090, and p5002 showed sensitivity of 90.0% and speciﬁcity of 88.6% (DLB/nonDLB-4P model) (Figure 2(G),
Table 3). These DLB/nonDLB-6P, DLB/nonDLB-2P,
DLB/nonDLB-3P, and DLB/nonDLB-4P models would
be useful biomarker candidates for discriminating DLB
from non-DLB.

Validation of the DLB/nonDLB-discriminant models

To ﬁnd useful models for discrimination of DLB, the
models generated using the training set were validated
using a testing set (Table 1). As a result, speciﬁcity of
DLB/nonDLB-146P model and DLB/nonDLB-17P

Discriminant ability for the AD, MCI, and HC groups by
DLB/nonDLB-discriminant models

We examined the ability of the DLB/nonDLB-6P,
DLB/nonDLB-2P, DLB/nonDLB-3P, and DLB/nonDLB-
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Figure 2 Generation of dementia with Lewy bodies (DLB)/nonDLB-discriminant models with a small number of peptides. (A). Ion intensity of each
of the 17 peptides was used to generate an orthogonal partial least square-discriminant analysis (OPLS-DA) model to discriminate between the DLB
and non-DLB groups in the training set. Prediction values of individual patients and subjects were calculated in each model as an ideal DLB patient as
1.0 and as an ideal non-DLB patient or subject as 0.0. Area under the receiver operating characteristic (AUROC) of each peptide model, calculated
using the prediction values, are shown. (B). To detect useful DLB/nonDLB-discriminant models with a small number of peptides, the peptide with
the lowest AUROC was deleted, and the models were generated with the remaining peptides. Seventeen models were obtained by repetition of this
process. AUROC of each DLB/nonDLB-discriminant model are shown by the number of peptides used in the models. (C). Sensitivity and speciﬁcity
of the 17 DLB/nonDLB-discriminant models (Figure 2(B)) are shown. (D)–(K). ROC curves in the training and testing sets and prediction values in the
testing set are shown ((D) and (H), DLB/nonDLB-6P model; (E), and (I), DLB/nonDLB-2P model; (F) and (J), DLB/nonDLB-3P model; (G) and (K),
DLB/nonDLB-4P model). Black lines, training set; gray lines, testing sets (D–G). Dots (D–G) and dotted lines (H–K) shows the cutoff points that
shows the maximal values of “sensitivity + speciﬁcity” in the training set. Signiﬁcance of the differences between the DLB group and the other groups
is shown (*p < 0.05, H–K).

4P models to discriminate the AD patients, MCI patients,
and HC subjects as non-DLB, using the testing set and 15
MCI patients. All four models showed good discriminant
ability for the AD group, detecting 83.3–93.3% of the
AD patients as non-DLB (Figure 2(H)–(K)). The
DLB/nonDLB-6P and DLB/nonDLB-2P models showed
the best discriminant ability, detecting 93.3% of the AD
patients as non-DLB (Figure 2(H) and (I)). The
DLB/nonDLB-4P model also showed good ability, detecting 90.0% of the AD patients as non-DLB (Figure 2(K)).

This model detected 86.7% of the AD patients as nonDLB in the training set (data not shown). The discriminant ability for the MCI patients by the four models was
86.7–100.0% in the testing set (Figure 2(H)–(K)). The
DLB/nonDLB-4P model showed the best result,
detecting all the MCI patients as non-DLB (Figure 2(K)).
The discriminant ability for the HC group was 85.7% in
all the models except the DLB/nonDLB-2P model
(71.4%) (Figure 2(H)–(K)). These four models overall
showed good discriminant ability for the AD, MCI, and

Copyright # 2015 John Wiley & Sons, Ltd.

Int J Geriatr Psychiatry 2015; 30: 1195–1206

- 407 -

I. Suzuki et al.

1202

HC groups, except the DLB/nonDLB-2P model for the
HC group.
Identiﬁcation of the peptides

Finally, we tried to identify the peptides involved in
the discrimination of DLB. Peptides, the ion intensity
of which showed at least 1.5-fold difference between
the DLB and AD groups (six peptides, Table 2) or between the DLB and HC groups (14 peptides) and
which were used in DLB/AD-13P model (13 peptides)
or DLB/HC-6P model (six peptides), were subjected
to the identiﬁcation. As eight peptides were overlapped among the four peptide-groups, a total of 27 peptides were subjected to the identiﬁcation. As a result,
11 peptides and their parent proteins were identiﬁed
(Table 4). The p1462, p1613, p2860, and p2988 were
identiﬁed as fragments derived from ﬁbrinogen alpha
chain (FIBA). Among the peptides used in
DLB/nonDLB-6P, DLB/nonDLB-2P, DLB/nonDLB3P, and DLB/nonDLB-4P models, p1737, p2898, and
p4052 were identiﬁed as fragments of complement
C4b, Wnt-2b, and lipopolysaccharide-binding protein
(LBP), respectively. Different expressions and/or fragmentations of these proteins between the DLB group
and the AD or HC group may be due to the speciﬁc
disease mechanism of DLB.
Discussion
We comprehensively analyzed serum peptides to ﬁnd
a blood biomarker for DLB. Serum peptide proﬁles
would reﬂect characteristic dynamics of proteins such
as production and fragmentation of proteins and peptides. In the case of neurodegenerative diseases, aberrant production and fragmentation of proteins and
peptides in neural tissue can be reﬂected by serum
peptide proﬁles. Indeed, DLB showed different serum
peptide proﬁles from those in AD and HC (Table 2).
The number of peptides that showed different ion intensities between the DLB and HC groups was larger
than that between the DLB and AD groups, indicating
that DLB and AD possess relatively similar serum peptide proﬁles.
Because our subjects displayed broad ranges of age
and dementia degrees, we examined whether these
factors inﬂuenced serum peptide proﬁles. As for
dementia degrees, serum protein proﬁles hardly
discriminated severe/moderate dementia patients
(Mini-Mental State Examination (MMSE) < 20,
n = 45) from mild dementia patients (20 ≤ MMSE <

24, n = 32) (data not shown). The dementia degrees
would not inﬂuence serum protein proﬁles. On the
other hand, serum peptide proﬁles were found to
roughly discriminate the elder half (age ≥ 72 years,
n = 21) and the younger half (age < 72 years, n = 21)
of the HC subjects (data not shown). Age would inﬂuence serum peptide proﬁles. However, DLB/non-DLB
discrimination by age itself showed only 107.3% of
“sensitivity + speciﬁcity” in the testing set at the
maximum (cutoff age, 74 years) (data not shown). In
contrast, our DLB/nonDLB-2P, DLB/nonDLB-3P,
DLB/nonDLB-4P, and DLB/nonDLB-6P models
showed much higher “sensitivity + speciﬁcity” of
178.6–181.4% in the testing set (Table 3). Thus, our
peptide models are thought to contain critical discriminant factors independent from age.
When we validated DLB/nonDLB-discriminant
models using the testing set, the models with a small
number of peptides showed better results than the
DLB/nonDLB-146P and DLB/nonDLB-17P models
(Table 3). Selection of peptides that greatly contributed to the discrimination was effective for generation
of good models. The DLB/nonDLB-6P model showed
high sensitivity of 90.0% and high speciﬁcity of 90.9%
in the testing set, therefore, this model would be useful
for screening of DLB (Figure 2(H), Table 3). Similarly,
because the DLB/nonDLB-2P model showed the best
discriminant ability between the DLB and AD groups
in the testing set (sensitivity of 95.0% and speciﬁcity
of 93.3%, Figure 2(I), Table 3), the model would be
a useful biomarker for the differential diagnosis of
DLB and AD. Collectively, the DLB/nonDLB-4P
model showed the best result among the models, detecting 90.0% of the DLB group as DLB, 88.6% of
the non-DLB group as non-DLB, 90.0% of the AD
group as non-DLB, and 85.7% of the HC group as
non-DLB in the testing set (Table 3, Figure 2(K)). Interestingly, this model also detected 100% of the
amnestic MCI patients as non-DLB. This result was
compatible with the report that amnestic MCI is at
risk of developing AD rather than DLB (Ferman
et al., 2013). The establishment of a simultaneous
measurement system of the peptides in these models
by enzyme-linked immunosorbent assay or quantitative mass spectrometry would facilitate the use of these
biomarker candidates.
We examined correlations between prediction values
of DLB/nonDLB-2P, DLB/nonDLB-3P, DLB/nonDLB4P, and DLB/nonDLB-6P models and disease duration
in groups of the 50 DLB patients, the 60 AD patients,
and the 15 MCI patients, however, no correlation was
found (data not shown). Thus, these models would be
useful in patients with various disease durations. The
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1.281
(/AD)

p5904

D/A13P

–

D/A13P

D/N4P
D/N3P

D/H6P

–

D/H6P
D/N6P

D/A13P

D/A13P
D/N6P
D/N4P

D/A13P
D/N6P
D/N2P
–

Gamma-aminobutyric
acid type B
receptor subunit 1

One cut domain family
member 3

Diacylglycerol kinase iota

Lipopolysaccharidebinding protein

Collagen alpha-1(IV) chain

Fibrinogen alpha chain

Protein Wnt-2b

Fibrinogen alpha chain

Complement C4B

Complement C4A

GABR1_HUMAN
(gi|12643873)

ONEC3_HUMAN
(gi|122064635)

DGKI_HUMAN
(gi|12643642)

LBP_HUMAN
(gi|116242615)

CO4A1_HUMAN
(gi|125987809)

FIBA_HUMAN
(gi|1706799)

WNT2B_HUMAN
(gi|14424481)

Fibrinogen alpha chain

–

5901.8

5018.2

4207.8

4049.3

3241.5

2988.4

2893.6

2860.3

1738.9

1615.7

1464.6

FIBA_HUMAN
(gi|1706799)
FIBA_HUMAN
(gi|1706799)
CO4A_HUMAN
(gi|476007827)
CO4B_HUMAN
(gi|476007828)
FIBA_HUMAN
(gi|1706799)

Fibrinogen alpha chain

–

5900.9

5017.2

4209.2

4049.1

3240.1

2989.8

2895.1

2860.7

1738.9

1615.9

1464.8

Observed

MW (Da)*
Theoretical

Accession ID

Models

Proteins

67

57

72

60

60

56

65

89

71

115

103

scores

Ion

0.9075

1.0005

1.3695

0.1413

1.4931

1.3409

1.5403

0.3881

0.0115

0.2819

0.2013

(Da)

Errors

1351

1337

MSGGWPGGQACQPAVEM
ALEDVNSRRDILPDYELKLI
230
HHDSKCDPGQATKYLY

178

GMASLLDGGGGGGGGGA
GGAGGAGSAGGGADFRGE
LAGPLHPAMGMACEAPGLG
107
GTYTT

49

SAGEEKGATGGSSSSGSGA
GSCCLGAEGGADPRGAGSA
107
AAAGAAALDEPA

58

TLTFNTSKITGFLKPGKVK
426
VELKESKVGLFNAELLEA

390

SLPGPSGRDGLPGPPGSPG
435
PPGQPGYTNGIVECQ

402

KMADEAGSEADHEGTHS
629
TKRGHAKSRPV

602

QLPLRRASAPVPVPSPAAP
40
DGSRASARLG

12

MADEAGSEADHEGTHST
629
KRGHAKSRPV

603

NGFKSHALQLNNRQI

ADSGEGDFLAEGGGVR

35

20

35

DSGEGDFLAEGGGVR

21

Confirmed sequences

–

–

–

–

–

–

–

–

–

Phospho(ST)

–

Modification$

#

*Mass/charge ratios used for the designation of peptides were obtained by MALDI-TOF/MS, whereas those for “observed MW” were obtained by LC–MS.
Peptides, which showed at least 1.5-fold different ion intensity between the DLB and AD groups (/AD) or between the DLB and HC groups (/HC) in the training sets (p < 0.05), or which
were used in either of DLB/AD-13P model (D/A13P), DLB/HC-6P model (D/H6P), DLB/nonDLB-6P model (D/N6P), DLB/nonDLB-4P model (D/N4P), DLB/nonDLB-3P model
(D/N3P), or DLB/nonDLB-2P model (D/N2P), were selected for the identiﬁcation.
$
Possible modiﬁcations deduced from the results of LC–MS analysis are shown. Letters in the parentheses show the targeted amino acids.
AD, Alzheimer’s disease; HC, health control; MW, molecular weights; MALDI-TOF/MS, matrix-assisted laser desorption/ionization time-of-ﬂight mass spectrometry; LC–MS, liquid
chromatography–mass spectrometry; DLB, dementia with Lewy bodies.

1.600
(/AD)

1.554
(/HC)
1.372
(/AD)

1.368
(/AD)

p5017

p4208

p4052

p3239

1.242
(/AD)

p2988

1.587
(/HC)
1.563
(/HC)

1.786
(/HC)

1.560
(/HC)
1.572
(/HC)
2.609
(/HC)
1.668
(/AD)
2.822
(/HC)

folds

Selections#

p2898

p2860

p1737

p1613

p1462

Peptides*

Table 4 Identiﬁcation of characteristic serum peptides in DLB
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models can be applied to the screening of early phase
DLB as well as diagnosis of DLB. Furthermore, because
most DLB patients are known to have AD pathology in
addition to Lewy pathology, our DLB patients would include both “DLB with AD” type and “pure DLB” type.
Because our DLB/nonDLB-2P, DLB/nonDLB-3P,
DLB/nonDLB-4P and DLB/nonDLB-6P models efﬁciently discriminated DLB from AD (Figure 2(H)–
(K)), these models would detect changes of serum peptide proﬁles derived from Lewy pathology.
As blood biomarker candidates for DLB, DJ-1 and
H-FABP have been reported (Waragai et al., 2007;
Mollenhauer et al., 2007; Wada-Isoe et al., 2008).
Plasma DJ-1 levels were higher in DLB than in HC
and in early stage of PD (Waragai et al., 2007). The
ability of DJ-1 to discriminate DLB from AD would
be interesting. Serum H-FABP levels were higher in
DLB and PD than in AD, and the ratio of serum HFABP to cerebrospinal ﬂuid tau showed sensitivity of
91% and speciﬁcity of 66% to discriminate DLB
from AD (Mollenhauer et al., 2007). However, the
ability of H-FABP to discriminate DLB from AD
was inferior to that of the delayed heart to mediastinum ratio measured by 123I-metaiodobenzylguanidine
cardiac scintigraphy (Wada-Isoe et al., 2008). Our
DLB/nonDLB-2P, DLB/nonDLB-3P, DLB/nonDLB4P, and DLB/nonDLB-6P models requiring only serum samples showed better discriminant ability between the DLB and AD groups in the validation
(Figure 2(H)–(K), Table 3). The discriminant ability
of our models between DLB and PD should be investigated in future. A serum proteomic study found a
combination of three serum proteins with 3883,
4964, or 10,534 m/z showed good discriminant ability of DLB from non-DLB, indicating sensitivity of
83.3% and speciﬁcity of 95.8% in the training set
(Wada-Isoe et al., 2007). The high speciﬁcity needs
to be validated.
Several interesting peptides were found in our identiﬁcation results (Table 4). The FIBA-derived peptides
of p1462, p1613, p2860, and p2988 were also identiﬁed as peptides that contributed to the discrimination
of AD from HC in our previous study (Noguchi et al.,
2014). The increase of p1462, p1613, and p2860, and
the decrease of p2988 in DLB compared with HC in
this study were compatible with the previous results
comparing AD to HC. Thus, aberrant degradation of
FIBA may similarly occur in DLB, which causes
abnormal coagulation and ﬁbrinolysis, leading to vascular damage as suggested in AD (Noguchi et al., 2014;
Cortes-Canteli et al., 2010).
In the DLB/nonDLB-2P, DLB/nonDLB-3P, DLB/
nonDLB-4P, and DLB/nonDLB-6P models, p1737,

p2898, and p4052 were identiﬁed (Table 4). The
p1737, decreased in the DLB group compared with
both AD and HC groups, was identiﬁed as a fragment
of C4b. Interestingly, C4d, an inactive fragment from a
different part of C4b from p1737, was detected in the
Lewy bodies in DLB (Iseki et al., 2000; Togo et al.,
2001). Because C4d is known to be precipitated according to the activation of classical component pathway, activation of the classical component pathway
may occur in degenerated Lewy body-bearing neurons
(Iseki et al., 2000). The decrease of p1737 in sera of the
DLB patients may indicate its precipitation into Lewy
bodies similarly as the case of C4d precipitation. The
p2898, identiﬁed as a fragment of Wnt-2b, was increased in the DLB group compared with the HC
group (1.786-fold, p < 0.01, Table 3) and also to the
AD group (1.323-fold, p < 0.05). Wnt-2b, a stem cell
factor for neural cells during embryogenesis, was reported to be highly expressed in fetal hippocampus
(Katoh, 2005; Zhang et al., 2002). The increased
Wnt-2b fragment may indicate an increased expression of Wnt-2b protein. The relatively highly
expressed Wnt-2b in DLB compared with AD may
be involved in the regeneration of neurons in
hippocampus to rescue memory function in DLB.
The p4052, identiﬁed as a fragment of LBP, was
decreased in the DLB group compared with both AD
and HC groups (Table 4). LBP transfers bacterial endotoxin of lipopolysaccharide to CD14 to enhance
the innate immune response via toll-like receptor 4
(Jerala, 2007). The plasma concentration of LBP was
lower in PD than in its control group, suggesting increased inﬂammatory signaling in PD (Forsyth et al.,
2011). The decrease of the LBP-derived peptide in
our study suggested the low concentration of blood
LBP in DLB similarly to PD. Collectively, parent
proteins of all the identiﬁed peptides in the DLB/
nonDLB-2P, DLB/nonDLB-3P, DLB/nonDLB-4P,
and DLB/nonDLB-6P models have been previously
reported as important proteins in the pathology of
DLB, AD, or PD, and in the hippocampal
neurogenesis. Because a single peptide was not enough
for the efﬁcient discrimination of DLB (Figure 2(B),
one peptide model), the combination of multiple
peptides would be essential for generating useful biomarkers. Further identiﬁcation of the serum peptides
used in the four DLB/nonDLB-discriminant models
may provide a new insight both in biomarker analysis
and in elucidation of the disease-mechanism.
In conclusion, we found the usefulness of serum
peptides as biomarker candidates for DLB. The
discriminant models generated with a small number
of peptides showed sensitivity and speciﬁcity of
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approximately 90% in the validation. Several
limitations of this study such as a relatively small
sample size, limited demographic and clinical
information, and no biological diagnostic data (123Imetaiodobenzylguanidine cardiac scintigraphy or dopamine transporter imaging in basal ganglia) should
be overcome before clinical application of these
models. Conﬁrmation of usefulness of the models
with more number of subjects and identiﬁcation of
all the used peptides would promote DLB treatment.
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Key points

•
•

•

Serum peptide proﬁles of patients with dementia
with Lewy bodies (DLB) were different from
those of patients with Alzheimer’s disease (AD)
and healthy control (HC) subjects.
Serum peptide proﬁles would provide useful DLB
biomarker candidates. Multivariate analysis for
discriminating a DLB group from the a nonDLB (AD and HC) group using ion intensity of
four peptides of 2898, 4052, 4090, and 5002 m/z
(DLB/nonDLB-4P model) showed sensitivity of
93.3% and speciﬁcity of 87.9% in a training set,
and sensitivity of 90.0% and speciﬁcity of 88.6%
in a testing set. This model detected 86.7% and
90.0% of the AD patients as non-DLB in the
training and testing sets, respectively, and
discriminated all the patients with amnestic mild
cognitive impairment as non-DLB.
Furthermore, DLB/nonDLB-2P model using ion
intensity of two peptides (1737 and 5002 m/z)
showed sensitivity of 95.0% and speciﬁcity of
93.3% for discriminating the DLB group from
the AD group in the testing set.
The peptides used in the aforementioned models
included fragments from complement 4b, Wnt2b, and LPS-binding protein, which would be
involved in the pathophysiology of DLB.
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Abstract
Objective. In our previous screening of chondrocyte protein proﬁles, the amount of adenosine
monophosphate deaminase (AMPD) 2 was found to be decreased by tofacitinib. Extending the
study, here we conﬁrmed the decrease of AMPD2 by tofacitinib and further investigated eﬀects
of tofacitinib on purine nucleotide metabolism.
Methods. Human articular chondrocytes and a chondrosarcoma cell line: OUMS-27 were stimulated with tofacitinib. Then the levels of AMPD2 and its related enzymes were investigated by
Western blot. The levels of AMP and adenosine were assessed by mass spectrometry.
Results. We conﬁrmed the signiﬁcant decrease of AMPD2 by tofacitinib in chondrocytes
(p ⫽ 0.025). The levels of adenosine kinase and 5’-nucleotidase were decreased in chondrocytes,
although they did not meet statistical signiﬁcance (p ⫽ 0.067 and p ⫽ 0.074, respectively). The
results from OUMS-27 were similar to those from the chondrocytes. The cellular adenosine levels
were signiﬁcantly decreased by tofacitinib in OUMS-27 (p ⫽ 0.014). The cellular AMP levels were
increased, although they did not meet statistical signiﬁcance in OUMS-27 (p ⫽ 0.066).
Conclusion. Our data indicate that tofacitinib increases the cellular levels of adenosine, which is
known to have anti-inﬂammatory activity, through the downregulation of AMPD2. This would be
a novel functional aspect of tofacitinib.

Introduction
Tofacitinib is a recently approved oral anti-rheumatic drug. Tofacitinib, inhibiting the actions of Janus kinase (JAK) 1–3, blocks the
JAK-signal transducers and activator of transcription pathway
[1–3]. Consequently, tofacitinib displays its anti-inﬂammatory
eﬀects by suppressing transcription of various pro-inﬂammatory
cytokine genes such as interleukin 2 (IL-2) in lymphocytes and
by decreasing nuclear localization of nuclear factor kappa B
(NF-κB) subunits in tumor necrosis factor (TNF)-stimulated macrophages and in rheumatoid arthritis (RA) synovial macrophages
[4,5]. Strong anti-inﬂammatory actions of tofacitinib have been
evidenced both in humans and in animal arthritis models [6–10].
Tofacitinib is expected to show high therapeutic eﬃcacy similar
to that of biological drugs like anti-TNF agents in the treatment
of RA [2].
As mentioned above, the functions of tofacitinib in lymphocytes
have been extensively investigated; however, eﬀects of tofacitinib
on other cell types have not been fully investigated. Thereby, we
recently conducted screening of eﬀects of tofacitinib on human
articular chondrocytes using 2-dimensional diﬀerence gel electrophoresis (2D-DIGE), where we found that tofacitinib suppressed a
part of protein proﬁle changes brought by IL-1β stimulation [11].
Correspondence to: Mitsumi Arito, Clinical Proteomics and Molecular
Medicine, St. Marianna University Graduate School of Medicine, 2-16-1,
Sugao, Miyamae, Kawasaki, Kanagawa, 216-8511, Japan. Tel: ⫹ 81-44977-8111. Fax: ⫹ 81-44-976-7553. E-mail: m-ari@marianna-u.ac.jp

Keywords
Adenosine, AMP deaminase, Chondrocytes,
Tofacitinib
History
Received 20 August 2014
Accepted 1 December 2014
Published online 9 January 2015

One of the protein spots whose expression was increased by IL-1β
stimulation and also suppressed by the simultaneous addition of
tofacitinib was adenosine monophosphate deaminase (AMPD) 2
[11].
AMPD2 (EC 3.5.4.6) converts AMP to inosine monophosphate
(IMP) in purine nucleotide catabolism. In human, 3 subtypes of
AMPD have been reported until now (AMPD1, 2, and 3) [12–18].
In chondrocytes, it remains to be solved which subtypes are
expressed. In our screening by 2D-DIGE in both IL-1β present and
absent conditions, the expression of AMPD2 spot was decreased
by tofacitinib alone, thereby the suppressive eﬀect of tofacitinib on
AMPD2 was thought to be independent of the IL-1β pathway.
Extending the study, here we investigated eﬀects of tofacitinib on purine nucleotide metabolism, focusing on AMPD2 and
its related molecules. As a result, we conﬁrmed the decrease of
AMPD2 by tofacitinib and further found that tofacitinib increased
the amounts of cellular adenosine. Our data would elucidate novel
functional aspects of tofacitinib in articular chondrocytes.

Materials and methods
Clinical samples and preparation of chondrocytes
Human articular chondrocytes were obtained from rather lessdegraded parts of cartilage of 9 patients with osteoarthritis (OA)
(4 males and 5 females, mean age: 74.4 years [range: 70–80 years])
who underwent knee joint arthroplasty. The diagnosis of OA was
made according to the criteria by Kellgren and Lawrence [19].
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Written informed consent was obtained from each of the patients
and this study protocol was approved by the ethics committee
of St. Marianna University School of Medicine. The study was
performed in compliance with the World Medical Association’s
Declaration of Helsinki.
After careful removal of synovial tissue, cartilage was minced,
washed, and treated with collagenase (Wako Pure Chemical
Industries, Osaka, Japan). Isolated chondrocytes (Passage 0, P0)
were then washed and grown in vitro in monolayer culture in
Dulbecco’s modiﬁed Eagle’s medium (DMEM, GIBCO, Carsbad,
CA) supplemented with 10% fetal calf serum (Wako), 100 units/
ml of penicillin, and 100 μg/ml of streptomycin (Sigma-Aldrich,
St. Louis, MO, USA) on type-I collagen-coated culture dishes. The
production of type-II collagen in the isolated chondrocytes was
conﬁrmed (data not shown)
In addition to chondrocytes, a human chondrosarcoma
cell line of OUMS-27 cells, purchased from Health Science
Research Resource Bank (Osaka, Japan), was used. Similarly,
OUMS-27 cells were cultured in DMEM prepared as mentioned
above. The cells were cultured at 37 degrees centigrade in 5%
CO2.
Treatment of chondrocytes and OUMS-27 cells with reagents
The prepared articular chondrocytes (P1-P3, 1.0 ⫻ 107 cells/
φ100mm dish) and OUMS-27 cells were treated with or without
10–100 μM of tofacitinib for 48 h, which was the same stimulating period as used in our previous study [11]. Tofacitinib, dissolved in dimethyl sulfoxide (DMSO) (Wako) at a concentration of
10–100 mM, was added to the culture to make the ﬁnal concentration of 10–100 μM. Since the culture contained 0.1% DMSO,
control cultures were adjusted to contain 0.1% DMSO to avoid
DMSO-derived biases in the comparison. In our preliminary
experiments, we conﬁrmed that these concentrations of DMSO
and tofacitinib did not aﬀect survival of the chondrocytes and
OUMS-27 (data not shown).

523

Quantitative real-time PCR
Real-time PCR was performed using ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Foster city, CA, USA),
according manufacturer’s instructions. To measure AMPD2 and
β-actin mRNA, 2 μg of total RNA-derived cDNA was mixed
with TaqMan® Gene Expression Assays (Hs01092053_g1 and
Hs01060665_g1, respectively, Applied Biosystems) and TaqMan®
Gene Expression Master Mix (Applied Biosystems). To measure
AMPD3 mRNA, 2 μg of total RNA-derived cDNA was mixed
with 300 nM each of the forward and reverse primers and Power
SYBR® Master Mix (Applied Biosystems). Nucleotide sequences
of the primers for the ampliﬁcation of an AMPD3 DNA fragment is
as follows: 5′ -TGACAGGACTGTGGCAGAGA and 5′ -CCGTGGCTCTGAGTACTGGT. Then the mixture was subjected to realtime PCR. The thermal cycle conditions were as follows: 95°C for
10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 60 s.
Assessment of intracellular adenosine and AMP
The assessment of intracellular adenosine and AMP was carried out in accordance with protocols reviewed and approved by
Kazusa DNA Research Institute (Chiba, Japan). Brieﬂy, from
OUMS-27 cells, a lysate fraction containing AMP and adenosine
were extracted into 100% methanol, removing insoluble protein
aggregates by centrifugation and lipids by C18 spin column treatment. The extracts were dried up and then were dissolved in 0.1%
formic acid solution. Adenosine and AMP in the samples were
analyzed using a high-performance liquid chromatography system
(1200 Series; Agilent Technologies Inc., PaloAlto, CA, USA), connected to the orbitrap and ion trap mass spectrometer (LTQ ORBITRAP XL, Thermo Fisher Scientiﬁc Inc., Waltham, MA, USA).
Detected peak areas of adenosine and AMP were calculated by
Xcalibur (Thermo Fisher Scientiﬁc Inc.). Then, relative amounts
of adenosine and AMP per weight of the cells were assessed by
the peak areas.
Statistical analysis

Western blotting
Proteins were extracted from the chondrocytes into a lysis buffer (7M urea, 2M thiourea, 4% CHAPS) for Western blotting.
Monoclonal antibodies to human AMPD2 (Abnova, Taipei,
Taiwan), adenosine kinase (ADK, LifeSpan Biosciences, Seattle,
WA, USA), 5′-nucleotidase (5′-NT, Abnova), and adenosine
deaminase (ADA, abcam, Cambridge, England) were used as the
primary antibodies. Horseradish peroxidase-conjugated rabbit
anti-mouse immunoglobulin G antibodies (Invitrogen/Zymed)
were used as the secondary antibody. The bound antibodies were
visualized using an enhanced chemiluminescence detection system (GE healthcare).
Reverse transcription-polymerase chain reaction (RT-PCR)
Extraction and puriﬁcation of RNA from the cells and reverse
transcription of the RNA samples were performed using RNeasy®
(Qiagen, Venlo, The Netherlands). Primer sets were designed to
amplify parts of protein-coding regions of AMPD1, AMPD2,
and AMPD3. PCR for AMPD1 was performed for 33 cycles
(98 °C for 1 min, 58 °C for 45 s, and 72 °C for 30 s). PCR for
AMPD2 and AMPD3 were similarly performed for 33 cycles
(98 °C for 1 min, 63 °C for 45 s, and extension at 72 °C for 30 s).
Nucleotide sequences of the 3 primers are as follows. For AMPD1:
5′ -GCTTGCATGAACCAGAAACA and 5′ -ATGCTGGTACTTGGCCTCC, for AMPD2: 5′-TACAAGGAACAGGGTGAG
GG and 5′ -ACAGTGCTCATACGGGTGCT, and for AMPD3:
5′ -TGACAGGACTGTGGCAGAGA and 5′ -CCGTGGCTCTGAGTACTGGT.

Statistical signiﬁcance was calculated by Student’s t-test.

Results
Our recent 2D-DIGE analysis revealed that tofacitinib aﬀected
protein proﬁles of human articular chondrocytes [11]. One of the
aﬀected proteins is AMPD2. The protein spot assigned to AMPD2
increased its intensity by IL-1β stimulation and the increase was
suppressed by the simultaneous addition of tofacitinib. Since tofacitinib treatment alone also decreased the AMPD2 spot intensity, the
eﬀect was thought to be independent of the IL-1β pathway.
AMPD2 is an enzyme that converts AMP to IMP. Decrease
of AMPD2 may suppress the conversion from AMP to IMP and
increase AMP levels, which in turn leads to increase of adenosine,
since adenosine is synthesized from AMP. Based on this hypothesis, here we investigated whether tofacitinib decreased AMP or
not. Further, we investigated eﬀects of tofacitinib on several nucleotide metabolism-related enzymes.
Human AMPD consists of at least 3 subtypes, AMPD1–3 [12–
18]. AMPD1 is mainly produced in skeletal muscle, AMPD2 is
produced abundantly in liver and spleen, and AMPD3 is produced
in hematopoietic cells [12–18]. However, it remains unclear which
AMPD subtypes are produced in chondrocytes. Thereby we ﬁrst
tested the expression of AMPD1–3 in chondrocytes from patients
with OA by RT-PCR. As a result, we found that the chondrocytes
produced AMPD2 and 3, but not AMPD1 (Figure 1A).
Next, we conﬁrmed that the amount of AMPD2 was decreased
by the treatment with tofacitinib and tested whether the amount of
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Figure 1. Expression of the AMPD family and eﬀects of tofacitinib on it in human articular chondrocytes. (A) Total RNA, extracted from human articular
chondrocytes (n ⫽ 3) or HepG2 as a positive control, was subjected to reverse transcription and then were used for PCR of AMPD1-3 DNA fragments.
HepG2 was used as a positive control in the ampliﬁcation of AMPD2 and 3, and cDNA for AMPD1 was used as a positive control in the ampliﬁcation
of AMPD1, since no cell type that expressed AMPD1 was available. NC: negative control, PC: positive control. (B) Human articular chondrocytes
(n ⫽ 6) and a chondrosarcoma cell line, OUMS-27 (n ⫽ 3) were incubated with or without 10μM of tofacitinib for 48 h. Then proteins were extracted
and subjected to Western blotting with antibodies to AMPD2, AMPD3, and β-actin. (C) Intensity of the band for AMPD2, AMPD3, and β-actin was
measured by densitometry. In each patient and in the OUMS-27 samples, the intensity of the band for AMPD2 and AMPD3, corrected using that of
β-actin, was compared between the non-treated and tofacitinib-treated conditions. An average of the corrected intensity in the non-treated group was
deﬁned as 1.0. *p ⬍ 0.05.

AMPD3 was altered by the treatment with tofacitinib. Speciﬁcally,
human articular chondrocytes were treated with 10 μM tofacitinib
for 48 h, and then whole cell lysate, extracted from the cells and
from non-treated chondrocytes as a control, were subjected to
Western blotting with anti-AMPD2 and anti-AMPD3 antibodies,
respectively. As a result, the amount of AMPD2 was decreased

by the tofacitinib treatment in accordance with our result in the
2D-DIGE screening (p ⫽ 0.025, Figure 1B and C). However, the
amount of AMPD3 was not aﬀected by the tofacitinib treatment
(Figure 1B and C). Further, we conﬁrmed these eﬀects of tofacitinib in a chondrosarcoma cell line of OUMS-27. As shown in
Figure 1B and C, the amount of AMPD2 was signiﬁcantly
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with the increase of AMP may be due to the subtle balance of
ADK and 5’-NT, both of which tended to be decreased by tofacitinib. On the other hand, the amount of ADA was not aﬀected by
tofacitinib in both human articular chondrocytes and OUMS-27
(p ⫽ 0.222 and p ⫽ 0.403, respectively, Figure 3A and B). This
indicates that ADA is not involved in the increase of adenosine
levels by tofacitinib.
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Discussion

Figure 2. Eﬀects of tofacitinib on the intracellular levels of AMP
and adenosine. OUMS-27 was incubated with 0, 10, and 100 μM of
tofacitinib for 48 h (n ⫽ 3). After washing, the cell lysate was used for the
measurement of AMP and adenosine by LC-MS. Average peak areas of
AMP and adenosine in LC–MS of the lysate from the non-treated (0 μM
of tofacitinib) cells are deﬁned as 1.0, respectively. *p ⬍ 0.05.

decreased by the tofacitinib treatment (p ⫽ 0.031), while the
amount of AMPD3 was not aﬀected by the tofacitinib treatment
(p ⫽ 0.401).
Since OUMS-27 and OA chondrocytes showed nearly the same
behavior from the viewpoint of tofacitinib’s eﬀects on AMPDs,
we next investigated whether the decreased expression of AMPD2
was a result of decreased transcription of mRNA for AMPD2 by
quantitative real-time PCR using OUMS-27. As a result, the level
of mRNA for AMPD2 was found to be decreased signiﬁcantly
by the tofacitinib treatment (Figure 1D). Additionally, the same
experiment using an OA chondrocyte sample also showed very
similar results (data not shown). From these data, we concluded
that tofacitinib downregulated the amount of AMPD2 through the
decrease in level of its mRNA.
Next, we investigated whether tofacitinib increased adenosine levels or not, since decrease of AMPD2 possibly increases
adenosine by supplying abundant AMP. Speciﬁcally, we treated
OUMS-27 with 10 μM and 100 μM of tofacitinib for 48 h; then
we measured relative amounts of AMP and adenosine by liquid chromatography–mass spectrometry (LC–MS). As a result,
the relative AMP amount tended to be increased by tofacitinib
in a dose-dependent manner even though the diﬀerence did not
meet statistical signiﬁcance (Figure 2). The relative adenosine
levels were also increased by the tofacitinib treatment in a dosedependent manner and the increase was statistically signiﬁcant
(p ⫽ 0.014, 100 μM of tofacitinib, Figure 2). From these data, it
was concluded that tofacitinib increases AMP and adenosine levels probably due to the decrease of AMPD2. Since the increase in
the adenosine level was more distinct than the increase of AMP,
enzymes that use AMP or adenosine as a substrate may be aﬀected
by tofacitinib. We thus investigated whether tofacitinib aﬀected
the levels of ADK (EC; 2.7.1.20) that converts adenosine to AMP,
5’-NT (EC; 3.1.3.5) that converts AMP to adenosine, and ADA
(EC; 3.5.4.4) that converts adenosine to inosine in human articular chondrocytes and OUMS-27. As a result of Western blotting
with antibodies to ADK, 5’-NT, and ADA, the levels of ADK
and 5’-NT tended to be decreased although the decreases did
not meet statistical signiﬁcance in human articular chondrocytes
(p ⫽ 0.067 and p ⫽ 0.074, respectively, Figure 3A and B). Similar experiments were also performed in OUMS-27. As a result,
the amount of ADK was decreased signiﬁcantly and the amount
of 5’-NT tended to be decreased by the tofacitinib treatment in
OUMS-27 (p ⫽ 0.038 and p ⫽ 0.108, respectively, Figure 3A and
B). The results from OUMS-27 were very similar to those from
OA chondrocytes. The distinct increase of adenosine compared

Previously, we comprehensively analyzed the changes of protein
proﬁles by tofacitinib in human articular chondrocytes, where
the amount of AMPD2 appeared to be decreased by tofacitinib.
Extending the study, (1) here we conﬁrmed the decrease of
AMPD2 by tofacitinib quantitatively and (2) we further found
that the amounts of cellular AMP and adenosine were increased
by tofacitinib. In addition, (3) we found that ADK and 5’-NT,
which aﬀect AMP and adenosine, tended to be decreased by
tofacitinib and the amount of ADA did not show obvious change
by tofacitinib.
The decrease of AMPD2 by tofacitinib would decrease the conversion of AMP to IMP, which would lead to the increase of AMP
concentration detected here. The increase of AMP, a material for
the synthesis of adenosine, would lead to the increase of adenosine
concentration detected here (Figure 4).
Other enzymes that aﬀect the amounts of AMP and adenosine
directly are ADK and 5’-NT. ADK catalyzes the conversion of
adenosine to AMP and 5’-NT catalyzes the conversion of AMP
to adenosine. Since both the enzymes tended to be decreased by
tofacitinib, the conversion of AMP to adenosine and adenosine
to AMP may be suppressed by tofacitinib; however, it would not
aﬀect the balance of AMP and adenosine. This point should be
clariﬁed in the future.
The most impressive ﬁnding here is that tofacitinib increased
the cellular adenosine level. Adenosine is known to possess
anti-inﬂammatory and analgesic activities [20]. Intracellular
adenosine is released through the adenosine transporter [20,21].
Released adenosine binds to adenosine receptors (ARs) on the
surface of cells in autocrine and paracrine fashions [20,21]. Until
now, 4 types of ARs have been reported: A1R, A2AR, A2BR, A3R
[20,21]. In chondrocytes, it was reported that A2AR is the major
functional AR [21]. A2AR has been reported to be expressed
on T-cells, neutrophils, and platelets as well as chondrocytes
[20–22]. It was reported that adenosine suppressed type-II
collagen-induced arthritis, where binding of adenosine to A2AR
suppressed the synthesis of TNF-α and enhanced the synthesis
of IL-10 [23]. Further, it was reported that adenosine inactivated
NF–κB and also suppressed production of NO and prostaglandin
E2 [24]. In RA, an increased level of ADA promotes degradation
of adenosine, leading to the exacerbation of arthritis [25]. In this
study, the amount of ADA was not aﬀected by tofacitinib, thereby
the conversion of adenosine to inosine would not be aﬀected by
tofacitinib.
Methotrexate and sulfasalazine of anti-rheumatic drugs have
been reported to inhibit aminoimidazole 4-carboxamide ribonucleotide (AICAR) transformylase and thus increase intracellular
AICAR levels, in addition to their main pharmacological functions
[26–30]. AICAR was reported to increase the adenosine level,
inhibiting AMPD and ADA [26–30]. Similarly, tofacitinib would
increase the adenosine level and thus show anti-inﬂammatory
activities, in addition to its main pharmacological function of JAK
inhibition.
The expression of AMPD2 was downregulated by the tofacitinib treatment, while the expression of AMPD3 was not aﬀected
by the treatment. AMPD2 and AMPD3 are encoded by diﬀerent
genes. AMPD2 is predominantly produced in liver and spleen,
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Figure 3. Eﬀects of tofacitinib on the levels of ADK, 5’-NT, and ADA. (A) Human articular chondrocytes (n ⫽ 6) and OUMS-27 (n ⫽ 3) were incubated
with or without 10 μM of tofacitinib for 48 h. Then proteins were extracted and subjected to Western blotting with antibodies to ADK, 5’-NT, ADA,
and β-actin. (B) Intensity of the band for ADK, 5’-NT, ADA, and β-actin was measured by densitometry. In each patient and in the OUMS-27 samples,
the intensity of the band for ADK, 5’-NT, and ADA, corrected using that of β-actin, was compared between the non-treated and tofacitinib-treated
conditions. An average of the corrected intensity in the non-treated group is deﬁned as 1.0. *p ⬍ 0.05.

Figure 4. Schema of nucleic metabolism related to AMP and adenosine.
Our ﬁndings are described in the rectangle. AMPD2: AMP deaminase 2,
ADK: adenosine kinase, 5’-NT: 5’-nucleotidase, and ADA: adenosine
deaminase.

while AMPD3 is predominantly produced in hematopoietic cells
[12–18]. Thus, the mechanisms regulating the expression of
AMPD2 and AMPD3 are speculated to be diﬀerent from each
other. Tofacitinib would suppress the AMPD2-speciﬁc expressionregulating mechanism.
Here we stimulated chondrocytes with tofacitinib for 48 h, since
the tofacitinib treatment for 48 h decreased AMPD2 spot intensity
in 2D-DIGE screening of our previous study [11]. Considering
daily oral administration of tofacitinib in the clinical use, longer
stimulation periods should be investigated in the future.
The expression levels of AMPD2 appeared to be diﬀerent
among the patients (Figure 1). Additional real-time PCR using 3
samples revealed that AMPD2 mRNA levels did not show more
than 3 times diﬀerence among the samples (data not shown).
Thereby it should be investigated whether the eﬀects of tofacitinib
detected here were aﬀected by the expression levels of AMPD2 in
the future.
Our data would promote understanding of roles of tofacitinib in
the treatment of RA.
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Background: Recently, it has been reported that hypoxia highly enhances expression of peptidylarginine
deiminase (PAD) 4 and production of citrullinated proteins in some tumor cells. However, little is known
about malignant gliomas on this issue. Therefore, we here investigated whether expression of PADs was
induced by hypoxia and whether PADs citrullinated intracellular proteins if induced using U-251 MG
cells of a human malignant glioma cell line.
Methods: Expression of PADs in U-251 MG cells, cultured under hypoxia or normoxia for 24 h, was
investigated by quantitative polymerase chain reaction (qPCR). Citrullination of proteins in the cells and
the cell lysates incubated for 48 h with or without Ca2þ was detected by western blotting. Citrullinated
proteins were identiﬁed by mass spectrometry.
Results: The mRNA levels of PAD1, 2, 3, and 4 were up-regulated by hypoxia in a hypoxia-inducible
factor-1-dependent manner in U-251 MG cells. In spite of the increased expression, intracellular proteins were not citrullinated. However, the induced PADs citrullinated U-251 MG cell-derived proteins
when the cells were lysed. Multiple proteins citrullinated by hypoxia-induced PADs were identiﬁed. In
addition, the extracellular domain of vascular endothelial growth factor receptor 2 was citrullinated by
human PAD2 in vitro.
Conclusion: Our data may contribute to understanding of pathophysiology of malignant gliomas from the
aspects of protein citrullination.
© 2016 Elsevier Inc. All rights reserved.

Keywords:
Citrullinated proteins
Hypoxia
Malignant gliomas
Peptidylarginine deiminase

1. Introduction
Malignant gliomas are characterized by high invasiveness,
neovascularization, and necrosis [1]. These features have been reported to be triggered by hypoxia, which is a rather common
condition caused by insufﬁcient blood supply [2e5]. Generally
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(Y. Kagami), ishigami@tmig.or.jp (A. Ishigami), tanaka@marianna-u.ac.jp
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speaking, cellular responses to hypoxia are mainly regulated by a
transcriptional factor of hypoxia-inducible factor (HIF)-1 [6]. HIF-1
is a heterodimer composed of HIF-1a and HIF-1b, formation of
which is triggered by hypoxia. The HIF-1 heterodimer binds to
hypoxia responsive elements (HRE) of various target genes like
glycolysis-related enzymes and angiogenic factor [6].
Peptidylarginine deiminases (PADs; EC 3.5.3.15) are calcium
(Ca2þ)-dependent post-translational citrullination enzymes that
convert an arginine residue into a citrulline residue [7]. In human, 5
isoforms of PAD have been reported (PAD1, 2, 3, 4, and 6) [7]. In
in vitro studies, it was reported that hypoxia induced production of
PAD2 and citrullinated glial ﬁbrillary acidic protein (GFAP) in human astrocytes [8] and that hypoxia highly enhanced production of

http://dx.doi.org/10.1016/j.bbrc.2016.10.154
0006-291X/© 2016 Elsevier Inc. All rights reserved.
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PAD4 in various kinds of tumor cells [9e11]. In an in vivo study,
hypoxia was found to induce production of PADs, and the produced
PADs citrullinated proteins of brains in rats [12,13]. Citrullination is
often critical for functions and antigenicity of proteins. Aberrant
citrullination was suggested to relate to pathogenesis and pathology of some diseases [14e17]. For example, in patients with alzheimer's disease, citrullinated proteins were reported to be
abnormally detected in hippocampi [14]. In sera and synovial ﬂuid
of patients with rheumatoid arthritis (RA), autoantibodies to
aberrantly citrullinated proteins were reported [15e20].
In malignant gliomas, it has been poorly investigated whether
hypoxia induces expression of PADs and whether PADs citrullinate
intracellular proteins, if induced. In addition, it is unclear whether
HIF-1 is involved in induction of PADs by hypoxia in malignant
gliomas. Therefore, we here investigated whether hypoxia induced
production of PADs in U-251 MG cells of a human malignant glioma
cell line. We also investigated whether the induced PADs citrullinated intracellular proteins. We identiﬁed target proteins of PADs
in the cell line by proteomic analysis.

51

2.4. Quantitative PCR (qPCR)
qPCR was performed as described previously [23]. Brieﬂy, qPCR
was performed using ABI Prism 7000 Sequence Detection System
(Applied Biosystems™, Foster city, CA, USA), according the manufacturer's instructions. 1 mg of total RNA-derived cDNA, mixed with
TaqMan® Gene Expression Assays (PAD1: Hs00203458_m1, PAD2:
Hs00247108_m1, PAD3: Hs00212088_m1, PAD4: Hs00202612_m1,
PAD6: Mm00462201_m1, VEGF: Hs0090055_m1, and ACTB:
Mm00607939_s1, Applied Biosystems™) and TaqMan® Gene
Expression Master Mix (Applied Biosystems™), was subjected to
qPCR. The thermal cycle conditions were as follows: 95  C for
10 min, followed by 40 cycles of 95  C for 15 s and 60  C for 60 s.
2.5. In vitro citrullination by endogenious PADs

2. Materials and methods

The U-251 MG cells, suspended in a sonication buffer (50 mM
Tris-HCl (pH 7.5), 1 mM 1, 4-dithiothreitol (DTT)), were sonicated by
Bioruptor UCD-250 (SONIC BIO Corporation, Kanagawa, Japan). The
cell lysates were incubated at 37  C for 48 h, with or without 1 mM
CaCl2.

2.1. Cell culture

2.6. In vitro citrullination by human PAD2

U-251 MG cells of a human malignant glioma cell line (DS
Pharma Biomedical Co., Ltd, Osaka, Japan) were cultured in EMEM
(NISSUI PHARMACEUTICAL Co., Ltd, Tokyo, Japan) containing 7%
Sodium Bicarbonate (Otsuka Pharmaceutical Co., Ltd., Tokyo, Japan)
and L-Glutamine (NISSUI PHARMACEUTICAL Co., Ltd), and supplemented with 10% fetal bovine serum (MP Biomedical LLC, Santa
Ana, CA, USA). The U-251 MG cells were cultured at 37  C in humidiﬁed air with 5% CO2. For the exposure of cells to hypoxia, U251 MG cells were cultured in a hypoxic chamber (Hypoxia incubator chamber, STEMCELL TECHNOLOGIES, Vancouver, BC, Canada)
containing 1% O2, 5% CO2, and 94% N2 for 24 h as described previously [21].

Recombinant human VEGF receptor (VEGFR) 2 protein (aa1-764,
abcam, Cambridge, UK) was subjected to in vitro citrullination in a
solution (50 mM Tris-HCl (pH7.4), 1 mM CaCl2, and 20 U/mg human
PAD2 (abcam)) for 2 h.

2.2. Activation of HIF-1
U-251 MG cells were cultured with 0, 20, and 40 mM dimethyloxaloylglycine (DMOG, Enzo life Sciences, Inc., NY, USA) of a HIF-1
activator for 24 h.
2.3. RNA extraction and reverse transcription-PCR (RT-PCR)
RNA extraction and RT-PCR were performed as described previously [22,23]. Brieﬂy, extraction and puriﬁcation of RNA from U251 MG cells and reverse transcription of the RNA samples were
performed using RNeasy (Qiagen, Venlo, The Netherlands) and
High Capacity cDNA Reverese Transcription Kits (Life Technologies,
Rockville, MD, USA), respectively. Then, 2 mg of total RNA-derived
cDNA, mixed with 1 mM each of the forward and reverse primers
and Premix Taq™ (Ex Taq™ Version 2.0, Takara, Shiga, Japan), was
subjected to PCR. Nucleotide sequences of the primers for the
ampliﬁcation of a vascular endothelial growth factor (VEGF) fragment and a b-actin (ACTB) fragment are as follows: for VEGF; 50
-GCCTCCGAAACCATGAACTTTCTGCTG and 50 -TGGTGATGTTGGACTCCTCA, and for ACTB; 50 -AGGCACCAGGGCGTGAT and 50
-TGCTCCCAGTTGGTGACGAT. The thermal cycle conditions were as
follows: for VEGF; 95  C for 5 min, 25 cycles (95  C for 15 s, 60  C for
30 s, 72  C for 20 s), and 72  C for 5 min, and for ACTB; 98  C for
5 min, 25 cycles (98  C for 15 s, 58  C for 30 s, 72  C for 20 s), and
72  C for 5 min.

2.7. Western blotting (WB)
The procedure for WB was described previously [24]. Brieﬂy, an
equal amount of protein (1mg/lane) was separated by 15% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE).
The separated proteins were transferred onto a membranepolyvinylidence diﬂuoride (PVDF membrane; Merck Millipore, Billerica, MA, USA). For detection of citrullinated proteins,
citrulline residues of proteins on the PVDF membrane were
chemically modiﬁed by overnight incubation at 37  C in 0.0125%
FeCl3, 2.3 M H2SO4, 1.7 M H3PO4, 0.25% 2, 3-butanedion monoxime,
0.125% antipyrine, and 0.25 M acetic acid (a modiﬁcation medium)
[13,25]. Then, the modiﬁed citrulline residues were detected by
rabbit anti-modiﬁed citrulline polyclonal antibodies diluted at
1:2000 [13,24,25] and horseradish peroxidase (HRP)-conjugated
goat anti-rabbit IgG antibodies (Merck Millipore) diluted at 1:2000.
The bound antibodies were visualized using 3,30 -diaminobenxide,
tetrahydrochloride (DAB; DOJINDO, Kumamoto, Japan).
2.8. 2-Dimensional electrophoresis (2-DE) analysis
Proteins were extracted into a lysis buffer (7 M urea, 2 M thiourea, 4% CHAPS) from each of U-251 MG samples. 2-DE was perfomed as described previously [26]. Brieﬂy, 200 mg of the extracted
protein samples were loaded onto 13 cm drystrips (Imobiline, pH
range of 3e11, GE Healthcare, Buckinghamshire, UK) and the drystrips were kept at 20  C for 12 h. Then isoelectric focusing (IEF) was
performed using Ettan IPGphor (GE Healthcare). The proteins
separated by IEF were further separated by 12.5% SDS-PAGE. The
separated proteins, stained with SYPRO Ruby Protein Gel Stain (GE
Healthcare), were transferred onto a PVDF membrane. The membrane was subjected to WB with rabbit anti-modiﬁed citrulline
polyclonal antibodies to detect citrullinated proteins. Intensity of
protein spots were measured by an image analyzer (Typhoon 9400,
GE Healthcare).
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2.9. Protein identiﬁcation

3. Result

to hypoxia in our experiments.
Next, we measured mRNA levels of PAD1, 2, 3, 4, and 6 in the
normoxia and hypoxia samples by qPCR. As a result, mRNA levels of
PAD1, 2, 3, and 4 were signiﬁcantly increased in the hypoxia samples compared to the normoxia samples (5.2, 31.6, 5.6, and 6.4folds, respectively, Fig. 1A). On the other hand, mRNA of PAD6
was not detected under the hypoxic and the normoxic conditions.
We next investigated whether mRNA levels of PAD1, 2, 3 and 4
were up-regulated by HIF-1 in hypoxic U-251 MG cells speciﬁcally.
We cultured U-251 MG cells for 24 h after the treatment with DMOG,
a HIF-1a activator (0, 20, and 40 mM) and then evaluated mRNA for
PADs. As a result, the mRNA levels of PAD1, 2, and 4 were signiﬁcantly
increased both in the 20 and 40 mM DMOG-treated samples
compared to the non-treated samples, as was the case of VEGF
(Fig.1B). The levels of PAD3 were signiﬁcantly increased in the 40 mM
DMOG-treated samples compared to the non-treated samples
(Fig.1B). Therefore, we concluded that up-regulation of mRNA levels
of PAD1, 2, 3, and 4 in hypoxic U-251 MG cells was HIF-1-dependent.

3.1. Induction of PAD expression by hypoxia in U-251 MG cells

3.2. Citrullination of proteins by PADs in hypoxic U-251 MG cells

To investigate whether hypoxia induced expression of PADs in
malignant glioma cells, we cultured U-251 MG cells under hypoxia
or normoxia for 24 h. First, we checked exposure of U-251 MG cells
to hypoxia by the assessment of mRNA levels of VEGF. As a result,
the mRNA levels of VEGF were signiﬁcantly increased in the hypoxia samples compared to the normoxia samples (8.7-folds,
Fig. 1A). This indicated that the U-251 MG cells were surely exposed

Based on the above ﬁnding, we then investigated whether the
induced PADs citrullinated intracellular proteins in the hypoxic U251 MG cells by WB. As a result, in spite of the increased expression
of PADs, citrullination of intracellular proteins were not detected
(data not shown). Thereby, we next investigated whether the
induced PADs citrullinated proteins in lysates of the cells. Specifically, cell lysates of the normoxic or hypoxic U-251 MG cells were

Protein identiﬁcation was performed as described previously
[27e29]. For identiﬁcation of citrullinated proteins, gel fragments
that corresponded to protein spots of interest were recovered.
Peptides, generated by in-gel digestion with trypsin, were extracted
from the gel fragments and were subjected to MALDI-TOF/TOF mass
spectrometry (MS, Ultraﬂex, Bruker Daltonics, Bremen, Germany).
The determined peptide masses were compiled to allow searches of
protein database of National Center for Biotechnology Information
(NCBI) using the Mascot software program (Matrix Svience, London, UK).
2.10. Statistical analysis
Statistical signiﬁcance was calculated by Student's t-test.

Fig. 1. Measurement of mRNA levels of VEGF and PADs in U-251 MG cells. U-251 MG cells were cultured under hypoxia or normoxia for 24 h (A) mRNA for VEGF, PAD1-4 and ACTB
were assayed by qPCR. The mRNA levels of VEGF and PAD1-4 were normalized by the mRNA level of ACTB as an internal control. The average value in the normoxia group was
deﬁned as 1.0. Mean values with SD are shown. *p < 0.01. (B) U-251 MG cells were cultured under normoxia with DMOG (0, 20 or 40 mM) for 24 h. Then mRNA for VEGF, PAD1-4 and
ACTB were assayed by qPCR. The mRNA level of VEGF and PAD1-4 were normalized by the mRNA level of ACTB as an internal control. The average value in the normoxia group was
deﬁned as 1.0. Mean values with SD are shown. *p < 0.01. NS: not signiﬁcant.
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incubated at 37  C for 48 h with or without 1 mM CaCl2. Then the
lysates were subjected to WB to detect citrullinated proteins. As a
result, in the condition without CaCl2, citrullinated proteins were
not detected in the lysates both from hypoxic and normoxic cells.
On the other hand, in the CaCl2-treated samples, citrullinated
proteins were clearly detected in the lysates both from hypoxic and
normoxic cells. The citrullination levels were much higher in the
hypoxia samples than in the normoxia samples (2.0-fold, Fig. 2A).
These data indicates that endogeneous PADs do not citrullinate
detectable amount of intracellular proteins when U-251 MG cells
are alive, but citrullinate considerable amounts of them when the
cells are lysed and intracellular proteins are exposed to Ca2þ.
Furthermore, the data indicates that increased PADs by hypoxia
enhance the citrullination.
3.3. Indentiﬁcation of PADs target proteins in hypoxic U-251 MG
cells

53

of Fig. 2B. Then citrullinated proteins were detected by WB, as
shown in the lower panels of Fig. 2B. By the comparision of citrullination levels between the normoxia and hypoxia samples, we
selected 18 protein spots citrullination of which increased by
hypoxia (Fig. 2BeD). We identiﬁed proteins corresponding to all the
18 citrullinated protein spots using MALDI-TOF/TOF MS. Protein
spot nos. 1e4 and 10e13 were identiﬁed as vimentin (VIME). Nos. 5
and 6 were identiﬁed as glial ﬁbrillary acidic protein (GFAP). No. 7
was identiﬁed as ﬁlamin-A (FLNA). Nos. 8 and 9 were identiﬁed as
78 kDa glucose-regulated protein (GRP78). Nos. 14 and 15 were
identiﬁed as actin cytoplasmic 1 or 2 (ACTB or ACTG). No. 16 was
identiﬁed as glyceraldehyde-3-phosphate dehydrogenase (G3P),
and nos. 17 and 18 were identiﬁed as alpha-crystallin B chain
(CRYAB) (Table 1). The identiﬁed proteins were roughly mainly
classiﬁed into the three categories of cytoskeletal proteins, stressrelated proteins, and glycolytic proteins (Table 1).
3.4. Citrullination of VEGFR2 by human PAD2

As above demonstrated, citrullinated proteins were increased in
the cell lysates of hypoxic U-251 MG cells. To identify the citrullinated proteins, the proteins were separated by 2-DE. The separated
proteins labeled with SYPRO Ruby® are shown in the upper panels

Recently, autoantibodies to VEGFR2 have been reported in patients with high-grade malignant glioma [30]. It is well-known that
autoantibodies are generated against aberrantly citrullinated

Fig. 2. Citrullinated proteins in hypoxic U-251 MG cells. (A) Left panel: U-251 MG cells were cultured under hypoxia or normoxia for 24 h. U-251 MG cells suspended in a sonication
buffer (50 mM Tris-HCl (pH 7.5), and 1 mM DTT) were sonicated. The cell lysates were incubated at 37  C for 48 h, with or without 1 mM CaCl2 (Ca2þ). The incubated lysates were
subjected to WB using rabbit anti-modiﬁed citrulline polyclonal antibodies. Right panel: density of the citrullinated protein bands in the normoxia- and hypoxia-treated samples
incubated with Ca2þ were measured by using Progeneosis software (Nonliner Dynamics, Newcastle, UK). (B) The normoxic and hypoxic U-251 MG cells-derived lysates (with 1 mM
Ca2þ) described in (A) were subjected to 2-DE. Separated protein spots were stained by SYPRO Ruby (Upper panels). Then, the proteins were transferred onto a PVDF membrane and
reacted with a rabbit anti-modiﬁed citrulline polyclonal antibody (Lower panels). (C) The locations of 18 protein spots, intensity of which were increased in the hypoxia samples
compared to the normoxia samples, are shown by circles with spot numbers. (D) Out of the 18 citrulinated protein spots, representative cases (nos. 7, 8, and 10) are shown (5.5, 3.0,
and 1.6-folds, respectively). (E) The recombinant extracellular domain of human VEGFR2 (aa1-764) was treated with or without human PAD2 for 2 h in a solution (50 mM Tris-HCl
pH7.4 and 1 mM CaCl2) for 2 h. The samples were subjected to WB using rabbit anti-modiﬁed citrulline polyclonal antibodies.
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proteins in RA [18e20]. Therefore, citrullination of VEGFR2 may
trigger the generation of the anti-VEGFR2 autoantibodies, if it occurs. We investigated whether VEGFR2 could be citrullinated by
PAD2 in vitro. As a result, we found that the extracellular domain of
human VEGFR2 was citrullinated by PAD2 in vitro (Fig. 2E).
4. Discussion
The ﬁndings in this study are summarized as follows: 1) The
mRNA levels of PAD1, 3, and 4 as well as PAD2 were up-regulated by

hypoxia in a HIF-1-dependent manner in U-251 MG cells of a malignant glioma cell line; 2) The induced PADs citrullinated proteins
of the cells when tested using cell lysates; 3) Multiple proteins
citrullinated by hypoxia-induced PADs were identiﬁed; 4) The
extracellular domain of human VEGFR2 was citrullinated by human
PAD2 in vitro.
On the ﬁrst point, the mRNA levels of PAD1, 2, 3, and 4 were
drastically up-regulated by hypoxia in a HIF-1-dependent manner
in malignant glioma cells. An inner part of malignant gliomas easily
becomes hypoxic due to insufﬁcient blood supply [1,4,5]. These

Table 1
Identiﬁcation of citrullinated protein spots whose intensity was signiﬁcantly increased by hypoxia condition.
Category

Spot Fold changes of
no. citrullination
(Hypoxia/
Normoxia)

MW/pI
Protein
(observed)

Accession
no. (GI)

MW/pI
Matched Coverage Sequence conﬁrmed by LID (Mascot ion score)
(calculated) peptides (%)

42/5.2

Vimentin
VIME_HUMAN

62414289

53.6/5.06

Cytoskeltal 1
protein

1.3

2

1.3

38/5.2

Vimentin
VIME_HUMAN

62414289

53.6/5.06

303

37

3

1.6

36/5.2

Vimentin
VIME_HUMAN

62414289

53.6/5.06

203

32

4

2.9

42/4.5

62414289

53.6/5.06

152

25

10

1.6

25/5.1

Vimentin
VIME_HUMAN
Vimentin
VIME_HUMAN

62414289

53.6/5.06

173

18

11

1.6

22/5.1

Vimentin
VIME_HUMAN

62414289

53.6/5.06

124

12

12

2.9

19/5.1

Vimentin
VIME_HUMAN

62414289

53.6/5.06

287

28

13

1.5

18/5.1

Vimentin
VIME_HUMAN

62414289

53.6/5.06

227

20

5

3.7

38/4.5

4503979

49.9/5.42

185

43

6

2.3

36/4.5

Glial ﬁbrillary acidic
protein
GFAP_HUMAN
Glial ﬁbrillary acidic
protein
GFAP_HUMAN
Filamin-A
FLNA_HUMAN
Actin, cytoplasmic 1
ACTB_HUMAN
Actin, cytoplasmic 2
ACTG_HUMAN
Actin, cytoplasmic 1
ACTB_HUMAN
Actin, cytoplasmic 2
ACTG_HUMAN
78 kDa glucoseregulated protein
GRP78_HUMAN
78 kDa glucoseregulated protein
GRP78_HUMAN
Alpha-crystallin B
chain
CRYAB_HUMAN
Alpha-crystallin B
chain
CRYAB_HUMAN
Glyceraldehyde-3phosphate
dehydrogenase
G3P_HUMAN

4503979

49.9/5.42

71

15

7
14

15

Stressrelated
protein

Glycolytic
protein

5.5
1.8

1.6

29/5.1
27/5.3

26/5.3

8

3.0

27/5.1

9

3.1

26/5.1

17

2.4

20/7.5

18

1.2

20/7.9

16

1.6

29/8.0

295

39

197

EEAENTLQSFR207(60)
FADLSEAANRNNDALR310 (57) þ Deiminated (R)
411
ISLPLPNFSSLNLR424(81)
197
EEAENTLQSFR207(71)
346
EMEENFAVEAANYQDTIGR364(28) þ Oxidation
(M)
411
ISLPLPNFSSLNLR424(111)
197
EEAENTLQSFR207(71)
295
FADLSEAANRNNDALR310(50) þ Deiminated (R)
411
ISLPLPNFSSLNLR424(17)
197
EEAENTLQSFR207(20)
411
ISLPLPNFSSLNLR424(71)
346
EMEENFAVEAANYQDTIGR364(126) þ Oxidation
(M)
411
ISLPLPNFSSLNLR424(15)
197
EEAENTLQSFR207(2)
346
EMEENFAVEAANYQDTIGR364(96) þ Oxidation
(M)
295
FADLSEAANRNNDALR310 (58) þ Deiminated (R)
346
EMEENFAVEAANYQDTIGR364(129) þ Oxidation
(M)
391
MALDIEIATYR401(46) þ Oxidation (M)
346
EMEENFAVEAANYQDTIGR364(152)þ Oxidation
(M)
391
MALDIEIATYR401(46) þ Oxidation (M)
96
ALAAELNQLR105(34)
377
ITIPVQTFSNLQIR390(80)
295

96

ALAAELNQLR105(10)
ITIPVQTFSNLQIR390(42)

377

116063573 280.6/5.7

87

3

1516

EGPYSISVLYGDEEVPR1532(35)
YGGDEIPFSPYR1633(55)
239
SYELPDGQVITIGNER254(86)
1622

4501885

41.8/5.29

117

19

4501887

41.8/5.31

117

19

239

SYELPDGQVITIGNER254(86)

4501885

41.8/5.29

163

26

239

SYELPDGQVITIGNER254(118)

4501887

41.8/5.31

163

26

239

SYELPDGQVITIGNER254(118)

16507237

72.3/5.07

83

3

475

DNHLLGTFDLTGIPPAPR492(77)

16507237

72.3/5.07

119

10

475

DNHLLGTFDLTGIPPAPR492(109)

4503057

20.1/6.76

71

38

12

4503057

20.1/6.76

71

45

57

7669492

36.3/8.57

189

17

67

RPFFPFHSPSR22(41)

APSWFDTGLSEMR69(41)þ Oxidation (M)

LVINGNPITIFQER80(76) þ Deiminated (R)
LISWYDNEFGYSNR323(93)

310

MW; molecular weight (kDa), pI; isoelectric point, LID; laser-induced dissociation.
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indicate that PAD1-4 would be highly expressed in a part of malignant gliomas.
Each of the 5 PADs is expressed in a tissue-speciﬁc manner to
some degree [7]. PAD1 and PAD3 are mainly expressed in
epidermis, uterus, and hair follicles [7,31,32]. PAD2 is expressed in
various tissue, including the central nervous system [7]. Although
PAD4 is poorly expressed in normal tissue, PAD4 is highly expressed
in various malignant tumor tissue [10]. PAD6 is expressed only in
germ cells [33]. Levels of plasma PAD4 were reported to be higher
in patients with malignant tumors than in that of healthy donors,
which was consistent with increased production of PAD4 in malignant tumor tissue [11]. Thus, PAD4 is proposed as a diagnostic
marker and a therapeutic target of malignant tumors [11]. Taking
our data together with the reports, PAD1, 2, 3 as well as PAD4 would
be released from glioma cells into blood. Diagnostic and therapeutic roles of PADs 1e3 should be investigated in the future.
On the second point, endogenious PADs were drastically
increased by hypoxia, but nevertheless intracellular citrullination of
proteins were not detected when malignant glioma cells were alive.
In contrast, citrullination of intracellular proteins were massively
detected when the cells were lysed and exposed to Ca2þ. Further,
more the citrullination were much greater in the hypoxic samples
than in the normoxic samples, reﬂecting the increase of PADs
expression. Thereby, when malignant glioma cells undergo necrosis
by hypoxia, the induced PADs would be easily activated by exposure
to Ca2þ in the body ﬂuid and then possibly citrullinate glioma celland other cell-derived proteins.
Even in the PAD-increased condition by hypoxia, citrullinated
proteins were not detected when the cells were alive. Because the
enzymatic activity of PADs depends on the intracellular Ca2þ concentration around PADs, we speculate that the intracellular Ca2þ
concentration in live cells is too low to activate PADs. Even though
hypoxia was reported to induce Ca2þ inﬂux temporarily, it would be
still low to activate PADs [34]. Alternatively, localization of PADs
might limit the access of Ca2þ. Those points should be investigated
in the near future.
On the third point, we identiﬁed 7 kinds of proteins that were
citrullinated by the hypoxia-induced PADs when malignant glioma
cells were lysed. Cytoskeletal proteins such as VIME and GFAP,
stress-related proteins such as GRP78 and glycolytic proteins such
as G3P were identiﬁed (Table 1). The concentration of citrullinated
antithrombin in plasma was reported to be higher in patients with
malignant tumors than in healthy donors [11]. The plasma levels of
citrullinated antithrombin were reported to be correlated with
levels of tumor markers such as CA19-9 in blood of patients with
breast carcinoma, bladder cancer, renal cell carcinoma, and pancreastic cancer [10]. Further, higher levels of citrullinated antithrombin are considered to cause hypercoagulation in patients
with malignant tumors [11,35]. From our data, the induced PADs
derived from glioma cells possibly citrullinate glioma cell- and
other cell-derived proteins. The citrullinated proteins including the
proteins identiﬁed here may circulate in blood of patients with
malignant gliomas. Detection of them should be tried in the future.
In RA, aberrant citrullination of synovial proteins and generation of
autoantibodies to the citrullinated proteins have been reported
[17e20]. Therefore, the citrullinated proteins, derived from malignant gliomas, may get autoantigenicity in patients with malignant
glioma. These points should be investigated in the near future.
On the fourth point, again, autoantibodies to the citrullinated
proteins are generated in RA [17e20]. Recently, autoantibodies to
VEGFR2 have been reported in patients with high-grade malignant
glioma [30]. VEGFR2 is known to be expressed on the surface of
brain microvascular endothelial cells near to glia cells. We here
demonstrated that the extracellular domain of VEGFR2 was citrullinated by PAD2 in vitro. Therefore, we speculate that PADs
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derived from hypoxic glioma cells citrullinates the extracellular
domain of VEGFR2 on the surface of brain microvascular endothelial cells and that the citrullination of VEGFR2 contributes to the
acquirement of antiginecity. It is needed to investigate whether
VEGFR2 in patients with high-grade malignant glioma is citrullinated or not.
In conclusion, we here found induction of PADs expression by
hypoxia in malignant glioma cells and identiﬁed multiple proteins
that were citrullinated by the hypoxia-induced PADs when malignant glioma cells were lysed. Our data may contribute to understanding of pathophysiology of malignant gliomas from the aspects
of protein citrullination.
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緒

著者らが見いだした新しいタイプの核内受容体コ

言

アクティベーター (MTI-II)2) は NF-κB に直接結合し

アレルギー，感染，熱傷，外傷などに起因する様々

て，NF-κB の転写共役阻害因子 (コリプレッサー) と

な炎症反応は種々のサイトカインにより生体組織に

して働き，その転写活性を抑制した。すなわち，

伝播する。これらサイトカインシグナルは細胞質中

MTI-II は，GR と同様の作用機序で強力な抗炎症作

に存在する IκB/NF-κB 複合体の IκB (inhibitor of

用を示すと考えられる (Figure 1C)3)4)。また，MTI-

NF-κB) をリン酸化し，リン酸化した IκB は NF-κB
に移行する。核内に移行した NF-κB は炎症反応に呼

II 自体には DNA 結合能もホルモン作用もないので
(Figure 1D)，ステロイド薬のような副作用が少ない
と考えられる。MTI-II を抗炎症薬として利用できれ

応して，シクロオキシゲナーゼ (COX2) を含む多く

ば，ステロイド薬と同様に全ての炎症性疾患及び，

の炎症関連遺伝子の転写を促進することにより炎症

アレルギー疾患，難病を含む自己免疫疾患等に使用

やストレス反応を増幅し，生体の炎症反応を賦活化

することができる。また，ステロイド薬より安全で

する 。一方，ステロイド薬は，ホルモンリガンドと

非ステロイド系抗炎症薬より有効性の高い治療薬と

してステロイド受容体 (グルココルチコイド受容体：

なるので，これまでステロイド薬の適応外であった

GR) と結合し，非活性型 GR を活性化する。この活

軽微な炎症治療への適応や長期投与，家庭での投薬

性型 GR はただちに核内に移行し，核内で NF-κB に

が可能となり，アトピー，花粉症，関節リウマチ等

を解離する。IκB から離れた NF-κB はただちに核内

1)

直接結合することにより NF-κB の転写活性を阻害す

の患者さんの QOL を劇的に向上させることができ

る。このようにステロイド薬は炎症反応の中核的役

る。

割を担っている転写因子 NF-κB を直接抑えることに

結

より，幅広くかつ強力に炎症を抑える (Figure 1A)。
しかし，ステロイド薬と結合した活性型 GR は同時

果

テロイド薬の副作用である。GR の NF-κB 阻害活性

MTI-II は 101 アミノ酸残基から成る分子量 11.5
κDa の小さなタンパク質 (Figure 2A, 2B) で，中央
部の B 領域 (40 アミノ酸残基) はグルタミン酸 (24
アミノ酸残基) とアスパラギン酸 (7 アミノ酸残基)

は残して (すなわち，抗炎症作用は残して)，GR の

の連打から構成される。この中央部酸性アミノ酸領

ホルモン作用がない (副作用が少ない) ステロイド薬

域が NF-κB 転写活性の阻害に必要であることが分っ

の合成はステロイド薬が使われ始めてから 60 年間

ている。タンパク質やペプチドは，そのままでは細

試みられてきたが，未だに成功していない1)。

胞膜を通過出来ない。そこで，MTI-II にアルギニン

聖マリアンナ医科大学 疾患プロテオーム・分子病態治療
学

11 連打から成る細胞導入ペプチド5)を付加した MTI
抗炎症剤 (MTI Anti-Inflammatory Drugs: MAIDs) と

に炎症部位以外のところで，強力なグルココルチコ
イドホルモン作用を発揮する (Figure 1B)。これがス

13
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Figure 1. Anti-inflammatory action of glucocorticoid-receptor (GR) and
MTI-II.
(A) GR directly binds to NF-κB and inhibits binding of NF-κB
to specific DNA (κB site) in inflamed area, (B) GR specifically
binds to specific DNA (GRE) and exerts glucocorticoid hor‐
mone action in whole body, (C) MTI-II also directly binds to
NF-κB and inhibits the binding of NF-κB to κB site, (D) MTIII has neither DNA binding ability nor hormone action.

(A)

(B)
Figure 3. Brief summary of this study.
Figure 2. Predicted 3D structure (A) and schematic repre‐
sentation (B) of MTI-II.

MPAID は炎症モデル動物 (カラゲニン足浮腫，結膜
炎，アトピー性皮膚炎，リウマチ) で強力な抗炎症
作用を示したが，著明な副作用 ( 血液生化学検査，
反復投与毒性) は認められなかった3)4)。

Abbreviation NLS indicates nuclear localiza‐
tion signal.

次に，新たな創薬候補の開発を目的に抗炎症作用
中央部酸性アミノ酸領域 (40 アミノ酸残基 ) に細胞

を持つアミノ酸領域の絞り込みを行い，さらに短い

導入ペプチド (アルギニン 8 連打 ) を付加した MTI

MTI ペプチド抗炎症剤 (short MTI Peptide Anti-In‐
flammatory Drug: sMPAID) の作製を試みた (Figure
3)。MPAID をさらに短くすることにより，(1) 抗原
性が低減され，より安全なバイオ医薬品となる，(2)

ペプチド抗炎症剤 (MTI Peptide Anti-Inflammatory

Drug: MPAID) を作製し，その抗炎症作用と副作用
を 検 討 し た (Figure 3) 。 そ の 結 果 ， MAIDs と
14
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成し，HeLa 細胞の培養液中に添加し，それらの NF-

化学合成がより簡便になり，合成に伴うコンタミが
激減する，(3) 製造コストが低下し，安定供給が可能

κB の転写活性に及ぼす効果を検討した。その結果，

になる等のメリットが望める。

両方のペプチドは添加した濃度依存的に TNFα 刺激

中央部酸性アミノ酸領域 (B 領域 ) から sMPAID

後のルシフェラーゼの発現を抑えることがわかった。

候補として 30 アミノ酸残基のペプチドを 3 種類，

さらに，外因性のレポーター遺伝子だけでなく，内

20 アミノ酸残基のペプチドを 5 種類，12 アミノ酸

在する COX2 遺伝子の発現を抑えることもわかっ

残基のペプチドを 5 種類の計 13 種類のペプチドを

た6)。すなわち，ペプチド 12A-3 とペプチド 6A-3 は

選んだ (Figure 4)。これらペプチドの C 末端に細胞

抗炎症剤として働きうることが示唆された。

導入ペプチド (アルギニン 8 連打) を付加したペプチ

考

ドを発現するベクターを構築し，レポーター遺伝子

察

(NF-κB により転写が促進されるルシフェラーゼ) と
共に HeLa 細胞にトランスフェクトした。選択した
候補ペプチドには核移行シグナル (Figure 2B) が欠

MTI-II の作用機序は核内で NF-κB に直接結合し
今回見いだした sMPAID (20A-5 ， 12A-3 と 6A-3)

失しているが，細胞導入ペプチドが核移行シグナル

も細胞導入ペプチド部分が核移行シグナルとして働

として働いている5)。TNFα 刺激後のルシフェラーゼ

くので，その作用場所は核内で，MTI-II と同様に核

の発現を解析した結果，30 アミノ酸残基のペプチド
3 種類は NF-κB の転写活性を阻害しなかった。 20
アミノ酸残基のペプチド 5 種類中のペプチド 20A-5
と 12 アミノ酸残基のペプチド 5 種類中のペプチド
12A-3 が NF-κB の転写活性を阻害した。さらにペプ
チド 12A-3 の配列から 6 アミノ酸残基の配列 5 種類
をさらに短い sMPAID 候補ペプチドとして選んだ。
これらペプチドを発現させて TNFa 刺激後のルシフェ
ラーゼの発現を解析した結果，6 アミノ酸残基のペ
プチド 5 種類中のペプチド 6A-3 だけが NF-κB の転
写活性を阻害した。結果，18 候補ペプチドから 3 つ
の抗炎症ペプチド (sMPAID) を見つけることができ
た6)。次にペプチド 12A-3 とペプチド 6A-3 を化学合

移行した NF-κB に結合すると考えられる。しかし，

て，その転写活性を阻害することがわかっている3)4)。

その仔細な作用機構や sMPAID が結合する NF-κB
の部位は判っていない。また，現在判明している NF-

κB 阻害活性を持つ最小単位であるペプチド 6A-3 の
配列を含むペプチド 30A-1〜30A-3，20A-3，20A-4
に NF-κB 阻害活性がない理由も不明である。現在
sMPAID の 作 用 機 構 を 仔 細 に 解 明 す る 目 的 で ，
sMPAID と NF-κB の共結晶の X 線構造解析を行い，
sMPAID と NF-κB の結合部位の分析を行っている
(他大学との共同プロジェクト )。この sMPAID が結
合する NF-κB の部位の解明は，ペプチドミメティッ
クを用いた新しい低分子創薬 (NF-κB 阻害薬) に繋
がる研究である。

MPAID と sMPAID はバイオ医薬品 (タンパク質
医薬品，ペプチド医薬品 ) であるが，他のバイオ医
薬品にはない大きな利点がある。一般的にバイオ医
薬品は，1) 遺伝子組み換え技術を用いた微生物や動
物細胞内での産生とその後の精製が複雑でコストが
掛かる，2) 細胞膜を透過できないので細胞内の標的
分子に作用できない，3) タンパク質の変性により生
体内での安定性が悪い，4) 抗体ができるなどの問題
を持っている。しかし，MPAID と sMPAID は，1)
化学合成できるので製造が簡便安価である (鎖長を
短くすることで合成コストをさらに下げることがで
きた )，2) 細胞膜を透過して，核内の標的分子 NFκB に作用している，3) タンパク質の高次構造 (ジス
ルフィド結合や疎水性相互作用など) を持たないの
で変性しない (実際にアトピー性皮膚炎に軟膏に混
合して塗布することで抗炎症効果を確認している )，

Figure 4. Locations of sMPAID candidates.
Out of 18 candidates, the 3 peptides (shown
in red) inhibit the transcriptional activity of
NF-κB.
15
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4) 酸性アミノ酸が連打される領域には抗体が出来に
くい (短くすることで抗原性をさらに下げることが
できる ) ，などの利点を持っている。このように
MPAID と sMPAID は非常に使い易いバイオ医薬品
となりえる。現在，sMPAID を内服薬として応用す
る目的で，sMPAID の生体内での安定性を高める研
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Abstract
Aim: To explore disease-associated molecules in rheumatoid arthritis (RA), we comprehensively analyzed phosphoproteins purified from RA synoviocytes.
Method: Synoviocytes were obtained from three patients with RA and three patients with osteoarthritis (OA).
Profiles of phosphoproteins purified from the synoviocytes were compared by two-dimensional differential gel
electrophoresis (2D-DIGE) between the RA and OA groups. Protein spots with significantly different phosphorylation levels were identified by mass spectrometry. Recombinant protein of annexin A4 (ANXA4), one of the
identified phosphoproteins, was transfected into synoviocytes from an OA patient to mimic RA synoviocytes
and humoral factor secretion was compared between rANXA4-transfected and non-transfected synoviocytes
under a tumor necrosis factor-a (TNFa)-stimulated condition.
Results: In 2D-DIGE, 318 phosphoprotein spots were detected, of which 94 spots showed significantly different
intensities between the two groups (P < 0.05). Among the 94 spots, 22 spots showed two-fold or higher intensity and one spot showed less than 1/2-fold intensity in the RA group compared to the OA group. From the 22
spots, 11 phosphoproteins were identified, which included kinases, carrier and chaperone proteins, cytoskeletal
proteins, proteases and calcium-binding proteins. One of the identified calcium-binding proteins was ANXA4,
an exocytosis-regulating protein. The transfected rANXA4 was found to be phosphorylated intracellularly, and
secretion of chemokine (C-X-C motif) ligand 1 and interleukin-8 induced by TNFa stimulation was significantly
suppressed by the transfection (P < 0.01).
Conclusion: The phosphoprotein profile of RA synoviocytes was different from that of OA synoviocytes. This
difference would reflect the different pathophysiologies of the diseases. ANXA4 may be one of therapeutic targets
in RA.
Key words: annexin A4, phosphoprotein, rheumatoid arthritis, synoviocytes.
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INTRODUCTION
Rheumatoid arthritis (RA) is a systemic inflammatory
disease characterized by progressive destruction of synovial joints.1 Although the pathogenesis of RA remains
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unclear, it has been elucidated that activated synoviocytes in affected joints play an important role.2,3 Infiltration of inflammatory cells into synovium and
proliferation of synoviocytes lead to severe cartilage and
bone erosion via formation of pannus.4,5 Production of
proinflammatory cytokines and chemokines by synoviocytes and the infiltrating cells promote the process
of joint destruction.4,5
Phosphorylation, one of the important post-translational modifications of proteins, plays a key role in cellular signal transduction in inflammation.6,7 Thus,
phosphoprotein profiles should be investigated in RA
as well as in other diseases. Recent studies have focused
on protein profiles of RA synoviocytes or synovial tissue;8–13 however, only a few studies are available on the
phosphoproteome of RA.14
In this paper, we found that phosphoprotein profiles
of synoviocytes were different between RA and
osteoarthritis (OA). Annexin A4 (ANXA4), one of the
highly phospholyrated proteins in RA was found to regulate inflammatory chemokine secretion from synoviocytes. Our analysis of synovial phosphoproteins would
help understanding of the pathophysiology of RA.

MATERIALS AND METHODS
Patients
Diagnosis of RA and OA were made according to the criteria of American College of Rheumatology.15,16 Three
RA patients (RA1–3) and four OA patients (OA1–4)
were enrolled in this clinical study that was approved
by the Ethics Committee in St. Marianna University
School of Medicine, Kawasaki, Japan. The protocol of
this study conformed to the provisions of the World
Medical Association’s Declaration of Helsinki.
Synovial membrane samples were obtained from
RA1, RA2 and OA3 when they underwent total knee
arthroplasty, and from RA3, OA1, OA2 and OA4 when
they underwent total hip arthroplasty with their written
informed consents. Clinical information of the patients
are as follows: sex, all female; age (mean  standard
deviation, SD), RA1–3, 68  9 years old, OA1–3
68  8 years old, OA4 50 years old; disease duration
(mean  SD), RA1–3 18  6 years, OA1–3 22 
18 years, OA4 7 years; C-reactive protein (CRP)
(mean  SD), RA1–3 0.80  0.47 mg/dL, OA1–3
0.20  0.26 mg/dL, OA4 0.17 mg/dL; X-ray grades
(RA, Larsen grade; OA, Kellgren-Lawrence grade),
RA1 V, RA2 IV, RA3 IV, OA1 IV, OA2 III, OA3 IV, OA4
IV; drugs, RA1 bucillamine 100 mg/day, loxoprofen 120 mg/day, RA2 prednisolone 9 mg/day,

penicillamine 200 mg/day, mizoribine 150 mg/day,
RA3 prednisolone 9 mg/day, loxoprofen 180 mg/day,
salazosulfapyridine 3000 mg/day, OA1 none, OA2 loxoprofen 120 mg/day, OA3 none, OA4 none.

Preparation of synoviocyte-derived proteins
and phosphoproteins
The synovial membrane samples were digested with collagenases (Sigma, St. Louis, MO, USA). Obtained synoviocytes were cultured in Ham’s F-12 (Gibco, Carlsbad,
CA, USA) containing 20% fetal bovine serum (FBS).
After the first passage, the cells were cultured in Ham’s
F-12 containing 10% FBS. Proteins were extracted into
cell lysis buffer (4% 3-[(3-cholamidopropryl)dimethylamino]-1-propanesulfonate (CHAPS)/7 mol/L urea/
2 mol/L thiourea/30 mmol/L tris pH8.0). Phosphoproteins were purified from the extracted proteins using
Pro-Q Diamond Phosphoprotein Enrichment Kit (Invitrogen, Carlsbad, CA, USA). After the treatment with 2-D
clean-up kit (GE Healthcare, Piscataway, NJ, USA), the
purified phosphoproteins were dissolved into the cell
lysis buffer.

Two-dimensional differential gel
electrophoresis (2D-DIGE)
The purified phosphoproteins were separated by 2DDIGE according to the manufacture’s protocol (CyDye
DIGE fluor labeling kits for scarce samples, GE Healthcare).17 Briefly, phosphoprotein amounts were quantified by Bradford assay and an equal amount of the
phosphoproteins obtained from each of six synoviocyte
samples (RA1–3 and OA 1–3) were mixed and labeled
with Cy3 saturation dye (Cy Dye DIGE Saturation dye;
GE Healthcare) for preparation of an internal control,
‘standard sample’. Then each of the six samples (RA1–3
and OA 1–3) was labeled with Cy5 saturation dye;
2.5 lg of the individual Cy5-labeled sample was mixed
with 2.5 lg of the Cy3-labeled standard sample. Then
phosphoproteins in the mixture were separated by isoelectric focusing (Immobiline Drystrip pH 4–7, 24 cm,
linear; GE Healthcare) and subsequently by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). The separated phosphoprotein spots were
scanned using an image analyzer (Typhoon 9400 Imager, GE Healthcare). The Cy5-fluorescent intensity of
each protein spot was normalized by the Cy3-fluorescent intensity of an identical spot by using a quantitative analysis program of Progenesis (Nonlinear
Dynamics, Newcastle, UK). The normalized Cy5-intensity was compared between the RA and OA synoviocytes
using Progenesis.
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Identification of phosphoproteins
Phosphoproteins were identified by mass spectrometry
(MS).17 In brief, 50 lg of the phosphoproteins were
separated by two-dimensional electrophoresis (2DE).
Gel specimens corresponding to the phosphoprotein
spots of interest were recovered. Then the phosphoproteins in the gel fragments were digested with trypsin.
Peptides produced by the digestion were analyzed
using a matrix-assisted laser desorption/ionization time
of flight (MALDI-TOF) mass spectrometer (Ultraflex;
Bruker Daltonics, Ettlingen, Germany). Ten microliters
of the peptide solution were applied to C18 Zip-Tip
(Millipore, Billerica, MA, USA) for desalting, and then
bound peptides were eluted using 2 lL 50% acetonitrile/0.1% trifluoroacetic acid. One microliter of the eluent was mixed with 1 lL of a matrix solution (0.3 mg/
mL alpha-cyano-4-hydroxycinnamic acid in ethanol/
acetone 2 : 1) and the mixture was spotted onto a
MALDI target plate (AnchorChip; Bruker Daltonics).
Then mass spectra of the peptide peaks were obtained
in the automatic positive reflector mode with the mass
range of 500–4400 m/z. The data were subjected to
external calibration with nine standard peptides (Peptide calibration standard II; Bruker Daltonics). Based on
the mass spectra, some peptides were selected for tandem mass spectrometry (MS/MS) analysis. The MS/MS
spectra were measured in LIFTTM-TOF/TOF mode using
fragment ions produced by post-source decay. Ion
peaks were detected using flexAnalysis (Bruker Daltonics). The signal-to-noise threshold for the peak detection was set at 5.0.
The obtained MS and MS/MS spectra were used to
identify the phosphoproteins by database searching
(Mascot, http://www.matrixscience.com) against the
Swiss Prot human protein sequence database 54.3–8.
The charge of the precursor ion was set as 1. Mass and
peptide tolerances for precursor ions were set at
150 ppm and 1 Da, respectively. Variable modification
of phosphorylation of serine, threonine and tyrosine
were taken into consideration. Protein identification
was accepted when Mascot search results delivered significant molecular weight search (MOWSE) scores
(P < 0.05).

Western blotting
Expression of ANXA4 was examined by Western blotting. In brief, 10 lg of whole cell lysates of RA and OA
synoviocytes were electrophoresed on 12.5% SDSPAGE. Alternatively, phosphoproteins derived from
70 lg of whole cell lysates of OA synoviocytes were
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similarly electrophoresed. The separated proteins on
the SDS-PAGE gels were transferred to polyvinylidene
fluoride membranes. After blocking for 1 h in phosphate-buffered saline containing 1% bovine serum
albumin and 0.1% Tween-20, the membranes were
reacted with anti-ANXA4 antibody for 1 h (R&D Systems, Minneapolis, MN, USA), followed by incubation
with horseradish peroxidase-conjugated rabbit anti-goat
immunoglobulin G (Zymed, San Francisco, CA, USA).
Immunoreactive bands were detected by Enhanced
Chemi Luminescence (ECL)-Plus (GE Healthcare). The
results were scanned using Typhoon 9400 Imager.
Intensity of the resultant bands was measured by
Science Lab 2001 Image Gauge (Fujifilm, Tokyo,
Japan).

Transfection of recombinant ANXA4 to
synoviocytes
Recombinant ANXA4 (rANXA4) fused with His-tag
(GenWay, San Diego, CA, USA) was transfected to OA
synoviocytes using Chariot (Active Motif, Carlsbad, CA,
USA). After 16 h, a part of the cells were stimulated
with 10 ng/mL recombinant tumor necrosis factor a
(TNFa) (R&D Systems) for 6–48 h. Then proteins were
extracted from the cells into the cell lysis buffer.

Analysis of humoral factor secretion
The culture medium of the OA4 synoviocytes was
applied to a cytokine array (Proteome Profiler kit, R&D
Systems) to examine levels of humoral factors. The analyzed humoral factors were as follows: complement 5a
(C5a), CD40 ligand (CD40L), granulocyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), chemokine (C-X-C motif)
ligand 1 (CXCL1), small inducible cytokine A1
precursor (I-309), soluble intercellular adhesion molecule-1 (sICAM-1), interferon-c (IFN-c), interleukin-1a
(IL-1a), IL-1b, IL-1 receptor antagonist (IL-1ra), IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-13, IL-16,
IL-17, IL-17E, IL-23, IL-27, IL-32a, IFN-c inducible
protein 10 (IP-10), IFN-inducible T cell-a chemoattractant (ITAC), monocyte chemotactic protein-1 (MCP-1),
macrophage migration inhibitory factor (MIF), macrophage inflammatory protein-1a (MIP-1a), MIP-1b, Serpin E1, regulated on activation, normal T cell expressed
and secreted (RANTES), stromal cell-derived factor-1
(SDF-1), TNF-a, and soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1). Humoral factors detected as specific spots were visualized by ECL
Plus, and the spots were scanned using Typhoon 9400

International Journal of Rheumatic Diseases 2017; 20: 708–721

- 432 -

Phosphoproteome in RA synoviocytes

Imager. Intensity of each spot, measured by Science Lab
2001 Image Gauge, was normalized using that of the
positive control. CXCL1 and IL-8 were measured by the
respective enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems).

Statistical analysis
Statistical significance was calculated by Student’s t-test.

RESULTS
Comparison of phosphoprotein spot intensity
between the RA and OA synoviocytes
To detect phosphoproteins differently expressed in RA,
we analyzed phosphoprotein profiles of synoviocytes
from three RA patients and three OA patients by 2DDIGE. In total, 318 phosphoprotein spots were
obtained (Fig. 1a). Ninety-four out of the 318 phosphoprotein spots showed significantly different intensities between the RA and OA groups (P < 0.05, Table 1).
Among the 94 spots, 22 phosphoprotein spots were at
least two-fold higher in intensity in the RA group than
in the OA group (Table 1, Fig. 1b). Another phosphoprotein spot showed less than 1/2-fold intensity in the
RA group than in the OA group (Table 1, Fig. 1b). As a
representative result, spots of ID 8, 18 and 39 showed
higher intensity in the RA group than in the OA group
(Fig. 1c–e). The different intensities of phosphoprotein
spots indicated different phosphoprotein levels of proteins between RA and OA synoviocytes.

Identification of the phosphoprotein spots
differently expressed between the RA and OA
synoviocytes
We tried to identify proteins for the above described 22
and one spots (Table 1, Fig. 1b). As a result, proteins
were identified in 11 out of the former 22 spots and the
latter one spot (Table 2, Fig. 2). Spots of ID 8 and ID
10, both of which showed higher intensity in RA, were
identified as the same protein of ferritin light chain
(FTL). The identified 10 phosphoproteins, which
showed increased intensity in RA, were categorized into
five groups: (i) proteins involved in phosphorylation
(mitogen-activated protein kinase 4 [MAPK4] and
COP9 signalosome complex subunit 8 [COPS8]); (ii)
carrier or chaperone proteins (FTL, sodium/bile acid
cotransporter 4 [SLC10A4], and heat shock protein
beta-6 [HSPB6]); (iii) a cytoskeletal protein (4.1 protein/ezrin/radixin/moesin domain-containing protein 8
[FRMD8]); (iv) proteases (calpain small subunit 2
[CAPNS2] and sentrin-specific protease 8 [SENP8]);

and (v) calcium-binding proteins (sorcin [SRI] and
ANXA4). A cytoskeletal protein of myosin regulatory
light chain 12A (ML12A) was identified from the spot,
intensity of which was lower in RA (Table 2).

Comparison of ANXA4 expression between RA
and OA synoviocytes
Among the identified phosphoproteins, we extended
our study focusing on ANXA4, intensity of which was
2.3-fold higher in the RA group than in the OA group
(spot ID 39, Fig. 1b,e, Table 2). ANXA4 belongs to the
annexin family of calcium-dependent phospholipid
binding proteins.18 ANXA4 has been involved in
diverse cellular processes, including exocytosis.18,19
Interestingly, ANXA4 mediates aggregation of phospholipid-containing vesicles prior to fusion; however, it
loses this activity when phosphorylated by protein
kinase C (PKC).20 Thus, we hypothesized that phosphorylation of ANXA4 regulates secretion of inflammatory cytokines and/or chemokines from RA
synoviocytes.
First, to elucidate whether the increase of phosphorylated ANXA4 is due to the increase of protein expression
or its phosphorylation, we compared the total amount
of ANXA4 in the RA and OA synoviocytes. As a result,
the total amount of ANXA4 was significantly higher in
the RA synoviocytes compared to the OA synoviocytes
(approximately 1.5-fold, P < 0.01, Fig. 3a,b). Thus, the
up-regulated intensity of the phosphorylated ANXA4
spot in the RA synoviocytes (2.3-fold, Table 2) was at
least in part due to the up-regulated expression of
ANXA4.

Effects of rANXA4 protein transfection on
secretion of inflammatory cytokines and
chemokines from OA synoviocytes
Next, we tried to examine whether the phosphorylated
ANXA4 regulates the secretion of inflammatory cytokines and chemokines from synoviocytes, since the phosphorylation of ANXA4 has been reported to inhibit
vesicle aggregation.20 To achieve this, we transfected
rANXA4 into OA synoviocytes, mimicking RA synoviocytes. We compared inflammatory cytokine and chemokine secretion between the rANXA4-transfected OA
synoviocytes and non-transfected OA synoviocytes after
TNFa stimulation.
First, we examined effects of TNFa on endogenous
ANXA4 (eANXA4) expression. In the Western blotting
result, eANXA4 bands showed similar intensity between
the TNFa-treated and non-treated conditions (P > 0.05,
Fig. 3c,d). This indicates that TNFa does not affect the
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Figure 1 Two-dimensional differential gel electrophoresis (2D-DIGE) analysis of phosphoproteins extracted from rheumatoid
arthritis (RA) and osteoarthritis (OA) synoviocytes. (a) Representative results from RA1 and OA1 synoviocytes are shown. (b) A
representative result of the internal control sample that was a mixture of an equal amount of phosphoprotein samples from the
three RA and three OA synoviocytes, is shown. Circles indicate 22 phosphoprotein spots that showed two-fold or more intensity
in the RA synoviocytes compared to the OA synoviocytes (P < 0.05). The square indicates a phosphoprotein spot that showed less
than 1/2-fold intensity in the RA synoviocytes compared to the OA synoviocytes (P < 0.05). ID numbers of those 23 spots are
shown. (c–e) Results of three phosphoprotein spots (spot IDs 8, 18 and 39) that showed two-fold or more intensity in the RA synoviocytes compared to the OA synoviocytes. Error bars, SD. *P < 0.05. MW, molecular weights.
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Table 1 Number of phosphoprotein spots detected from RA
and OA synoviocytes
Change of spot intensity
(x-fold)
(RA/OA)
3.0 ≤ x
2.0 ≤ x < 3.0
1.5 ≤ x < 2.0
1/1.5 < x < 1.5
1/2 < x ≤ 1/1.5
1/3 < x ≤ 1/2
x ≤ 1/3
Subtotal
Total

Number
of spots

Number
of spots

(P < 0.05)
4
18
54
14
3
1
0
94
318

(P ≥ 0.05)
0
2
17
188
15
2
0
224

expression of eANXA4 in the OA synoviocytes. Second,
we transfected rANXA4 into OA synoviocytes. As a
result, rANXA4 was detected as a band with slightly
heavier molecular weight compared to eANXA4 because
of addition of 6xHis-tag, which indicated successful
transfection (Fig. 3e). Finally, we compared the total
amount of phosphorylated ANXA4 between TNFa-treated and non-treated conditions. For this aim, after the
TNFa treatment, phosphoproteins were purified from
the samples and then ANXA4 was detected by antiANXA4 antibodies. As a result, in the non-transfected
synoviocytes, phosphorylated eANXA4 were detected at
similar levels between the TNFa-treated and non-treated
conditions (Fig. 3f,g). In the rANXA4-transfected synoviocytes, relatively large amounts of phosphorylated
rANXA4 were detected in addition to the phosphorylated eANXA4. The total amounts of phosphorylated
ANXA4 were not affected by the TNFa treatment. Transfection of rANXA4 increased phosphorylated ANXA4 in
the synovial cells (P < 0.01, Fig. 3f,g). The TNFa treatment did not affect the phosphorylation of eANXA4 or
rANXA4.
To examine functions of phosphorylated ANXA4 in
synoviocytes, we compared secretion of humoral factors, including inflammatory cytokines and chemokines
between rANXA4-transfected and non-transfected synoviocytes. Since TNFa treatment was considered to facilitate the comparison, we first tried to find humoral
factors up-regulated by TNFa in the non-transfected
condition. Among the examined 36 humoral factors,
secretion of CXCL1 and IL-8 was up-regulated to more
than four-fold levels by the TNFa treatment (CXCL1,
4.04-fold; IL-8, 7.38-fold; Fig. 4a–c). Interestingly, the
up-regulated secretion of CXCL1 and IL-8 by the TNFa
treatment tended to be decreased after the transfection of rANXA4, which increased intracellular

phosphorylated ANXA4 by approximately 10-fold
(Figs 3g,4a–c). The CXCL1 secretion in the non-treated
condition also tended to be decreased after the rANXA4
transfection (Fig. 4a,b).
To confirm the immunosuppressive effect of the
transfected rANXA4, we quantitatively measured the
secretion of CXCL1 and IL-8 by ELISA between
rANXA4-transfected and non-transfected conditions in
the presence or absence of TNFa. As a result, secretion
of CXCL1 and IL-8 was markedly increased by TNFa
treatment also in the ELISA results (Fig. 4d,e). In the
TNFa-treated condition, the significantly up-regulated
secretion of CXCL1and IL-8 was found to be suppressed
by the transfection of rANXA4 (Fig. 4d,e, 24 and 48 h).
Even in the non-treated synovial cells, the basic secretion levels of CXCL1 were suppressed by the transfection of rANXA4 (Fig. 4d, 24 and 48 h). In the case of
IL-8, its basic secretion levels were too low to be estimated. These results suggested that the transfected
rANXA4 that was phosphorylated intracellularly suppressed the secretion of these two inflammatory
chemokines from synoviocytes.

DISCUSSION
To explore pathophysiology-related molecules from the
aspect of phosphorylation in RA, we compared phosphoprotein profiles of synoviocytes between RA and
OA synoviocytes. Among the detected 318 phosphoprotein spots in the 2D-DIGE results, 94 phosphoprotein
spots (30%) showed different intensities between the
two diseases. These differences would reflect the different mechanisms of the diseases. In particular, 23 spots
showed two-fold or more different intensities between
the RA and OA synoviocytes (Table 1, Fig. 1b,c). Previously, we compared the phosphoprotein profiles
between RA and OA synovial tissue by staining phosphoproteins on 2-DE gels, where 408 phosphoprotein
spots were obtained, and 121 spots out of them showed
more than two-fold different intensities between the
two diseases.14 The relatively low number of spots with
different intensities in this study would be the difference of the materials and methods, that is, cultured synoviocytes versus synovial tissue, and purification of
phosphoproteins versus staining of phosphoproteins.
It is interesting that 76 of the 94 (81%) differently
expressed phosphoprotein spots showed higher intensity in RA than in OA. Limiting to the 23 spots that
showed more than two-fold differences, 22 (96%)
showed higher intensity in RA than in OA (Table 1).
This indicates that phosphorylation of proteins in
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Ferritin light chain (FTL)

Ferritin light chain (FTL)

4.1 protein/ezrin/radixin/moesin
(FERM) domain- containing
protein 8 (FRMD8)
Calpain small subunit 2
(CAPNS2)
Sorcin (SRI)

Sentrin-specific protease 8
(SENP8)
Annexin A4 (ANXA4)

Heat shock protein, alphacrystallin- related, B6 (HSPB6)
Constitutive
photomorphogenesis 9
signalosome complex subunit 8
(COPS8)
Sodium/bile acid cotransporter 4
(SLC10A4)
Myosin regulatory light chain 2
(ML12A)
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22

32

43
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†Data calculated in Swiss-Prot data base.

44

74

71

39

27

26

Mitogen-activated protein kinase
4 (MAPK4)

Proteins

1

Spot
numbers

4.5/20.0

4.7/19.8

5.1/46.5

5.3/23.0

5.4/22.0

5.6/42.0

6.0/17.1

5.8/36.0

5.6/24.1

5.3/21.7

5.5/27.6

5.8/51.2

5.5/20.0

5.5/20.0

6.1/62.3

pI/MW
(kDa)
(theoretical)†

6.1/20.0

5.8/40.0

5.8/22.0

5.1/22.0

5.3/28.0

5.9/50.0

5.6/19.0

5.6/20.0

5.6/28.0

pI/MW
(kDa)
(observed)

Table 2 Identification of the phosphoproteins

P19105

Q96EP9

Q99627

O14558

P09525

Q96LD8

P30626

Q96L46

Q9BZ67

P02792

P02792

P31152

Accession
nos.

6

1

1

1

1

1

1

1

1

1

1

7

Matched
peptides

70

70

60

56

94

82

77

110

106

88

75

106

Mascot
score

12

2

6

8

3

5

5

6

2

8

8

8

Coverage
(%)

GNFNYIEFTR160
(33)
133
FTDEEVDELYR143
(17)

151

MYGSEMLHK392 (55)

384

MEIPVPVQPSWLRR14
(34)
166
KPVAGALDVSFNK178
(39)

1

NSFFHYDSHSR123
(62)
203
NHLLHVFDEYKR214
(74)

113

GLGEALGGLFGGGG
QRR30 (90)
107
QHFISFDTDR116 (56)

14

LGGPEAGLGEY
LFER169 (53)
155
LGGPEAGLGEYL
FER169 (66)
135
RELQIHDEEVLR146
(89)

155

LDHDNIVKVYEVLG
PK87 (86)

72

Confirmed sequences
(Mascot ion score)

0.4

2.0

2.0

2.3

2.3

myosin light chin kinase,
Rho-kinase

n. r.

protein kinase C (PKC),
cAMP-dependent protein
kinase
cAMP-dependent protein
kinase
n. r.

cAMP-dependent protein
kinase, polo-like kinase 1
n. r.

2.6
2.5

n. r.

n. r.

2.9

2.6

n. r.

MAPK-activated protein
kinase 5, group I p21activated kinases
n. r.

Kinases

3.7

4.1

10.8

Ratios
(RA/
OA)
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Figure 2 Tandem mass (MS/MS) spectra of the identified phosphoproteins. MS/MS spectra of the 13 peptides derived from the
identified phosphoproteins (Table 2) are shown. (a) mitogen-activated protein kinase 4 (MAPK4) (spot ID 1); (b) ferritin light
chain (FTL) (spot ID 8); (c) FTL (spot ID 10); (d) 4.1 protein/ezrin/radixin/moesin domain-containing protein 8 (FRMD8) (spot
ID 22); (e) calpain small subunit 2 (CAPNS2) (spot ID 26); (f) sorcin (SR1) (spot ID 27); (g) sentrin-specific protease 8 (SENP8)
(spot ID 32), (h) annexin A4 (ANXA4) (spot ID 39); (i) heat shock protein beta-6 (HSPB6) (spot ID 43); (j) COP9 signalosome
complex subunit 8 (COPS8) (spot ID 71); (k) sodium/bile acid cotransporter 4 (SLC10A4) (spot ID 74);
(l, m) myosin regulatory light chain 12A (ML12A) (spot ID 44).

synoviocytes would be up-regulated in RA compared to
OA. Since protein phosphorylation plays critical roles
in a broad spectrum of physiological mechanisms,
including transcription and signal transduction, the
mechanisms may be dysregulated in RA synoviocytes.
From functions of the identified protein spots
(Table 2), protein phosphorylation and degradation,
cellular transportation, cytoskeletal formation and calcium-signaling would be differently regulated in RA
synoviocytes compared to OA synoviocytes.
We are specifically interested in ANXA4, a calciumdependent phospholipid binding protein, since the
protein was highly phosphorylated in the RA synoviocytes compared to the OA synoviocytes (Fig. 1e,
Table 2). Not only phosphorylation but also expression
of ANXA4 was increased in RA synoviocytes (Fig. 2a,b).

The predominant expression of ANXA4 in RA synovium
compared to OA and non-inflamed synovium has been
previously reported.21 ANXA4 is also expressed predominantly in epithelial cells, especially at the apical
site.22 The expression level of ANXA4 is up-regulated in
cancer cells according to the increase of tumor stages,
suggesting its ability to promote cell migration.23,24
These reports indicate that ANXA4 may be associated
with dissemination of cancer cells. RA shows massive
proliferation of synoviocytes and migration of synovial
cells similar to cancer cells. Thus, the up-regulated
expression of ANXA4 may be involved in the proliferation and invasion of synoviocytes.
Roles of ANXA4 have been also implicated in a variety of cellular process such as membrane aggregation,
exocytosis, ion-transport and modulation of nuclear
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Figure 2 continued

factor-jB.18–20,25–27 We here investigated roles of
ANXA4 in RA synoviocytes, focusing on exocytosis.
Since the exocytotic activity of ANXA4 is inhibited by
phosphorylation by PKC,20 we hypothesized that the
relatively highly phosphorylated ANXA4 in RA synoviocytes regulates the secretion of inflammatory cytokines
and/or chemokines. To mimic the inflammatory condition of RA, we used TNFa, a major inflammatory cytokine secreted in the RA joints. If we use other
inflammatory cytokines such as IL-1b, IL-6 and lymphotoxin-ab (LTab), we might detect other increased
humoral factors than CXCL1 and IL-8.28 We stimulated
OA synoviocytes with TNFa, not RA synoviocytes. This
is because OA synoviocytes would be in a relatively
na€ıve state, but RA synoviocytes are already activated by
the so-called cytokine storm and still in an activated
condition even if cultured for a while.29,30 Use of
healthy synoviocytes might be more suitable, which is
worthwhile to be tested.

716

We found increased amounts of phosphorylated
ANXA4 after the transfection of rANXA4 (Fig. 3f,g). The
phosphorylated ANXA4 would reduce the secretion of
CXCL1 and IL-8 from TNFa-stimulated synoviocytes
(Fig. 4). CXCL1 and IL-8 are expressed in RA synoviocytes and their expression is up-regulated by the stimulation with TNFa and/or IL-1b and also in the inflamed
joints.31–33 CXCL1 and IL-8, which belong to a group of
CXC chemokines with an ELR motif, are potent
chemoattractants and activators for neutrophils and
potent promoters of angiogenesis.34–36 These chemokines would promote the inflammation of RA by recruiting neutrophils into the joints and promoting
angiogenesis in the synovium.37,38 Furthermore, it was
reported that CXCL1 and IL-8 down-regulated collagen
expression in rheumatoid synovial fibroblasts.39 Phosphorylation of ANXA4 may suppress these events by
down-regulating CXCL1 and IL-8 in RA and thus may
contribute to the amelioration of the disease.

International Journal of Rheumatic Diseases 2017; 20: 708–721

- 438 -

Phosphoproteome in RA synoviocytes

Figure 3 Annexin A4 (ANXA4) expression in rheumatoid arthritis (RA) and osteoarthritis (OA) synoviocytes. (a) Total ANXA4
expression in RA1–3 and OA1–3 synoviocytes was examined by Western blotting using antibodies to human ANXA4. In the negative control (NC), the blocking solution was used in place of the anti-ANXA4 antibody solution. (b) Intensity of the ANXA4 band
in (a) was measured. The relative intensity of the RA group to the OA group is shown. Error bars, SD. **P < 0.01. (c) OA synoviocytes were cultured in a medium alone or that containing tumor necrosis factor alpha (TNFa) for 24 h. Whole cell lysates were
electrophoresed, and expression of total ANXA4 protein was examined by Western blotting. (d) Intensity of the ANXA4 band in c
was compared between the non-treated and TNFa-treated synoviocytes. Error bars, SD. (e) Recombinant ANXA4 (rANXA4) was
transfected into osteoarthritis (OA) synoviocytes. Since the rANXA4 was fused with 6xHis-tag, the molecular weight of rANXA4 is
slightly higher than that of endogenous ANXA4 (eANXA4). Expression of eANXA4 and the transfected rANXA4 were examined by
Western blotting. A representative result from OA4 synoviocytes is shown. (f) OA1–3 synoviocytes were cultured in a medium
alone or that containing TNFa for 24 h. The synoviocytes transfected with rANXA4 were similarly cultured. Phosphoproteins were
extracted from those synoviocytes, and phosphorylation of eANXA4 and rANXA4 was examined by Western blotting. (g) Total
intensity of the phosphorylated eANXA4 bands and the phosphorylated rANXA4 bands in f were compared among the four types
of treatments. Error bars, SD. **P < 0.01.
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Figure 4 Down-regulation of the secretion of chemokine (C-X-C motif) ligand 1 (CXCL1) and interleukin 8 (IL-8) by transfection
of recombinant annexin A4 (rANXA4). (a) OA4 synoviocytes were cultured in a medium alone or that containing tumor necrosis
factor alpha (TNFa) for 24 h. The synoviocytes transfected with rANXA4 were similarly cultured. Levels of humoral factor secretion
in the four types of treatments were analyzed by a humoral factor array, in which 36 different anti-humoral factor antibodies were
blotted. PC, positive control. (b, c) Results of CXCL1 (b) and IL-8 (c) spots in a, which showed more than four-fold intensity
increase by TNFa treatment in the non-transfected condition, are shown. (d, e) OA4 synoviocytes were cultured in a medium
alone or that containing TNFa for 6, 12, 24 and 48 h. The synoviocytes transfected with rANXA4 were similarly cultured. Concentration of CXCL1 (d) and IL-8 (e) in the culture supernatants were measured by enzyme-linked immunosorbent assay. Significance
between the presence and absence of TNFa in the non-transfected condition, between the presence and absence of rANXA4 in the
non-treated condition, and between the presence and absence of rANXA4 in the TNFa-treated condition, is specifically shown.
*P < 0.05, **P < 0.01.

Annexins consist of 12 members of Ca2 and phospholipid-binding proteins, involved in endocytosis and
exocytosis, membrane traffic and organization, calcium
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signaling, cell growth and apoptosis.18,40 Molecular
mechanisms of the annexin-mediated exocytosis have
been mainly investigated on ANXA2.41–43 Cytosolic
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ANXA2 translocates to plasma membrane, following a
rise in cytosolic Ca2+ and binds to S100A10 proteins to
form a tetramer, in which two ANXA2 were connected
through a homodimer of S100A10 (ANXA2t). ANXA2t
promotes formation of lipid rafts necessary for
exocytosis, which contain clusters of soluble
N-ethylmaleimide-sensitive factor attachment protein
receptor (SNARE), phosphatidylinositol 4,5-bisphosphate (PIP2), and monosialotetrahexosyl-ganglioside
(GM1).41–43 Furthermore, AnxA2t bundles actin filaments to stabilize the lipid rafts and the bundled actin
filaments may connect granules to the plasma membrane to exert a mechanical force for compressing granules and favoring release of their contents.41,43
Phosphorylation is an important post-translational
modification to control the functions of ANXA2 during
exocytosis.41,42 Several phosphorylation sites of ANXA2
have been reported such as Ser 11, Ser 25 and Tyr
23.41,42,44–47 However, it has been controversial
whether the sites are phosphorylated or dephosphorylated to exert the exocytotic functions.44,45 As in the
case of Ser 11, ANXA2 may be first phosphorylated to
be activated and then dephosphorylated to stabilize an
ANXA2t complex in the release of humoral factors.46
ANXA4 is considered to be involved in exocytosis in a
similar manner to the case of ANXA2. The precise
mechanisms need to be elucidated.
Several members of annexins such as ANXA1 and
ANXA7 have been reported to be involved in the pathophysiology of rheumatic diseases.14,48 We previously
found up-regulated phosphorylation of synovial ANXA7
in RA compared to OA and that the ANXA7 was associated with increased secretion of IL-8 from RA synoviocytes.14 Involvement of phosphorylated annexins,
ANXA4 and ANXA7, in exocytosis of RA synoviocytes
was found by our studies (this study and Matsuo et al.14)
for the first time. The reason why ANXA7 was not
detected in this study would be difference of the materials and methods between the two studies (see the first
paragraph of Discussion). As an advantage of this study,
we found intracellular phosphorylation of the transfected
ANXA4 protein (Fig. 3f,g) and that the transfection of
ANXA4 reduced CXCL1 and IL-8 secretion from the
TNFa-treated synoviocytes (Fig. 4). This result is in accordance with the reports that phosphorylation of annexins
make them lose the exocytotic functions.20,45,47 Analysis
of phosphorylation sites of ANXA4 and ANXA7 and
phosphorylation/dephosphorylation status of the sites
during exocytosis is the next challenge.
One of the limitations of this study is that the
number of analyzed samples was rather small to

provide good statistical power. Another is that important supporting data for the upregulated phosphorylation of ANXA4 in RA synoviocytes such as increased
intracellular Ca2+ levels, activation of kinases, and
the phosphorylation sites of ANXA4 were not provided. We would like to conduct these experiments
using more numbers of RA and OA synoviocyte samples in the near future.
Taken together, the potential mechanism indicated
by this study is as follows: inflammatory cytokines such
as TNFa and LTab stimulate RA synoviocytes to increase
the secretion of CXCL1 and IL-8 (Fig. 4).28 ANXA4
would be involved in the exocytosis of CXCL1 and IL-8
in a similar manner to the case of ANXA2.41–43 Secreted
CXCL1 and IL-8 recruit neutrophils to the joints and
exaggerate the arthritis.31–38 Because PKC phosphorylates a broad spectrum of proteins, ANXA4 can be a
specific therapeutic target for down-regulation of the
inflammatory chemokine secretion in RA. Further investigation of other differently phosphorylated proteins
between RA and OA detected in this study would help
understanding of the disease mechanisms in RA.
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Abstract
Introduction: Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) of a free radical scavenger has been
widely used in treatment of acute ischemic stroke. However, effects of edaravone on hypoxic astrocytes
have not been fully understood. Therefore, we investigated the effects by proteomic analysis.
Methods: We cultured human astrocytes under hypoxia and normoxia with or without edaravone. Then,
we compared protein profiles of the astrocytes using 2-dimensional differential gel electrophoresis (2DDIGE). Further, we identified proteins affected by hypoxia and/or edaravone by mass spectrometry.
Results: We detected 507 protein spots by 2D-DIGE. Among them, intensity of 22 spots showed more
than 1.5-fold increase or less than 1/1.5-fold decrease with statistical significance (p<0.05) by hypoxia.
We were able to identify 6 out of the 22 protein spots (increased: alpha-enolase (ENO1, from 2 spots)
and ephrin-B2, decreased: adenosine triphosphate synthase subunit alpha (ATPA), mitochondrial heat
shock 70 kDa protein 1A/1B, and ferritin light chain). In addition, in 61 out of the 507 spots, the spot
intensity showed more than 1.3-fold increase or less than 1/1.3-fold decrease with statistical significance
(p<0.05) by hypoxia. In 9 out of the 61 spots, the hypoxia-induced intensity alteration was suppressed by
the simultaneous addition of edaravone. Three out of the 9 protein spots were identified (ENO1, ATPA,
and rab-interacting lysosomal protein-like protein 1).
Conclusion: Edaravone suppressed a part of molecular responses of human astrocytes to hypoxia. Our
data would support use of edaravone in acute ischemic stroke.
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Introduction
The neurovascular unit (NVU) is a functionally integrated
structure that is mainly composed of neuronal cells, astrocytes,
and microvascular endothelial cells [1,2]. NVU is thought to
regulate the interaction between brain circulation and neuronal
functions [1,2]. Thereby, sparing of the NVU functions would
be important in treatment of acute ischemic stroke [3]. In brain
parenchyma, endothelial cells of blood vessels are connected to
astrocytes via the foot processes of astrocytes [4]. Similarly,
neurons are also connected to astrocytes via other foot
processes of astrocytes [1]. Thus, astrocytes play a central role
in NVU as a regulator of the interactions between blood
vessels and neurons. Furthermore, astrocytes also play a role in
maintenance of homeostasis and regulation of responses of the
central nervous system to injury [5,6]. From these
backgrounds, sparing of astrocyte functions would be of
critical importance for sparing of NVU functions in the
treatment of acute ischemic stroke.

Edaravone (3-methyl-1-phenyl-2-pyrazolin-5-one) of a free
radical scavenger has been widely used in the treatment of
acute ischemic stroke [7,8]. Use of edaravone reduces
infarction areas and ameliorates neurological deficits in
patients with acute ischemic stroke [9]. Similarly, use of
edaravone was suggested to improve outcomes of the patients
with acute ischemic stroke who were treated with tissue
plasminogen activator [10]. Edaravone is thought to work
mainly as an antioxidant to inhibit lipid peroxidation [11-13].
However other effects of edaravone have been reported. For
example, we reported that edaravone promoted formation of
the tight junction between microvascular endothelial cells
partly via the down-regulation of monocyte chemoattractant
protein-1 secretion [14]. Furthermore, in hypoxic astrocytes,
edaravone has been reported to down-regulate hypoxiainducible factor (HIF)-1 and inhibit the production of vascular
endothelial growth factor (VEGF) that promotes brain edema
[15,16]. However, effects of edaravone on hypoxic astrocytes
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have not been fully understood. Based on these backgrounds,
we here attempted to investigate effects of edaravone on
human brain astrocytes in the hypoxic condition by 2dimensional fluorescence difference gel electrophoresis (2DDIGE) of a comprehensive protein profile analysis.

Hs00900055_m1, and ACTB: Mm00607939_s1, Applied
BiosystemsTM) and TaqMan® Gene Expression Master Mix
(Applied BiosystemsTM) and then was subjected to qPCR. The
thermal cycle conditions were as follows: 95°C for 10 min,
followed by 40 cycles of 95°C for 15 s and 60°C for 60 s.

Materials and Methods

2-dimensional fluorescence difference gel
electrophoresis analysis (2D-DIGE)

Cell culture
Human astrocytes (Lonza Group Ltd., Basel, Switzerland)
were cultured in Astrocyte Basal Medium (ABMTM, Lonza
Walkersville, Inc., USA) containing 0.1% recombinant human
epidermal growth factor, 0.25% insulin, 3% fetal bovine
serum, 0.1% ascorbic acid, 1% L-Glutamine, and 0.1%
GA-1000
(AGMTM
BulletKitTM,
AGMTM
plus
SingleQuotsTM of Growth Supplements, Lonza Walkersville,
Inc., USA). The astrocytes were cultured at 37 degrees
centigrade in humidified air with 5% CO2.

Treatment of astrocytes with edaravone
Astrocytes were cultured under hypoxia and normoxia
condition with or without 10 µM edaravone (Mitsubishi
Tanabe Pharma Corporation, Osaka, Japan). The hypoxia
condition (1% O2, 5% CO2, and 94% N2) was achieved using a
hypoxic chamber (Hypoxia Chamber, Stemcell Technologies).

RNA extraction and reverse transcription-PCR (RTPCR)
RNA extraction and RT-PCR were performed as described
previously [17,18]. Extraction and purification of RNA from
the astrocytes and reverse transcription of the RNA samples
were performed using RNeasy (Qiagen, Venlo, The
Netherlands) and High Capacity cDNA Reverse Transcription
Kits (Life Technologies, Rockville, MD, USA), respectively.
Then, 2 µg of total RNA-derived cDNA was mixed with 1 µM
each of the forward and reverse primers and Premix TaqTM
(Ex TaqTM Version 2.0, Takara, Shiga, Japan) and subjected to
PCR. Nucleotide sequences of the primers for the amplification
of a VEGF fragment and β-actin (ACTB) fragment are as
follows:
for
VEGF;
5’GCCTCCGAAACCATGAACTTTCTGCTG
and
5’TGGTGATGTTGGACTCCTCA, and for ACTB; 5’AGGCACCAGGGCGTGAT
and
5’TGCTCCCAGTTGGTGACGAT.
The
thermal
cycle
conditions were as follows: for VEGF; 95 for 5 min, 25 cycles
(95°C for 15 s, 60°C for 30 s, and 72°C for 20 s), and 72°C for
5 min, and for ACTB; 98°C for 5 min, 25 cycles (98°C for 15
s, 58°C for 30 s, and 72°C for 20 s), and 72°C for 5 min.

Quantitative PCR (qPCR)
qPCR was performed as described previously [18]. qPCR was
performed using ABI Prism 7000 Sequence Detection System
(Applied BiosystemsTM, Foster city, CA, USA), according
manufacturer’s instructions. 1 µg of total RNA-derived cDNA
was mixed with TaqMan® Gene Expression Assays (VEGF:

Proteins extracted from the astrocytes were separated by 2DDIGE. 2D-DIGE was performed as described previously
[14,19,20]. An internal control sample was prepared by mixing
an equal amount of samples from the 4 conditions of normoxia
without edaravone, normoxia with edaravone, hypoxia without
edaravone, and hypoxia with edaravone. The internal control
sample was labeled with Cy3 (Cy Dye DIGE Saturation dye;
GE Healthcare, Buckinghamshire, UK). Similarly, each of the
treated protein samples was labeled with Cy5. Then, 2.5 µg of
the Cy3-labeled internal control sample and 2.5 µg of the Cy5labeled samples were mixed and applied onto an isoelectric
focusing (IEF) gel (pH3-11, GE Healthcare). After IEF, the
proteins were further separated by 12.5% SDS-PAGE,
separated protein spots were detected using an image analyzer
(Typhoon 9400 Imager, GE Healthcare). To compare protein
spot intensity among the 4 groups, Cy5-fluorescent intensity of
protein spots in each gel was normalized by Cy3-fluorescent
intensity of the identical spots by using the Progeneosis
software (Nonlinear Dynamics, Newcastle, UK), and the
normalized Cy5-intensity was used for the comparison.

Protein identification
Protein identification was performed as described previously
[14,19,20]. For identification of proteins, gel fragments that
corresponded to protein spots of interest were recovered.
Peptides, generated by in-gel digestion with trypsin, were
extracted from the gel fragments and were subjected to
MALDI-TOF/TOF mass spectrometry (Ultraflex, Bruker
Daltonics, Bremen, Germany). The determined peptide masses
were compiled to allow searches of the NCBI (National Center
for Biotechnology Information) protein database using the
Mascot software program (Matrix Svience, London, UK).

Statistical analysis
Statistical significance was calculated by Student’s t-test.

Results
Changes of astrocyte protein profiles by hypoxia
To understand effects of edaravone on hypoxic human
astrocytes, we here investigated protein profile changes of
human astrocytes by hypoxia and effects of edaravone on the
changes using 2D-DIGE.
Specifically, we cultured human astrocytes under hypoxia and
normoxia for 24 hours with or without 10 µM edaravone (n=3
for each of the 4 conditions; normoxia without edaravone,
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hypoxia without edaravone, normoxia with edaravone, and
hypoxia with edaravone). Before the 2D-DIGE analysis, we
confirmed that the astrocytes were exposed to hypoxia by the
assessment of mRNA levels of VEGF between the normoxia
and hypoxia samples without edaravone. As a result, the levels
of VEGF were significantly high in the hypoxia samples
compared to the normoxia samples (3.2-folds, Figure 1). This
indicated that the astrocytes were exposed to hypoxia condition
in our experiment.

total (Table 1). In the comparison of astrocyte protein profiles
between normoxia and hypoxia conditions, we found that
intensity of 116 out of the 507 protein spots were different with
statistical significance as shown in Table 1. Out of the 116
protein spots, 39 protein spots showed more than 1.3-fold
higher intensity in the hypoxia condition than in the normoxia
condition. 15 out of the 39 protein spots showed more than 1.5fold higher intensity. Similarly, 22 protein spots showed less
than 1/1.3-fold lower intensity in the hypoxia condition than in
normoxia condition.

Figure 1. Hypoxic responses of human astrocytes. Human astrocytes
were cultured under hypoxia and normoxia for 24 hours (n=3). Then
mRNA for VEGF and ACTB were assayed by RT-PCR. A: A DNA
fragment for VEGF (322bp) as a hypoxic marker and a DNA
fragment for ACTB (135bp) as an internal control were amplified. A
representative case is shown. B: The mRNA level of VEGF was
normalized by the mRNA level of ACTB. The average value in the
normoxia group was defined as 1.0. Mean values with SD are shown.

Figure 2. 2D-DIGE detection of proteins affected by edaravone in
hypoxic human astrocytes. Human astrocytes were cultured under
hypoxia and normoxia with or without 10 µM edaravone for 24 hours
(n=3, each). Proteins extracted from each of the astrocyte samples
mixed with the internal standard sample were separated by 2DDIGE. MW; molecular weight, pI: isoelectric point.

Next, we separated proteins of each sample by 2D-DIGE as
shown in figure 2, by which we detected 507 protein spots in
Table 1. Numbers of protein spots whose intensity was altered more than 1.3-fold by hypoxia and the alternation was suppressed by edaravone.
Detected spots

hypoxia/normoxia

Effects of edaravone (under hypoxia)

on 2-DE gels

(p<0.05)

(p<0.05)

507

Total

Difference

Spot count

Difference

Spot count

116

↑ (1.5 ≤)

15

↓

2

→

13

↑

0

↓

5

→

34

↑

0

↓

0

→

18

↑

4

↓

0

→

4

↑

3

↑ (1.3 ≤)

↓ (≤ -1.3)

↓ (≤ -1.5)

39

22

7
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7 out of the 22 protein spots showed less than 1/1.5-fold lower
intensity. Focusing on the 22 protein spots that showed more
than 1.5- or less than 1/1.5- fold changes, we tried to identify
protein names using MALDI-TOF/TOF mass spectrometry. As
a result, protein names were identified in 6 protein spots (nos.
633, 685, 686, 1114, 1133, and 1196), as summarized in figure
3 and table 2. Three out of the 6 identified spots (no.685 of
alpha-enolase (ENO1), no.686 of ENO1, and no.1113 of

ephrin-B2 (EFNB2), showed higher intensity in the hypoxia
condition than in the normoxia condition. The remaining 3
spots (no. 633 of adenosine triphosphate synthase subunit
alpha (ATPA), no. 1196 of mitochondrial heat shock 70 kDa
protein 1A/1B (HSPA1A), and no.1114 of ferritin light chain
(FTL)) showed lower intensity in the hypoxia condition than in
the normoxia condition.

Table 2. Identification of protein spots whose intensity was altered more than 1.5-fold by hypoxia with statistical significance.
Spot

Fold changes

MW/pI

no.

(hypoxia/
normoxia)

(observe
d)

685

1.6

48.9/7.4

Protein

Alpha-enolase

Accession

MW/pI

Matche
d

Coverage Sequence confirmed by LID

no.

(calculated
)
peptide
s

(%)

GI:4503571

47.1/7.01

238

14

(ENO1_HUMAN)

686

1.6

48.7/7.8

Alpha-enolase

1.6

16.7/7.9

Ephrin-B2

GI:4503571

47.1/7.01

184

22

1196

-1.7

-2.1

53.1/8.7

66.7/5.6

GI:4758250

36.9/9.04

59

15

182RPELEAGTNGR192 (8)
295TADSVFCPHYEK306 (17)

ATP synthase subunit alpha, GI:4757810
mitochondrial
(ATPA_HUMAN)

59.7/9.16

kDa GI:
194248072

70.0/5.48

Heat
shock
70
protein1A/1B
(HSPA1A_HUMAN)

33AAVPSGASTGIYEALELR50 (78)
240VVIGMDVAASEFFR253 + Oxidation (M)
(58)

(EFNB2_HUMAN)
633

33AAVPSGASTGIYEALELR50 (106)
163LAMQEFMILPVGAANFR179 + 2 Oxidation
(M) (41)

(ENO1_HUMAN)

1133

(Mascot ion score)

106

15

335EAYPGDVFYLHSR347 (31)
403GIRPAINVGLSVSR416 (17)

158

19

160DAGVIAGLNVLR171(21)
172IINEPTAAAIAYGLDR187(33)
329AQIHDLVLVGGSTR342(46)

1114

-3.3

18.0/5.7

Ferritin light chain

GI:20149498

20.0/5.52

62

23

155LGGPEAGLGEYLFER169(19)

(FTL_HUMAN)
MW: molecular weight (kDa), pI: isoelectric point, LID: laser-induced dissociation

Effects of edaravone on the hypoxia-induced protein
profile changes in astrocytes
We then investigated effects of edaravone on the hypoxiainduced protein profile changes in astrocytes. Specifically, we
compared the protein profiles between the edaravone-treated
and non-treated samples (under hypoxia) using the 2D-DIGE
results. Among the 39 protein spots that showed more than 1.3fold higher intensity by the hypoxia induction, 5 spots showed
significant suppression of the intensity increase by the
treatment with edaravone (p<0.05, Table 1). Similarly, 22
protein spots that showed less than 1/1.3-fold lower intensity
by the hypoxia induction, 4 protein spots showed significant
suppression of the intensity decrease by the treatment with
edaravone (p<0.05, Table 1). In addition, edaravone did not
enhance significantly the hypoxia-induced intensity changes in
any of the 116 protein spots.

Figure 3. Location of identified protein spots. Identified protein spots
on the 2D gel are shown by circles with spot numbers. MW;
molecular weight, pI: isoelectric point.

Then, we tried to identify the 9 protein spots in which hypoxiainduced intensity changes were suppressed by the treatment
with edaravone, using MALDI-TOF-TOF/MS. As a result, we
identified 3 protein spots (no. 686 of ENO1, no. 1182 of rabinteracting lysosomal protein-like protein 1 (RILPL1), and no.
633 of ATPA, Fig. 3 and Table 3). Of note, the intensity of
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these 3 protein spots was not significantly changed by the
treatment with edaravone under normoxia (Figure 4). These

data showed that edaravone suppressed the hypoxia-induced
change of these protein spots.

Table 3.Identification of proteins whose intensity changes by hypoxia were suppressed by edaravone with statistical significance.
Spot
no.

a

Effects
of

Effects
edaravone

of MW/pI

hypoxi
a

under hypoxia

(observe
d)

↑

↓

48.7/7.8

Protein

Alpha-enolase

Accession

MW/pI

no.

(calculate
d)

GI:4503571

47.1/7.01

Matche
d
peptide
s

Coverag
e

184

22

↑

↓

13.4/5.6

RILP-like protein 1

↓

↑

53.1/8.7

33AAVPSGASTGIYEALELR50 (78)
240VVIGMDVAASEFFR253
Oxidation (M) (58)

+

GI:
195947382

47.1/5.13

72

16

201LMKINHDLR209 + Oxidation (M)
(24)

ATP synthase subunit GI:4757810
alpha,
mitochondrial
(ATPA_HUMAN)

59.7/9.16

106

15

335EAYPGDVFYLHSR347 (31)

(RILPL1_HUMAN)
633

(Mascot ion score)

(%)

(ENO1_HUMAN)

1182

Sequence confirmed by LID

403GIRPAINVGLSVSR416 (17)

MW; molecular weight (kDa), pI; isoelectric point, LID; laser-induced dissociation

Figure 4. Relative intensity of the 3 identified protein spots. The normalized intensity of the 3 identified protein spots (nos. 686, 1182 and 633) was
compared between normoxia and hypoxia conditions and between edaravone-treated and non-treated conditions. The average of the normalized
protein spot intensity in “normoxia without edaravone” group are defined as 1.0. Mean values with SD are shown.

Discussion
We here found that edaravone suppressed a part of hypoxiainduced protein profile changes of astrocytes and that
edaravone did not enhance the hypoxia-induced alteration of
the profile. Our data indicate that use of edaravone in the
treatment of acute ischemic stroke would be beneficial to
protect astrocytes from hypoxia-induced damages. First,
intensity of the protein spots of nos. 685, 1133, and 1182,
which were assigned to ENO1, EFNB2, and RILPL1
respectively, was increased by hypoxia. The increase of these 3
proteins was in accordance with previous reports. Specifically,

expression of ENO1 and EFNB2 was reported to be increased
in hypoxic human astrocytes [21] and in hypoxic human
trophoblast-derived cell lines [22], respectively. Since EFNB2
is an essential factor for differentiation of vascular endothelial
cells into arterial endothelial cells [23], it is reasonable that the
expression of EFNB2 was increased by hypoxia to maintain
arterial endothelial structures.
Protein spots of nos. 633, 1114, and 1196 whose intensity was
decreased by hypoxia were identified as ATPA, FTL, and
HSPA1A respectively. ATPA was reported to be decreased by
hypoxia in human macrophages [24]. It was reported that the
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protein level of FTL was increased in lens epithelial cells of
mixed breeding dog [25]. The change of FTL expression by
hypoxia is likely to be different among tissue type. Then, we
thus need to investigate this point in the future. Next, we
focused on the effects of edaravone on hypoxic human
astrocytes. The intensity of protein spot no. 686, identified as
ENO1, was increased by hypoxia and the change was
suppressed by the simultaneous treatment with edaravone.
ENO1, one of the glycolytic enzymes, converts 2phosphoglyceric acid to phosphoenolpyruvic acid. The
expression of ENO1 was reported to be increased by hypoxia
via enhancement of anaerobic metabolism [26,27]. ENO1 was
reported to be produced by hypoxia in a HIF-1-dependent
manner [21]. Furthermore, it was reported that edaravone
inhibited HIF-1 activity [15]. Taking these reports together
with ours, edaravone would suppress the expression of ENO1
by the inhibition of HIF-1 activity.
Intensity of protein spot no. 633, identified as ATPA, was
decreased by hypoxia and the change was suppressed by the
simultaneous treatment with edaravone. ATPA is one of the 5
subunits of ATP synthesize. The ATP synthase contains
subunits and among which decrease of ATP synthase subunit
(ATPB) in hypoxic rats, decrease of ATPB and ATP synthase
subunit in hypoxic mice, and decrease of ATPA and ATPB in
hypoxic human macrophages were reported previously [28,29].
We found that edaravone suppressed the decrease of ATPA in
hypoxic human astrocytes. It was recently reported that ATPA
was decreased by hypoxia at least in part in a HIF-1independent manner [24]. HIF-1 activity was suppressed by
edaravone as above mentioned [15]. Taking these data together
with ours, edaravone would suppress expression of ATPA in
the hypoxia condition via both HIF-1-dependent and independent pathways.
It was reported that hypoxia and/or oxidative stress suppressed
the synthesis level of ATP in mitochondria, promoting the
production of reactive oxygen species (ROS) [30-35].
Therefore, edaravone may suppress ROS production by
maintaining the expression of ATPA in the hypoxic condition.
The intensity of protein spot no. 1182, identified as RILPL1,
was increased by hypoxia and the increase was fully
suppressed by the treatment with edaravone. Thereby, RILPL1
would be deeply involved in the functions of edaravone in
hypoxia, however, functions of RILPL1 have been little
understood. The relationship among hypoxia, RILPL1, and
edaravone should be investigated in the future. In conclusion,
edaravone suppressed a part of molecular responses of human
astrocytes to hypoxia, but did not enhance any of the
responses. Although molecular functions of edaravone should
be investigated in more detailed, our data here would support
the current clinical use of edaravone for the treatment of acute
ischemic stroke.
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A Small Nuclear Acidic Protein (MTI-II, Zn2ⴙ Binding
Protein, Parathymosin) That Inhibits Transcriptional
Activity of NF-B and Its Potential Application to
Antiinflammatory Drugs
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Japan

Nuclear factor-B (NF-B) is the most potent proinflammatory transactivator, and an inhibitor of NF-B
is a good antiinflammatory drug. Glucocorticoids (GCs) are the strongest and the most frequently used
antiinflammatory drugs. GC-bound glucocorticoid receptor (GR) inhibits the transcriptional activity of
NF-B and thereby suppresses a broad range of inflammatory processes. Concurrently, in whole body
outside the inflammation area, the GR exerts a lot of hormone action, which results in severe side
effects. There is a long-awaited need for a new NF-B inhibitor. Previously we found a small nuclear
acidic protein (named MTI-II, also known as Zn2⫹-binding protein or parathymosin), which worked as
a coactivator of GR. Here we showed that overexpression of MTI-II inhibited a transcriptional activity
of NF-B independently of GCs and the GR. Vise versa, RNA interference suppression of inherent MTI-II
enhanced the transcriptional activity of NF-B. An immunoprecipitation analysis showed that MTI-II
precipitated NF-B after the stimulation of TNF␣. Deletion mutants of MTI-II showed that central acidic
region is essential for the inhibition of the transcriptional activity of NF-B. These results suggest that
MTI-II would be an inherent inhibitor that interacts with NF-B. Next, we constructed MTI-II-based
antiinflammatory drugs (three fusion proteins of MTI-II with a protein transduction domain and a
fusion peptide of the central acidic region with protein transduction domain). These drugs had significant antiinflammatory effects on acute inflammation models and on animal models of human
chronic inflammation diseases without an increase of the blood glucose level and repeated-dose toxicity. The MTI-II-based antiinflammatory drug will be a good alternative of GCs. (Endocrinology 157:
4973– 4986, 2016)

A

n inhibitor of proinflammatory transactivator, nuclear
factor-B (NF-B), is the most potent antiinflammatory
drug. Glucocorticoids (GCs) are the strongest and the most
frequently used inhibitors of NF-B. As for mechanism of the

antiinflammatory action of GCs, it has been suggested that
the GC-bound glucocorticoid receptor (GR) interacts with
NF-B (1–3) and then inhibits the transcriptional activity of
NF-B. Furthermore, recent reports suggest that GR induces
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genes that contribute to the inhibition of NF-B (4 –9). Thus
GCs suppress a broad range of inflammatory processes by
inhibiting NF-B in active inflammation areas. At the same
time, outside the inflammation areas, the GR binds to specific
DNA and induces both gene transactivation (eg, genes for
enzymes involved in gluconeogenesis) and gene transrepression, which result in severe side effects such as diabetes, atrophy of skin, apoptosis of immune cells, and suppression of
the hypothalamic-pituitary-adrenal axis (10). There is a
long-awaited need for a new NF-B inhibitor.
Previously we found a small nuclear acidic protein (named
MTI-II [11], also known as Zn2⫹ binding protein [12] or
parathymosin [13]). MTI-II is ubiquitously expressed in
whole mammalian tissues with the highest concentrations
in liver followed by kidney and the lowest concentrations in
thymus, spleen, and muscle (13–16). And its amino acid sequence (17) is highly conserved among rat, cow, and human
(18). In the last paper (19), we found that the overexpression
of MTI-II enhanced a transcriptional activity of GR as strong
as steroid receptor coactivator-1, whereas MTI-II had little
effect on the transcriptional activity of estrogen receptor-␣.
RNA interference (RNAi) suppression of inherent MTI-II
reduced the transcriptional activity of the GR (19). An immunoprecipitation assay revealed that MTI-II directly bound
both to the GR and to CBP/p300 (19). MTI-II is very small
(101 amino acid residues, 11.5 kDa) and very acidic (pI ⫽
4.0, 47 of 101 amino acid residues are acidic) (17). MTI-II
has neither protein-protein interaction domains (eg, LXXLL
domain) nor enzymatic activities (eg, histone acetyltransferase activity) as well no DNA binding motif. Thus, an expected molecular mechanism of MTI-II is that MTI-II may
slide into GR/coactivators complex and plays as electrostatic
glue that binds the GR and CBP/p300. Thereby MTI-II enhances the transcriptional activity of GR. MTI-II is an important component of the GR/coactivator complex (19).
In this report, we examined the effect of MTI-II on a transcriptional activity of NF-B and found that the overexpression of MTI-II inhibited the transcriptional activity of NF-B
independently of GCs and the GR. The inhibition was caused
by a formation of a complex of MTI-II with NF-B. Furthermore, we constructed four kinds of MTI-II-based antiinflammatory drugs and found that they had significant in
vivo antiinflammatory effects on acute inflammation models
(carrageenan induced paw edema and croton oil induced
conjunctival inflammation) and also on animal models of
human chronic inflammation diseases (mite-antigens induced atopic dermatitis and collagen induced arthritis) without an increase of the blood glucose level and repeated-dose
toxicity. The MTI-II-based antiinflammatory drugs will fulfill the unmet need as an alternative to GCs.

Endocrinology, December 2016, 157(12):4973– 4986

Materials and Methods
Cell culture, transient transfection, and luciferase
assay
HeLa cells (DS Pharma Biomedical; 03-117) were grown in
DMEM with 10% fetal bovine serum (FBS) in the presence of
penicillin-streptomycin. The cells were plated at a density of
0.12 ⫻ 105 cells/well in 48-well plates. At 24 hours after the cell
plating, the medium was changed to DMEM plus 10% dextrancharcoal-treated FBS (DC-FBS; HyClone). At 24 hours after the
medium change, the cells were transfected with 60 ng of BLuc2P (pGL4.32; Promega) or glucocorticoid response element
(GRE)-Luc2P and 20 ng of TK-hRLuc (pGL4.74; Promega) together with 120 ng of pTriEx-MTI (MTI-II cDNA inserted into
NcoI-HindIII site of pTriEx-4 [Novagen] vector) or pTriEx-NC
(expressing only his-tag) to a total 200 ng of DNA per well by
using a cationic lipid reagent (FuGENE HD; Promega). The
GRE-Luc2P was constructed from a GRE promoter of pGRELuc vector (PT3339-5; CLONTECH) and basic Luc2P vector
(pGL4.11; Promega). At 48 hours after the transfection, the cells
were treated with 1 ng/mL of TNF␣ and/or 120 nM dexamethasone (Dex). The cells were harvested at 4.5 hours after the treatment, and the luciferase activities were detected by a dual-luciferase assay system (Promega).
As for the luciferase assay in COS7 cells (Health Science Research Resources Bank; JCRB9127), the procedures were essentially the same as above, except that the cells were plated at a density
of 1.2 ⫻ 105 cells/well in 12-well plates and transfected with 100 ng
of B-Luc2P, 20 ng of TK-hRLuc, and 880 ng of pTriEx-MTI plus
pTriEx-NC to a total 1000 ng/well.

Antibodies and Western blot detection
The following antibodies are used: anticyclooxygenase 2
(COX2; Abcam; ab52237), antiglyceraldehyde-3-phosphate dehydrogenase (GAPDH; Abcam; ab9485), anti-GR (20), antiinhibitory-B (IB; Abcam; ab7217), anti-MTI-II (19), and antiNF-B p65 (Abcam; ab7970) rabbit polyclonal antibodies
anti-IB phosphorylated at serine 32 rabbit monoclonal antibody (Abcam; ab92700) and anti-his-tag mouse monoclonal antibody (Merck Millipore; 70796). For the second antibody,
horseradish peroxidase-labeled antirabbit IgG (Merck Millipore; 12-348), horseradish peroxidase-labeled antimouse IgG
(Abcam; ab1801), and fluorescein isothiocyanate-labeled antimouse IgG (Sigma; F0257) polyclonal antibodies were used. Proteins were separated with 12.5% SDS-PAGE and transferred to
polyvinyl difluoride membrane (Amersham Hybond 0.2 m; GE
Healthcare). As for the immunodetection of MTI-II, proteins
separated with 12.5% SDS-PAGE were transferred to nitrocellulose membrane (Immobilon NY⫹; Merck Millipore) and fixed
with 0.5% glutaraldehyde as described previously (19). Detection was performed with ECL Select (GE Healthcare). Band intensities were measured by Image Studio software (LI-COR
BIOSCIENCES).

RNA interference
For RNAi suppression of MTI-II, we used a 27-nt hairpin
small interfering RNA (siRNA) expression vector (psiLentGene;
Promega) containing MTI-II cDNA corresponding to nucleotides 72–98 (19). Transfection of the siRNA vector together with
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the reporter genes and the luciferase assay were performed as
described above.

Immunoprecipitation
HeLa cells were plated at a density of 8.5 ⫻ 105 cells per
100-mm diameter plate. At 24 hours after the cell plating, the
medium was changed to DMEM plus 10% DC-FBS. At 24 hours
after the medium change, the cells were transfected with 10 g
of pTriEx-MTI(⫹H) (MTI-II cDNA inserted into PstI-HindIII
sites of pTriEx-4 vector expressing his-tag and 63 amino acid
linker followed by MTI-II) (19). At 48 hours after transfection,
the cells were treated with 1 ng/mL of TNF␣ and/or 120 nM Dex.
The cells were harvested at 2 hours after the treatment. The
procedures of cell-lysate preparation and the immunoprecipitation were essentially same as mentioned in a previous paper (19)
except that the supernatants of the cell lysates were incubated
with anti-his-tag antibody-conjugated Protein G-agarose beads
for 3 hours at 4°C in a rotator.

Fluorescence microscopy
For the plasmids expressing green fluorescent protein (GFP)fused MTI-II and red fluorescent protein (RFP)-fused p65, we
subcloned the MTI-II cDNA and the p65 cDNA into the EcoRVNotI sites of pQBI25-fC1 (Qbiogene) (19) and the SacI-KpnI
sites of pDsRed2-C1 (CLONTECH), respectively. We also subcloned the IB␣ cDNA into the SmaI site of pTriEx-4 vector.
The HeLa cells were plated at a density of 2.0 ⫻ 105 cells per
35-mm coverslip-bottom dishes (Becton Dickinson). After 24
hours, the medium was changed to DMEM plus 10% DC-FBS.
At 24 hours after the medium change, the cells were transfected
with 200 ng of the GFP-MTI-II, 200 ng of the RFP-NF-B and
200 ng of the IB␣ expression vectors. At 24 hours after the
transfection, the cells were treated with 1 ng/mL of TNF␣ for 6
hours. The cells were viewed on a Carl Zeiss LSM 510 META
laser-scanning confocal microscope.

Purification of MTI-II-based
antiinflammatory drugs
H11RM was expressed in yeast Pichia (Life Technologies). Proteins were extracted with an extraction reagent (YeastBuster;
Merck Millipore) and the extract was centrifuged at 113 000 ⫻ g
for 60 minutes at 4°C. The resultant supernatant was loaded onto
Ni-NTA column (Merck Millipore). The column was washed with
buffer A (20 mM Tris-HCl, pH 7.5; 500 mM NaCl) containing 20
mM imidazole and then developed with a linear gradient of 20 –500
mM imidazole in the buffer A. Fractions containing H11RM were
pooled and diluted by addition of the same volume of the ice-cold
buffer A. The diluted sample was loaded onto HisTrap column (GE
Healthcare). The column was washed with the buffer A containing
20 mM imidazole and then developed with a linear gradient of
20 –500 mM imidazole in the buffer A (Supplemental Figure 1A).
The fractions containing H11RM were pooled, concentrated using
a centrifugal concentrator (Amicon Ultra-15; Merck Millipore) and
dialyzed against 20 mM Tris-HCl (pH 7.5) and 250 mM NaCl at
4°C overnight. The dialyzed sample was then loaded onto a
MonoQ column (GE Healthcare). The column was developed with
a liner gradient of 250 –500 mM NaCl in 20 mM Tris-HCl (pH 7.5)
at 4°C (Supplemental Figure 1B). The eluent was concentrated to
approximately 50 mg/mL using the centrifugal concentrator. The
protein concentration of the purified MTI-II-based antiinflamma-
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tory drugs (MAIDs; H11RM, HM11R, and M11R) was estimated
by absorbance at 214 nm using BSA (Pierce; 23209) as a standard
because the MAIDs have no absorbance at 280 nm. The concentrated sample was dialyzed against PBS at 4°C overnight and then
stored at ⫺80°C in aliquots. H11RM was confirmed by the immunoblot analysis using both anti-his-tag and anti-MTI antibodies.
For purification of HM11R (Supplemental Figure 2), the procedure was essentially the same as above, except that H11RM
was expressed in Escherichia coli Rosetta2 (DE3; Merck Millipore) and that the proteins were extracted with the extraction
reagent BugBuster (Merck Millipore). HM11R was also confirmed by the immunoblot analysis using both anti-his-tag and
anti-MTI antibodies.
For the purification of M11R, M11R was expressed in E coli
CL1, which is a hyperexpression mutant derived from JM109
(CHOTOSE Laboratory). Proteins were extracted with BugBuster (Merck Millipore) and the extract was centrifuged as
above. To the resultant supernatant, 70% ammonium sulfate
was added on ice. After centrifugation at 28 000 ⫻ g for 20
minutes at 4°C, the resultant supernatant solution was loaded
onto a HiTrap Phenyl HP column (GE Healthcare). The column
was developed with a liner gradient of 70%– 0% ammonium
sulfate in 20 mM Tris-HCl (pH 7.5) and 50 mM NaCl. The
fractions containing M11R were pooled and dialyzed against 20
mM Tris-HCl (pH 7.5) and 200 mM NaCl at 4°C overnight. The
dialyzed sample was then loaded onto a MonoS column (GE
Healthcare). The column was developed with a liner gradient of
200 –1200 mM NaCl in 20 mM Tris-HCl (pH 7.5) at 4°C (Supplemental Figure 3). The eluent was dialyzed against PBS at 4°C
overnight and then concentrated to approximately 25 mg/mL
using a centrifugal concentrator (Amicon Ultra-3K). The concentrated sample was stored at ⫺80°C in aliquots. M11R was
confirmed by the nanoliquid chromatography-electrospray ionization-quadrupole-time-of-flight-tandem mass spectrometry
analysis after asparaginyl endopeptidase digestion (Hokkaido
System Science Co, Ltd).

Preparation of MTI-II peptide antiinflammatory
drug (MPAID)
MPAID was chemically synthesized (Biomatik Corp) and dissolved in PBS. The pH of the solution was adjusted to pH 7.4 by
the addition of NaOH.

Immunohistochemical staining of HM11R
HeLa cells were plated at a density of 0.3 ⫻ 105 cells/well in
an eight-well culture slide. At 24 hours after the cell plating, the
medium was changed to DMEM plus 10% DC-FBS. At 24 hours
after the medium change, the medium was changed to that containing 3.0 mg/mL of HM11R. After the incubation time (30, 60,
120 min), the cells were washed twice with ice-cold PBS and fixed
by 4% paraformaldehyde in 0.1 M phosphate buffer (pH 7.3).
After membrane permeabilization with 1.5% Triton X-100 in
PBS, HM11R was detected by the anti-his-tag monoclonal antibody and fluorescein isothiocyanate labeled antimouse IgG
polyclonal antibody.

In vitro antiinflammatory action of MPAID
HeLa cells were plated at a density of 0.12 ⫻ 105 cells/well in
48-well plates. At 24 hours after the cell plating, the medium was
changed to DMEM plus 10% DC-FBS. At 24 hours after the
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medium change, the cells were transfected with 60 ng of BLuc2P, 20 ng of TK-hRLuc, and 120 ng of pTriEx-NC as described above. At 24 hours after the transfection, the medium
was changed to the medium containing MPAID (0.2, 0.5 mg/mL)
or ␣-polyglutamate peptide (10 glutamate residues, 0.2, 0.5 mg/
mL). At 24 hours after the medium exchange, the cells were
treated with 1 ng/mL of TNF␣. The luciferase activities were
detected as above.

Statement of compliance for animal experiments
Experimental procedures involving animals were reviewed
and approved by the Institutional Animal Committee of St Marianna University School of Medicine and the president of St
Marianna University School of Medicine (approval number
1502011). The experiments were carried out under the approved
protocols by the Internal Regulations for the Animal Care and
Use at Animal Experiment Committee of KAC Co, Ltd and by the
Animal Experiment Committee of Nihon Bioresearch Inc in
compliance with the Fundamental Guidelines for Proper Conduct of Animal Experiment and Related Activities in Academic
Research Institutions under the jurisdiction of the Ministry of
Education, Culture, Sports, Science, and Technology (Japan;
Notice, number 71, 2006).
Animals (male and female Slc:Wister rats, female NC/Nga slc
mice, and female DA/Slc rats) were purchased from Japan SLC 1
week before the experiment and acclimatized. They were housed
one per cage and were maintained on a 12-hour light, 12-hour dark
cycle (lights on from 7:00 AM to 7:00 PM) with access to food (certified diet CRF-1; Oriental Yeast Co, Ltd) and water ad libitum. To
assess animal health, body condition, and well-being, we observed
the appearance, posture, awareness, and behavior of the animals
essentially twice a day and additionally during the experiment time.
When at least one of the auricular reflex, auditory reflex, and pain
reflection is lost, we immediately put the animal painlessly to death
by anesthesia. During the following experiments, fortunately, we
had observed no adverse outcomes and animal death before they
could be euthanized.

Carrageenan-induced foot edema model
This test was performed at KAC Co, Ltd, essentially according
to the method reported elsewhere(21) except that male Slc:Wister
rats (6 wk old, 143.3 ⫾ 1.24 g) were fasted for 16 hours before the
injection of -carrageenan. Edema was induced in right hind foot of
the rats by the plantar injection of 0.1 mL of 1% -carrageenan.
Test samples (PBS [negative control [NC]], indomethacin [IDM; 0.4
mg], Dex [0.14 mg], H11RM [3, 6, 12 mg], and HM11R [6 mg])
were injected ip at 1 hour before and at the same time of the carrageenan injection. Each subject group consists of six rats. Significance of differences was evaluated with a Student’s t test. The blood
samples of the three randomly chosen rats from each group were
collected from the abdominal aorta under the isoflurane anesthesia
at 6 hours after the carrageenan injection.

Croton oil-induced conjunctival
inflammation model
This test was performed at Nihon Bioresearch Inc. According
to the method (22), female Slc:Wister rats (5 wk old, 89.5 ⫾
1.0 g) were received by repeated binocular instillation of 2-(2ethoxyethoxy)ethanol and croton oil, according to the schedule
that 2.5 L of 100% 2-(2-ethoxyethoxy)ethanol was instilled at
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0 and 40 minutes, and 5.0 L of 10% croton oil was at 80, 140,
and 200 minutes. This condition enhances the conjunctival inflammation and reduces vision for the animals, but neither
induces opacification of the lens nor makes the animal blind
(Nihon Bioresearch Inc, personal communication). Test samples
(PBS [NC], 0.1% Dex, H11RM [50, 150, 250 g], and HM11R
[200 g]) were binocularly instilled according to the schedule
that the 5.0 L of the sample was instilled at 120 and 60 minutes
before and at 30, 70, 130, and 190 minutes after the first 2-(2ethoxyethoxy)ethanol instillation. Each subject group consists
of three rats, and each rat underwent an experimental intervention in both eyes. The instillation of 2-(2-ethoxyethoxy)ethanol
and croton oil into a single eye has no influence on the opposite
eye and conjunctiva for at least 320 minutes after the first instillation (Nihon Bioresearch Inc, personal communication), indicating that the croton oil-induced conjunctival inflammation is
caused independently for each eye. Therefore, the experimental
intervention in both eyes of a single animal reduces the number
of animals. At 320 minutes after the first 2-(2-ethoxyethoxy)ethanol instillation, the eyelid was removed and the upper
conjunctiva was weighted. Significance of differences was evaluated with a Student’s t test.

Mite antigens induced atopic dermatitis model
This test was performed at KAC Co, Ltd. According to the
method (23), 5 L of mite antigen (1 mg/mL) was given intradermally to the right auricular region of female NC/Nga slc mice (8 wk
old, 20.7 ⫾ 1.4 g) at days 0 (the first administration), 3, 7, 10, and
14. Total clinical severity score for atopic dermatitis-like skin lesions and thickness of the right auricular region were measured at
days 0, 1, 4, 8, 11, and 15 by animal pathologists at KAC Co, Ltd.
The clinical severity score was defined as described previously (24).
Briefly, the total score is the sum of individual scores graded as 0
(none), 1 (mild), 2 (moderate), or 3 (severe) for each of the four signs
and symptoms: erythema/hemorrhage, edema, erosion, and dryness. The test samples are hydrophilic ointment base (negative control; Maruishi Pharmaceutical), 0.12% betamethasone valerate
(BM; Shionogi & Co, Ltd), M11R (0.04, 0.2 mg per 5 L), and
MPAID (0.2, 1.0 mg per 5 L). MPAID and M11R were mixed
with the ointment base and applied. The samples (5 L) were applied to the skin of the right auricular region every day from day 1
to day 15. Each subject group consists of eight mice. The blood
samples were collected from the abdominal aorta under the isoflurane anesthesia at day 15. The significance of differences was evaluated with a Student’s t test.

Collagen-induced arthritis model
This test was performed at KAC Co, Ltd. According to the
method (25), the emulsion of bovine type II collagen and incomplete Freund’s adjuvant was injected intracutaneously at three
sites on the back of female DA/Slc rats (9 wk old, 133.2 ⫾ 5.5 g)
at day 0. PBS (NC) and MPAID (0.7, 3.5 mg) were injected ip
every day from day 0. The clinical severity score of arthritis and
a volume of right and left feet were measured at days 0, 3, 7, 10,
14, 17, 21, 24, and 28 by animal pathologists at KAC Co, Ltd.
The score was defined as described previously (26). Briefly, the
total score is the sum of individual scores graded as 0 (normal),
1 (swelling in one joint), 2 (swelling in more than one joint), 3
(swelling in the entire paw), or 4 (deformity and/or ankylosis) for
all four paws of each rat. Each subject group consists of eight rats.
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Blood samples were collected from the abdominal aorta under
isoflurane anesthesia at day 28. The significance of differences
was evaluated with Student’s t test.

Results
Effects of overexpression of MTI-II on
transcriptional activity of NF-B
For further elucidation of a function of MTI-II that
works as a coactivator of GR, we examined the effect of
MTI-II on the proinflammatory transactivator, NF-B.
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We overexpressed MTI-II in HeLa cells and measured the
NF-B-induced luciferase activity after TNF␣ stimulation. To avoid an effect of serum GC, we used DC-FBS (GC
free serum) as the culture medium of the HeLa cells. As
shown in Figure 1A, addition of TNF␣ enhanced the NFB-induced luciferase activity in the HeLa cells transfected
with mock vector (NC cells). Further addition of Dex to
the NC cells reduced the luciferase activity to approximately 57% of that without Dex. The overexpression of
MTI-II also inhibited the NF-B-induced luciferase activity. Magnitude of the inhibition by MTI-II was comparable with that of the addition of Dex
to the NC cells. Further addition of
Dex to the MTI-II-overexpressed
cells inhibited NF-B-induced luciferase activity to approximately
58% of that in the MTI-II-overexpressed cells without Dex. Next, to
avoid the possible contribution of
GR, we measured the NF-B-induced luciferase activity in COS-7
cells, which lack detectable endogenous GR (27, 28). Figure 1B shows
that the overexpression of MTI-II in
the COS-7 cells inhibited the luciferase activity in a dose-dependent
manner. Thus, the inhibition by
MTI-II is independent of GC and
GR. In Figure 1, C and D, we examined whether the overexpression of
MTI-II inhibited NF-B-induced endogenous gene expression in addition to the exogenous reporter gene.
Temporal changes in COX2 expression were measured by immunoblot
detection. As shown, the overexpression of MTI-II also inhibited the
NF-B-induced COX2 expression.

Figure 1. Effect of overexpression of MTI-II on the transcriptional activity of NF-B. A, NF-Binduced luciferase activities were measured in HeLa cells transfected with an MTI-II expression
vector. The cells were cultured in DMEM plus 10% DC-FBS and transfected with MTI-II
expression vector (MTI-II) or mock vector (NC) together with luciferase reporter genes (B-Luc2P
and TK-hRLuc). Luciferase activities were measured 4.5 hours after stimulation of TNF␣ and/or
Dex. Values are expressed as a ratio of B to Luc2P activity divided by TK-hRLuc activity (internal
control) and are represented as mean ⫾ SEM (n ⫽ 12). Significance of differences was evaluated
with a Student’s t test, and P values are indicated on graphs as follows. ***, P ⬍ .001 vs NC.
B, NF-B-induced luciferase activities were measured in COS-7 cells transfected with MTI-II
expression vector as in panel A. C, Temporal changes of COX2 and GAPDH after the stimulation
of TNF␣ in the HeLa cells transfected with MTI-II expression vector (MTI-II) or mock vector (NC)
were detected by the immunoblot. D, The band intensity of the COX2 was measured and
normalized by that of GAPDH.
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Mechanism of the inhibition of
the transcriptional activity of
NF-B by MTI-II
To elucidate the mechanism of the
inhibition by MTI-II, we first examined whether the overexpression of
MTI-II changes protein levels of GR
and the p65 subunit of NF-B. As
shown in Figure 2A, there were no
marked change in these protein levels. Thus, the inhibition by the overexpression of MTI-II is not caused by
an increase of GR or by a decrease of
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transfected HeLa cells with an expression vector of GFP-fused MTI-II
and RFP-fused p65. Confocal microscopy analysis of the living cells in
the absence of TNF␣ showed that
RFP-fused p65 was localized in the
cytosol, whereas GFP-fused MTI-II
was localized in the nuclei (Figure
2E). When we added TNF␣ to the
culture medium, RFP-fused p65
translocated into the nuclei and
GFP-fused MTI-II remained in the
nuclei (Figure 2F). This observation
indicates that MTI-II does not inhibit the nuclear localization of p65.
Taken together, these results suggest
that the target of MTI-II would be
the IB released and nuclear localized NF-B.
Effects of siRNA-mediated
reduction of inherent MTI-II on
the transcriptional activity
of NF-B
We examined effect of reduction
of inherent MTI-II on the NF-B-induced luciferase activity. To reduce
the inherent MTI-II, we used a 27-nt
hairpin siRNA expression vector
containing a sequence (72–98 nt)
from the MTI-II mRNA (19). HeLa
cells were transiently transfected
with the hairpin siRNA expression
vector (siRNA) or with mock vector
(NC) together with the B-luciferase
reporter vector. Figure 3A shows an
immunoblot detection of the inherFigure 2. Mechanism of the inhibition of the transcriptional activity of NF-B by MTI-II. A,
Protein levels of GR, p65, and GAPDH in the HeLa cells transfected with MTI-II expression vector
ent MTI-II after siRNA-mediated re(MTI-II) or mock vector (NC) were detected by the immunoblot. B, Temporal changes in IB, IB
duction. As reported previously (19),
phosphorylated at serine 32 (PS32), and GAPDH after the stimulations of TNF␣ in the HeLa cells
the inherent MTI-II (11.5 kDa) gave
transfected with MTI-II expression vector (MTI-II) or mock vector (NC) were detected by the
a higher apparent molecular mass
immunoblot. C and D, The band intensities of IB (C) and IB PS32 (D) were measured and
(⬃20 kDa). In Figure 3B, band innormalized by that of GAPDH. E and F, Fluorescence microscopy analysis of GFP-MTI-II and RFPp65 was performed in HeLa cells in the absence (E) or presence (F) of TNF␣. Bar, 5 m.
tensities showed that the siRNA reduced the inherent MTI-II to apNF-B. Next, we examined the effect of MTI-II on TNF␣ proximately 40% of that in NC. We examined whether the
signaling of upstream of NF-B. In Figure 2B, we mea- reduction of MTI-II changes protein levels of GR and p65
sured the emporal changes in IB and S32-phosphorylated in the presence or absence of TNF␣. As shown in Figure
IB proteins after the TNF␣ stimulation. Band intensities 3C, there were no marked changes in the protein levels
were measured and are shown in Figure 2, C and D. As after the reduction of MTI-II. Under this condition, we
shown, the overexpression of MTI-II had no remarkable measured the NF-B-induced luciferase activity (Figure
effect on the temporal changes in these proteins. Further- 3D). In the siRNA cells, the NF-B-induced luciferase
more, we examined whether the overexpression of MTI-II activity was increased to approximately 140% of that in
inhibits the nuclear localization of NF-B. We transiently the NC cells. This result suggests that MTI-II would be
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of the inhibition by Dex in the
siRNA cells is almost of the same
level as that in the NC cells. Thus,
MTI-II may not be involved in the
GR-induced inhibition of NF-B
transactivation.
Immunoprecipitation of NF-B
with MTI-II
We examined whether MTI-II interacts with NF-B in the presence of
TNF␣ and/or Dex by an immunoprecipitation assay. Because the antiMTI-II antibody was not available
for immunoprecipitation (19), we
transfected the his-tagged MTI-II
(his-tag plus 64 amino acid linker in
the N terminal of MTI-II) expression
vector into HeLa cells and performed the immunoprecipitation assay using an anti-his-tag antibody.
As shown in Figure 4, the p65 subunit of NF-B was coprecipitated
with the his-tagged MTI-II in the
presence of TNF␣ but not in the absence of TNF␣. The p65 precipitation was independent of Dex. This
result indicates that at least MTI-II
forms a complex with the p65 subunit of NF-B after the TNF␣
stimulation.
Inhibitory active region
within MTI-II
Figure 3. Effects of RNAi-mediated reduction of inherent MTI-II on the transcriptional activity of
We examined which region of
NF-B. A, HeLa cells were transfected with the expression vector of the 27-nt hairpin siRNA of
MTI-II was required for the inhibiMTI-II (siRNA) or mock vector (NC) together with the luciferase reporter genes. Inherent MTI-II in
tion. MTI-II is approximately diHeLa cells was detected by immunoblot 48 hours after the transfection. The lane (HeLa)
vided into three portions (Figure
represented the sample from nontransfected HeLa cells. The lanes numbered 1– 4 represented
the samples from four independent culture wells. B, The band intensity of the inherent MTI-II was
5A): the N-terminal thymosin homeasured. Values are represented as mean ⫾ SEM (n ⫽ 4). Significance of differences was
molog region (amino acids 1–34),
evaluated with a Student’s t test, and P values are indicated on graphs as follows: ***, P ⬍ .001
the central acidic region (amino acvs NC. C, Protein levels of GR, p65, and GAPDH in the HeLa cells transfected with siRNA
ids 35–74), and the C-terminal nuexpression vector or NC vector were detected by the immunoblot in the presence or absence of
TNF␣. D, NF-B-induced luciferase assay was performed in HeLa cells transfected with siRNA
clear localization signal (NLS) reexpression vector or NC vector. The dual-luciferase activities were measured 4.5 hours after the
gion (amino acids 76 –101) (19). The
stimulations of TNF␣ and/or Dex. Values are expressed as in Figure 1A and are represented as
amino acid sequence of MTI-II is
mean ⫾ SEM (n ⫽ 12). Significance of differences was evaluated with a Student’s t test, and P
shown in Figure 5B. The C-terminal
values are indicated on graphs as follows: ***, P ⬍ .001 vs NC.
NLS region contains two NLSs
(amino acids 78 – 80 and 91–95) sepan inherent inhibitor of NF-B. In the NC cells, addition arated by a short acidic domain (amino acids 83– 87).
of Dex inhibited the NF-B-induced luciferase activity Thus, we constructed three expression vectors of deletion
to approximately 56% of that without Dex. Interest- mutants (Figure 5A). The first contained thymosin hoingly, in the siRNA cells, the addition of Dex also in- molog region plus one NLS motif (amino acids 1–27 ⫹
hibited the NF-B-induced luciferase activity to ap- 88 –101), the second contained the central acidic region
proximately 68% of that without Dex. The magnitude (AR) plus the NLS region (amino acids 28 –101), and the
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Figure 4. Immunoprecipitation of p65 subunit of NF-B with MTI-II.
HeLa cells were transfected with the expression vector of MTI-II fused with
his-tag. The cells were stimulated with TNF␣ and/or Dex for 2 hours and
were harvested for the immunoprecipitation by the anti-his-tag antibody.
Immunoblot detection was performed with anti-p65 antibody and antihis-tag antibody. IP, immunoprecipitation; WB, Western blot.

third contained only the NLS region (amino acids 76 –
101). Effects of these mutants on the NF-B-induced luciferase activity were measured. Figure 5C shows that only
the second mutant (AR) inhibited the NF-B-induced luciferase activity as the full-length MTI-II. Both the thymosin homolog and the NLS mutants had no detectable
effect. This result indicates that at least the central acidic
region is essential for the inhibition.
Design of MAIDs and MPAIDs
To apply MTI-II to antiinflammatory drugs, we
made fusion proteins of MTI-II with the protein transduction domain (PTD) (29). Of several kinds of PTDs,
we selected monotonous runs of 8 or 11 arginine (R)
residues. First, we constructed three types of fusion proteins of MTI-II with 11R (MAIDs; H11RM, HM11R,
and M11R) as schematically shown in Figure 6A. As for
H11RM, we were afraid that the basic 11R affects the
antiinflammatory action of the acidic region in MTI-II.
Thus, we added a 65-amino acid linker to separate
them. When only the linker was expressed in the HeLa
cell, it had little inhibitory effect on the NF-B-induced
luciferase activity (data not shown). In HM11R and
M11R, the 11R was placed beside the NLS that consisted of basic amino acids. Next, we constructed a short
peptide drug (MPAID) that consisted of the AR (40
amino acid residues) and 8R. The MPAID lacks the
NLSs; however, the PTD (8R) works in place of the
NLS. The MPAID is a chemically synthesizable length.
A short peptide drug reduces the risk of production of
antibodies. Moreover, a chemically synthesized peptide
drug has great advantage of low cost and little contamination compared with biosynthesized protein drugs.
We examined whether these fusion proteins inhibited
the transcriptional activity of NF-B by the luciferase reporter assay. As shown in Figure 6B, overexpression of

Figure 5. Effects of overexpression of deletion mutants of MTI-II on
the transcriptional activity of NF-B. A, Full-length MTI-II and the
deletion mutants were schematically represented. TH, thymosin
homologue. B, Amino acid sequence of MTI-II. NLSs are underlined.
C, NF-B-luciferase assay was performed in HeLa cells transfected with
the mock vector (NC), the full-length MTI-II expression vector (MTI-II),
or the deletion mutant expression vectors with luciferase reporter
genes. The dual-luciferase activities were measured and values are
expressed as in Figure 1A. Values are represented as mean ⫾ SEM
(n ⫽ 12). Significance of differences was evaluated with a Student’s t
test, and P values are indicated on graphs as follows: ***, P ⬍ .001 vs
NC.

these fusion proteins inhibited the NF-B-induced luciferase activity as well as MTI-II in the HeLa cells. As
mentioned in the last paper (19), MTI-II and the AR⫹NLS
region worked as a coactivator of GR. Therefore, it would
be interesting to examine whether these proteins enhanced
the transcriptional activity of GR. MAIDs as well as
MTI-II enhanced it (data not shown). However, interestingly, the MPAID did not enhance the GR-induced luciferase activity (Figure 6C). This indicates that the replacement of the NLS region with 8R results in the loss of
the coactivator activity, that is, both the AR and the in-
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Figure 6. Preparation of three MTI-II-based antiinflammatory drugs and a MTI peptide antiinflammatory drug. A, The full-length MTI-II, three
MAIDs, and a MPAID were schematically represented. 11R, 11 arginine residues; 8R, 8 arginine residues. B, NF-B-luciferase assay was performed
in HeLa cells transfected with the mock vector (NC), the full-length MTI-II expression vector (MTI-II), the MAID expression vectors, or MPAID
expression vector with luciferase reporter genes. The dual-luciferase activities were measured and values are expressed as in Figure 1A. Values are
represented as mean ⫾ SEM (n ⫽ 12). Significance of differences was evaluated with a Student’s t test, and P values are indicated on graphs as
follows: ***, P ⬍ .001 vs NC. C, GRE-luciferase assay was performed in HeLa cells transfected with the mock vector (NC), the full-length MTI-II
(MTI-II), the deletion mutant (AR⫹NLS), or MPAID expression vectors with GRE-luciferase reporter genes. The GRE-luciferase activity was measured
4.5 hours after the addition of Dex. The dual-luciferase activities were measured and values are expressed as in Figure 1A. Values are represented
as mean ⫾ SEM (n ⫽ 12). D, Purified HM11R protein (3.0 mg/mL) was added to the culture medium of HeLa cells and detected by anti-his-tag
antibody after the incubation time as indicated. As for negative control (NC), PBS was added and the cells were incubated for 120 minutes. E,
NF-B-induced luciferase activities were measured in HeLa cells. MPAID (0.2, 0.5 mg/mL) or ␣-polyglutamate peptide (10 glutamate residues, 0.2,
0.5 mg/mL) was added to the culture medium of HeLa cells, to which the luciferase reporter genes were transfected at 24 hours before the
additions of the peptides. At 24 hours after the addition of MPAID, the cells were treated with TNF␣. The dual-luciferase activities were measured
and values are expressed as in Figure 1A. Values are represented as mean ⫾ SEM (n ⫽ 12).

herent NLS region are required for the enhancement of the
transcriptional activity of GR, whereas the AR with alternate NLS (8R) is sufficient for the inhibition of NF-B.
Next, to confirm that the PTD could transport the fusion protein into cells, we added the purified HM11R protein to the culture medium of HeLa cells and detected the
HM11R by immunohistochemical staining using an antihis-tag antibody. Figure 6D shows that HM11R was detected mainly in cytoplasm at 30 minutes after the addition
and then in both cytoplasm and nuclei at 60 and 120 minutes. As for MPAID, it has neither his-tag nor the antigenic
region for the anti-MTI antibody. Therefore, using the
luciferase reporter assay, we examined whether MPAID
enters HeLa cells and inhibits the NF-B-induced luciferase activity. We added MPAID to the culture medium
of HeLa cells, which were already transfected with the
luciferase reporter genes. As shown in Figure 6E, MPAID
inhibited the NF-B-induced luciferase activity in a dosedependent manner. As a negative control, ␣-polyglutamate peptide (10 residues) that mimics the acidic amino

acid residues in the MPAID was added, whereas it had
little effect on the NF-B-induced luciferase activity.
In vivo antiinflammatory actions of MAIDs in
acute inflammation models
Using two kinds of acute inflammation model animals, we
examined the in vivo antiinflammatory action of MAIDs
(H11RM and HM11R). First, H11RM and HM11R were
injected into the peritoneal cavity of rats with carrageenaninduced foot edema 1 hour before and at the same time of the
-carrageenan injection. Figure 7A shows the temporal
change in foot volume after the carrageenan injection.
MAIDs significantly inhibited the increase of foot volume at
2–5 hours after the -carrageenan injection. The antiinflammatory action of H11RM (12 mg/rat ⫻ 2 injections)
achieved statistical significance compared with PBS-injected
rats (NC rats), but it was weaker than Dex (0.14 mg/rat ⫻ 2
injections) and a nonsteroidal antiinflammatory drug (IDM;
0.4 mg/rat ⫻ 2 injections). In contrast, HM11R (6 mg/rat ⫻
2 injections) showed a strong antiinflammatory action comparable with IDM.
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Figure 7. In vivo antiinflammatory actions of MAIDs (H11RM and HM11R) in acute inflammation models. A, Foot volume of rat with
carrageenan-induced foot edema was measured. PBS (NC), IDM (0.4 mg/rat per injection), Dex (0.14 mg/rat per injection), H11RM (3, 6, 12 mg/rat
per injection), and HM11R (6 mg/rat per injection) were injected ip 1 hour before and at the same time of the -carrageenan injection. The foot
volume was measured at the time indicated in the figure. Values are represented as mean ⫾ SEM (n ⫽ 6). Significance of differences was
evaluated with a Student’s t test, and P values are indicated on graphs as follows: *, P ⬍ .05, **, P ⬍ .01, ***, P ⬍ .001 vs NC. B, Blood glucose
level of the carrageenan-induced foot edema rats was measured 6 hours after the -carrageenan injection. Values are represented as mean ⫾ SEM
(n ⫽ 3). C, The weight of the upper conjunctiva of rat with conjunctival inflammation was measured. PBS (NC) (5 L/rat per instillation), 0.1% Dex
(5 L/rat per instillation), H11RM (50, 150, 250 g/5 L per rat per instillation), or HM11R (200 g per 5 L/rat per instillation) was binocular
instilled according to the schedule described in Materials and Methods. At 320 minutes after the first instillation of the phlogistic substances, the
eyelid was removed and the upper conjunctiva was weighed. Values are represented as mean ⫾ SEM (n ⫽ 6). Significance of differences was
evaluated with a Student’s t test, and P values are indicated on graphs as follows: **, P ⬍ .01, ***, P ⬍ .001 vs NC.

As mentioned above, MAIDs enhanced the transcriptional activity of GR in vitro. Therefore, we were afraid
that the ip injections of MAIDs enhanced intrinsic GC

hormone actions that resulted in severe side effects. To
elucidate this possibility, we measured the blood glucose level of the rats. In this carrageenan-induced paw
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edema experiment, the rats were fasted for 16 hours
before the -carrageenan injection. Under this starvation condition, release of intrinsic GC would be enhanced and release of insulin would be reduced.
Thereby the metabolism of the whole body should be
sifted to gluconeogenesis. The average blood glucose
level of nonfasted (healthy) rats was known to be 119 ⫾
9.9 mg/dL (KAC Co, Ltd, personal communication). As
shown in Figure 7B, the blood glucose level of the fasted
and PBS-injected rats (NC rats) decreased to 55% of
that of the healthy rats. The ip injections of Dex and
IDM increased the blood glucose level to nearly equal to
that of the healthy rats, whereas the blood glucose level
of the MAID-injected rats are nearly equal to that of the
NC rats. Thus, the ip injection of MAIDs had a significant antiinflammatory effect but had little effect on the
blood glucose levels.
Next, the MAIDs were instilled into the eyes of the rats
with croton oil-induced conjunctival inflammation. As
shown in Figure 7C, ocular instillation of 50 g of
H11RM did not show a significant antiinflammatory effect. However, the ocular instillations of H11RM (150 g
and 250 g) and HM11R (200 g) showed a strong antiinflammatory effect comparable with Dex (0.1%). An
average weight of the upper conjunctiva of a healthy rat
was approximately 10 mg (Nihon Bioresearch Inc, personal communication). Therefore, the ocular instillations
of the MAIDs (150 –250 g) as well as Dex (0.1%) almost
completely suppressed the swelling of the eyelid.
In vivo antiinflammatory actions of MPAID and
M11R in animal models of human chronic
inflammation disease
Using two kinds of animal models of human chronic
inflammation diseases, we examined the in vivo antiinflammatory action of MPAID and M11R. First, MPAID
and M11R were transdermally applied to mite antigensinduced atopic dermatitis mice daily for 15 days. We measured their antiinflammatory effect on clinical skin severity scoring (Figure 8A) and on the measurement of
thickness in the inflamed auricular region (Figure 8B). As
shown, MPAID showed a marked antiinflammatory effect
both on the scoring and on the thickness. M11R also
showed a significant antiinflammatory effect on the scoring. However, the decrease of the thickness was statistically insignificant. As for the advantage in drug development, it should be emphasized here that MPAID and
M11R have antiinflammatory effect, even after mixing
with the ointment base. As a GC control, we applied
0.12% betamethasone valerate (BM). The BM showed a
remarkable antiinflammatory effect on the scoring and the
thickness. However, the BM-applied mice also showed
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severe atrophy of skin (data not shown), which is one of
the serious side effects of GC. Therefore, we cannot determine whether the low score and the low thickness in the
BM-applied mice (Figure 8, A and B) are the results from
the severe atrophy or from the strong antiinflammatory
action of BM.
Next, we examined the effects of repeated ip injections
of MPAID on collagen-induced arthritis (CIA) rats. The
rats were ip injected with MPAID daily for 28 days. In the
clinical severity scoring of the arthritis (Figure 8C),
MPAID showed significant antiinflammatory actions at
day 21 and day 24. In the measurement of foot volumes
(Figure 8D), MPAID slightly suppressed swelling, although their difference from PBS-injected (NC) rats was
insignificant. It should be mentioned here that the autopsy
of the peritoneal cavity of the rats that received daily ip
injections of MPAID for 28 days showed neither apparent
dilatation nor atrophy of the mesentery, the peritoneum,
the portal vain, the liver, the spleen, the stomach, the small
intestine, and the large intestine (data not shown, KAC Co,
Ltd, personal communication). Furthermore, the injections of MPAID showed no gastrointestinal tract ulcer and
bleedings. These observations indicate that MPAID has
little repeated-dose toxicity.

Discussion
Previously we showed that MTI-II was a member of the
GR/coactivator complex and enhanced the transcriptional
activity of GR (19). Here we showed that the overexpression of MTI-II inhibited the transcriptional activity of
NF-B in a dose-dependent manner. It should be emphasized here that the inhibition by MTI-II is independent of
the presence of GCs and GR. The overexpression of
MTI-II did not have an affect on the TNF␣ signaling of the
upstream NF-B and on the nuclear translocation of NFB. The p65 subunit of NF-B was coimmunoprecipitated
with MTI-II only after TNF␣ stimulation. Because MTI-II
is a nuclear-localized protein (19) and NF-B also localizes
in the nucleus after the release of IB, the interaction of
MTI-II with NF-B will arise in the nucleus. Taking these
data together, MTI-II would interact with NF-B in the
nucleus or at least form a complex with NF-B and other
coactivators; thereby MTI-II inhibits the transcriptional
activity of NF-B. The data from the siRNA-mediated
reduction of MTI-II suggest that MTI-II would be an inherent inhibitor of NF-B. MTI-II is ubiquitously expressed in whole mammalian tissues at different concentrations for each tissue (13–16). Therefore, it is possible
that the amount of the inherent MTI-II may regulate the
intensity of inflammation in each tissue.
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Figure 8. In vivo antiinflammatory actions of MPAID and M11R in animal models of human chronic inflammation disease. Clinical skin severity
score (A) and the thickness of the right auricular region of mite antigen-induced atopic dermatitis mice (B) were measured. Mite antigen was
intradermally administrated to the right auricular region of female mice at days 0, 3, 7, 10, and 14. Ointment base (NC), BM (0.066 mg/mouse per
application), M11R (0.04, 0.2 mg/mouse per application per day), and MPAID (0.2, 1.0 mg/mouse per application per day) were applied to the skin
of the right auricular region every day from day 1 to day 15. Values are represented as mean ⫾ SEM (n ⫽ 8). Significance of differences was
evaluated with a Student’s t test. *, P ⬍ .05, **, P ⬍ .01, ***, P ⬍ .001 vs NC. Clinical severity score of arthritis (C) and volume of right and left
feet in the CIA rats (D) were measured. Arthritis was induced by intracutaneous injection of type II collagen at day 0. PBS (NC) and MPAID (0.7, 3.5
mg/rat per injection per day) were ip injected every day from day 0 to day 28. Values are represented as mean ⫾ SEM (n ⫽ 8).

The central acidic region (40 amino acid residues) of
MTI-II was found to be essential for the inhibition of the
transcriptional activity of NF-B. Therefore, MTI-II
would interact with NF-B through the central acidic re-

gion. However, the precise mechanisms of the inhibition
by MTI-II, especially the region of NF-B with which
MTI-II interacts and how the interaction inhibits the transcriptional activity of NF-B, remained unclear. Because
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the central acidic region consists of simple monotonous
runs of either glutamic or aspartic acidic residues, one
possible model is that the acidic region may mimic Bresponse element DNA, in this case, the acidic region may
inhibit the DNA binding of NF-B. Alternatively, MTI-II
may interact with another part of NF-B. This issue will be
revealed by a cocrystallization analysis of MTI-II and NFB. Wherever MTI-II binds, the binding point should be
the weak point of NF-B, which reduces the transcriptional activity of NF-B. Pharmaceuticals, which mimic
the three-dimensional structure of the acidic region and
thereby bind to the weak point of NF-B, will be an ideal
NF-B inhibitor and an antiinflammatory drug. The cocrystallization analysis is now in progress.
Previously we showed that MTI-II enhanced the transcriptional activity of GR, probably by strengthening the
interaction of GR with other coactivators (19). Thus, we
presupposed that MTI-II might enhance the GR-induced
antiinflammatory effect, probably by strengthening the
interaction of GR with NF-B. However, the inhibitory
effect of MTI-II and Dex on the NF-B-induced luciferase
activity appeared to be additive. Moreover, the siRNAmediated reduction of MTI-II did not reduce the GR-induced inhibition, although the siRNA-mediated reduction
of MTI-II reduced the transcriptional activity of GR (19).
Therefore, the contribution of MTI-II on the GR-mediated
inhibition might be small in the in vitro luciferase assay.
Recently, in addition to the interaction of GR with NF-B,
several lines of evidence indicate that GR induces antiinflammatory genes, such as IB (30, 31), GC-induced leucine zipper (GILZ) (4), dual GC-induced specificity phosphatase 1 (DUSP1) (32), GR-interacting protein 1
(GRIP1) (33), and A20 (also known as TNF-␣ induced
protein 3) (7, 34 –36). As mentioned, MTI-II/MAIDs
work as a coactivator of GR. Therefore, it is possible that
MTI-II/MAIDs would enhance the GR-induced transcriptions of these antiinflammatory genes in vivo. Further elucidation will be required.
The in vivo experiments of the MTI-II-based antiinflammatory drugs (MAIDs and MPAID) showed that they
had a significant antiinflammatory effect both on acute
inflammation models and on animal models of human
chronic inflammation diseases. The antiinflammatory
effect of MAPID injected into the ip cavity of CIA rats
was statistically significant but weak. However, taking
into consideration the fact that MPAID is nonspecifically and rapidly imported into cells (29), it is somewhat
surprising that the ip injection of the peptide had the
effects on inflammation of the legs. In contrast, ocular
instillations of H11RM and HM11R showed a strong
antiinflammatory effect comparable with Dex. Thus,
localized administration of MAIDs and MPAID into the
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inflamed knee joint (for example, transdermal absorption) will show a stronger antiinflammatory effect than
the ip administration.
In applying MAIDs as a drug, it should be very important to elucidate that they do not have toxicity and severe
side effects. As of now, we have only two in vivo data: 1)
when MAIDs were ip injected into the fasted rat, MAIDs
did not increase the blood glucose level, unlike Dex or
IDM; and 2) prolonged and repeated ip injections of
MPAID for 28 days caused little damage to the whole
internal organs. These results indicate that MAIDs did not
show the most prominent example of GC side effects in
vivo, although the overexpression of MAIDs increased
GR-induced luciferase assay in vitro. And these results
also indicate that at least MPAID is not toxic. A lot of
further experiments including observations of systemic
symptoms and conditions will be required. However, the
MTI-II-based antiinflammatory drugs would become
good candidates for novel NF-B inhibitors and antiinflammatory drugs. Especially, instead of long-term GC
therapy, they will be conveniently applied to atopic dermatitis, pollinosis, asthma, rheumatoid arthritis, and so
on. Furthermore, they will be also effective for GC-resistant inflammatory diseases.
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Abstract

Background: In osteoarthritis (OA) of the most common joint disease, inflammation is deeply involved in the cartilage degradation. Specifically, inflammatory
cytokines like IL-1β are known to enhance production of matrix-degrading enzymes like matrix metalloproteinase (MMP) and a disintegrin and metalloproteinase
with thrombospondin motifs (ADAMTS). Recently, soy peptides, generated by hydrolytic enzymatic digestion of soy proteins, have been found to show antiinflammatory activity. Thereby we investigated whether soy peptides affected IL-1β-induced expression of matrix-degrading enzymes in human articular chondrocytes.
Methods: Articular chondrocytes derived from 4 patients with bone fracture and 11 patients with OA were cultured with 0, 10, or 100 µM soy peptides for 4 hours.
Then, the cells were stimulated with IL-1β for 24 hours. Non-stimulated cells were used as a control. RNA extracted from the cells was subjected to quantitative
real time-PCR to assess amounts of mRNA for MMP-3 and ADAMTS-4. Results: Treatment with 100 µM soy peptides significantly suppressed mRNA levels of
MMP-3 and ADAMTS-4 enhanced by the IL-1β stimulation (p=0.036 and p=0.005, respectively), although the treatment with 10 µM soy peptides did not show
significant suppression (p=0.91 and p=0.20, respectively). In the 100 µM soy peptides treatment, the suppression of MMP-3 mRNA levels was correlated with that
of ADAMTS-4 mRNA levels (R2=0.534). Conclusion: Soy peptides suppressed the IL-1β-induced expression of matrix-degrading enzymes in human articular
chondrocytes. Soy peptides may have potential to ameliorate cartilage degradation in OA.

Introduction
Osteoarthritis (OA), the most common joint disease, is
histologically characterized by degeneration of cartilage and formation
of osteophytes, which lead to destruction of joints [1]. Many patients
with OA suffer from pain and disability [1]. Thus, to suppress the
symptoms of OA and prevent the progress of OA, novel agents should
be developed.
Articular chondrocytes maintain the cartilage matrix by
producing and degrading matrix proteins such as type II collagen
and proteoglycans [2]. In OA, imbalance between production and
degradation of the matrix protein leads to cartilage degradation [1].
Inflammation is deeply involved in the cartilage degradation in OA
[1]. Inflammatory cytokines like IL-1β are known to be increased in
synovial fluid of patients with OA [3]. In particular, IL-1β was reported
to enhance secretion of matrix metalloproteinase (MMP)-1, -3, and
-13 from chondrocytes that digest multiple types of collagens [4].
Furthermore, IL-1β was reported to enhance secretion of a disintegrin
and metalloproteinase with thrombospondin motifs (ADAMTS)-4
and -5 from chondrocytes that digest aggrecan of a representative
proteoglycan [5].
Soybeans contain a large amount of nutrients such as proteins, fats,
and carbohydrates. Recently, novel biological roles of soybeans have
been highlighted in addition to the roles as nutrients. Specifically, socalled soy peptides, generated by hydrolytic enzymatic digestion of soy
proteins, have been reported to show various functions beneficial to
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health such as cholesterol-lowering properties, cognitive impairmentprevention, antiviral effects, and anti-inflammatory effects [6-12]. As to
the anti-inflammatory effects, soy peptides were reported to suppress
lipopolysaccharide (LPS)-induced production of cyclooxygenase-2 and
prostaglandin E2 in a murine macrophage cell line [10]. Furthermore,
soy peptides were reported to suppress LPS-induced production of
pro-inflammatory cytokines such as IL-6 and IL-8 in human umbilical
vein endothelial cells [11]. In vivo, soy-derived di- and tri-rich peptides
were reported to alleviate colon and ileum inflammation in pigs with
dextran sodium sulfate-induced colitis [12]. Therefore, soy peptides
are expected to show anti-inflammatory effects also in human articular
chondrocytes, which may lead to suppression of cartilage degradation in
OA. However, effects of soy peptides on human articular chondrocytes
have not been investigated to our knowledge. We here investigated
whether soy peptides suppressed IL-1β-induced expression of matrixdegrading enzymes in human articular chondrocytes.
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Materials and methods
Clinical samples and preparation of chondrocytes
Human articular cartilage samples were obtained from 4 patients
with bone fracture (Normal, N1-4, 1 male; age 58 years, 3 female;
mean age 78.0 years [range58-88]) at therapeutic surgery of total hip
arthroplasty. Cartilage samples were also obtained from 11 patients
with OA (OA1-11, 1 male; age 82 years, 10 female; mean age 78.7 years
[range 66-86 years]) at therapeutic surgery of total knee arthroplasty.
The diagnosis of OA was made according to the Kellgren and
Lawrence criteria [13]. Written informed consent was obtained from
each of the patients and this study protocol was approved by the ethics
committee of St. Marianna University School of Medicine. The study
was performed in compliance with the World Medical Association
Declaration of Helsinki.
For chondrocyte preparation, after careful removal of synovial
tissue from cartilage samples, the cartilage was minced, washed, and
treated with collagenase (Wako Pure Chemical Industries, Osaka,
Japan). Isolated chondrocytes (Passage 0, P0) were washed and grown
in monolayer culture in Dulbecco’s modified Eagle’s medium (DMEM,
GIBCO, Carlsbad, CA) supplemented with 10% fetal calf serum
(Wako), 100 units/ml penicillin, and 100 µg/ml streptomycin (SigmaAldrich, St. Louis, MO, USA) on type I collagen-coated culture dishes.

Treatment of chondrocytes with IL-1β and soy peptides
Soy peptides (Hinute-AM, FUJI OIL Co. Ltd., Osaka, Japan), which
were mainly composed of di- and tri-peptides, were used [14].
The prepared chondrocytes (P1-P3, 1.0x10 cells/φ100mm dish)
were cultured with 0, 10, and 100 µM soy peptides for 4 hours. Then,
the cells were treated with 1 µg/ml IL-1β alone (R&D, Minneapolis,
MN, USA), 1 µg/ml IL-1β and 10 µM soy peptides, and 1 µg/ml IL-1β
and 100 µM soy peptides for 24 hours. Non-treated cells were used as
a control.
7

Evaluation of cell viability
Cell viability was evaluated by trypan blue staining. Chondrocytes,
cultured with 0, 10, or 100 µM soy peptides for 24 hours, were
harvested by treatment with 0.1% trypsin-EDTA (Sigma-Aldrich).
The cell pellet, collected by centrifugation for 10 min at 1000×g, was
stained with 0.5% trypan blue (Sigma-Aldrich). The number of the blue
-stained (dead) cells and the total number of cells were counted using a
haemocytometer under a microscopy.

subjected to real time PCR. The thermal cycle condition was as follows:
95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 60
s. To measure mRNA levels for GAPDH, 1 µg of total RNA-derived
cDNA was mixed with 300 nM each of the forward and reverse primers
and Power SYBR® Master Mix (Applied Biosystems). Nucleotide
sequences of the primers for amplification of a GAPDH DNA fragment
are as follows: for GAPDH: 5’-TGGTATGGTGGAAGGACTCA and
5’-ATGCCAGTGAGCTTCCCGTT. Real time PCR was performed
under the same condition as above.

Statistical analysis
Statistical analysis was performed by IBM SPSS Statistics (Ver.22.0).
Effects of soy peptides on IL-1β-induced matrix-degrading enzymes
were analyzed by Wilcoxon signed-rank test (p<0.05).

Results
Effects of soy peptides on IL-1β-induced matrix-degrading
enzymes in human articular chondrocytes
Firstly, we tested whether the concentrations of soy peptides used
here showed cytotoxicity against human articular chondrocytes. As
a result, we confirmed that up to 100 µM soy peptides did not affect
viability of the chondrocytes (Figure 1A). We then investigated effects
of the soy peptides on IL-1β-induced expression of MMP-3 and
ADAMTS-4 in the chondrocytes. We cultured chondrocytes with or
without the soy peptides for 4 hours and then stimulated with IL-1β.
We then assessed mRNA levels of MMP-3 and ADAMTS-4.
In the assessment of mRNA levels of MMP-3, we first confirmed
that mRNA levels of MMP-3 were significantly increased by the IL-1β
stimulation (p<0.01, Table 1 and Figure 1B, left panel). Of note, in each
of the stimulated chondrocyte sample, the mRNA levels of MMP-3 were
increased by the IL-1β stimulation. We then evaluated effects of the soy
peptides on the IL-1β-induced expression of MMP-3 in chondrocytes.
As a result, the treatment with 100 µM soy peptides significantly
Table 1. Effects of soy peptides on IL-1β-induced MMP-3 mRNA levels in human
chondrocytes.
Sample
no.

Control

IL-1β

IL-1β
+10µM HN-AM

IL-1β
+100µM HNAM

N1

0.063

13.2

16.2

15.9

N2

1.49

60.0

73.3

54.4

N3

2.13

13.5

13.0

11.9

N4

1.45

10.3

10.1

9.27

Extraction and reverse transcription (RT) of RNA

OA1

1.09

4.62

4.49

2.58

OA2

2.93

7.98

6.98

6.62

Extraction of RNA from the chondrocyte samples and reversetranscription of the RNA samples were performed using RNeasy®
(Qiagen, Venlo, the Netherlands) and High Capacity cDNA Reverse
Transcription Kits® (Life Technologies, Rockville, MD, USA),
respectively.

OA3

0.77

3.17

2.85

2.48

OA4

0.91

6.50

4.60

5.52

OA5

0.81

42.5

19.2

5.72

OA6

0.33

15.9

20.7

25.0

OA7

0.02

15.9

16.3

10.3

Quantitative real time PCR

OA8

1.58

12.1

7.93

4.04

OA9

0.20

10.9

10.9

9.13

OA10

1.02

13.0

14.2

8.11

OA11

0.22

3.55

3.91

3.50

Average

1.00

15.5

15.0

11.6

STDEV

0.82

15.4

17.1

13.2

p value

-

<0.01
(vs Control)

0.91
(vs IL-1β)

0.036
(vs IL-1β)

Real time PCR was performed using ABI Prism 7000 Sequence
Detection System (Applied Biosystems, Foster city, CA, USA),
according to the manufacturer’s instructions. To measure mRNA levels
for MMP-3 and ADAMTS-4, 1 µg of total RNA-derived cDNA was
mixed with TaqMan® Gene Expression Assays (Hs00968305_m1 and
Hs00192708_m1, respectively, Applied Biosystems) and TaqMan® Gene
Expression Master Mix (Applied Biosystems). Then the mixture was
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Figure 1. Effects of soy peptides on IL-1β-induced expression of MMP-3 and ADAMTS-4 in human articular chondrocytes. (A) Articular chondrocytes from 3 patients with OA (OA1-3)
were cultured with 0, 10, and 100 µM soy peptides for 24 hours. The cells were subjected to trypan blue staining. The cell viability (%) was calculated using the following formula; (the
number of unstained cells/the total number of cells)×100. SP, soy peptides. (B) Articular chondrocytes from 4 patients with bone fracture (N1-4) and 11 patients with OA (OA1-11) were
cultured with 0, 10, and 100 µM soy peptides for 4 hours. Then, the cells were stimulated with IL-1β for 24 hours. Non-stimulated cells were used as a control. The mRNA levels for MMP-3
and GAPDH were assessed by RT-qPCR. The mRNA levels of MMP-3 were corrected using those of GAPDH. Left: The corrected mRNA level of MMP-3 was ����
as 1.0 in each of the
non-treated samples. Right: The corrected mRNA level of MMP-3 was ����
as 1.0 in each of the IL-1β-treated samples. p-values were calculated by Wilcoxon signed-rank test using the
values listed in Table 1. (C) Articular chondrocytes from 4 patients with bone fracture (N1-4) and 7 patients with OA (OA5-11) were treated similarly as described in (A). The mRNA levels
of ADAMTS-4 were corrected using those of GAPDH. Left: The corrected mRNA level of ADAMTS-4 was ����
as 1.0 in each of the non-treated samples. Right: The corrected mRNA
level of ADAMTS-4 was ����
as 1.0 in each of the IL-1β-treated samples. p-values were calculated by Wilcoxon signed-rank test using the values listed in Table 2. SP, soy peptides.
(D) Suppression rates (%) of mRNA levels for MMP-3 and ADAMTS-4 in each of the chondrocyte samples (4 patients with bone fracture (N1-4) and 6 patients with OA (OA6-11)) were
calculated by using the values listed in Table 1 and 2, respectively. A correlation diagram between the suppression of mRNA levels for MMP-3 and ADAMTS-4 in the treatment with 100
2
) was calculated by regression analysis.
���������������������������������o

suppressed mRNA levels of MMP-3 enhanced by the IL-1β stimulation
(p=0.036, Table 1 and Figure 1B, right panel), although the treatment
with 10 µM soy peptides did not show significant suppression (p=0.91,
Table 1 and Figure 1B, right panel).

ADAMTS-4 tended to be higher in patients with OA than in those with
bone fracture (Figure 1D).

In the assessment of ADAMTS-4, we first confirmed that mRNA
levels of ADAMTS-4 were significantly increased by IL-1β stimulation
(p<0.01, Table 2 and Figure 1C, left panel). Ten out of the 11
chondrocyte samples up-regulated the mRNA levels of ADAMTS-4 by
the IL-1β stimulation. We thus evaluated effects of the soy peptides on
the IL-1β-induced expression of ADAMTS-4 using the 10 chondrocyte
samples that positively responded to IL-1β. As a result, the treatment
with 100 µM soy peptides significantly suppressed mRNA levels of
ADAMTS-4 enhanced by the IL-1β stimulation (p=0.005, Table 2
and Figure 1C, right panel), although the treatment with 10 µM soy
peptides did not show significant suppression (p=0.20, Table 2 and
Figure 1C, right panel).

We here found that soy peptides suppressed IL-1β-induced
production of MMP-3 and ADAMTS-4 in human articular
chondrocytes.

Finally, we investigated correlation of the suppressing effect of
the soy peptides on the MMP-3 expression to that of ADAMTS-4
expression. As a result, in the treatment with 100 µM soy peptides,
the suppression of MMP-3 mRNA levels was correlated with that of
ADAMTS-4 mRNA levels (R2=0.534, Figure 1D). In addition, the
suppressive effect of the soy peptides on the expression of MMP-3 and
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Discussion

The possible mechanisms for the actions of soy peptides are as
follows: 1) soy peptides inhibit the input of IL-1β signal transduction
by binding to IL-1β or IL-1β receptors, 2) soy peptides, taken up into
chondrocytes, inhibit the intracellular IL-1β signal transduction, and
3) soy peptides bind to their unknown receptors and then block the
IL-1β signal transduction.
On the first possible mechanism, IL-1β activates the signal
transduction system by specific binding to IL-1β receptors. In the
majority of the tested chondrocytes samples, the mRNA levels of
MMP-3 of the IL-1β-stimulated chondrocytes group were suppressed
by the treatment with 100 µM soy peptides (Figure 1B). However, in
a small part of the tested chondrocytes samples, the mRNA levels of
MMP-3 were increased by the soy peptides treatment (Figure 1B). If soy
peptides bound to IL-1β or IL-1β receptors, the mRNA levels of MMP-
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Table 2. Effects of soy peptides on IL-1β-induced ADAMTS-4 mRNA levels in human
chondrocytes.
Sample
no.

Control

IL-1β

IL-1β
IL-1β
+10µM HN-AM +100µM HN-AM

N1

0.16

1.37

1.25

1.00

N2

0.23

2.78

2.94

2.00

N3

0.13

0.74

0.31

0.59

N4

0.92

1.49

1.65

1.38

OA5

2.03

1.77

-

-

OA6

1.30

4.71

5.53

4.43

OA7

1.70

2.96

2.66

1.88

OA8

1.02

1.51

0.66

0.43

It is interesting that the suppressive effect of the soy peptides on
the expression of MMP-3 and ADAMTS-4 tended to be higher in
the patients with OA than in those with bone fracture (Figure 1D).
OA chondrocytes might show higher sensitivity to soy peptides than
normal chondrocytes.

OA9

1.47

2.20

1.46

1.16

OA10

0.91

3.64

2.98

2.52

OA11

1.11

1.83

1.66

1.14

Average

1.00

2.27

2.11

1.65

STDEV

0.63

1.16

1.50

1.17

-

<0.01
(vs. Control)

0.20
(vs. IL-1β)

0.005
(vs. IL-1β)

p value
SP: soy peptides

3 would have been suppressed in all the tested chondrocytes samples.
Thus, it would be unlikely that soy peptides inhibit the binding between
IL-1β and IL-1β receptors.
On the second possible mechanism, we showed that suppression
of mRNA levels for MMP-3 were well correlated with that of mRNA
levels for ADAMTS-4 in the soy peptides-treated chondrocyte samples
(R2=0.5343, Figure 1D). Thus, we thought that soy peptides suppressed
the IL-1β-induced production of MMP-3 and ADAMTS-4 by inhibiting
their common pathway. IL-1β activates the signal transduction systems
through the activation of multiple protein kinases such as p38 mitogenactivated protein kinase (MAPK), c-Jun N-terminal kinase (JNK), and
Akt [15-18]. The activated MAPK, JNK, and Akt enhance production
of various inflammatory cytokines and matrix degrading proteins,
activating transcription factors such as AP-1 and NF-κB [19]. Akt,
phosphorylated by activated phosphoinositol 3-kinase (PI3K), leads
to activation of NF-κB [20]. NF-κB activates transcription of proinflammatory cytokines and matrix-degrading enzymes including
MMP-3 and ADAMTS-4 [4,5]. Peptides derived from β-conglycinin of
a representative soy protein have been reported to inactivate NF-κB by
suppressing phosphorylation of Akt in liver and aorta of LPS-induced
inflammatory model mice [11]. Thus, we speculate that soy peptides
suppress the IL-1β-induced production of MMP-3 and ADAMTS-4,
probably by inhibiting their PI3K-Akt-NF-κB signaling by suppressing
the phosphorylation of Akt.
On the third possible mechanism, although receptors for soy
peptides have not yet been identified, such receptors may exist and
deliver signals. For example, M. Chimen et al. reported that PEPITEM,
a peptide proteolytically derived from 14.3.3 zeta delta protein, used
cadherin-15 as a receptor and lead to release of sphingosine-1phosphate from endothelial cells [21]. Like the case of PEPITEM,
receptors for soy peptides may exist, which should be investigated.
Including these 3 possible mechanisms, the mechanisms for the action
of soy peptides should be investigated in the near future.

Integr Mol Med, 2016

We here found that soy peptides significantly suppressed the IL1β-induced production of MMP-3 and ADAMTS-4 in human articular
chondrocytes. In the majority of the tested chondrocytes samples, both
the mRNA levels of MMP-3 and those of ADAMTS-4 were suppressed
by the treatment with 100 µM soy peptides (Figure 1C). However, in
a small part of the tested chondrocytes samples, neither the mRNA
levels of MMP-3 nor those of ADAMTS-4 were suppressed by the soy
peptides treatment (Figure 1C). Thus, the effect of soy peptides would
be influenced by the individual genetic backgrounds. There might be
subpopulations that show different sensitivity to soy peptides.

Soy peptides used in this study are mainly composed of di- and
tri-peptides [14]. However, specific peptides that suppressed the IL1β-induced production of MMP-3 and ADAMTS-4 have not been
identified yet. Recently, a tri-peptide of Val-Pro-Tyr, derived from
glycinin of a major soy protein, has been reported to down-regulate the
expression of pro-inflammatory cytokines in intestinal epithelial cells
and macrophages [22]. The soy peptides used in this study are expected
to contain glycinin and thus would contain Val-Pro-Tyr. A tri-peptide
of Val-Pro-Tyr might be one of the soy peptides that suppressed the
effects of IL-1β in this study. On this point, further investigation is
required.
Our data showed that soy peptides suppressed the IL-1βinduced production of MMP-3 and ADAMTS-4 in human articular
chondrocytes in vitro. Our data indicate that soy peptides may be
useful to prevent or suppress cartilage degradation in OA.
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Abstract
Background: To understand pathophysiology of systemic lupus erythematosus (SLE), we here tried to identify profiles of cell surface (CS) molecules of peripheral
blood mononuclear cells (PBMCs) using targeted proteomics.
Methods: PBMCs prepared from 5 patients with SLE and 5 healthy donors (HLs), were subjected to live cell-biotinylation. Then the biotinylated CS proteins were
analyzed by 2-dimensional fluorescence difference gel electrophoresis (2D-DIGE). Protein spots that showed different intensity between the SLE and HL groups
were identified by mass spectrometry.
Results: In total, 468 protein spots were detected by 2D-DIGE, out of which 151 spots (32.3%) showed significantly different intensity between the two groups.
Among the 151 spots, 137 spots (29.3%) showed > ±1.5-fold different intensity and 44 spots (9.4%) showed > ±2.5-fold different intensity between the two groups.
Proteins in 17 out of the 44 spots were identified.
Conclusion: Our study comprehensively investigated CS protein profiles of PBMCs in SLE for the first time, to our knowledge. We found that CS protein profiles
of PBMCs from patients with SLE were greatly different from those from HLs. Our study would provide a new strategy to investigate the pathophysiology of SLE.

Introduction
Systemic lupus erythematosus (SLE) is a prototype of systemic
autoimmune diseases, characterized by generation of various
autoantibodies. Patients with SLE display clinical features in multiple
organs such as kidney, skin, and central nerve systems and also display
various abnormalities in laboratory examinations like anti-nuclear
antibodies (ANAs) and low levels of serum complements. Since the
clinical features and abnormalities are considerably different among
patients with SLE, the diagnosis of SLE is made by referring the
revised classification criteria for SLE 1997 [1] or more recently by the
systemic lupus international collaborating clinics classification criteria
for SLE 2012 [2,3]. Only a limited part of autoantibodies such as SS-A
antibodies has been evidenced to cause damages of an organ [4,5].
However, direct roles of the remaining large part of the autoantibodies
in the clinical features have not been elucidated.
Although mechanisms for the autoantibody production in SLE
have not been fully understood, both B cells and T cells are thought
to be involved in the autoantibody production [6,7]. For example,
expansion of memory B cells has been demonstrated and thus SLE is
suggested to be characterized by frequent cycles of B cell activation
and differentiation [8]. T cells are thought to abnormally assist the
activation and differentiation of autoreactive B cells. Expansion of the
Th17 population and perturbation of T cell receptor (TCR) physiology
and downstream signaling of TCRs have been reported [9]. However,
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molecular mechanisms for the alterations in T and B cells have been
not fully understood.
In general, any type of cells possesses various molecules on
their surface. Cell surface (CS) molecules that receive extracellular
information mediate intracellular signal transduction. Thus, abnormal
expression or post-translational modification of CS molecules can be
directly linked to the pathophysiology of SLE. As a tool to analyze
CS proteins, fluorescence-activated cell sorting (FACS) analysis has
been established. In fact, FACS has provided various findings on
abnormalities of CS proteins of PBMCs in SLE [10-13]. However, FACS
can analyze only a limited kinds of CS proteins and thereby cannot
comprehensively analyze CS proteins. Based on these backgrounds,
we here tried to comprehensively analyze CS protein profiles using
targeted proteomics, the combination of live cell-biotinylation and
2-dimensional fluorescence difference gel electrophoresis (2D-DIGE),
to understand pathophysiology of SLE.
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Materials and methods

Intensity of the separated protein spots was quantified by Progenesis
program (PerkinElmer, MA, US). To compare protein spot intensity
between the SLE patient group and the HL group, Cy5-fluorescent
intensity of each protein spot was normalized by Cy3-fluorescent
intensity of the identical spot. The normalized Cy5-intensity was used
for the comparison.

Clinical specimens
PBMCs were isolated by density-gradient centrifugation using
Ficoll-Paque Plus (Pharmacia Biotech, Uppsala, Sweden) from blood
samples of 5 patients with SLE and 5 healthy donors (HLs). All the
samples were obtained with written informed consent and this study
was approved by the institutional ethics committee of St. Marianna
University School of Medicine.

Protein identification
Protein spots of interest, excised from the 2D gels, were digested by
trypsin as described previously [15]. Produced peptides were subjected
to matrix-assisted laser desorption ionization-time of flight/time of
flight mass spectrometry (MALDI-TOF/TOF-MS) (Ultraflex, Bruker
Daltonics, Bremen, Germany). Determined peptide masses were
compiled to allow searches of the National Center for Biotechnology
Information (NCBI) protein database using Mascot software program
(Matrix Science, London, UK).

Isolation of CS proteins by biotin labeling
CS proteins were isolated by a commercially available CS protein
isolation kit (Thermo Fisher Scientific Inc., Waltham, MA, USA),
according to the manufacturer's instructions. Briefly, CS proteins of
live PBMCs were biotinylated with sulfo-NHS-S-S-biotin, which was
a cell-impermeable and cleavable biotinylation reagent. After the
biotinylation, PBMCs were lysed and the biotinylated CS proteins were
recovered by avidin beads (Thermo Scientific NeutrAvidin Agarose
Resin). Then CS proteins were released from the avidin-bound biotin
by cleavage of the S-S bonds using a reducing reagent.

Results
Analysis of CS proteins of PBMCs from patients with SLE
and HL by 2D-DIGE

2-dimensional fluorescence difference gel electrophoresis
(2D-DIGE)

To identify SLE-specific CS protein profiles of PBMCs, we
comprehensively compared CS proteins of PBMCs between 5 patients
with SLE and 5 HLs using 2D-DIGE of isolated CS proteins by cell
surface biotinylation. Clinical features of the 5 patients with SLE are
described in Table 1.

The isolated CS proteins were separated by 2D-DIGE. 2D-DIGE
was performed as described previously [14]. Each of the CS protein
samples was labeled with Cyanine dye 5 (Cy5, Cy Dye DIGE Saturation
dye; GE Healthcare, Buckinghamshire, UK). An internal control
“standard sample” was prepared by mixing an equal amount of each
of the samples. The standard sample was then labeled with Cyanine
dye 3 (Cy3, GE Healthcare). Then, each of the Cy5-labeled protein
samples (2.5 µg) were mixed with the Cy3-labeled standard sample (2.5
µg). The mixture was applied onto an isoelectric focusing (IEF) gel (pH
3-11, GE Healthcare). Subsequently, proteins separated by IEF were
further separated by 12.5% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The separated proteins were scanned
using an image analyzer (Typhoon 9400 Imager, GE Healthcare).

As a result, in total 468 definite protein spots were detected (Figure
1A). We then compared intensity of the 468 protein spots between the
SLE patient group and the HL group. We found that 151 (32.3%) out of
the 468 protein spots showed significantly different intensity between
the two groups (Table 2). Among them, 137 spots (29.3%) showed
>±1.5-fold intensity differences between the two groups. Furthermore,
44 spots (9.4%) showed >±2.5-fold intensity differences (Table 2). This
study revealed that CS protein profiles of PBMCs in SLE patients were
greatly skewed compared to those in HLs.

Table 1. Clinical information of enrolled patients with SLE.
Patients

SLE1

SLE2

SLE3

SLE4

SLE5

Sex/Age (y.o.)

F/23

F/45

F/46

F/36

F/54

Disease duration (y)

9y

17y

1y

11y

33y

Clinical manifestations
at the onset and
during the course

Malar rash, Pericarditis,
Nephritis, Anti-Sm(+),
ANA(+), Plateletpenia,
Psychosis

Non-erosive arthritis,
Malar rash, Nephritis,
Fever, Skin ulcer,
Hyper-CK-emia,
Hypocomplementemia

Non-erosive arthritis,
ANA(+), Malar rash,
Anti-DNA(+), Nephritis
Hypocomplementemia,

Fever, anti-DNA(+),
ANA(+), Pancytopenia,
Nephritis, CNS lesion

Malar rash, Fever,
Pleuritis, Nephritis,
ANA(+), Anti-DNA(+)

Clinical symptoms
at the day of sampling

Malar rash, Discoid rash,
Photosensitivity, Psychosis,
Nephritis

Malar rash,
Photosensitivity,
Non-erosive arthritis

Malar rash,
Non-erosive arthritis

Malar rash

Non-erosive arthritis

WBC (/µL)
Lymphocytes (/µL)
Hemoglobin (g/dL)
Platelets (x103/µL)

7,000
210
11.9
200

7,900
893
13.7
196

11,100
2142
12.2
204

8,100
599
12.3
317

6,300
762
13.3
209

CH50 (U/mL)

14.9

53.7

<10

40.9

43.9

Anti-dsDNA-IgG (IU/mL)
(negative≤10)

29.7

≤10

323

23.5

≤10

ANA

1:320

1:2560

1:1280

1:160

1:320

SLEDAI*

18

10

12

8

4

Treatment*

PSL (8mg)

PSL (40mg)

PSL (20mg)

PSL (10mg)

PSL (12mg), Tacrolimus (3mg)

Laboratory examinations*

*Findings and drugs at the day of sampling are shown.
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Figure 1. 2D-DIGE analysis of CS proteins of PBMCs from patients with SLE and HLs.
A) CS proteins were extracted from PBMCs obtained from 5 patients with SLE and 5
HLs and then were subjected to 2D-DIGE. Each protein sample labeled with Cy5 and an
internal control "standard sample" labeled with Cy3 were mixed and applied onto an IEF
gel. The protein samples were separated on 24 cm pH 3-11 non-linear IEF strips and further
separated by 12.5% SDS-PAGE. Results from the patients with SLE (Cy5, SLE1-5) and
HLs (Cy5, HL1-5) are shown. MW, molecular weight. B) 44 protein spots that showed
�������
different intensity between the SLE patient group and the HL group were
subjected to the MS/MS analysis to identify proteins. Proteins in 17 out of the 44 protein
spots were ������
as summarized in Table 3. Positions of the 17 spots on the 2D gel are
shown by circles with spot numbers.
Table 2: Numbers of protein spots that showed �������
different intensity between the
SLE patient group and the HL group.
Total number of
detected
protein spots

468

Number of spots
with different
intensity
( p <0.05 )

151

Fold difference
( X, SLE / HL )

Number of spots

X ≥ 3.5
3.5 > X ≥ 2.5
2.5 > X ≥ 1.5
1.5 > X > -1.5
-1.5 ≥ X > -2.5
-2.5 ≥ X > -3.5
-3.5 ≥ X

6
23
41
14
52
13
2

Identification of proteins with significant intensity differences
between the SLE patient group and the HL group: The 44 protein
spots that showed > ±2.5-fold intensity differences were subjected to
MS/MS analysis to identify protein names (Figure 1B). As a result,
proteins in 17 out of the 44 spots were identified as summarized in
(Table 3).
Thirteen out of the 17 identified spots showed higher intensity in
the SLE patient group than in the HL group (no. 649 of myeloblastin,
no. 899 of cyclin-L1, no. 485 of leukocyte elastase inhibitor, no. 897 of
DNA-directed RNA polymerase II subunit RPB11-b2, no. 900 of POTE
ankyrin domain family member F, and nos. 651, 582, 734, 913, 560, 914,
637, and 621 of actins) (Figure 2, upper and middle). The remaining 4
spots showed lower intensity in the SLE group than in the HL patient
group (no. 421 of meiosis 1 arrest protein, no. 376 of heterogeneous
nuclear ribonucleoprotein H, no. 391 of pyruvate kinase PKM and no.
356 of tubulin alpha-4A chain) (Figure 2, lower).
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Figure 2. Representative protein spots that showed �������
different intensity between
the SLE patient group and the HL group.
Representative results from nos. 899, 649, and 391 are shown. 3D image of the protein spot
(nos. 649, 899, and 391) was constructed by Progenesis program (Left panel). Normalized
intensity of the spot was compared between the SLE patient group and the HL group (Right
panel). An average of the normalized protein spot intensity in the HL group was ����
as
1.0. A bar shows an average of the normalized protein spot intensity in each group.

Discussion
Our study revealed that CS protein profiles of PBMCs in patients
with SLE were greatly different from those in HLs. Of the differently
expressed CS proteins, 10 proteins from 17 proteins spots were
identified.
CS proteins have been generally analyzed by FACS. In FACS,
targeted CS proteins of live cells are labelled with fluorescenceconjugated target-specific antibodies, after which intensity of bound
fluorescence are measured. It is well recognized that FACS is a very
effective tool to analyze CS proteins. In fact, FACS has been often used
in the analysis of the pathophysiology of SLE [10-13]. However, FACS
can analyze only limited kinds (usually 1-4 kinds, at most 8 kinds) of
CS proteins. FACS cannot comprehensively analyze CS proteins. In
comparison, biotin labeling of CS proteins combined with 2D-DIGE as
used here can comprehensively detect and quantitate CS proteins. This
is a great advantage of our method. Another point different from FACS
is that proteins that bind to biotinylated CS proteins are also isolated
together with CS proteins themselves, even if they themselves do not
exist on the outside of cell membranes. In this regard, the method used
here would be also adequate to analyze translocation of proteins from
cytosol or nucleus to the plasma membrane and vice versa. Our strategy
and FACS should be differently used depending on aims of studies.
Our study revealed that approximately one-thirds (32.3%) of
the detected protein spots showed significantly different expression
between the SLE patient group and the HL group. This indicates that
CS protein profiles of PBMCs of SLE patients skews very widely. Out
of the 44 protein spots with highly different intensity (> ±2.5 folds),
proteins of 17 spots were identified, which were composed of 10 kinds
of proteins.
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Table 3: Protein �������=
from the protein spots with �������
different intensity between the SLE patient group and the HL group.
Spot
no.

MW pI Difference Protein
Observed (SLE/HL)

Accession
no.

MW pI
Matched
Theoretical peptides

Mascot
score

Coverage
(%)

649

27.3 7.84

5.85

Myeloblastin (PRTN3_HUMAN)

gi: 6174926

27.8 8.72

3

899

31.8 6.27

3.72

Cyclin-L1 (CCNL_HUMAN)

gi: 74753368

59.6 10.7

651

27.2 5.07

3.24

Actin, cytoplasmic 1 (ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)

gi: 46397333
gi: 54036678

41.7 5.29
41.8 5.31

485

40.6 62.7

2.90

Leukocyte elastase inhibitor (ILEU_HUMAN)

gi: 266344

42.7 5.90

������������a
(Mascot ion score)

73

11

80

6

72

13

99

5

161

21

29

3

108

7

57

LVNNVLGAHNVR91 (9)
LFPDFFTR235 (16)
236
VALYVDWIR244 (26)
228

LPQVAMATGQVLFHR113 (17)

AVFPSOVGRPR39 (10)
HQGVMVGMGQK50 (2)
85
IWHHTFYNELR95 (73)
96
VAPEEHPVLLTEAPLNPK113 (49)
40

TFHFNTVEEVHSR69 (57)
FKLEESYTLNSDLAR290 (28)

276

SYELPDGQVITIGNER254 (74)
CDVDIR290 (5)

582

32 5.26

2.82

Actin, cytoplasmic 1(ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)

gi: 46397333
gi: 4501887

41.7 5.29
41.8 5.31

6

119

19

239

734

23.4 5.32

2.81

Actin, cytoplasmic 1(ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)
Beta-actin-like protein 2 (ACTBL_HUMAN)

gi: 46397333
gi: 4501887
gi: 172046825

41.7 5.29
41.8 5.31
42.0 5.39

3

74

6

239

913

40.2 4.56

2.81

Actin, cytoplasmic 1(ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)

gi: 46397333
gi: 4501887

41.7 5.29
41.8 5.31

4

265

14

29

560

34 5.27

2.76

Actin, cytoplasmic 1(ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)

gi: 46397333
gi: 4501887

4.17 5.29
41.8 5.31

4

96

14

239

914

40 4.62

2.70

Actin, cytoplasmic 1 (ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)
Actin, gamma-enteric smooth muscle (ACTH_
HUMAN)
Actin, aortic smooth muscle (ACTA_HUMAN)
Actin, alpha cardiac muscle 1 (ACTC_HUMAN)
Actin, alpha skeletal muscle (ACTS_HUMAN)

gi: 46397333
gi: 4501887
gi: 54036679

41.7 5.29
41.8 5.31
41.9 5.31

2

110

7

29

gi: 51316972
gi: 54036697
gi: 61218043

42.0 5.23
42.0 5.23
42.0 5.23

DNA-directed RNA polymeraseII subunit
RPB11-b2 (RPB1C_HUMAN)

gi: 74725032

13.1 5.88

4

56

27

104

897

22.1 5.14

2.66

285

SYELPDGQVITIGNER254（59）
CDVDIR290 (2)
240
SYELPDGQVITIGNER250（59）
286
CDVDIR291 (2)
285

AVFPSIVGRPR39 (37)
IWHHTFYNELR95(74)
239
SYELPDGQVITIGNER254 (127)
85

SYELPDGQVITIGNER254 (83)
CDVDIR290 (6)

285

AVFPSIVGRPR39 (9)
SYELPDGQVITIGNER254 (87)
30
AVFPSIVGRPR40 (9)
240
SYELPDGQVITIGNER255 (87)
31
AVFPSIVGRPR41 (9)
241
SYELPDGQVITIGNER256 (87)
239

FRTCLLPLR112 (9)

900

30

5.57

2.66

POTE ankyrin domain family member F

gi: 153791352

121 5.83

3

67

4

939

637

27.9 5.43

2.55

Actin, cytoplasmic 1(ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)
Beta-actin-like protein 2 (ACTBL_HUMAN)

gi: 46397333
gi: 4501887
gi: 172046825

41.7 5.29
41.8 5.31
42.0 5.39

3

101

6

239

621

28.7

2.53

Putative beta-actin-like protein3
(ACTBM_HUMAN)
Actin, cytoplasmic 1 (ACTB_HUMAN)
Actin, cytoplasmic 2 (ACTG_HUMAN)
Bate-actin-like protein 2 (ACTBL_HUMAN)
Actin, gamma-enteric smooth muscle (ACTH_
HUMAN)
Actin, aortic smooth muscle (ACTA_HUMAN)
Actin, alpha cardiac muscle 1 (ACTC_HUMAN)
Actin, alpha skeletal muscle (ACTS_HUMAN)

gi: 74739412

42.0 5.91

2

62

4

239

gi; 46397333
gi: 4501887
gi: 172046825
gi: 54036679

41.7
41.8
42.0
41.9

gi: 51316972
gi: 54036697
gi: 61218043

42.0 5.23
42.0 5.23
42.0 5.23

5.45

5.29
5.31
5.39
5.31

SYELPDGQVITIGNER954 (59)
SYELPDGQVITIGNER254 (88)

YELPDGQVITIGNER254 (54)

YELPDGQVITIGNER255 (54)

240

YELPDGQVITIGNER256 (54)

241

421

47.7 8.28

-2.75

Meiosis 1 arrest protein (M1AR_HUMAN)

gi: 74730556

59.3 6.40

7

72

17

379

376

55.8

6.29

-3.09

Heterogeneous nuclear ribonucleoprotein H
(HNRH1_HUMAN)

gi: 1710632

49.2 5.89

7

77

24

300

391

52.9 6.19

-3.21

Pyruvate kinase PKM (KPYM_HUMAN)

gi: 20178296

57.9 7.96

10

92

21

384

356

59 4.92

-3.40

Tubulin alpha-4A chain (TBA4A_HUMAN)

gi: 55977476

49.9 4.95

11

104

30

65

IPASTFYVIMPSHSLTLLVK398 (22)
ATENDIYNFFSPLNPVR316 (26)
EAEAAIYHLQLFEELR399 (13)

AVFVDLEPTVIDEIR79 (27)

Peptides recovered from the 17 protein spots after in-gel digestion with trypsin were subjected to MALDI-TOF/TOF-MS analysis. MW; molecular weight, pI; Isoelectric points, LID; laserinduced dissociation

First, spot no. 649, which showed 5.85-fold higher intensity in the
SLE patient group than in the HL group, was identified as myeloblastin.
It is also known as proteinase 3 (PR3). PR3 is a serine protease that is
mainly located in granules of neutrophils and eosinophils [16]. PR3
is also known as a target of anti-neutrophil cytoplasm antibodies
(ANCA) [17]. It was reported that mRNA for PR3 in monocytes was
increased in patients with SLE compared to HL [18]. Furthermore,
it was reported that amounts of cell surface PR3 were increased by
TNF-α stimulation in neutrophils of patients with SLE and monocytes
of patients with ANCA-associated vasculitis [19,20]. In addition,
serum TNF-α levels were reported to be increased in patients with SLE
[21]. Taking our data together with these reports, both PR3 expression
and its translocation to the plasma membrane fraction would be
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increased in PBMCs of patients with SLE. Roles of the increase in the
pathogenesis of SLE should be investigated in the future.
Second, spot no. 899, which showed 3.72-fold higher intensity in
the SLE patient group than in the HL group, was identified as cyclin
L1. Cyclin L1 is usually located in cytoplasm. It was reported that
cyclin L1 was involved in the splicing of mRNA [22,23]. In T cells of
patients with SLE, abnormal splicing of TCR zeta chain was reported
[24,25]. Our data and their reports indicate possible involvement of
translocation of cyclin L1 in the abnormal splicing in T cells of patients
with SLE. This point should be also investigated in detail in the future.
Third, spot nos. 560, 582, 621, 637, 651, 734, 913, and 914, intensity
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of which was 2,53~3,24-fold higher in the SLE patient group than
in the HL group, were assigned to members of the actin family. The
existence of multiple spots would indicate different isoforms of actin
and/or different post-translational modification of actin. Since actin
is an important component of cytoskeleton, PBMCs in patients with
SLE would alter the structure of cytoskeleton, reflecting functional
abnormalities of lymphocytes. Further studies are needed to clarify the
relation between the actin alteration and functional abnormalities of
lymphocytes.

Conclusion
In conclusion, our study comprehensively investigated CS protein
profiles of PBMCs from patients with SLE for the first time, to our
knowledge. We found that CS protein profiles from PBMCs from
patients with SLE are greatly different from those of HLs. Our study
would provide a new strategy to investigate the pathophysiology of
SLE.
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Background: Psoriasis is a refractory inﬂammatory disease, however, its pathophysiology is still not fully
understood.
Objective: We tried to identify novel serum peptides associated with the pathophysiology of psoriasis.
Methods: Serum peptides from 24 patients with psoriasis vulgaris (PV), 10 patients with psoriatic arthritis
(PsA),14 patients with atopic dermatitis (AD), and 23 healthy control (HC) subjects were analyzed by mass
spectrometry. The effects of some peptides on the secretion of humoral factors from dermal cells were
investigated by cytokine arrays and ELISAs.
Results: A total of 93 peptides were detected. 24, 20, 23, and 2 peptides showed at least 1.2-fold
difference in ion intensity between the psoriasis (PV + PsA) and HC groups, between the PV + PsA and
AD groups, between the PV and PsA groups, and between patients with severe-to-moderate PV (n = 6)
and those with mild PV (n = 18), respectively (p < 0.05). 13 out of 27 peptides that showed at least 1.5-fold
ion intensity difference in the abovementioned 4 comparisons were identiﬁed. The parent proteins of the
identiﬁed peptides included a coagulation factor, proteins involved in the maintenance of skin, and a
protein relating to cytoskeleton. We focused on 2 peptides that were increased in the PV + PsA group: a
ﬁbrinogen a chain-derived peptide (1462 m/z), the unmodiﬁed form of which was ﬁbrinopeptide A-desalanine (FPAdA), and a ﬁlaggrin (FLG)-derived peptide (1977 m/z), a modiﬁed form of FLG2099–2118
(Q2099pE, Q2115E; FLG-pEE). FPAdA stimulation increased the secretion of GROa from
dermal microvascular endothelial cells (dMVECs) and decreased the secretion of lipocalin-2 from
keratinocytes in comparison to FPAdA-resequenced peptide stimulation (GROa, 280.9  7.3 pg/mL vs.
229.6  5.0 pg/mL, p < 0.001; lipocalin-2, 273  13 pg/mL vs. 350  10 pg/mL, p < 0.01). Interestingly, FLGpEE stimulation decreased the secretion of GROa, IL-8, and MCP-1 from dMVECs in comparison to FLGderived control peptide stimulation (GROa, 844.3  47.5 pg/mL vs. 1038.5  96.9 pg/mL, p < 0.05; IL-8,
vs.
3221.8  523.7 pg/mL,
p < 0.05;
MCP-1,
4057.8  157.2 pg/mL
vs.
2240.1 172.6 pg/mL
4619.1  213.4 pg/mL, p < 0.05).

Keywords:
Psoriasis vulgaris
Psoriatic arthritis
Serum peptides
Mass spectrometry
Fibrinogen a chain
Filaggrin

Abbreviations: AD, atopic dermatitis; a2HS-GP, alpha-2-HS-glycoprotein; CCL20, C–C motif ligand 20; CCR2, C–C chemokine receptor type 2; CRP, C-reactive protein; CYA,
ciclosporin; DC, dendritic cells; Dkk-1, dickkopf-related protein 1; dMVECs, dermal microvascular endothelial cells; E, glutamate; ELISA, enzyme-linked immunosorbent
assay; ELR, glutamate-leucine-arginine; FIBA, ﬁbrinogen alpha chain; FIBA-aCDC, C-terminal portion of the aC-domain of FIBA; FLG, ﬁlaggrin; FPA, ﬁbrinopeptide A; FPAdA,
ﬁbrinopeptide A-des-alanine; GROa, growth-regulated oncogene alpha; HC, healthy control; HLA, human leukocyte antigen; HPLC, high-performance liquid
chromatography; IL-1ra, interleukin 1 receptor antagonist; IMQ, imiquimod; M, methionine; MALDI-TOF/MS, matrix-assisted laser desorption/ionization time-of-ﬂight
mass spectrometry; MCP-1, monocyte chemoattractant protein 1; MIF, macrophage migration inhibitory factor; MMP, matrix metalloproteinase; mPV, mild psoriasis
vulgaris; MS, mass spectrometry; MTX, methotrexate; NSAIDs, non-steroidal anti-inﬂammatory drugs; PASI, Psoriatic Area and Severity Index; pE, pyroglutamate; PsA,
psoriatic arthritis; PSL, prednisolone; PV, psoriasis vulgaris; Q, glutamine; SD, standard deviation; SHBG, sex hormone binding globulin; sPV, severe-to-moderate psoriasis
vulgaris; TGFa, transforming growth factor alpha; TNF, tumor necrosis factor; VEGF, vascular endothelial growth factor.
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Conclusions: The results suggested that some serum peptides are involved in the pathophysiology of
psoriasis, regulating the secretion of inﬂammatory chemokines and an antimicrobial protein. The
modulation of serum peptides may be a potential therapeutic strategy for psoriasis.
© 2017 Japanese Society for Investigative Dermatology. Published by Elsevier Ireland Ltd. All rights
reserved.

1. Introduction
Psoriasis is a chronic inﬂammatory multi-organ disease that
mainly manifests in the skin [1,2]. The estimated prevalence of
psoriasis is approximately 2% worldwide and 0.34% in Japan [1,3].
The most common type of psoriasis is psoriasis vulgaris (PV),
which accounts for approximately 90% of cases [1,4]. The typical
lesions are monomorphic and well-demarcated erythematous
plaques covered by silvery scales [1,5]. Patients with PV suffer from
pain, itching, and bleeding of the skin lesions. Furthermore,
patients with psoriasis are at risk of developing other chronic
inﬂammatory diseases such as arthritis (psoriatic arthritis, PsA),
metabolic syndrome, cardiovascular disorders, depression, and
cancer [1,4,5]. Since the pathophysiology of psoriasis remains
unclear, it is imperative to elucidate the pathophysiology in order
to establish effective treatments for the disease.
It is widely accepted that aberrant immune responses shifting
toward the IL-23/Th17 and Th1 axes play major roles in the
pathophysiology of psoriasis [1,5]. IL-17, which is produced by Th17
cells, gdT cells, neutrophils, and mast cells, activates keratinocytes
to produce ELR+ chemokines such as GROa and IL-8 and CCL20
bringing neutrophils, dendritic cells (DCs), and T cells into the
psoriatic lesion [6–10]. IL-22, which is produced by Th17 cells, Th1
cells, and Th22 cells, promotes the proliferation of keratinocytes
and hyperkeratosis [6]. The activation of keratinocytes by TGFa,
which is overexpressed in psoriatic epidermis, increases the
secretion of VEGFa from the cells [11]. VEGFa binds to its
receptors, kdr and ﬂt-1, which are expressed by papillary dermal
microvascular endothelial cells (dMVECs) to induce hyperpermeability. VEGF, hypoxia-inducible factors, angiopoietins, and proangiogenic cytokines such as TNF, IL-8, and IL-17, are up-regulated in

psoriatic lesions, which increases dermal vascularity [11,12]. On the
other hand, keratinocytes overexpress antimicrobial peptides such
as LL37 and b-defensin 2, which trigger the self-nucleic acidmediating activation of plasmacytoid DCs through toll-like
receptor 9 [13,14]. Furthermore, genetic risk factors such as
HLA-Cw6 are associated with the onset [1,15]. Nonetheless, the
precise pathophysiology of psoriasis is not fully understood. The
identiﬁcation of novel disease-related molecules will thus be
necessary to elucidate of the pathophysiology.
In the present study, we comprehensively analyzed the serum
peptides in PV and PsA patients. We found that the serum peptide
proﬁles of psoriasis differed from those of healthy individuals and
atopic dermatitis (AD) patients. Some of the peptides that were
increased in psoriasis were found to modulate the secretion of
inﬂammatory chemokines from dermal cells. Our data suggested a
novel disease mechanism of psoriasis, which involves the
degradation of proteins in the skin and blood.
2. Materials and methods
2.1. Patients and serum samples
The diagnosis of PV was clinically made. The diagnoses of PsA
and AD were made according to the respective criteria [16,17].
Serum samples were obtained from 24 patients with PV, 10
patients with PsA, 14 patients with AD, and 23 healthy control (HC)
subjects after they provided written informed consents (Table 1).
The study protocol conformed to the ethical guidelines of the 1964
Declaration of Helsinki and its later amendments and was
approved by the ethics committee of St. Marianna University
School of Medicine.

Table 1
The clinical information of the subjects.

Male:female
Age (years)a
Disease duration (years)a
PASIa
BSA (%)a
CRP (mg/dL)a,b
Comorbid diseasesc

Treatmentd

PV (n = 24)

PsA (n = 10)

AD (n = 14)

HC (n = 23)

15:9
56.8  18.2
12.1  7.8
7.0  4.9
15.8  17.0
0.20  0.30 (n = 18)
2 HT, 2 HT/DM,
1 HT/DM/CI,
1 HT/DL/FL/ML,
1 DL/HU, 1 HU,
1 BD, 1 CB,
1 PP, 1 PC
24 ext CS/VD3;
3 CYA, 1 ADA,
1 IFX, 1 UST;
1 VA

5:5
53.1  17.6
6.0  4.7
3.9  3.5
6.2  7.4
0.33  0.33
2 DM, 1 FL,
1 HT/DM/HU,
1 HT/HU/FL/R,
1 CB

8:6
38.8  12.1
24.7  10.1
–
–
–
None

15:8
57.6  18.5
–
–
–
–
None

3
1
1
1
1
1

13 ext CS;
2 CYA,
1 FX

–

ext CS/VD3,
ext CS/VD3/IND;
LOX, 3 MTX,
CYA/LOX,
PSL/CEL,
PSL/CYA/LOX

PV, psoriasis vulgaris; PsA, psoriatic arthritis; AD, atopic dermatitis; HC, healthy control; PASI, Psoriasis Area and Severity Index; BSA, body surface area; HT, hypertension;
DM, diabetes mellitus; CI, cerebral infarction; DL, dyslipidemia; FL, fatty liver; ML, malignant lymphoma; HU, hyperuricemia; BD, Basedow's disease; CB, chronic bronchitis;
PP, palmoplantar pustulosis; PC, prostatic carcinoma; R, rhinitis; CYA, ciclosporin; ADA, adalimumab; IFX, inﬂiximab; UST, ustekinumab; VA, vitamin A derivative; LOX,
loxoprofen; MTX, methotrexate; CEL, celecoxib; FX, fexofenadine.
a
Mean  standard deviations.
b
C-reactive protein (CRP) was measured in 18 out of 24 PV patients and in all the 10 PsA patients.
c
Comorbid diseases such as metabolic diseases, cardiovascular diseases, and other inﬂammatory diseases are shown.
d
The external use of corticosteroids (CS), vitamin D3 (VD3), and indomethacin (IND) were counted independently from other treatments.
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The disease severity of PV was estimated according to the
Psoriatic Area and Severity Index (PASI) [18,19]. The 24 PV patients
were divided into 2 groups according to their PASI values [20]; the
severe-to-moderate PV (sPV, PASI > 10) group (n = 6; male, n = 3;
female, n = 3; mean  standard deviation [SD] age, 42.7  15.7
years; disease duration, 19.5  8.6 years; PASI, 14.3  2.8) and the
mild PV (mPV; PASI  10) group (n = 18; male, n = 12; female, n = 6;
age, 61.6  16.4 years; disease duration, 9.6  5.7 years; PASI,
4.6  2.4).
To analyze the correlation between peptide ion intensity and
treatment, we designed a treatment score in which the treatments
for psoriasis in this study were classiﬁed into ﬁve groups as
follows: Score 0 (n = 0), no treatment; Score 1 (n = 19), external
medication and/or internal vitamin A derivative; Score 2 (n = 3),
non-steroidal anti-inﬂammatory drugs (NSAIDs), with or without
drugs in score 1; Score 3 (n = 9), prednisolone (PSL)  5 mg/day,
methotrexate (MTX)  8 mg/week, ciclosporin (CYA)  3 mg/kg/
day, or maintenance dosages of biological drugs, with or without
drugs in scores 1 and 2; Score 4 (n = 3), (i) PSL > 5 mg/day,
MTX > 8 mg/week, CYA > 3 mg/kg/day, or increased dosages of
biological drugs, (ii) at least two of PSL, immunosuppressants
(MTX or CYA), and biological drugs, both (i) and (ii) are with or
without drugs in scores 1 and 2.
2.2. The comparison of peptide proﬁles and the identiﬁcation of
peptide sequences
Serum peptides were puriﬁed using weak cation exchange
chromatography (Bruker Daltonics, Ettlingen, Germany). The
concentration of each peptide was measured according to the

ion intensity on matrix-assisted laser desorption/ionization timeof-ﬂight mass spectrometry (MALDI-TOF/MS, Ultraﬂex, Bruker
Daltonics). The ion intensity of the peptides was obtained as the
peak heights using ClinPro Tools software program (Bruker
Daltonics). The peptides were designated according to the mass
to charge ratios (i.e., p1056 indicates a peptide with 1056 m/z).
The amino acid sequences of the peptides were identiﬁed by
tandem mass spectrometry using a nano-HPLC system (Ecksigent
nano-LC400 system, AB sciex, Framingham, MA, USA) connected to
a Triple TOF5600 system (AB sciex). The MS and MS/MS spectra
that were obtained were used to identify the parent proteins of the
peptides by searching the Uniprot protein database using a
software (Protein Pilot version 4.0, AB sciex).
2.3. The synthesis of peptides and cell culturing
A peptide corresponding to ﬁbrinopeptide A-des-alanine
(FPAdA, N-DSGEGDFLAEGGGVR-C) and a control peptide for FPAdA
(FPAdA-Cont) in which the 15 amino acids were randomly resequenced (N-GDRGEGASGELDVFG-C) were synthesized (Euroﬁns
Genomics, Tokyo, Japan). Peptides derived from ﬁlaggrin (FLG),
FLG2099–2118 (N-QSESTHGQSAPSTGGRQGSH-C, FLG-Q2), a modiﬁed
form of FLG2099–2118 (FLG2099–2118,Q2099pE,Q2115E, N-pESESTHGQSAPSTGGREGSH-C, FLG-pEE), and a control peptide, FLG52–71
(N-DMVDVFMDHLDIDHNKKIDF-C, FLG-Cont) were similarly synthesized (Euroﬁns Genomics).
Human dMVECs and human keratinocytes were purchased
(Lonza, Walkersville, MD, USA). To prepare the culture supernatants for cytokine assays, 1 105 cells were cultured with FPAdA,
FPAdA-Cont or medium-alone for 24 h. Similarly, 1 105 cells were

Fig. 1. The serum peptide proﬁles of the psoriasis patients. (A) A gel image of the ion intensity of the detected peptides. The results of each serum sample are vertically aligned.
The numbers of the patients in the PV, PsA, AD, and HC groups are shown in the parentheses. The intensity is shown as black-white gradation, as indicated on the right side of
the panel. (B) The average ion intensity of the serum peptides in the PV, PsA, AD, and HC groups. Black arrowheads show p1462, the ion intensity of which was increased 2.99fold in the PV + PsA group in comparison to the HC group. The white arrowheads show p1977, the ion intensity of which was increased 1.44-fold and 1.45-fold in the PV + PsA
group in comparison to the HC and AD groups, respectively.
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cultured with FLG-pEE, FLG-Q2, FLG-Cont, or medium-alone for
24 h. The culture supernatants were recovered and stocked at
80  C until the analysis.
2.4. The analysis of the secretion of humoral factors from dermal cells
stimulated with the peptides
Humoral factors including proinﬂammatory cytokines and
chemokines in culture supernatants were measured in duplicate
by cytokine arrays (for dMVECs, Human Cytokine Array, R&D
Systems, Minneapolis, MN, USA; for keratinocytes, Human XL
Cytokine Array kit, R&D Systems). Humoral factors that were
detected as speciﬁc spots were visualized using ECL Plus (GE
Healthcare, Piscataway, NJ, USA) and a LAS-3000 Imager (Fujiﬁlm,
Tokyo, Japan). The intensity of each spot, which was measured
using the Science Lab 2001 Image Gauge software program
(Fujiﬁlm), was normalized based on the intensity of a positive
control sample. The humoral factors that were selected by cytokine
arrays were measured in triplicate with their respective ELISA kits
(R&D Systems).
2.5. Statistical analysis
The signiﬁcance of the differences in peptide ion intensity
among the PV, PsA, AD and HC groups was calculated using
Student's t-test. The correlations between the peptide ion intensity
and clinical parameters were calculated using Spearman's rank
correlation coefﬁcient. The signiﬁcance of the differences in
peptide ion intensity according to the difference in treatment
was calculated using Wilcoxon's signed-rank test.
3. Results
3.1. A comparison of the serum peptide proﬁles among the PV, PsA, AD,
and HC groups
To ﬁnd the serum peptides associated with the pathophysiology
of psoriasis (PV + PsA), we comprehensively measured the ion
intensity of serum peptides in the PV, PsA, AD, and HC groups. A
total of 93 peptide ion peaks were detected (Fig. 1A and B). Among
these, we compared the ion intensity between the PV + PsA and HC
groups, and between the PV + PsA and AD groups (Table 2). In the
PV + PsA group, 18 peptides showed an ion intensity that was at
least 1.2-fold higher and 6 peptides showed an ion intensity that
was at least 1.3-fold lower in comparison to the HC group
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(p < 0.05). Similarly, in the PV + PsA group, 11 peptides showed an
ion intensity that was at least 1.3-fold higher and 9 peptides
showed an ion intensity that was at least 1.3-fold lower in
comparison to the AD group (p < 0.05).
Furthermore, we compared the serum peptide proﬁles between
the subgroups of psoriasis patients. In the PsA group, 7 peptides
showed an ion intensity that was at least 1.2-fold higher and 16
peptides showed an ion intensity that was at least 1.3-fold lower in
comparison to the PV group (p < 0.05) (Table 2). In the sPV group, 2
peptides showed an ion intensity that was at least 1.5-fold lower in
comparison to the mPV group (p < 0.05).
Collectively, the serum peptide proﬁles of psoriasis (PV + PsA)
patients were found to differ from AD patients and HC subjects.
Among the psoriasis patients, there were differences in the peptide
proﬁles of PV and PsA patients, and in the peptide proﬁles of sPV
and mPV patients.
3.2. The identiﬁcation of the disease-speciﬁc peptides in psoriasis
We tried to identify the peptides with an ion intensity that
showed a 1.5-fold difference in the 4 comparisons (Table 2).
Although Table 2 shows 35 of these peptides, the actual number
was 27 because some of the peptides overlapped.
We identiﬁed 13 out of the 27 peptides and found 4 parent
proteins (Table 3). It is noteworthy that 9 of the 13 identiﬁed
peptides were derived from the ﬁbrinogen alpha chain (FIBA); in
the PV + PsA group, the ion intensity of most of these peptides was
higher in comparison to the HC and/or AD groups. Two out of the 9
FIBA peptides were derived from FPA; the other 7 were derived
from the aC-domain (Fig. 2). In the PV + PsA group, the ion
intensity of p1462 derived from FPA was 2.99-fold higher than that
in the HC group. p1462 was identiﬁed as FPA1–15,S3phospho or Nterminal alanine-defective FPA, FPA2–16 (FPAdA) (Table 3).
Interestingly, in the PV + PsA group, the ion intensity of p1977
was 1.44-fold and 1.45-fold higher than that in the HC and AD
groups, respectively. p1977 was identiﬁed as being derived from
FLG, which is involved in the terminal differentiation of
mammalian epidermis (Table 3) [21,22]. This peptide included
two types of post-translational modiﬁcations; the N-terminal
(2099th) glutamine (Q) was changed to pyroglutamate (pE) and
the 17th (2115th) Q was deamidated (changed to glutamate, E)
(FLG2099–2118,Q2099pE,Q2115E; FLG-pEE). Two peptides, p4964 and
p4979, were derived from the thymosin b4 protein, which is
associated with actin ﬁlament organization [23]. In the PsA group,
the ion intensities of p4964 and p4979 were 1.95- and 1.67-fold

Table 2
The comparison of peptide ion intensity.
Peptide ion intensity

Increased

Decreased

Differences (x-folds)

Numbers of peptides
(PV + PsA)/HC
(n = 34/n = 23)

(PV + PsA)/AD
(n = 34/n = 14)

PsA/PV
(n = 10/n = 24)

sPV/mPV
(n = 6/n = 18)

1
2
10
5

1
7
3
0

0
1
5
1

0
0
0
0

1.2 < x < 1.2

0

0

0

0

1.2  x > 1.3
1.3  x > 1.5
1.5  x > 2.0
2.0  x

0
3
2
1

0
3
6
0

0
4
11
1

0
0
2
0

2.0  x
1.5  x < 2.0
1.3  x < 1.5
1.2  x < 1.3

The numbers of peptides, for which the ion intensity was signiﬁcantly different between the 2 indicated groups, are shown (p < 0.05). The numbers in the parentheses indicate
the numbers of subjects.
PV, psoriasis vulgaris; PsA, psoriatic arthritis; HC, healthy control; AD, atopic dermatitis; sPV, severe-to-moderate psoriasis vulgaris; mPV, mild psoriasis vulgaris.
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Table 3
The identiﬁcation of the serum peptides in psoriasis.
m/z

Selections

Proteins

Accession IDa

Conﬁrmed sequencesa

Modiﬁcation

1055.6

1056.2

99

1.15E 04

407

–

1459.6

1459.6

99

1.02E 03

1

Phospho (S)

1464.6
1615.7

1465.5
1616.5

99
99

5.59E 05
8.21E 05

2

–
Phospho (S)

1978.8

1980.0

98.14

1.2E 02

2099

2658.2

2659.8

99

TVVQPSVGAAAG418

ADSGEGDFLAEGGGV15

DSGEGDFLAEGGGVR16
ADSGEGDFLAEGGGVR16

1

QSESTHGQSAPSTGGRQGSH2118

9.69E 04

586

DEAGSEADHEGTHSTKRGH AKSRPV610

5.17E 04

557

SSSYSKQFTSSTSYNRGDSTF ESK

580

pyro-Glu (N-term) Deamidated
(2115Q)

–
–

2680.2

2681.8

99

2767.2

2768.8

99

5.05E 04

557

SSSYSKQFTSSTSYNRGDSTF ESKS581

–

2930.3

2932.0

99

1.33E 03

557

SSSYSKQFTSSTSYNRGDSTF ESKSY582

–

3238.5

3240.5

99

3.10E 04

581

4049.9

4052.3

99

1.29E 02

518

4960.5

4963.5

99

3.72E 04

27

Protein terminal acetyl (N-term)

4976.5

4979.5

96.74

27

5333.3

5336.5

99

Protein terminal acetyl (Nterm), Oxidation (M)
–

2.06E 03
2.74E 03

SYKMADEAGSEADHEGTHS TKRGHAKSRPV610

–

LGEFVSETESRGSESGIFTN TKESSSHHPGIAEFPSRG555

–

SDKPDMAEIEKFDKSKLKKTETQ EKNPLPSKETIEQEKQAGES69
SDKPDMAEIEKFDKSKLKKTETQ EKNPLPSKETIEQEKQAGES69

557

SSSYSKQFTSSTSYNRGDSTFESKSYKMADEAGSEADHEGTHSTKRGHA605

The mass to charge ratios used for the designation of peptides were obtained by MALDI-TOF/MS, whereas those for “observed” were obtained by LC–MS.
The peptides that showed a 1.5-fold difference in ion intensity between the PV + PsA and HC groups, between the PV + PsA and AD groups, between the PsA and PV groups, and between the sPV and mPV groups were selected for
identiﬁcation.
a
The positions of amino acids of the FIBA-derived peptides are speciﬁcally shown as the ﬁrst amino acid of its mature peptide as 1. The positions of amino acids of the other identiﬁed peptides are shown according to the
indications in the accession ID data ﬁles. TMSB4X, thymosin b4.
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cDNA FLJ55606, highly similar to alpha- B7Z8Q2_HUMAN
1.76
(PV + PsA)/ 2-HS-glycoprotein
AD
1462 2.99
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
HC
Fibrinogen alpha chain
FIBA_HUMAN
1613 1.90
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
HC
1977 1.44
Filaggrin
FILA_HUMAN
(PV + PsA)/
HC
1.45
(PV + PsA)/
AD
2658
1.61
Fibrinogen alpha chain
FIBA_HUMAN
PsA/PV
2681 1.45
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
AD
1.54
PsA/PV
2767 1.96
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
AD
2930 1.36
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
HC
1.43
(PV + PsA)/
AD
1.75
PsA/PV
Fibrinogen alpha chain
FIBA_HUMAN
3239 1.55
(PV + PsA)/
AD
1.57
PsA/PV
1.61
sPV/mPV
Fibrinogen alpha chain
FIBA_HUMAN
4053
2.04
(PV + PsA)/
HC
4964
1.95
TMSB4X protein
Q0P5N8_HUMAN
PsA/PV
4979
1.67
TMSB4X protein
Q0P5N8_HUMAN
PsA/PV
5337 1.89
Fibrinogen alpha chain
FIBA_HUMAN
(PV + PsA)/
AD
1.73
PsA/PV
1056

Theoretical Observed Conﬁdence dMass
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Fig. 2. The intra-molecular locations of the identiﬁed FIBA-derived peptides. A schematic illustration of the structure of the FIBA precursor and the locations of the 9
identiﬁed FIBA-derived peptides. The mature FIBA protein without its signal peptide consists of FPA, the E-domain, the coiled coil region, the D-domain, and the aC region. The
aC region (Aa221–610) consists of the aC-connector (Aa221–391) and the aC-domain (Aa392–610) [59]. The C-terminal region of the aC-domain (Aa557–610) was
designated as aCDC [29].

lower than their respective ion intensities in the PV group
(Table 3). p1056 was derived from a protein that was highly
similar to alpha-2-HS-glycoprotein (a2HS-GP), which may be
involved in the development and maintenance of skin [24].
3.3. The effect of FPAdA on the secretion of humoral factors
Among the peptides that were identiﬁed, we focused on p1462
and p1977 (FLG-pEE), which showed a higher ion intensity in the
PV + PsA group than in the HC and/or AD groups (Table 3). We
hypothesized that these peptides may function as modulators of
the inﬂammation in psoriasis. We therefore examined whether
these peptides stimulated the dermal cells to alter the secretion of
inﬂammatory humoral factors.
We ﬁrst synthesized FPAdA, the unmodiﬁed form of p1462
(Table 3). dMVECs and keratinocytes were stimulated with FPAdA
or its re-sequenced control peptide (FPAdA-Cont). The concentration of FPAdA and FPAdA-Cont in the cell culture (1.6 mg/mL) was
calculated from the plasma concentration of ﬁbrinogen. At this
concentration, the cell viability of both the dMVEC and keratinocyte cultures was 97% (data not shown).
In a cytokine array of dMVEC culture supernatants, spots of
GROa, IL-8, MCP-1, MIF, and serpin E1 were detected. FPAdA
stimulation caused a 1.2-fold change in the spot intensity of those
humoral factors in comparison to non-stimulated dMVECs
(Fig. 3A). Among these, GROa, IL-8, and MCP-1 that showed a
1.3-fold change in the spot intensity were subsequently
measured by ELISAs.
As a result, the secretion of GROa following FPAdA stimulation
(280.9  7.3 pg/mL) was increased 1.20-fold and 1.22-fold in
comparison to non-stimulated (233.5  5.3 pg/mL, p < 0.001) and
FPAdA-Cont stimulated (229.6  5.0 pg/mL, p < 0.001) dMVECs,
respectively (Fig. 3B). In contrast, the measured secretion of IL-8
was found to decrease following FPAdA stimulation
(679.6  89.3 pg/mL) in comparison to non-stimulated dMVECs
(919.2  36.2 pg/mL, p < 0.05); this result conﬂicted with the
results of the cytokine array. The secretion of MCP-1 in response
to FPAdA stimulation (1404  108 pg/mL) was increased 1.19-fold
in comparison to FPAdA-Cont-stimulated dMVECs (1181  47 pg/
mL, p < 0.05); however, there was no difference in comparison to
non-stimulated dMVECs (1368  41 pg/mL, p = 0.63) (Fig. 3B).
Next, we analyzed the secretion of humoral factors from
keratinocytes in response to FPAdA stimulation. The cytokine array
showed that FPAdA stimulation caused a 1.5-fold change in the
spot intensities of VEGF, pentraxin-3, MIF, lipocalin-2, osteopontin,

and Dkk-1 in comparison to non-stimulated keratinocytes
(Fig. 4A). Among these, MIF, lipocalin-2, osteopontin, and Dkk-1
that showed a 1.7-fold change in the spot intensity were
subsequently measured by ELISAs.
As a result, the secretion of lipocalin-2 following FPAdA
1.17-fold and
stimulation (273  13 pg/mL) was decreased
1.28-fold in comparison to non-stimulated (321 10 pg/mL,
p < 0.01) and FPAdA-Cont-stimulated (350  10 pg/mL, p < 0.01)
keratinocytes, respectively (Fig. 4B). The secretion of MIF following
FPAdA stimulation (12.0  0.7 pg/mL) was decreased 1.28-fold in
comparison to non-stimulated keratinocytes (15.3  1.3 pg/mL,
p < 0.05); however, no difference was found in the FPAdA-Contstimulated keratinocytes (12.5  1.4 pg/mL, p = 0.59) (Fig. 4B). The
secretion of osteopontin following FPAdA stimulation
(172.0  2.7 pg/mL) was increased 1.15-fold in comparison to that
in FPAdA-Cont-stimulated keratinocytes (150.2  2.7 pg/mL, p
< 0.001); however, no difference was found in comparison to
keratinocytes
(175.2  4.7 pg/mL,
p = 0.37)
non-stimulated
(Fig. 4B). After FPAdA stimulation, there were no signiﬁcant
changes in the secretion of Dkk-1 in comparison to FPAdA-Contstimulated and non-stimulated keratinocytes.
3.4. The effect of FLG-pEE on humoral factor secretion
We similarly examined the effects of FLG-pEE on the secretion
of humoral factors from dMVECs and keratinocytes. The concentrations of FLG-pEE and its control peptides, FLG-Q2 and FLG-Cont,
were determined by examining the cell viability. As a result, 1.4 mg/
mL for dMVECs and 1.5 mg/mL for keratinocytes were found to be
the highest concentrations to provide 95% cell viability (data not
shown).
First, the secretion of humoral factors from dMVECs was
analyzed. A cytokine array detected the spots of 5 humoral factors,
GROa, IL-8, MCP-1, MIF, and Serpin E1. The spot intensities of
GROa, IL-8, and MCP-1 were changed  1.3-fold by FLG-pEE
stimulation in comparison to non-stimulated dMVECs (Fig. 5A).
These 3 humoral factors were subsequently measured by ELISAs.
As a result, the secretion of GROa following FLG-pEE stimulation (844.3  47.5 pg/mL) was found to decrease 1.46-fold and
in
comparison
to non-stimulated
dMVECs
1.23-fold
(1230.9  32.3 pg/mL, p < 0.001) and FLG-Cont stimulated dMVECs
(1038.5  96.9 pg/mL, p < 0.05), respectively (Fig. 5B). However, no
difference was found between the secretion of GROa following
FLG-pEE stimulation or FLG-Q2 stimulation (768.2  49.9 pg/mL,
p = 0.13). The secretion of IL-8 following FLG-pEE stimulation
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Fig. 3. The secretion of humoral factors from FPAdA-stimulated dMVECs. (A) The secretion of humoral factors from dMVECs cultured with medium-alone (no treatment, NT),
with FPAdA, and with FPAdA-Cont was assayed using a cytokine array. The spot intensities of GROa, IL-8, MCP-1, MIF, and serpin E1, spots of which were detected in the
cytokine array, are shown. (B) The secretion of GROa, IL-8, and MCP-1 from dMVECs, which was found to be increased more than 1.3-fold following FPAdA stimulation in
comparison to non-stimulated dMVECs in the cytokine array, was measured by ELISAs. *p < 0.05, **p < 0.01, ***p < 0.001.

(2240.1 172.6 pg/mL) decreased 1.35-fold and 1.44-fold in
comparison to non-stimulated dMVECs (3032.3  28.9 pg/mL,
p < 0.01) and FLG-Cont-stimulated dMVECs (3221.8  523.7 pg/
mL, p < 0.05), respectively. However, no difference was found
between the secretion of IL-8 following FLG-pEE stimulation or
FLG-Q2 stimulation (1967.8  17.9 pg/mL, p = 0.05). Interestingly,
the secretion of MCP-1 following FLG-pEE stimulation
(4057.8  157.2 pg/mL) decreased 1.23-fold and 1.14-fold in
comparison to non-stimulated dMVECs (4986.1  238.7 pg/mL,
p < 0.01) and FLG-Q2-stimulated dMVECs (4619.1  213.4 pg/mL,
p < 0.05), respectively. However, no difference was found between
the secretion of MCP-1 following FLG-pEE stimulation or FLG-Cont
stimulation (4524.0  323.3 pg/mL, p = 0.09) (Fig. 5B).
Next, the secretion of humoral factors from keratinocytes was
analyzed after FLG-pEE stimulation. The cytokine array detected
the spots of all of the humoral factors except IL-5. IL-1ra, lipocalin2, MMP-9, and SHBG showed a 1.2-fold change in intensity
following FLG-pEE stimulation in comparison to non-stimulated

keratinocytes. These 4 humoral factors were subsequently
measured by ELISAs (Fig. 6A).
Among the 4 humoral factors, the secretion of lipocalin-2
following FLG-pEE stimulation (648.2  88.3 pg/mL) was increased
1.35-fold in comparison to non-stimulated keratinocytes
(480.8  25.5 pg/mL, p < 0.05); however, no changes were observed in comparison to FLG-Cont stimulation (643.0  15.0 pg/mL,
p = 0.93) and FLG-Q2 stimulation (568.8  3.0 pg/mL, p = 0.19)
(Fig. 6B). The secretion of IL-1ra and MMP-9 after FLG-pEE
stimulation was not signiﬁcantly different from that in nonstimulated keratinocytes (Fig. 6B). All of the SHBG results were
below the detection limits (data not shown).
3.5. Correlation of peptide ion intensity and clinical parameters
To detect the peptides that would be associated with the
pathophysiology of psoriasis in another way, we analyzed
correlations between intensity of the identiﬁed peptides and
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Fig. 4. The secretion of humoral factors from FPAdA-stimulated keratinocytes. (A) The secretion of humoral factors from keratinocytes cultured with medium-alone (NT),
with FPAdA, and with FPAdA-Cont was assayed using a cytokine array. The spot intensities of VEGF, pentraxin-3, MIF, lipocalin-2, osteopontin, and Dkk-1, which showed more
than 30,000 AU and increased 1.5-fold following FPAdA-stimulation in comparison to non-stimulated keratinocytes, are shown. (B) The secretion of MIF, lipocalin-2,
osteopontin, and Dkk-1 from dMVECs, which was found to be decreased less than 1.7-fold following FPAdA-stimulation in comparison to non-stimulated keratinocytes in
the cytokine array, was measured by ELISAs. *p < 0.05, **p < 0.01, ***p < 0.001.

clinical parameters. PASI, C-reactive protein (CRP), and treatment
were selected as the clinical parameters because they reﬂected the
disease severity, activity, and demands for the disease control,
respectively. To analyze the correlation between peptide ion
intensity and treatment, we speciﬁcally designed a treatment score
in which the treatments for psoriasis in this study were classiﬁed
into ﬁve groups as described in Section 2.

As a result, we found that p1056, derived from a protein highly
similar to a2HS-GP, was negatively correlated with PASI
(r = 0.481, p < 0.01; Fig. 7A). p2681, an N-terminal peptide of
FIBA-aCDC (C-terminal portion of the aC-domain of FIBA, Fig. 2),
was negatively correlated with CRP (r = 0.394, p < 0.05; Fig. 7B).
p2930, p3239, and p5337, the relatively long FIBA-aCDC-derived
peptides, were negatively correlated with the treatment score
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Fig. 5. The secretion of humoral factors from dMVECs stimulated with FLG-pEE. (A) The secretion of humoral factors from dMVECs cultured with medium-alone (NT), with
FLG-pEE, with FLG-Q2, and with FLG-Cont was assayed using a cytokine array. The spot intensities of GROa, MCP-1, IL-8, MIF, and serpin E1, spots of which were detected, are
shown. (B) The secretion of GROa, MCP-1, and IL-8 from dMVECs, which was decreased less than 1.3-fold following FLG-pEE stimulation in comparison to non-stimulated
dMVECs in the cytokine array, was measured by ELISAs. *p < 0.05, **p < 0.01, ***p < 0.001.

(p2930, r = 0.531, p < 0.01, Fig. 7C; p3239, r = 0.440, p < 0.01,
Fig. 7D; p5337, r = 0.451, p < 0.01, Fig. 7E).
As shown in Fig. 7C–E, psoriasis patients treated with NSAIDs
(treatment score 2) showed relatively low ion intensity of the FIBAderived peptides. We therefore speciﬁcally compared ion intensity
of all the identiﬁed peptides between the psoriasis patients treated
with NSAIDs (n = 6) and those treated without NSAIDs (n = 28),
between the psoriasis patients treated with immunosuppressants
(MTX and CYA) (n = 8) and those treated without immunosuppressants (n = 26), and between the psoriasis patients treated with
biological drugs (n = 3) and those treated without biological drugs
(n = 31). Interestingly, the ion intensity of p2658, p2681, p2930, and
p3239, which are all derived from FIBA-aCDC, was signiﬁcantly
decreased in the NSAID-treated group compared to the NSAIDnon-treated group (Fig. 7F–I). The ion intensity of p4979, which is
derived from thymosin b4, was also signiﬁcantly decreased in the
NSAID-treated group compared to the NSAID-non-treated group
(Fig. 7J). Furthermore, the ion intensity of p2930 was signiﬁcantly
decreased in the immunosuppressant-treated group compared to

the immunosuppressant-non-treated group (Fig. 7K). No peptide
showed ion intensity difference between the psoriasis patients
treated with biological drugs and those treated without biological
drugs (data not shown). The production of those peptides and/or
their parent proteins may be suppressed by NSAIDs and/or
immunosuppressants.
4. Discussion
We analyzed serum peptide proﬁles to ﬁnd peptides that are
involved in the pathophysiology of psoriasis. The major psoriasisaffected site is the skin, however, the inﬂammation also affects the
joints and other organs such as the eyes, lungs, and heart. To
explore novel molecules that are associated with the inﬂammation
in psoriasis, we selected serum peptidome that contained
processed proteins as a source of unknown molecules with
pathophysiologic effects.
We comprehensively analyzed the serum peptides of PV, PsA,
and AD patients and HC subjects, and found 93 serum peptides that
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Fig. 6. The secretion of humoral factors from keratinocytes stimulated with FLG-pEE. (A) The secretion of humoral factors from keratinocytes cultured with medium-alone
(NT), with FLG-pEE, with FLG-Q2, and with FLG-Cont was assayed using a cytokine array. The spot intensities of IL-1ra, lipocalin-2, MMP-9, and SHBG, which increased 1.2fold following FLG-pEE stimulation in comparison to non-stimulated keratinocytes, are shown. (B) The results of ELISAs measuring IL-1ra, lipocalin-2, and MMP-9. *p < 0.05,
**p < 0.01, ***p < 0.001.

possibly contained the disease-related peptides (Fig. 1A and B).
There were signiﬁcant differences in the ion intensities of 24 of
these peptides between the PV + PsA and HC groups, and 20 of the
peptides between the PV + PsA and AD groups (p < 0.05) (Table 2).
These peptides were considered to be candidates that are involved
in the pathophysiology of psoriasis. Interestingly, in the PsA group,
the number of peptides for which the ion intensity-decreased was
greater than the numbers of peptides for which the ion intensityincreased in comparison to the PV group; a similar ﬁnding was
observed in the sPV group in comparison to the mPV group
(Table 2). The decrease of serum peptides may be associated with
the onset of arthritis and the severity of psoriasis.
Nine of the 13 identiﬁed peptides were FIBA-derived, and were
fragments of FPA and the aC-domain (Table 3 and Fig. 2).
Physiologically, cleavage of FIBA by thrombin releases FPA and
initiates the conversion of ﬁbrinogens to ﬁbrins that polymerize
themselves to form ﬁbrin clots [25]. The ion intensity of the FPAderived peptides, p1462 and p1613, was higher in the PV + PsA
group than in the HC group (p < 0.05) (Table 3). Fibrinogen and FPA

have been reported to be increased in psoriasis patients in
comparison to healthy individuals [26,27]. The increase in FPAderived peptides may reﬂect the increased expression of the parent
protein, suggesting the activation of coagulation due to the
microvascular abnormalities of the psoriatic lesion.
On the other hand, 7 FIBA-derived peptides were from the aCdomain, 6 of which were from aCDC, the C-terminal portion of the
aC-domain (Fig. 2) [28,29]. The aC-domain is the site at which
ﬁbrins interact intermolecularly for the polymerization [30]. The
overall results of the ion intensity of aC-domain-derived peptides
were as follows: (1) the PV + PsA group > the AD group; (2) the PsA
group < the PV group; and (3) the sPV group < the mPV group
(p < 0.05) (Table 3). Since ﬁbrinogen was reported to be increased
in psoriasis patients in comparison to healthy individuals [26], the
fragmentation of the aC-domain can be expected to be decreased
in psoriasis, especially in PsA and sPV. The decrease of aC-domainderived peptides may be associated with the onset of arthritis and
the severity of psoriasis, which suggests a protective effect of aCdomain fragmentation and/or the aC-domain-derived peptides in
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Fig. 7. The correlations between the peptide ion intensity and clinical parameters in the psoriasis patients. The correlations between the ion intensity of the 13 identiﬁed
peptides and clinical parameters of PASI (n = 34), CRP (n = 26), and the treatment score (n = 34) were examined in the psoriasis (PV + PsA) patients (Table 1). In the correlation
analysis of CRP, a PV patient with malignant lymphoma (ML) and a PsA patient with rhinitis (R) were excluded. CRP values of <0.03 were regarded as 0. The results of the 5
peptides that showed correlations are shown (A–E). The results of the 5 peptides that showed differences in ion intensity between the NSAID-treated group (n = 6) and the
NSAID-non-treated group (n = 28) and between the immunosuppressant-treated group (n = 8) and the immunosuppressant-non-treated group (n = 26) are also shown (F–K).
*p < 0.05, **p < 0.01.

psoriasis. p2681 was negatively correlated with CRP values
(r = 0.394, p < 0.05), however, most of the psoriasis patients
showed CRP values within normal limits (Table 1 and Fig. 7B).
Therefore, this correlation should be conﬁrmed using a large
cohort of psoriatic patients that includes a sufﬁcient number of
CRP-positive patients. p2930, p3239, and p5337, relatively longer
aCDC-derived peptides, were negatively correlated with the
treatment score (r = 0.531, r = 0.440, and r = 0.451; p < 0.01)

(Fig. 7C–E). These FIBA-derived peptides are expected to be
decreased according to the intensity of the treatment. In addition,
the ion intensity of p2658, p2681, p2930, and p3239, which are all
derived from FIBA-aCDC, was decreased in the NSAID-treated
group compared to the NSAID-non-treated group, and the ion
intensity of p2930 was also decreased in the immunosuppressanttreated group compared to the immunosuppressant-non-treated
group (p < 0.05) (Fig. 7F–I and K). Thus, NSAIDs and
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immunosuppressants, especially NSAIDs, may effectively suppress
the inﬂammatory process of psoriasis, which results in a decrease
in the production of ﬁbrinogen.
It is noteworthy that the ion intensity of p1977, FLG-pEE, was
higher in the PV + PsA group than in the HC and AD groups
(p < 0.05) (Table 3). FLG is processed from its large precursor
protein, proﬁlaggrin. FLG aggregates the keratin ﬁlaments to form
tight bundles that promote the ﬂattering of corneocytes [22]. FLG
monomers are degraded into free amino acids and further
metabolized to constitute natural moisturizing factors. Mutations
of FLG cause ichthyosis vulgaris and FLG deﬁciency is known to
contribute to the pathogenesis of AD [22,31]. FLG monomers, FLG1FLG23, are located in tandem in proﬁlaggrin and FLG-pEE was
derived from an interventing sequence located between FLG12 and
FLG13 [32]. The expression of FLG has been reported to be
decreased in the skin of PV patients in comparison to the skin of
healthy individuals and AD patients [33]. Although the mechanism
by which FLG-interventing peptides are catabolized is unclear,
FLG-pEE may escape from further degradation because of its posttranslational modiﬁcation. p1056, which is decreased in the
PV + PsA group in comparison to the AD group, was derived from
a protein that is highly similar to a2HS-GP (p < 0.05) (Table 3).
a2HS-GP is associated with skin development and wound healing
[24]. p1056 was also negatively correlated with PASI in psoriasis
patients (r = 0.481, p < 0.01) (Fig. 7A). These results suggest that
the expression of the parent protein decreased in psoriasis,
according to their disease severity, which would also function as a
skin-protective protein in a manner similar to a2HS-GP. p1056
may be a candidate biomarker for the severity of psoriasis.
p4964 and p4979, which are derived from thymosin b4 protein,
were decreased in the PsA group in comparison to the PV group
(p < 0.05) (Table 3). Thymosin b4 is one of the regulators of actin
polymerization [34]. Thymosin b4 is thought to participate in antiinﬂammation and wound healing, through its relationship to the
secretion of MMPs and inﬂammatory cytokines and the upregulation of anti-oxidative enzymes [35–37]. Thus, thymosin b4 may
suppress the onset of arthritis in psoriasis. The decrease of
thymosin b4-derived peptides suggests the decreased expression
of thymosin b4 in PsA. Interestingly, the ion intensity of p4979, the
oxidated thymosin b4-derived peptide, was decreased in the
NSAID-treated group compared to the NSAID-non-treated group
(p < 0.05) (Fig. 7J). This suggested that the oxidation at the 32nd
methionine (M) was decreased by the treatment with NSAIDs
which may be involved in the inﬂammation of psoriasis (Table 3).
It was noteworthy that FLG-pEE stimulation resulted in the
decreased secretion of GROa and IL-8 from dMVECs in comparison
to FLG-Cont-stimulated and non-stimulated dMVECs (p < 0.05)
(Fig. 5B). IL-17, a key inﬂammatory cytokine in psoriasis is
abundantly produced by the Th17 cells, gdT cells, neutrophils
and mast cells in psoriatic skin [7–10,38]. IL-17A acts on the
keratinocytes to increase the expression of ELR+ chemokines such
as GROa and IL-8, recruiting neutrophils and T cells to the lesion
sites [39,40]. IL-17 receptors are expressed on vascular endothelial
cells [41–43], and human dermal endothelial cells migrated
following IL-17A stimulation [44]. Thus, dMVECs as well as
keratinocytes could be stimulated by IL-17A. Our data showed
that FLG-pEE downregulated the secretion of GROa and IL-8 from
dMVECs, which would lead to a reduction of the neutrophil- and T
cell-mediated inﬂammation in psoriasis. FLG-pEE stimulation also
led to a decrease in the secretion of MCP-1 from dMVECs in
comparison to non-stimulated and FLG-Q2-stimulated dMVECs
(p < 0.05) (Fig. 5B). In psoriasis, the keratinocytes are known to
produce MCP-1 and to recruit CCR2- and CD163-positive macrophages/monocytes to the skin lesions [45–47]. The injection of
MCP-1 together with TNFa induced psoriasiform skin inﬂammation in a CD18-hypomorphic psoriasis mouse model, thus, MCP-1 is
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considered to be the disease-causing inﬂammatory chemokine in
psoriasis [48]. Our data showed that FLG-pEE stimulation downregulated the secretion of MCP-1 from dMVECs, which may lead to
a reduction in the macrophage-mediated inﬂammation of psoriasis. Interestingly, this downregulation of MCP-1 was not found
after the stimulation with FLG-Q2 (Fig. 5B). Since N-terminal
glutamine (Q2099) is spontaneously changed to pyroglutamate (pE)
when a peptide is solved, the other post-translational modiﬁcation, Q2115E, may be speciﬁcally involved in the downregulation of
MCP-1 by FLG-pEE.
In contrast, FPAdA-stimulation increased the secretion of GROa
from dMVECs in comparison to FPAdA-Cont-stimulated and nonstimulated dMVECs (p < 0.001) (Fig. 3B). This result suggested that
FPAdA upregulates neutrophil chemotaxis to aggravate the
inﬂammation. On the other hand, FPAdA decreased the secretion
of lipocalin-2 from keratinocytes in comparison to FPAdA-Contstimulated and non-stimulated keratinocytes (p < 0.01) (Fig. 4B).
Lipocalin-2 is an antimicrobial protein that is highly expressed in
the psoriatic skin [49]. Since the intraperitoneal injection of
lipocalin-2 exacerbated erythema and scaling and the neutralization of lipocalin-2 alleviated the epidermal inﬂammation in a
murin model of IMQ-treated psoriatic skin, lipocalin-2 has been
recognized to contribute to the pathogenesis of psoriasis [49,50].
Because FPAdA downregulated the secretion of lipocalin-2 from
keratinocytes, this peptide may reduce inﬂammation. The
elucidation of the overall contribution of FPAdA to inﬂammation
in psoriasis will require further studies.
As a limitation of this study, we analyzed serum but not skin
peptide proﬁles of psoriasis. Analyzing the peptide proﬁles in skin
and comparing them to the proﬁles in sera would be extremely
useful. Peptidomics analyze the native fragmentation of proteins,
and clinical peptidomics are generally conducted using body ﬂuids
such as plasma/serum and urine, which are uniform and have low
protease-activity [51–53]. Tissue samples contain a large amount
of proteases, which are probably activated during the peptide
extraction, resulting in artiﬁcial digestion of the parent proteins.
Therefore, to reduce protease activity in tissue samples, a number
of methods for a variety of tissue have been proposed for sample
preparation, such as heat inactivation and the addition of acetone,
trichloroacetic acid, and protease inhibitors [54–56]. To the best of
our knowledge, however, no method involving a protease activityreducing treatment has been established in human skin peptidomics. In the near future, we will attempt to establish a novel
method for analyzing natively digested peptides to compare the
peptide proﬁles between skin and serum in psoriasis. In addition,
most of the psoriasis patients in this study possessed comorbid
diseases such as metabolic diseases and cardiovascular diseases,
and all of the patients were treated with external and/or internal
medication (Table 1). Therefore, production of some peptides has
been probably affected by such comorbid diseases as well as
treatments as shown in Fig. 7C–K.
It was reported that anti-microbial peptides such as b-defensin
2, LL37, and psoriasin are increased in sera from psoriasis patients
compared to those from healthy individuals [57]. However, we did
not detect MS peaks for those anti-microbial peptides in our serum
peptidomic results (data not shown). This may be due to the
differences in the sensitivity between ELISA and peptidomics. The
sensitivity of proteomics/peptidomics with standard sample
preparation remains in the mg/mL orders [58], which is lower
than the sensitivity of ELISA that detects proteins/peptides in the
ng/mL to pg/mL orders. Proteomics/peptidomics are useful
methods for detecting novel proteins/peptides related to the
pathophysiology of targeted diseases, however, already-identiﬁed
proteins/peptides at low concentrations should be detected and
quantiﬁed by speciﬁc and sensitive methods such as ELISA. If the
concentration of the overexpressed anti-microbial peptides in skin
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is much higher than in that in sera, they may be detectable via the
novel peptidomic strategy that we will try to establish as described
above.
In conclusion, serum peptides are thus considered to be
involved in the pathophysiology of psoriasis, as well as in the
onset of arthritis and the severity of psoriasis. p1056, derived from
a protein highly similar to a2HS-GP, may be a candidate biomarker
for the severity of psoriasis, if the correlation can be conﬁrmed
with a large cohort of psoriasis patients. FLG-pEE may reduce
inﬂammation in psoriasis by downregulating the chemotaxis of
neutrophils, T cells, and macrophages. FPAdA may aggravate
inﬂammation by inducing neutrophils; however, it may alleviate
inﬂammation by downregulating the anti-microbial activity.
Modulating the fragmentation of serum proteins is a potential
therapeutic strategy for the treatment of psoriasis.
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Abstract
Background In universal hepatitis B (HB) vaccination,
single vaccine-derived polyclonal anti-HBs antibodies
(anti-HBs) need to inhibit infection of HB viruses (HBV)
of non-vaccine genotypes. We experimentally addressed
this issue.
Methods Anti-HBs-positive sera were obtained by vaccination with genotype A- or C-derived HBs antigen
(HBsAg, gtA-sera or gtC-sera). Their reactivity to genotype A- and C-derived HBsAg (gtA-Ag and gtC-Ag) was
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measured by ELISA. The capacity of sera to neutralize
HBV was evaluated using an in vitro infection model.
Results Of 135 anti-gtA-Ag-reactive gtA-sera, 134
(99.3%) were anti-gtC-Ag-reactive. All (100%) 120 antigtC-Ag-reactive gtC-sera were anti-gtA-Ag-reactive. The
reactivity to gtA-Ag was strongly correlated with that to
gtC-Ag (gtA-sera, q = 0.989; gtC-sera, q = 0.953;
p \ 0.01). In gtA-sera (n = 10), anti-HBs to gtA-Ag were
less completely absorbed with gtC-Ag (96.4%) than with
gtA-Ag (100%, p \ 0.05). Similarly, in gtC-sera (n = 10),
anti-HBs to gtC-Ag were less completely absorbed with
gtA-Ag (96.0%) than with gtC-Ag (100%, p \ 0.01). Thus,
3.6 and 4.0% of anti-HBs in gtA-sera and gtC-sera were
vaccine genotype HBsAg-specific, respectively. In the
neutralization test, gtA-sera (n = 4) and gtC-sera (n = 3)
with anti-HBs titers adjusted to 100 mIU/mL equally
inhibited genotype C HBV infection (92.8 vs. 95.4%,
p = 0.44). However, at 30 mIU/mL, the gtA-sera less
effectively inhibited infection than the gtC-sera (60.2 vs.
90.2%, p \ 0.05).
Conclusions Vaccination with genotype A- or C-derived
HBsAg provided polyclonal anti-HBs that sufficiently
bound to non-vaccine genotype HBsAg. However, a small
portion of anti-HBs were specific to the vaccine genotype
HBsAg. High anti-HBs titers would be required to prevent
HBV infection of non-vaccine genotypes. UMIN/CTR
UMIN000014363.
Keywords Hepatitis B virus  Genotypes  Universal
vaccination  Polyclonal anti-HBs antibodies
Abbreviations
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Enzyme-linked immunosorbent assay
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Introduction
Hepatitis B virus (HBV) infection is an important public
health problem worldwide, leading to chronic hepatitis,
liver cirrhosis, and hepatocellular carcinoma (HCC) [1, 2].
Approximately 248 million individuals were estimated to
be HBs antigen (HBsAg)-positive globally in 2010 [3], and
more than 600,000 individuals die annually due to liver
cirrhosis and cancer [4]. The prevention of HBV infection
by vaccination is crucial for eradicating HBV-associated
life-threatening diseases, as well as for treating infection
with anti-viral drugs.
Safe and effective universal vaccination against HBV
infection has been available since 1981 [1, 5]. By 2014,
184 countries had introduced childhood vaccination against
HBV including birth dose vaccination [6]. Ten HBV
genotypes (A-J) have been identified at present and are an
important factor for developing strategies to prevent HBV
infection [7, 8]. Infection of various genotypes of HBV has
been found in most countries [9]. HB vaccines, most of
which are derived from genotype A HBV, have an excellent record of effectiveness, reducing the rate of chronic
infection in children from 8–15% to less than 1% [6]. This
result indicates that HB vaccines made from a single
genotype-derived HBsAg are capable of neutralizing HBV
of non-vaccine genotypes [9]. For example, although
almost all HBV infection in Taiwan were caused by
genotypes B and C [10], systematic vaccination using a
genotype A-derived vaccine decreased the HBsAg

seropositivity in children from 9.8 to 1.3% by 10 years
after the start of vaccination [11]. Furthermore, the HBsAg
seropositivity and HCC incidence in Thailand, where
genotype B and C were dominant, were markedly reduced
in cohorts immunized with a genotype A-derived vaccine
[12, 13]. These observations also indicate that single
genotype-derived HB vaccines are largely effective in
neutralizing HBV of non-vaccine genotypes.
However, whether single genotype-derived HB vaccines
prevent infection of non-vaccine genotype HBV as effectively as they do vaccine genotype HBV remains unclear.
Interestingly, surveillance of blood donors in the United
States detected nine HBV-seronegative but HBV-DNApositive donors, six of whom had received a genotype A2vaccine and showed low or undetectable levels of anti-HBs
antibody (anti-HBs) titers [14]. The infecting genotypes
were significantly different between the vaccinated and
unvaccinated donors: five out of the six vaccinated donors
were exclusively or predominantly infected with non-A2
strains, while the remaining one vaccinated and the three
unvaccinated donors were infected with A2 strain. We also
reported that an anti-HBs monoclonal antibody derived from
a recipient of a genotype C-derived vaccine efficiently
neutralized genotype C HBV, however, it failed to neutralize
genotype A HBV at a low anti-HBs titer [15]. These studies
indicate an insufficient capacity of single genotype-derived
HB vaccines to prevent infection of non-vaccine genotype
HBV. However, no experimental study has examined the
capacity of vaccine-acquired polyclonal anti-HBs to bind to
and neutralize non-vaccine genotype HBV.
In Japan, universal vaccination against HBV launched in
October 2016. Japan had already introduced HB vaccination for infants born to HBV-infected mothers in combination with hepatitis B immunoglobulin approximately
30 years before this launch [16]. This strategy was found to
be very effective, reducing the rate of HBsAg-positivity in
children from 0.75 to 0.04%. However, recently, HBV
infection in children via their fathers and unknown origins
has been shown to be a relatively common cause of chronic
hepatitis B [17, 18]. In Japan, 82% and 14% of HBVinfected individuals are infected with genotypes C and B,
respectively [19, 20]. Recently, the rate of infection with
genotype A HBV has been increasing, especially among
young individuals [21, 22]. Indeed, in 52% of patients with
acute hepatitis B, the hepatitis was caused by genotype A
HBV [22]. Therefore, universal HB vaccination in Japan
needs to mainly prevent infection of genotype C HBV in
children as well as infection of genotype A HBV in adults.
In this regard, it is important to evaluate whether single
genotype-derived HB vaccines sufficiently prevent infection of non-vaccine genotype HBVs. At present, two kinds
of HB vaccines of recombinant small S antigens are
available in Japan: genotype A2 HBV-derived Heptavax-II,
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which is commonly used worldwide, and genotype
C-derived Bimmugen, which is generated in Japan.
In this study, we examined whether polyclonal anti-HBs
generated by genotype A-derived HBsAg vaccination
bound to genotype C-derived HBsAg and vice versa. Both
Heptavax-II and Bimmugen vaccinations provided polyclonal anti-HBs that bound to HBsAgs of the other genotypes. However, a small portion of the polyclonal anti-HBs
repertoire did not bind to HBsAgs of the other genotypes.
Heptavax-II vaccination-derived anti-HBs as well as
Bimmugen vaccination-derived anti-HBs neutralized
genotype C HBV at a high anti-HBs titer, whereas the
former neutralized genotype C HBV less effectively than
the latter at a low titer. Our data suggested that high titers
of anti-HBs should be maintained for the prevention of
non-vaccine genotype HBV infection.

Materials and methods
Subjects and serum samples
The subjects were medical students and health care providers C18 years of age who needed to be immunized with
HB vaccines for their future work. Subjects with a fever or
acute diseases were excluded from the vaccination. In total,
474 subjects were enrolled in this study at St. Marianna
University School of Medicine (including its branch,
Kawasaki Municipal Tama Hospital) and University of
Tsukuba. Of these, 196 subjects were vaccinated with
Heptavax-II (MSD, Kenilworth, NJ, USA) (genotype
A-derived vaccine). The anti-HBs titers were evaluated by
Stacia (LSI Medience, Tokyo, Japan) or Architect (Abbott,
Abbott Park, IL, USA). Anti-HBs-positive sera (C10 mIU/
mL) were selected as genotype A-derived vaccine-immunized sera (gtA-sera). A total of 150 gtA-sera with low-tohigh anti-HBs titers, obtained 3–52 months after the last
vaccination, were subjected to our analyses. Another gtAserum, the anti-HBs titer of which was 842.7 mIU/mL
measured by Stacia, was used as an internal control serum
sample. Similarly, 148 subjects were vaccinated with
Bimmugen (Kaketsuken, Kumamoto, Japan). Their antiHBs titers were evaluated by Stacia or Architect. AntiHBs-positive sera (C10 mIU/mL) were selected as genotype C-derived vaccine-immunized sera (gtC-sera). A total
of 124 gtC-sera with low-to-high anti-HBs titers, obtained
1–2 months after the last vaccination, were subjected to our
analyses. The anti-HBs titers were evaluated by Stacia in
130 university freshmen, 101 of whom were anti-HBsnegative and had no experience of HB vaccination. Sera
from these 101 students were subjected to our analyses as
HB vaccine-non-immunized sera (NI-sera). The age and
sex of the subjects were as follows: 150 gtA-sera providers,

mean ± standard deviation (SD) of age 22.7 ± 2.9 years,
male (M)/female (F) ratio 67/83; 124 gtC-sera providers,
age 20.0 ± 2.7 years, M/F 31/93; 101 NI-sera providers,
age 20.3 ± 3.3 years, M/F 60/41. The protocol of this
clinical study, which conformed to the provisions of the
1964 Declaration of Helsinki and its later amendments, was
approved by the ethics committees of St. Marianna
University School of Medicine and University of Tsukuba
(UMIN000014363). All of the subjects gave their informed
consent prior to their inclusion in this study.
Sandwich ELISA for genotype A- and C-derived
HBsAg
Genotype A2-derived HBs small Ag (gtA-Ag) was purchased (adw2; Abcam, Cambridge, UK), and genotype
C-derived HBs small Ag (gtC-Ag) was kindly provided by
Kaketsuken (Bimmugen, adrq?). A total of 5 lg/mL of each
antigen was immobilized onto 8-well strips (Immobilizer
amino F8 module; Thermo Fisher Scientific, Waltham, MA,
USA) for 2 h at room temperature. The sera and peroxidaseconjugated HBsAg (ad ? ay, Enzygnost Anti-HBs II; Siemens, München, Germany) were added and incubated for 1 h
at 37 °C. The reactivity was developed in accordance with
the protocol of Enzygnost Anti-HBs II. When the sera
showed optical density (OD) values exceeding 1.5, they were
diluted until their OD values fell into the range of 0.25–1.5;
the obtained OD values were then multiplied by the serum
dilutions. The multiplied values were compensated by the
OD value of the internal control serum sample in each
experiment, and the compensated values were shown as
reactivity specific to gtA- and gtC-Ag.
Alternatively, the reactivity of some gtA- and gtC-sera
were absorbed with serially diluted soluble gtA- and gtCAgs, and the resultant reactivity to the HBsAgs of the
vaccine genotypes was measured. The absorption ratios
with HBsAgs of non-vaccine genotypes were calculated
using the following formula: (OD values without absorption—OD values absorbed with the non-vaccine genotypederived HBsAg)/(OD values without absorption—OD
values absorbed with the vaccine genotype-derived
HBsAg).
HBV-neutralization
Genotype C HBVs (7 9 105 copies) were suspended in
90 lL of dHCGM medium [15]. gtA- and gtC-sera were
serially diluted with the negative control (NC) serum
(Enzygnost Anti-HBs II) to adjust their anti-HBs titers to
100, 200, 300, 500, 1,000, and 10,000 mIU/mL. The antiHBs titers of the diluted sera were confirmed by measurement using Enzygnost Anti-HBs II. Three NI sera (no
dilution) and immunoglobulins containing high-titer
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antibodies against HBsAg (HBIG) (Hebsbulin, Japan
Blood Products Organization, Tokyo, Japan), anti-HBs
titers of which were adjusted to 10, 100, 1,000 and
10,000 mIU/mL, were also prepared. Each serum sample
or HBIG (10 lL) was added to 90 lL of the virus-suspended medium, and incubated at 37 °C for 2 h. After the
incubation, primary human hepatocytes (PhoenixBio,
Higashi-hiroshima, Japan), seeded at 7.0 9 104 cells/well,
were cultured in 100 lL of the medium containing the
HBV and the serum sample above (Day 0). On Days 2 and
3, the culture supernatants of mock wells (10 lL of
dHCGM was added in place of sera) were recovered, and
the supernatants of the other wells were discarded. The
cells were washed in 100 lL of DMEM 3 times and again
cultured in 100 lL of fresh dHCGM. On Day 7, the culture
supernatants of each well were replaced with 100 lL of
fresh dHCGM. On Days 12, 17, and 22, the culture
supernatants were recovered. On Days 12 and 17, 100 lL
of fresh dHCGM was added to each well. HBV genomic
DNA was extracted using Smitest (Medical Biology,
Nagoya, Japan) from the supernatants on Day 17.
The extracted HBV-DNA was quantified by real-time
polymerase chain reaction (PCR) using Eagle Taq
Universal Master Mix (Roche Diagnostics, Basel,
Switzerland). The sequences of the primers and probes
were as follows: forward, 50 -CACATCAGGATTCCTAGGACC-30 ; reverse, 50 -AGGTTGGTGAGTGATTGGAG30 ; probe, 50 -CAGAGTCTAGACTCGTGGTGGACTTC30 . Serially diluted pHBV/Aa-1.24, in which the whole
genome of HBV was sub-cloned, was used as the template
for the standard samples. The amplification program was
performed as follows using a StepOne Plus PCR system
(Thermo Fisher Scientific): 50 °C for 2 min, 95 °C for
10 min, and (95 °C for 15 s and 60 °C for 1 min) for 45
cycles.
Statistical analyses
The significance of differences in the reactivity between
gtA- and gtC-sera was calculated using Wilcoxon’s
signed-rank test (Fig. 1a, b) and Student’s t test (Fig. 2c).
The correlations between the reactivity to gtA-Ag and that
to gtC-Ag were calculated using Spearman’s rank correlation coefficient (Fig. 2a, b). The significance of differences in the absorption ratios between sera absorbed with
vaccine genotype HBsAg and those absorbed with the
non-vaccine genotype HBsAg was calculated by Wilcoxon’s signed-rank test (Fig. 3a, b). The significance of
differences in the absorption ratios between a serum
sample absorbed with the vaccine genotype HBsAg and
that absorbed with the non-vaccine genotype HBsAg was
calculated using Student’s t test (Fig. 3c–e). The significance of differences in the HBV neutralization levels

between gtA- and gtC-sera was also calculated using
Student’s t test (Fig. 4b, d).

Results
gtA-sera were cross-reactive to gtC-Ag and gtC-sera
were cross-reactive to gtA-Ag
First, we examined whether gtA-sera (anti-HBs-positive
sera from Heptavax-II-immunized individuals) were reactive to gtC-Ag and whether gtC-sera (anti-HBs-positive
sera from Bimmugen-immunized individuals) were reactive to gtA-Ag. The reactivity of 147 gtA-sera, 120 gtCsera, and 101 NI-sera (anti-HBs-negative sera from HB
vaccine-non-immunized individuals) to gtA- and gtC-Ag
was measured by sandwich ELISA (Fig. 1a, b). The
mean ? 2SD of the OD values of the NI-sera were set as
the cut-off values to determine whether the examined gtAand gtC-sera were anti-HBs-positive or -negative
(0.067 AU in gtA-Ag ELISA, and 0.078 AU in gtC-Ag
ELISA) (Fig. 1a, b, broken lines).
We found that 135 out of the 147 gtA-sera (91.8%) were
positive for anti-gtA-Ag (2.94 ± 4.04 AU), and 134 out of
the 135 anti-gtA-Ag-positive sera (99.3%) were also positive for anti-gtC-Ag (4.54 ± 6.21 AU) (Fig. 1a–c). The
titer of the remaining 1 gtA-serum sample, A56, was
0.085 AU to gtA-Ag and 0.075 AU to gtC-Ag, which were
close to the cutoff values (Table 1). All of the examined
120 gtC-sera (100%) were positive for anti-gtC-Ag
(38.4 ± 49.4 AU)
as
well
as
anti-gtA-Ag
(19.5 ± 28.9 AU) (Fig. 1a–c). Thus, almost all of the antiHBs-positive sera obtained by vaccination with HeptavaxII and Bimmugen were found to be cross-reactive to gtCAg and gtA-Ag, respectively.
We found 13 gtA-sera that were not reactive to gtA- or
gtC-Ag (Fig. 1a–c; Table 1). Eleven of these 13 gtA-sera
were both anti-gtA-Ag- and anti-gtC-Ag-negative.
Regarding the remaining two sera, the results of one A56
were described above; the other sample (A142) was antigtA-Ag-negative but anti-gtC-Ag-positive (Table 1).
In addition, the 120 gtC-sera showed significantly higher
reactivity to both gtA-Ag and gtC-Ag than the 147 gtAsera
(gtA-sera
vs.
gtC-sera:
2.70 ± 3.95
vs.
19.5 ± 28.9 AU to gtA-Ag, p \ 0.001; 4.15 ± 6.06 vs.
38.4 ± 49.4 AU to gtC-Ag, p \ 0.001) (Fig. 1a, b).
gtC-sera bound more strongly to gtC-Ag
than to gtA-Ag compared to gtA-sera, and vice versa
for gtA-sera
We compared the reactivity to gtA-Ag with that to gtC-Ag
in the 135 anti-gtA-Ag-positive gtA-sera and the 120 anti-

123
- 492 -

J Gastroenterol (2017) 52:1051–1063

1055

Fig. 1 Reactivity of gtA-sera to
gtC-Ag and that of gtC-sera to
gtA-Ag. A total of 147 gtA-sera
and 120 gtC-sera, determined as
anti-HBs-positive by clinical
examinations, were measured
for their reactivity to gtA-Ag
and gtC-Ag by respective
sandwich ELISAs. The resultant
OD values were compensated
using the OD values of an
internal control serum in every
ELISA experiment, and the
compensated values are shown
as the reactivity. The cut-off
values were determined as the
mean ? 2SD of 101 NI-sera
(broken lines). The results of
gtA-Ag (a) and gtC-Ag (b) are
shown. A summary of the
results is shown (c).
***p \ 0.001

gtC-Ag-positive gtC-sera. We examined the correlation
between the gtA-serum reactivity to gtA-Ag and that to
gtC-Ag, and the correlation between the gtC-serum reactivity to gtA-Ag and that to gtC-Ag. In the 135 gtA-sera,
the reactivity to gtA-Ag and that to gtC-Ag showed a
strong positive correlation (q = 0.989, p \ 0.01) (Fig. 2a).
In the 120 gtC-sera, the reactivity to gtA-Ag and that to
gtC-Ag also showed a strong positive correlation
(q = 0.953, p \ 0.01) (Fig. 2b).
We next examined the difference between the serum
reactivity to vaccine genotype HBsAg and that to non-vaccine genotype HBsAg. To analyze the difference, we calculated the ratio of ‘‘the reactivity to gtC-Ag/the reactivity to
gtA-Ag’’ (y/x in Fig. 2a, b). Interestingly, the ratio was
higher in gtC-sera than in gtA-sera (2.40 ± 0.80 vs.
1.54 ± 0.42, p \ 0.001) (Fig. 2a, b). To demonstrate the

different reactivity between gtA- and gtC-sera more clearly,
we calculated the normalized ratio of ‘‘the reactivity to gtCAg/the reactivity to gtA-Ag’’ by setting the average ratio of
the total samples as 1.0. gtC-sera showed an average normalized ratio of more than 1.0, while gtA-sera showed an
average normalized ratio of less than 1.0 (1.23 [-7.41 to
3.03] vs. -1.25 [-2.64 to 2.00], p \ 0.001) (Fig. 2c). These
results suggested that the gtC-sera were more strongly
reactive to gtC-Ag than to gtA-Ag and that the gtA-sera were
more strongly reactive to gtA-Ag than to gtC-Ag.
A small fraction of polyclonal anti-HBs was vaccine
genotype HBsAg-specific
Next, we investigated whether vaccine genotype-specific
anti-HBs fractions were present in gtA- and gtC-sera by
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Fig. 2 The correlations of gtAand gtC-serum reactivity to gtAAg and gtC-Ag. a, b The
correlations of gtA- and gtCserum reactivity to gtA-Ag and
gtC-Ag were examined. The
results of 135 gtA-sera (a,
q = 0.989, p \ 0.01) and 120
gtC-sera (b, q = 0.953,
p \ 0.01) are shown. c The
difference in the reactivity
between gtA- and gtC-sera was
examined by calculating the
ratio of ‘‘the reactivity to gtCAg/the reactivity to gtA-Ag.’’
The ratios were normalized as
the average of all examined sera
as 1.0. ‘‘-x’’ indicates ‘‘1/x’’.
***p \ 0.001

an antibody-absorption test using gtA- and gtC-Ag. Ten
samples each of gtA- and gtC-sera adjusted to show antiHBs values of approximately 1.0 OD were absorbed with
serial concentrations of soluble gtA- and gtC-Ag,
respectively (Table 2). The reactivity of the absorbed gtAsera to gtA-Ag, and that of the absorbed gtC-sera to gtCAg was measured by ELISA. In all 10 examined gtA-sera,
the reactivity to gtA-Ag was completely (100%) absorbed
with 5 lg/mL gtA-Ag (data not shown). Similarly, in all
10 examined gtC-sera, the reactivity to gtC-Ag was
completely (100%) absorbed with 5 lg/mL gtC-Ag (data
not shown). Given these results, we determined the concentration of soluble antigens for the absorption as 5 lg/
mL.
We then measured the absorption ratios of the OD-adjusted gtA-sera and gtC-sera absorbed with 5 lg/mL gtCAg and gtA-Ag, respectively. On average, 96.4 ± 6.5% of
the reactivity of gtA-sera to gtA-Ag was absorbed with
gtC-Ag (p \ 0.01) (Table 2; Fig. 3a). Similarly,
96.0 ± 2.6% of the reactivity of gtC-sera to gtC-Ag was
absorbed with gtA-Ag (p \ 0.001) (Table 2; Fig. 3b).
Thus, 3.6 and 4.0% anti-HBs in gtA- and gtC-sera were not
absorbed with gtC- and gtA-Ag, respectively. Sixteen of

the 20 sera showed 91.1–99.8% absorption ratios (Table 2,
a representative case of C24 is shown in Fig. 3c). Three
gtA-sera (A74, A75, and A93) showed 100% absorption
with gtC-Ag (Table 2; Fig. 3d). Interestingly, in 1 gtAserum sample, A72, only 79.2% of the reactivity to gtA-Ag
was absorbed with gtC-Ag (Table 2; Fig. 3e). Collectively,
almost all of the examined gtA- and gtC-sera showed
identical or slightly less reactivity to non-vaccine genotype
HBsAg than to the vaccine genotype HBsAg. In each antiHBs-positive serum, most polyclonal anti-HBs were crossreactive to non-vaccine genotype HBsAg, however, a small
fraction of the anti-HBs was vaccine genotype HBsAgspecific.
gtA- and gtC-sera with a high anti-HBs titer
effectively neutralized genotype C HBV
Finally, we examined whether or not the genotype C HBVneutralization levels were different between gtA-sera
(n = 4) and gtC-sera (n = 3) (Table 3). The sera were
serially diluted to show anti-HBs titers of
100–10,000 mIU/mL. The resultant titers of the diluted
sera were confirmed to be within ±20% of each titer (data
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Fig. 3 gtA-serum reactivity
absorbed with gtC-Ag and gtCserum reactivity absorbed with
gtA-Ag. A total of 10 gtA-sera
and 10 gtC-sera (Table 2) were
absorbed with serially diluted
gtA-Ag and gtC-Ag. The
resultant reactivity of the gtAsera was measured by gtAELISA, and that of the gtC-sera
was measured by gtC-ELISA.
When the gtA-sera absorbed
with gtA-Ag and the gtC-sera
absorbed with gtC-Ag showed
the same or lower reactivity
than the reactivity of anti-HBsnegative control serum (NC
serum in Enzygnost anti-HBs
II), we determined that those
sera had been completely
absorbed. The averages of the
absorption ratios of gtA-sera
(a) and gtC-sera (b), and the
representative results of 3 sera
(the absorption ratios with the
non-vaccine genotype HBsAg
were 91.1%, c; 100%, d; and
79.2%, e) are shown. Solid
lines, absorption with gtA-Ag;
dotted lines, absorption with
gtC-Ag. **p \ 0.01,
***p \ 0.001

not shown). We then mixed the diluted sera with HBVsuspended culture media to obtain final anti-HBs titers at
1/10 of the adjusted titers (10–1,000 mIU/mL) (Fig. 4a).
First, we tried to determine the anti-HBs titers of HBIG
and gtC-sera that sufficiently neutralized HBV in this
experiment. We found that 100 and 1,000 mIU/mL HBIG
sufficiently neutralized the genotype C HBV (the extracellular HBV-DNA, 7.1 and 4.3 copies, respectively)
(Fig. 4a). Similarly, 100 and 1,000 mIU/mL gtC-sera sufficiently neutralized the genotype C HBV (6.5 ± 7.4 and
4.6 ± 5.9 copies, respectively). In contrast, 10 mIU/mL
HBIG was insufficient for the neutralization (405.5 copies)
(Fig. 4a), showing a level similar to that of anti-HBsnegative sera (NI 1–3 and NC, 309.3 ± 115.1 copies).
In this condition, the gtA-sera sufficiently neutralized
genotype C HBV at an anti-HBs titer of 100 mIU/mL
(10.7 ± 5.5 copies) (Fig. 4a). The gtA-sera showed inhibition ratios similar to those of the gtC-sera at 100 mIU/

mL (92.8 ± 3.7 vs. 95.4 ± 4.8%, p = 0.44) (Fig. 4b). The
A72 serum sample that showed low absorption with gtCAg (79.2%, Fig. 3e) provided an inhibition ratio similar to
those of the other three gtA-sera at 100 mIU/mL anti-HBs
(92.0 vs. 93.0 ± 4.5%) (Fig. 4a, b).
Interestingly, the inhibition ratios at a relatively low
anti-HBs titer of 30 mIU/mL were significantly lower in
the gtA-sera than the gtC-sera (60.2 ± 17.0 vs.
90.2 ± 8.2%, p \ 0.05) (Fig. 4b). To compare the genotype C HBV-neutralizing capacity between the gtA- and
gtC-sera, we compared the anti-HBs titers of those sera that
showed an inhibition ratio of 87.0% (Fig. 4c, broken line).
This ratio, which was equal to that of 92.2 mIU/mL HBIG,
was selected because all 7 sera were able to be evaluated.
As a result, the anti-HBs titers of the gtA-sera that showed
an inhibition ratio of 87.0% were significantly higher than
those of the gtC-sera (72.8 ± 23.7 vs. 25.6 ± 14.2 mIU/
mL, p \ 0.05) (Fig. 4d). This indicates that the genotype C
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b Fig. 4 Genotype C HBV-neutralization by gtA-sera and gtC-sera.

a Four gtA-sera and three gtC-sera (Table 3) were diluted until their
anti-HBs titers were 100, 200, 300, 500, 1,000, and 10,000 (gtC-sera
only) mIU/mL and subsequently mixed with genotype C HBV. The
final anti-HBs titers were at 1/10 of the adjusted titers
(10–1,000 mIU/mL). The mixture was incubated at 37 °C for 2 h,
and infected into primary human hepatocytes. The HBV-DNA copy
numbers in the culture supernatants on Day 17 were quantified. HBVDNA copy numbers of medium-alone wells, in which HBV was not
infected, were subtracted from the resultant HBV-DNA copy numbers
of all experiments. b Since all of the gtA- and gtC-sera were diluted
with NC serum, we calculated the inhibition ratios of the genotype
C-HBV infection as 0% inhibition for NC serum (147.45 copies) and
as 100% for 0 copies (C44, 50 mIU/mL; C84, 100 and 1,000 mIU/
mL). The inhibition ratios of genotype C HBV infection by gtA- and
gtC-sera, diluted to anti-HBs titers of 10, 30, and 100 mIU/mL, are
shown. c, d The anti-HBs titers of the 4 gtA-sera and the 3 gtC-sera
that showed an inhibition ratio of 87.0% (broken line, c) were
compared. Mock: HBV was infected, and either HBIG or serum was
not added. *p \ 0.05

HBV-neutralizing capacity of the gtA-sera was lower than
that of the gtC-sera. In addition, the A72 serum sample
showed an anti-HBs titer of 79.5 mIU/mL with over 87.0%
inhibition, which was similar to the anti-HBs titers of the
other 3 gtA-sera (70.5 ± 28.5 mIU/mL) (Fig. 4c, d).

Discussion
To examine whether or not vaccine-acquired polyclonal
anti-HBs effectively bound to the HBsAg of non-vaccine
genotypes, we established gtA-Ag ELISA and gtC-Ag
Table 1 gtA-sera not reactive
to either or both gtA-Ag or gtCAg

Sera

Age (years)

Sex

ELISA. Of 101 NI sera that were anti-HBs-negative in a
clinical examination, 99 (98%) and 94 (93%) samples
showed compensated OD values less than the cut-off values of the gtA-Ag ELISA and gtC-Ag ELISA, respectively
(data not shown). In contrast, of 147 gtA-sera and 120 gtCsera that were ant-HBs-positive in clinical examinations,
135 gtA-sera (92%) and all 120 gtC-sera (100%) showed
OD values exceeding the cut-off values in the gtA-Ag
ELISA and gtC-Ag ELISA, respectively (Fig. 1a–c;
Table 1). Collectively, at most 8% of the examined gtAsera were judged to be anti-HBs-negative in the gtA-Ag
ELISA. It was reported that approximately 7% of serum
samples showed conflicting results between the 2 established anti-HBs measurement methods [23]. Thus, our
ELISAs were considered to be accurate enough to measure
the reactivity to single genotype-derived HBsAgs.
Notably, 134 of the 135 gtA-sera (99.3%) and all 120
gtC-sera (100%) were both anti-gtA-Ag-positive and antigtC-Ag-positive (Fig. 1a–c). Indeed, gtA- and gtC-sera
showed very high correlations between the reactivity to
gtA-Ag and that to gtC-Ag (gtA-sera, q = 0.989, p \ 0.01;
gtC-sera, q = 0.953, p \ 0.01) (Fig. 2a, b). Heptavax-II
and Bimmugen were therefore concluded to provide
polyclonal anti-HBs that bound not only to HBsAgs of the
vaccine genotypes but also to those of non-vaccine genotypes. This finding concurs with that from a previous study
in Uzbekistan in which both adr- and adw2-type vaccines
were reported to provide equally high anti-HBs acquisition
ratios [24]. We therefore believe that vaccine recipients
who become anti-HBs-positive can still prevent infection

Anti-HBs* (mIU/mL)

Anti-HBs (AU)**
gtA-Ag

gtC-Ag

Duration***
(months)

A56

24

F

21.0

0.085

0.075

A126

22

M

125.6

0.041

0.047

33
4

A128

20

M

52.0

0.040

0.044

33

A130

22

M

21.5

0.032

0.043

16

A131

20

F

191.8

0.042

0.046

16

A132

20

M

70.6

0.043

0.056

16

A136

22

M

108.2

0.063

0.058

16

A137

21

M

681.5

0.065

0.053

4

A139

22

M

27.9

0.047

0.063

16

A142

22

M

340.2

0.050

0.114

4

A143

22

M

24.4

0.040

0.055

33

A144

23

M

15.3

0.039

0.060

16

A147

20

F

21.5

0.042

0.051

33

* The anti-HBs titers of the sera were measured by Architect (A56, italic) or Stacia (others)
** The reactivity to single genotype-derived HBsAg was measured. The cut-off values were 0.067 and
0.078 AU for reactivity to gtA-Ag and gtC-Ag, respectively. A56 was anti-gtA-Ag-positive, whereas A142
was anti-gtC-Ag-positive (italic). The other sera were anti-gtA-Ag-negative and anti-gtC-Ag-negative
*** Duration from the last vaccination to blood sampling
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Sera

Age/sex

Anti-HBs*
(mIU/mL)

Anti-HBs (AU) to

Absorption (%) with

gtA-Ag

gtC-Ag

gtA-Ag

gtC-Ag

Duration
(months)

A9

24/F

361.0

13.474

20.340

100

99.2

A40

23/F

436.5

11.561

13.062

100

99.8

4

A53

22/M

[1000

11.562

18.632

100

98.4

4

A57

24/F

[1000

9.752

14.369

100

98.9

16

A72

19/F

840.3

4.863

5.996

100

A74

20/F

[1000

10.787

17.663

100

100

16

A75

20/F

[1000

–

–

100

100

4

A80

20/F

847.5

7.730

10.665

100

A93

34/M

[1000

12.785

21.514

100

A105

21/F

[1000

8.805

16.118

100

C10

19/F

2111.3

72.841

19.197

95.1

100

1

C11

19/F

1415.9

13.473

25.743

99.4

100

1

C13

21/F

1334.2

33.233

63.650

96.2

100

1

C24

20/F

1519.5

29.919

54.688

91.1

100

1

C49

19/F

2990.8

112.926

208.351

96.6

100

2

C56

19/M

1681.1

25.290

50.826

98.1

100

2

C77

19/F

3792.2

45.235

111.681

96.1

100

2

C81

21/F

1379.7

21.172

33.248

95.4

100

2

C91

21/F

17173.6

217.508

320.561

98.8

100

2

C121

19/F

1913.6

–

93.0

100

2

–

79.2

52

92.4
100

4

4
4

96.3

4

* The anti-HBs titers of gtA-sera and gtC-sera were measured by Stacia and Architect, respectively

Table 3 gtA-sera and gtC-sera
examined by the neutralization
test

Sera

Age (years)

Sex

Anti-HBs*

Anti-HBs (AU)

(mIU/mL)

gtA-Ag

A72

19

F

A90

19

F

[1000

840.3

A94

20

F

[1000
[1000

Durations (months)

gtC-Ag

4.863

5.996

4

–

–

4

21.855

27.878

4

A97

19

M

–

–

4

C44

19

F

15675.8

–

–

1

C66

19

M

11862.7

–

–

2

C84

21

M

34646.0

–

–

2

* The anti-HBs titers of gtA-sera and gtC-sera were measured by Stacia and Architect, respectively

with a non-vaccine genotype HBV. Our results provide
evidence to support efforts to promote universal HB vaccination using single genotype-derived HB vaccines from
the viewpoint of anti-HBs values to HBsAg of non-vaccine
genotypes. In addition, the gtC-sera showed higher reactivity to both gtA- and gtC-Ag than did gtA-sera (Fig. 1a,
b). This would be mainly because the durations from the
last vaccination to blood sampling were shorter in the gtCsera providers (1–2 months) than in the gtA-sera providers
(3–52 months) (Supplementary Figures).
We hypothesized that the reactivity of anti-HBs-positive
sera to vaccine genotype HBsAg was stronger than that to

non-vaccine genotype HBsAg. Since gtC-Ag-ELISA and
gtA-Ag-ELISA were two independent assays, the OD
values of those ELISAs could not be directly compared. To
analyze the difference in the serum reactivity, we calculated the ratio of ‘‘the reactivity to gtC-Ag/the reactivity to
gtA-Ag’’. The ratio was higher in gtC-sera than in gtA-sera
(2.40 ± 0.80 vs. 1.54 ± 0.42, p \ 0.001) (Fig. 2a, b),
which suggested stronger reactivity of anti-HBs-positive
sera to vaccine-genotype HBsAg than to non-vaccine
genotype HBsAg. However, it was difficult to comprehend,
as both sera showed average ‘‘the reactivity to gtC-Ag/the
reactivity to gtA-Ag’’ values exceeding 1.0 (gtA-sera,
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1.54 ± 0.42; gtC-sera, 2.40 ± 0.80) (Fig. 2a, b). In other
words, anti-HBs values to gtC-Ag were apparently higher
than those to gtA-Ag in both gtA- and gtC-sera. Although
the possibility that the reactivity to gtC-Ag was really
higher than that to gtA-Ag in both sera could not be
completely excluded, it was unlikely that most anti-sera
(gtA-sera in this case) would show higher reactivity to
another antigen than to the immunized antigen. We therefore considered the apparently higher anti-HBs to gtC-Ag
than to gtA-Ag to be because of higher sensitivity of gtCAg-ELISA than gtA-Ag-ELISA. Indeed, the OD values of
anti-HBs showed higher values in gtC-Ag-ELISA than in
gtA-Ag-ELISA (gtA-sera, 4.15 ± 6.06 AU to gtC-Ag,
2.70 ± 3.95 AU to gtA-Ag; gtC-sera, 38.4 ± 49.4 AU to
gtC-Ag, 19.5 ± 28.9 AU to gtA-Ag) (Fig. 1a, b). To
exclude the assay difference from the analysis, we calculated the normalized ratio of ‘‘the reactivity to gtC-Ag/the
reactivity to gtA-Ag.’’ This normalization suggested that
vaccine-acquired polyclonal anti-HBs preferentially recognize vaccine genotype HBsAg compared to non-vaccine
genotype HBsAg (gtA-sera, -1.25 [-2.64 to 2.00] vs. gtCsera, 1.23 [-7.41 to 3.03]; p \ 0.001) (Fig. 2c).
Consistent with the above result, in the absorption test,
almost all of the polyclonal anti-HBs repertoire was
absorbed by non-vaccine genotype HBsAg; however, the
absorption was not complete (gtA-sera, 96.4%; gtC-sera
96.0%) (Table 2; Fig. 3a, b). The different ratios between
the absorption with vaccine genotype HBsAg and that with
non-vaccine genotype HBsAg is due to the differences in
the HBsAg epitopes covered by polyclonal anti-HBs.
Whole HBsAg epitopes of gtA- and gtC-Ag consist of gtAAg-specific epitopes, gtC-Ag-specific epitopes, and epitopes common to both. The ratios of absorption with nonvaccine genotype HBsAg indicate the ratios of the common
epitope-covering anti-HBs repertoire to the whole anti-HBs
repertoire. The common epitopes of gtA-Ag and gtC-Ag
include ‘‘a’’-determinant (aa124-149) and ‘‘d’’ epitope
(aa122) but not ‘‘w’’ or ‘‘r’’ epitopes (aa160) [25–27].
Interestingly, among 222 B-cell lines secreting anti-HBs
antibodies, established from 34 good responders to HB
vaccine, 216 (97.3%) and 5 (2.3%) lines recognized the
‘‘a’’ and ‘‘d’’ epitopes, respectively, whereas only one
(0.4%) line recognized ‘‘w’’ epitope [28]. The ratio of
99.6% recognition of ‘‘a’’ and ‘‘d’’ epitopes by the B cell
lines was within the range of our non-vaccine genotype
HBsAg-absorption ratios of 19 out of the 20 examined sera,
91.1–100% (Table 2). Collectively, more than 90% of the
whole anti-HBs repertoire would recognize the common
major epitopes in almost all vaccine recipients. This part of
the anti-HBs repertoire may contribute to the neutralization
of non-vaccine genotype HBV.
We directly assessed the neutralizing capacity and
found that the gtA-sera as well as the gtC-sera showed

sufficient levels of genotype C HBV-neutralization at a
high anti-HBs titer of 100 mIU/mL (92.8 ± 3.7 vs.
95.4 ± 4.8%, p = 0.44) (Fig. 4b). Thus, vaccine-acquired polyclonal anti-HBs with high titers would be
capable of preventing infection of both vaccine and nonvaccine genotype HBV equally. This result is in accordance with previous epidemiological studies that reported that single genotype-derived HBsAg vaccination
effectively decreased multiple genotype HBV infection
[9, 11–13]. Our result is also in accordance with our
previous in vitro study, where we found that monoclonal
anti-HBs prevented HBV infection of non-vaccine
genotype at high titers [15]. These findings indicate that
the neutralizing capacity through the common major
epitopes such as ‘‘a’’-determinant and C(K/R)TC motif
(aa121-124) is critical for preventing HBV infection of
multiple genotypes [25, 29].
However, we also found that the gtA-sera showed lower
inhibition levels than the gt-C sera at a low anti-HBs titer
of 30 mIU/mL (60.2 ± 17.0 vs. 90.2 ± 8.2%, p \ 0.05)
(Fig. 4b). Furthermore, the gtA-sera required higher antiHBs titers than the gtC-sera to provide a particular inhibition ratio (72.8 ± 23.7 vs. 25.6 ± 14.2 mIU/mL,
p \ 0.05) (Fig. 4c, d). Thus, vaccination with a single
genotype HBsAg may be less effective in preventing the
infection of non-vaccine genotype HBV than that of vaccine genotype HBV. The neutralizing capacity through
genotype-specific epitopes was also important for preventing HBV infection of individual genotypes, as suggested in our previous observation [30]. Taken together,
these present and previous findings indicate that high titers
of anti-HBs are required to prevent infection with nonvaccine genotype HBV. In addition, we tried to compare
the capacity of the gtA- and gtC-sera to neutralize genotype
A HBV. However, genotype A HBV available at that time
did not sufficiently infect the primary hepatocytes (data not
shown). In the near future, we will prepare a new genotype
A HBV and attempt to perform the neutralizing study
again.
Of the 20 sera examined by the absorption test, 17
showed incomplete absorption with non-vaccine genotype
HBsAg (Table 2; Fig. 3c, e). Among these 17 sera, 1 gtAserum sample (A72) showed a relatively low ratio of
absorption with gtC-Ag (79.2%) (Fig. 3e). However, the
inhibition ratios of genotype C HBV infection were similar
between the A72 serum sample and the other gtA-sera
(Fig. 4c). In the polyclonal anti-HBs repertoire of each of
the 17 sera, a portion was against the epitopes common to
gtA-Ag and gtC-Ag, while another portion was against
gtA-Ag- or gtC-Ag-specific epitopes. It is well known that
the titers of vaccine-acquired polyclonal anti-HBs decrease
over time: indeed, a notable proportion of complete vaccine recipients lost their immune memories 15–18 years
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after vaccination [31, 32]. In the above 17 sera, the antiHBs repertoire that can neutralize non-vaccine genotype
HBV is smaller than the anti-HBs repertoire that can
neutralize vaccine genotype HBV; as such, the former
would be lost earlier than the latter. This speculation is
supported by the different neutralization capacities
between gtA- and gtC-sera at 30 mIU/mL anti-HBs titer
(Fig. 4b). When the anti-HBs titers against the common
epitopes drop below the threshold of the minimum necessary titer for HBV neutralization, infection with non-vaccine genotype HBV would preferentially occur compared
to infection with vaccine genotype HBV. Stramer et al.
reported that a majority of individuals with low anti-HBs
titers (5 out of 6 cases), who were found to be HBV-DNApositive 7–16 years after the vaccination, were exclusively
or predominantly infected with non-vaccine genotype HBV
[14]. These cases may be examples of vaccine recipients
who were infected with non-vaccine genotype HBV due to
the time-dependent decrease in the polyclonal anti-HBs. To
maintain anti-HBs titers, booster vaccination has been
proposed, especially for cohorts with a high risk of HBV
infection such as immunocompromised patients and health
care providers [33–36]. Taken together, these findings
suggested that booster vaccination would be useful for
preventing infection of non-vaccine genotype HBV in
individuals with low anti-HBs titers.
In conclusion, single genotype HBsAg vaccination
with Heptavax-II and Bimmugen provided polyclonal
anti-HBs that possessed sufficient capacity to bind to
non-vaccine HBsAg. The vaccine-acquired polyclonal
anti-HBs sufficiently neutralized non-vaccine genotype
HBV at a high anti-HBs titer; however, the neutralization
was insufficient at a low anti-HBs titer. It is recommended to maintain high anti-HBs titers to prevent
infection of non-vaccine genotype HBV as well as vaccine genotype HBV.
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7. Norder H, Hammas B, Löfdahl S, et al. Comparison of the amino
acid sequences of nine different serotypes of hepatitis B surface
antigen and genomic classification of the corresponding hepatitis
B virus strains. J Gen Virol. 1992;73:1201–8.
8. Tian Q, Jia J. Hepatitis B virus genotypes: epidemiological and
clinical relevance in Asia. Hepatol Int. 2016;10:854–60 (in
press).
9. Cassidy A, Mossman S, Olivieri A, et al. Hepatitis B vaccine
effectiveness in the face of global HBV genotype diversity.
Expert Rev Vaccines. 2011;10:1709–15.
10. Kao JH, Chen PJ, Lai MY, et al. Clinical and virological aspects
of blood donors infected with hepatitis B virus genotypes B and
C. J Clin Microbiol. 2002;40:22–5.
11. Chen HL, Chang MH, Ni YH, et al. Seroepidemiology of hepatitis B virus infection in children: ten years of mass vaccination
in Taiwan. JAMA. 1996;276:906–8.
12. Chongsrisawat V, Yoocharoen P, Theamboonlers A, et al.
Hepatitis B seroprevalence in Thailand: 12 years after hepatitis B
vaccine integration into the national expanded programme on
immunization. Trop Med Int Health. 2006;11:1496–502.
13. Wichajarn K, Kosalaraksa P, Wiangnon S. Incidence of hepatocellular carcinoma in children in Khon Kaen before and after
national hepatitis B vaccine program. Asian Pac J Cancer Prev.
2008;9:507–9.
14. Stramer SL, Wend U, Candotti D, et al. Nucleic acid testing to
detect HBV infection in blood donors. N Engl J Med.
2011;364:236–47.
15. Hamada-Tsutsumi S, Iio E, Watanabe T, et al. Validation of
cross-genotype neutralization by hepatitis B virus-specific monoclonal antibodies by in vitro and in vivo infection. PLoS One.
2015;10:e0118062.
16. Koyama T, Matsuda I, Sato S, et al. Prevention of perinatal
hepatitis B virus transmission by combined passive–active
immunoprophylaxis in Iwate, Japan (1981–1992) and epidemiological evidence for its efficacy. Hepatol Res. 2003;26:287–92.
17. Komatsu H, Inui A, Fujisawa T, et al. Transmission route and
genotype of chronic hepatitis B virus infection in children in
Japan between 1976 and 2010: A retrospective, multicenter study.
Hepatol Res. 2015;45:629–37.
18. Tajiri H, Tanaka Y, Kagimoto S, et al. Molecular evidence of
father-to-child transmission of hepatitis B virus. J Med Virol.
2007;79:922–6.
19. Matsuura K, Tanaka Y, Hige S, et al. Distribution of hepatitis B
virus genotypes among patients with chronic infection in Japan
shifting toward an increase of genotype A. J Clin Microbiol.
2009;47:1476–83.
20. Ito K, Yotsuyanagi H, Sugiyama M, Japanese AHB CHB Study
Group, et al. Geographic distribution and characteristics of
genotype A hepatitis B virus infection in acute and chronic

123
- 500 -

J Gastroenterol (2017) 52:1051–1063

21.

22.

23.

24.

25.
26.

27.
28.

1063

hepatitis B patients in Japan. J Gastroenterol Hepatol.
2016;31:180–9.
Suzuki Y, Kobayashi M, Ikeda K, et al. Persistence of acute
infection with hepatitis B virus genotype A and treatment in
Japan. J Med Virol. 2005;76:33–9.
Yano K, Tamada Y, Yatsuhashi H, Japan National Hospital Acute
Hepatitis Study Group, et al. Dynamic epidemiology of acute
viral hepatitis in Japan. Intervirology. 2010;53:70–5.
Oone K, Kani S, Oohashi M, et al. Comparative Study for AntiHepatitis B Surface Antigen Titers Based on Two Measurement
Methods: Using Monoclonal Antibodies Isolated from Hepatitis
B Vaccinated Recipients. Rinsho Byori. 2015;63:907–12.
Avazova D, Kurbanov F, Tanaka Y, et al. Hepatitis B virus
transmission pattern and vaccination efficiency in Uzbekistan.
J Med Virol. 2008;80:217–24.
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Abstract
Aim: To explore disease-associated molecules in rheumatoid arthritis (RA), we comprehensively analyzed phosphoproteins purified from RA synoviocytes.
Method: Synoviocytes were obtained from three patients with RA and three patients with osteoarthritis (OA).
Profiles of phosphoproteins purified from the synoviocytes were compared by two-dimensional differential gel
electrophoresis (2D-DIGE) between the RA and OA groups. Protein spots with significantly different phosphorylation levels were identified by mass spectrometry. Recombinant protein of annexin A4 (ANXA4), one of the
identified phosphoproteins, was transfected into synoviocytes from an OA patient to mimic RA synoviocytes
and humoral factor secretion was compared between rANXA4-transfected and non-transfected synoviocytes
under a tumor necrosis factor-a (TNFa)-stimulated condition.
Results: In 2D-DIGE, 318 phosphoprotein spots were detected, of which 94 spots showed significantly different
intensities between the two groups (P < 0.05). Among the 94 spots, 22 spots showed two-fold or higher intensity and one spot showed less than 1/2-fold intensity in the RA group compared to the OA group. From the 22
spots, 11 phosphoproteins were identified, which included kinases, carrier and chaperone proteins, cytoskeletal
proteins, proteases and calcium-binding proteins. One of the identified calcium-binding proteins was ANXA4,
an exocytosis-regulating protein. The transfected rANXA4 was found to be phosphorylated intracellularly, and
secretion of chemokine (C-X-C motif) ligand 1 and interleukin-8 induced by TNFa stimulation was significantly
suppressed by the transfection (P < 0.01).
Conclusion: The phosphoprotein profile of RA synoviocytes was different from that of OA synoviocytes. This
difference would reflect the different pathophysiologies of the diseases. ANXA4 may be one of therapeutic targets
in RA.
Key words: annexin A4, phosphoprotein, rheumatoid arthritis, synoviocytes.
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INTRODUCTION
Rheumatoid arthritis (RA) is a systemic inflammatory
disease characterized by progressive destruction of synovial joints.1 Although the pathogenesis of RA remains
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unclear, it has been elucidated that activated synoviocytes in affected joints play an important role.2,3 Infiltration of inflammatory cells into synovium and
proliferation of synoviocytes lead to severe cartilage and
bone erosion via formation of pannus.4,5 Production of
proinflammatory cytokines and chemokines by synoviocytes and the infiltrating cells promote the process
of joint destruction.4,5
Phosphorylation, one of the important post-translational modifications of proteins, plays a key role in cellular signal transduction in inflammation.6,7 Thus,
phosphoprotein profiles should be investigated in RA
as well as in other diseases. Recent studies have focused
on protein profiles of RA synoviocytes or synovial tissue;8–13 however, only a few studies are available on the
phosphoproteome of RA.14
In this paper, we found that phosphoprotein profiles
of synoviocytes were different between RA and
osteoarthritis (OA). Annexin A4 (ANXA4), one of the
highly phospholyrated proteins in RA was found to regulate inflammatory chemokine secretion from synoviocytes. Our analysis of synovial phosphoproteins would
help understanding of the pathophysiology of RA.

MATERIALS AND METHODS
Patients
Diagnosis of RA and OA were made according to the criteria of American College of Rheumatology.15,16 Three
RA patients (RA1–3) and four OA patients (OA1–4)
were enrolled in this clinical study that was approved
by the Ethics Committee in St. Marianna University
School of Medicine, Kawasaki, Japan. The protocol of
this study conformed to the provisions of the World
Medical Association’s Declaration of Helsinki.
Synovial membrane samples were obtained from
RA1, RA2 and OA3 when they underwent total knee
arthroplasty, and from RA3, OA1, OA2 and OA4 when
they underwent total hip arthroplasty with their written
informed consents. Clinical information of the patients
are as follows: sex, all female; age (mean  standard
deviation, SD), RA1–3, 68  9 years old, OA1–3
68  8 years old, OA4 50 years old; disease duration
(mean  SD), RA1–3 18  6 years, OA1–3 22 
18 years, OA4 7 years; C-reactive protein (CRP)
(mean  SD), RA1–3 0.80  0.47 mg/dL, OA1–3
0.20  0.26 mg/dL, OA4 0.17 mg/dL; X-ray grades
(RA, Larsen grade; OA, Kellgren-Lawrence grade),
RA1 V, RA2 IV, RA3 IV, OA1 IV, OA2 III, OA3 IV, OA4
IV; drugs, RA1 bucillamine 100 mg/day, loxoprofen 120 mg/day, RA2 prednisolone 9 mg/day,

penicillamine 200 mg/day, mizoribine 150 mg/day,
RA3 prednisolone 9 mg/day, loxoprofen 180 mg/day,
salazosulfapyridine 3000 mg/day, OA1 none, OA2 loxoprofen 120 mg/day, OA3 none, OA4 none.

Preparation of synoviocyte-derived proteins
and phosphoproteins
The synovial membrane samples were digested with collagenases (Sigma, St. Louis, MO, USA). Obtained synoviocytes were cultured in Ham’s F-12 (Gibco, Carlsbad,
CA, USA) containing 20% fetal bovine serum (FBS).
After the first passage, the cells were cultured in Ham’s
F-12 containing 10% FBS. Proteins were extracted into
cell lysis buffer (4% 3-[(3-cholamidopropryl)dimethylamino]-1-propanesulfonate (CHAPS)/7 mol/L urea/
2 mol/L thiourea/30 mmol/L tris pH8.0). Phosphoproteins were purified from the extracted proteins using
Pro-Q Diamond Phosphoprotein Enrichment Kit (Invitrogen, Carlsbad, CA, USA). After the treatment with 2-D
clean-up kit (GE Healthcare, Piscataway, NJ, USA), the
purified phosphoproteins were dissolved into the cell
lysis buffer.

Two-dimensional differential gel
electrophoresis (2D-DIGE)
The purified phosphoproteins were separated by 2DDIGE according to the manufacture’s protocol (CyDye
DIGE fluor labeling kits for scarce samples, GE Healthcare).17 Briefly, phosphoprotein amounts were quantified by Bradford assay and an equal amount of the
phosphoproteins obtained from each of six synoviocyte
samples (RA1–3 and OA 1–3) were mixed and labeled
with Cy3 saturation dye (Cy Dye DIGE Saturation dye;
GE Healthcare) for preparation of an internal control,
‘standard sample’. Then each of the six samples (RA1–3
and OA 1–3) was labeled with Cy5 saturation dye;
2.5 lg of the individual Cy5-labeled sample was mixed
with 2.5 lg of the Cy3-labeled standard sample. Then
phosphoproteins in the mixture were separated by isoelectric focusing (Immobiline Drystrip pH 4–7, 24 cm,
linear; GE Healthcare) and subsequently by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE). The separated phosphoprotein spots were
scanned using an image analyzer (Typhoon 9400 Imager, GE Healthcare). The Cy5-fluorescent intensity of
each protein spot was normalized by the Cy3-fluorescent intensity of an identical spot by using a quantitative analysis program of Progenesis (Nonlinear
Dynamics, Newcastle, UK). The normalized Cy5-intensity was compared between the RA and OA synoviocytes
using Progenesis.

International Journal of Rheumatic Diseases 2017; 20: 708–721

- 503 -

709

M. Katano et al.

Identification of phosphoproteins
Phosphoproteins were identified by mass spectrometry
(MS).17 In brief, 50 lg of the phosphoproteins were
separated by two-dimensional electrophoresis (2DE).
Gel specimens corresponding to the phosphoprotein
spots of interest were recovered. Then the phosphoproteins in the gel fragments were digested with trypsin.
Peptides produced by the digestion were analyzed
using a matrix-assisted laser desorption/ionization time
of flight (MALDI-TOF) mass spectrometer (Ultraflex;
Bruker Daltonics, Ettlingen, Germany). Ten microliters
of the peptide solution were applied to C18 Zip-Tip
(Millipore, Billerica, MA, USA) for desalting, and then
bound peptides were eluted using 2 lL 50% acetonitrile/0.1% trifluoroacetic acid. One microliter of the eluent was mixed with 1 lL of a matrix solution (0.3 mg/
mL alpha-cyano-4-hydroxycinnamic acid in ethanol/
acetone 2 : 1) and the mixture was spotted onto a
MALDI target plate (AnchorChip; Bruker Daltonics).
Then mass spectra of the peptide peaks were obtained
in the automatic positive reflector mode with the mass
range of 500–4400 m/z. The data were subjected to
external calibration with nine standard peptides (Peptide calibration standard II; Bruker Daltonics). Based on
the mass spectra, some peptides were selected for tandem mass spectrometry (MS/MS) analysis. The MS/MS
spectra were measured in LIFTTM-TOF/TOF mode using
fragment ions produced by post-source decay. Ion
peaks were detected using flexAnalysis (Bruker Daltonics). The signal-to-noise threshold for the peak detection was set at 5.0.
The obtained MS and MS/MS spectra were used to
identify the phosphoproteins by database searching
(Mascot, http://www.matrixscience.com) against the
Swiss Prot human protein sequence database 54.3–8.
The charge of the precursor ion was set as 1. Mass and
peptide tolerances for precursor ions were set at
150 ppm and 1 Da, respectively. Variable modification
of phosphorylation of serine, threonine and tyrosine
were taken into consideration. Protein identification
was accepted when Mascot search results delivered significant molecular weight search (MOWSE) scores
(P < 0.05).

Western blotting
Expression of ANXA4 was examined by Western blotting. In brief, 10 lg of whole cell lysates of RA and OA
synoviocytes were electrophoresed on 12.5% SDSPAGE. Alternatively, phosphoproteins derived from
70 lg of whole cell lysates of OA synoviocytes were
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similarly electrophoresed. The separated proteins on
the SDS-PAGE gels were transferred to polyvinylidene
fluoride membranes. After blocking for 1 h in phosphate-buffered saline containing 1% bovine serum
albumin and 0.1% Tween-20, the membranes were
reacted with anti-ANXA4 antibody for 1 h (R&D Systems, Minneapolis, MN, USA), followed by incubation
with horseradish peroxidase-conjugated rabbit anti-goat
immunoglobulin G (Zymed, San Francisco, CA, USA).
Immunoreactive bands were detected by Enhanced
Chemi Luminescence (ECL)-Plus (GE Healthcare). The
results were scanned using Typhoon 9400 Imager.
Intensity of the resultant bands was measured by
Science Lab 2001 Image Gauge (Fujifilm, Tokyo,
Japan).

Transfection of recombinant ANXA4 to
synoviocytes
Recombinant ANXA4 (rANXA4) fused with His-tag
(GenWay, San Diego, CA, USA) was transfected to OA
synoviocytes using Chariot (Active Motif, Carlsbad, CA,
USA). After 16 h, a part of the cells were stimulated
with 10 ng/mL recombinant tumor necrosis factor a
(TNFa) (R&D Systems) for 6–48 h. Then proteins were
extracted from the cells into the cell lysis buffer.

Analysis of humoral factor secretion
The culture medium of the OA4 synoviocytes was
applied to a cytokine array (Proteome Profiler kit, R&D
Systems) to examine levels of humoral factors. The analyzed humoral factors were as follows: complement 5a
(C5a), CD40 ligand (CD40L), granulocyte-colony stimulating factor (G-CSF), granulocyte macrophage-colony
stimulating factor (GM-CSF), chemokine (C-X-C motif)
ligand 1 (CXCL1), small inducible cytokine A1
precursor (I-309), soluble intercellular adhesion molecule-1 (sICAM-1), interferon-c (IFN-c), interleukin-1a
(IL-1a), IL-1b, IL-1 receptor antagonist (IL-1ra), IL-2,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12 p70, IL-13, IL-16,
IL-17, IL-17E, IL-23, IL-27, IL-32a, IFN-c inducible
protein 10 (IP-10), IFN-inducible T cell-a chemoattractant (ITAC), monocyte chemotactic protein-1 (MCP-1),
macrophage migration inhibitory factor (MIF), macrophage inflammatory protein-1a (MIP-1a), MIP-1b, Serpin E1, regulated on activation, normal T cell expressed
and secreted (RANTES), stromal cell-derived factor-1
(SDF-1), TNF-a, and soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1). Humoral factors detected as specific spots were visualized by ECL
Plus, and the spots were scanned using Typhoon 9400
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Imager. Intensity of each spot, measured by Science Lab
2001 Image Gauge, was normalized using that of the
positive control. CXCL1 and IL-8 were measured by the
respective enzyme-linked immunosorbent assay
(ELISA) kits (R&D Systems).

Statistical analysis
Statistical significance was calculated by Student’s t-test.

RESULTS
Comparison of phosphoprotein spot intensity
between the RA and OA synoviocytes
To detect phosphoproteins differently expressed in RA,
we analyzed phosphoprotein profiles of synoviocytes
from three RA patients and three OA patients by 2DDIGE. In total, 318 phosphoprotein spots were
obtained (Fig. 1a). Ninety-four out of the 318 phosphoprotein spots showed significantly different intensities between the RA and OA groups (P < 0.05, Table 1).
Among the 94 spots, 22 phosphoprotein spots were at
least two-fold higher in intensity in the RA group than
in the OA group (Table 1, Fig. 1b). Another phosphoprotein spot showed less than 1/2-fold intensity in the
RA group than in the OA group (Table 1, Fig. 1b). As a
representative result, spots of ID 8, 18 and 39 showed
higher intensity in the RA group than in the OA group
(Fig. 1c–e). The different intensities of phosphoprotein
spots indicated different phosphoprotein levels of proteins between RA and OA synoviocytes.

Identification of the phosphoprotein spots
differently expressed between the RA and OA
synoviocytes
We tried to identify proteins for the above described 22
and one spots (Table 1, Fig. 1b). As a result, proteins
were identified in 11 out of the former 22 spots and the
latter one spot (Table 2, Fig. 2). Spots of ID 8 and ID
10, both of which showed higher intensity in RA, were
identified as the same protein of ferritin light chain
(FTL). The identified 10 phosphoproteins, which
showed increased intensity in RA, were categorized into
five groups: (i) proteins involved in phosphorylation
(mitogen-activated protein kinase 4 [MAPK4] and
COP9 signalosome complex subunit 8 [COPS8]); (ii)
carrier or chaperone proteins (FTL, sodium/bile acid
cotransporter 4 [SLC10A4], and heat shock protein
beta-6 [HSPB6]); (iii) a cytoskeletal protein (4.1 protein/ezrin/radixin/moesin domain-containing protein 8
[FRMD8]); (iv) proteases (calpain small subunit 2
[CAPNS2] and sentrin-specific protease 8 [SENP8]);

and (v) calcium-binding proteins (sorcin [SRI] and
ANXA4). A cytoskeletal protein of myosin regulatory
light chain 12A (ML12A) was identified from the spot,
intensity of which was lower in RA (Table 2).

Comparison of ANXA4 expression between RA
and OA synoviocytes
Among the identified phosphoproteins, we extended
our study focusing on ANXA4, intensity of which was
2.3-fold higher in the RA group than in the OA group
(spot ID 39, Fig. 1b,e, Table 2). ANXA4 belongs to the
annexin family of calcium-dependent phospholipid
binding proteins.18 ANXA4 has been involved in
diverse cellular processes, including exocytosis.18,19
Interestingly, ANXA4 mediates aggregation of phospholipid-containing vesicles prior to fusion; however, it
loses this activity when phosphorylated by protein
kinase C (PKC).20 Thus, we hypothesized that phosphorylation of ANXA4 regulates secretion of inflammatory cytokines and/or chemokines from RA
synoviocytes.
First, to elucidate whether the increase of phosphorylated ANXA4 is due to the increase of protein expression
or its phosphorylation, we compared the total amount
of ANXA4 in the RA and OA synoviocytes. As a result,
the total amount of ANXA4 was significantly higher in
the RA synoviocytes compared to the OA synoviocytes
(approximately 1.5-fold, P < 0.01, Fig. 3a,b). Thus, the
up-regulated intensity of the phosphorylated ANXA4
spot in the RA synoviocytes (2.3-fold, Table 2) was at
least in part due to the up-regulated expression of
ANXA4.

Effects of rANXA4 protein transfection on
secretion of inflammatory cytokines and
chemokines from OA synoviocytes
Next, we tried to examine whether the phosphorylated
ANXA4 regulates the secretion of inflammatory cytokines and chemokines from synoviocytes, since the phosphorylation of ANXA4 has been reported to inhibit
vesicle aggregation.20 To achieve this, we transfected
rANXA4 into OA synoviocytes, mimicking RA synoviocytes. We compared inflammatory cytokine and chemokine secretion between the rANXA4-transfected OA
synoviocytes and non-transfected OA synoviocytes after
TNFa stimulation.
First, we examined effects of TNFa on endogenous
ANXA4 (eANXA4) expression. In the Western blotting
result, eANXA4 bands showed similar intensity between
the TNFa-treated and non-treated conditions (P > 0.05,
Fig. 3c,d). This indicates that TNFa does not affect the
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Figure 1 Two-dimensional differential gel electrophoresis (2D-DIGE) analysis of phosphoproteins extracted from rheumatoid
arthritis (RA) and osteoarthritis (OA) synoviocytes. (a) Representative results from RA1 and OA1 synoviocytes are shown. (b) A
representative result of the internal control sample that was a mixture of an equal amount of phosphoprotein samples from the
three RA and three OA synoviocytes, is shown. Circles indicate 22 phosphoprotein spots that showed two-fold or more intensity
in the RA synoviocytes compared to the OA synoviocytes (P < 0.05). The square indicates a phosphoprotein spot that showed less
than 1/2-fold intensity in the RA synoviocytes compared to the OA synoviocytes (P < 0.05). ID numbers of those 23 spots are
shown. (c–e) Results of three phosphoprotein spots (spot IDs 8, 18 and 39) that showed two-fold or more intensity in the RA synoviocytes compared to the OA synoviocytes. Error bars, SD. *P < 0.05. MW, molecular weights.
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Table 1 Number of phosphoprotein spots detected from RA
and OA synoviocytes
Change of spot intensity
(x-fold)
(RA/OA)
3.0 ≤ x
2.0 ≤ x < 3.0
1.5 ≤ x < 2.0
1/1.5 < x < 1.5
1/2 < x ≤ 1/1.5
1/3 < x ≤ 1/2
x ≤ 1/3
Subtotal
Total

Number
of spots

Number
of spots

(P < 0.05)
4
18
54
14
3
1
0
94
318

(P ≥ 0.05)
0
2
17
188
15
2
0
224

expression of eANXA4 in the OA synoviocytes. Second,
we transfected rANXA4 into OA synoviocytes. As a
result, rANXA4 was detected as a band with slightly
heavier molecular weight compared to eANXA4 because
of addition of 6xHis-tag, which indicated successful
transfection (Fig. 3e). Finally, we compared the total
amount of phosphorylated ANXA4 between TNFa-treated and non-treated conditions. For this aim, after the
TNFa treatment, phosphoproteins were purified from
the samples and then ANXA4 was detected by antiANXA4 antibodies. As a result, in the non-transfected
synoviocytes, phosphorylated eANXA4 were detected at
similar levels between the TNFa-treated and non-treated
conditions (Fig. 3f,g). In the rANXA4-transfected synoviocytes, relatively large amounts of phosphorylated
rANXA4 were detected in addition to the phosphorylated eANXA4. The total amounts of phosphorylated
ANXA4 were not affected by the TNFa treatment. Transfection of rANXA4 increased phosphorylated ANXA4 in
the synovial cells (P < 0.01, Fig. 3f,g). The TNFa treatment did not affect the phosphorylation of eANXA4 or
rANXA4.
To examine functions of phosphorylated ANXA4 in
synoviocytes, we compared secretion of humoral factors, including inflammatory cytokines and chemokines
between rANXA4-transfected and non-transfected synoviocytes. Since TNFa treatment was considered to facilitate the comparison, we first tried to find humoral
factors up-regulated by TNFa in the non-transfected
condition. Among the examined 36 humoral factors,
secretion of CXCL1 and IL-8 was up-regulated to more
than four-fold levels by the TNFa treatment (CXCL1,
4.04-fold; IL-8, 7.38-fold; Fig. 4a–c). Interestingly, the
up-regulated secretion of CXCL1 and IL-8 by the TNFa
treatment tended to be decreased after the transfection of rANXA4, which increased intracellular

phosphorylated ANXA4 by approximately 10-fold
(Figs 3g,4a–c). The CXCL1 secretion in the non-treated
condition also tended to be decreased after the rANXA4
transfection (Fig. 4a,b).
To confirm the immunosuppressive effect of the
transfected rANXA4, we quantitatively measured the
secretion of CXCL1 and IL-8 by ELISA between
rANXA4-transfected and non-transfected conditions in
the presence or absence of TNFa. As a result, secretion
of CXCL1 and IL-8 was markedly increased by TNFa
treatment also in the ELISA results (Fig. 4d,e). In the
TNFa-treated condition, the significantly up-regulated
secretion of CXCL1and IL-8 was found to be suppressed
by the transfection of rANXA4 (Fig. 4d,e, 24 and 48 h).
Even in the non-treated synovial cells, the basic secretion levels of CXCL1 were suppressed by the transfection of rANXA4 (Fig. 4d, 24 and 48 h). In the case of
IL-8, its basic secretion levels were too low to be estimated. These results suggested that the transfected
rANXA4 that was phosphorylated intracellularly suppressed the secretion of these two inflammatory
chemokines from synoviocytes.

DISCUSSION
To explore pathophysiology-related molecules from the
aspect of phosphorylation in RA, we compared phosphoprotein profiles of synoviocytes between RA and
OA synoviocytes. Among the detected 318 phosphoprotein spots in the 2D-DIGE results, 94 phosphoprotein
spots (30%) showed different intensities between the
two diseases. These differences would reflect the different mechanisms of the diseases. In particular, 23 spots
showed two-fold or more different intensities between
the RA and OA synoviocytes (Table 1, Fig. 1b,c). Previously, we compared the phosphoprotein profiles
between RA and OA synovial tissue by staining phosphoproteins on 2-DE gels, where 408 phosphoprotein
spots were obtained, and 121 spots out of them showed
more than two-fold different intensities between the
two diseases.14 The relatively low number of spots with
different intensities in this study would be the difference of the materials and methods, that is, cultured synoviocytes versus synovial tissue, and purification of
phosphoproteins versus staining of phosphoproteins.
It is interesting that 76 of the 94 (81%) differently
expressed phosphoprotein spots showed higher intensity in RA than in OA. Limiting to the 23 spots that
showed more than two-fold differences, 22 (96%)
showed higher intensity in RA than in OA (Table 1).
This indicates that phosphorylation of proteins in
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Ferritin light chain (FTL)

4.1 protein/ezrin/radixin/moesin
(FERM) domain- containing
protein 8 (FRMD8)
Calpain small subunit 2
(CAPNS2)
Sorcin (SRI)

Sentrin-specific protease 8
(SENP8)
Annexin A4 (ANXA4)

Heat shock protein, alphacrystallin- related, B6 (HSPB6)
Constitutive
photomorphogenesis 9
signalosome complex subunit 8
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Sodium/bile acid cotransporter 4
(SLC10A4)
Myosin regulatory light chain 2
(ML12A)
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†Data calculated in Swiss-Prot data base.
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74
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39

27

26

Mitogen-activated protein kinase
4 (MAPK4)

Proteins

1

Spot
numbers

4.5/20.0

4.7/19.8

5.1/46.5

5.3/23.0

5.4/22.0

5.6/42.0

6.0/17.1
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pI/MW
(kDa)
(theoretical)†
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5.3/28.0
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pI/MW
(kDa)
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Table 2 Identification of the phosphoproteins

P19105

Q96EP9

Q99627

O14558

P09525

Q96LD8

P30626

Q96L46

Q9BZ67

P02792

P02792

P31152

Accession
nos.

6

1

1

1

1

1

1

1

1

1

1

7

Matched
peptides

70

70

60

56

94

82
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Mascot
score
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2

6

8

3

5

5

6

2
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72

Confirmed sequences
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2.0
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2.3

myosin light chin kinase,
Rho-kinase

n. r.

protein kinase C (PKC),
cAMP-dependent protein
kinase
cAMP-dependent protein
kinase
n. r.

cAMP-dependent protein
kinase, polo-like kinase 1
n. r.

2.6
2.5

n. r.

n. r.

2.9

2.6

n. r.

MAPK-activated protein
kinase 5, group I p21activated kinases
n. r.

Kinases
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Ratios
(RA/
OA)
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Figure 2 Tandem mass (MS/MS) spectra of the identified phosphoproteins. MS/MS spectra of the 13 peptides derived from the
identified phosphoproteins (Table 2) are shown. (a) mitogen-activated protein kinase 4 (MAPK4) (spot ID 1); (b) ferritin light
chain (FTL) (spot ID 8); (c) FTL (spot ID 10); (d) 4.1 protein/ezrin/radixin/moesin domain-containing protein 8 (FRMD8) (spot
ID 22); (e) calpain small subunit 2 (CAPNS2) (spot ID 26); (f) sorcin (SR1) (spot ID 27); (g) sentrin-specific protease 8 (SENP8)
(spot ID 32), (h) annexin A4 (ANXA4) (spot ID 39); (i) heat shock protein beta-6 (HSPB6) (spot ID 43); (j) COP9 signalosome
complex subunit 8 (COPS8) (spot ID 71); (k) sodium/bile acid cotransporter 4 (SLC10A4) (spot ID 74);
(l, m) myosin regulatory light chain 12A (ML12A) (spot ID 44).

synoviocytes would be up-regulated in RA compared to
OA. Since protein phosphorylation plays critical roles
in a broad spectrum of physiological mechanisms,
including transcription and signal transduction, the
mechanisms may be dysregulated in RA synoviocytes.
From functions of the identified protein spots
(Table 2), protein phosphorylation and degradation,
cellular transportation, cytoskeletal formation and calcium-signaling would be differently regulated in RA
synoviocytes compared to OA synoviocytes.
We are specifically interested in ANXA4, a calciumdependent phospholipid binding protein, since the
protein was highly phosphorylated in the RA synoviocytes compared to the OA synoviocytes (Fig. 1e,
Table 2). Not only phosphorylation but also expression
of ANXA4 was increased in RA synoviocytes (Fig. 2a,b).

The predominant expression of ANXA4 in RA synovium
compared to OA and non-inflamed synovium has been
previously reported.21 ANXA4 is also expressed predominantly in epithelial cells, especially at the apical
site.22 The expression level of ANXA4 is up-regulated in
cancer cells according to the increase of tumor stages,
suggesting its ability to promote cell migration.23,24
These reports indicate that ANXA4 may be associated
with dissemination of cancer cells. RA shows massive
proliferation of synoviocytes and migration of synovial
cells similar to cancer cells. Thus, the up-regulated
expression of ANXA4 may be involved in the proliferation and invasion of synoviocytes.
Roles of ANXA4 have been also implicated in a variety of cellular process such as membrane aggregation,
exocytosis, ion-transport and modulation of nuclear
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Figure 2 continued

factor-jB.18–20,25–27 We here investigated roles of
ANXA4 in RA synoviocytes, focusing on exocytosis.
Since the exocytotic activity of ANXA4 is inhibited by
phosphorylation by PKC,20 we hypothesized that the
relatively highly phosphorylated ANXA4 in RA synoviocytes regulates the secretion of inflammatory cytokines
and/or chemokines. To mimic the inflammatory condition of RA, we used TNFa, a major inflammatory cytokine secreted in the RA joints. If we use other
inflammatory cytokines such as IL-1b, IL-6 and lymphotoxin-ab (LTab), we might detect other increased
humoral factors than CXCL1 and IL-8.28 We stimulated
OA synoviocytes with TNFa, not RA synoviocytes. This
is because OA synoviocytes would be in a relatively
na€ıve state, but RA synoviocytes are already activated by
the so-called cytokine storm and still in an activated
condition even if cultured for a while.29,30 Use of
healthy synoviocytes might be more suitable, which is
worthwhile to be tested.

716

We found increased amounts of phosphorylated
ANXA4 after the transfection of rANXA4 (Fig. 3f,g). The
phosphorylated ANXA4 would reduce the secretion of
CXCL1 and IL-8 from TNFa-stimulated synoviocytes
(Fig. 4). CXCL1 and IL-8 are expressed in RA synoviocytes and their expression is up-regulated by the stimulation with TNFa and/or IL-1b and also in the inflamed
joints.31–33 CXCL1 and IL-8, which belong to a group of
CXC chemokines with an ELR motif, are potent
chemoattractants and activators for neutrophils and
potent promoters of angiogenesis.34–36 These chemokines would promote the inflammation of RA by recruiting neutrophils into the joints and promoting
angiogenesis in the synovium.37,38 Furthermore, it was
reported that CXCL1 and IL-8 down-regulated collagen
expression in rheumatoid synovial fibroblasts.39 Phosphorylation of ANXA4 may suppress these events by
down-regulating CXCL1 and IL-8 in RA and thus may
contribute to the amelioration of the disease.
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Figure 3 Annexin A4 (ANXA4) expression in rheumatoid arthritis (RA) and osteoarthritis (OA) synoviocytes. (a) Total ANXA4
expression in RA1–3 and OA1–3 synoviocytes was examined by Western blotting using antibodies to human ANXA4. In the negative control (NC), the blocking solution was used in place of the anti-ANXA4 antibody solution. (b) Intensity of the ANXA4 band
in (a) was measured. The relative intensity of the RA group to the OA group is shown. Error bars, SD. **P < 0.01. (c) OA synoviocytes were cultured in a medium alone or that containing tumor necrosis factor alpha (TNFa) for 24 h. Whole cell lysates were
electrophoresed, and expression of total ANXA4 protein was examined by Western blotting. (d) Intensity of the ANXA4 band in c
was compared between the non-treated and TNFa-treated synoviocytes. Error bars, SD. (e) Recombinant ANXA4 (rANXA4) was
transfected into osteoarthritis (OA) synoviocytes. Since the rANXA4 was fused with 6xHis-tag, the molecular weight of rANXA4 is
slightly higher than that of endogenous ANXA4 (eANXA4). Expression of eANXA4 and the transfected rANXA4 were examined by
Western blotting. A representative result from OA4 synoviocytes is shown. (f) OA1–3 synoviocytes were cultured in a medium
alone or that containing TNFa for 24 h. The synoviocytes transfected with rANXA4 were similarly cultured. Phosphoproteins were
extracted from those synoviocytes, and phosphorylation of eANXA4 and rANXA4 was examined by Western blotting. (g) Total
intensity of the phosphorylated eANXA4 bands and the phosphorylated rANXA4 bands in f were compared among the four types
of treatments. Error bars, SD. **P < 0.01.
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Figure 4 Down-regulation of the secretion of chemokine (C-X-C motif) ligand 1 (CXCL1) and interleukin 8 (IL-8) by transfection
of recombinant annexin A4 (rANXA4). (a) OA4 synoviocytes were cultured in a medium alone or that containing tumor necrosis
factor alpha (TNFa) for 24 h. The synoviocytes transfected with rANXA4 were similarly cultured. Levels of humoral factor secretion
in the four types of treatments were analyzed by a humoral factor array, in which 36 different anti-humoral factor antibodies were
blotted. PC, positive control. (b, c) Results of CXCL1 (b) and IL-8 (c) spots in a, which showed more than four-fold intensity
increase by TNFa treatment in the non-transfected condition, are shown. (d, e) OA4 synoviocytes were cultured in a medium
alone or that containing TNFa for 6, 12, 24 and 48 h. The synoviocytes transfected with rANXA4 were similarly cultured. Concentration of CXCL1 (d) and IL-8 (e) in the culture supernatants were measured by enzyme-linked immunosorbent assay. Significance
between the presence and absence of TNFa in the non-transfected condition, between the presence and absence of rANXA4 in the
non-treated condition, and between the presence and absence of rANXA4 in the TNFa-treated condition, is specifically shown.
*P < 0.05, **P < 0.01.

Annexins consist of 12 members of Ca2 and phospholipid-binding proteins, involved in endocytosis and
exocytosis, membrane traffic and organization, calcium
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signaling, cell growth and apoptosis.18,40 Molecular
mechanisms of the annexin-mediated exocytosis have
been mainly investigated on ANXA2.41–43 Cytosolic
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ANXA2 translocates to plasma membrane, following a
rise in cytosolic Ca2+ and binds to S100A10 proteins to
form a tetramer, in which two ANXA2 were connected
through a homodimer of S100A10 (ANXA2t). ANXA2t
promotes formation of lipid rafts necessary for
exocytosis, which contain clusters of soluble
N-ethylmaleimide-sensitive factor attachment protein
receptor (SNARE), phosphatidylinositol 4,5-bisphosphate (PIP2), and monosialotetrahexosyl-ganglioside
(GM1).41–43 Furthermore, AnxA2t bundles actin filaments to stabilize the lipid rafts and the bundled actin
filaments may connect granules to the plasma membrane to exert a mechanical force for compressing granules and favoring release of their contents.41,43
Phosphorylation is an important post-translational
modification to control the functions of ANXA2 during
exocytosis.41,42 Several phosphorylation sites of ANXA2
have been reported such as Ser 11, Ser 25 and Tyr
23.41,42,44–47 However, it has been controversial
whether the sites are phosphorylated or dephosphorylated to exert the exocytotic functions.44,45 As in the
case of Ser 11, ANXA2 may be first phosphorylated to
be activated and then dephosphorylated to stabilize an
ANXA2t complex in the release of humoral factors.46
ANXA4 is considered to be involved in exocytosis in a
similar manner to the case of ANXA2. The precise
mechanisms need to be elucidated.
Several members of annexins such as ANXA1 and
ANXA7 have been reported to be involved in the pathophysiology of rheumatic diseases.14,48 We previously
found up-regulated phosphorylation of synovial ANXA7
in RA compared to OA and that the ANXA7 was associated with increased secretion of IL-8 from RA synoviocytes.14 Involvement of phosphorylated annexins,
ANXA4 and ANXA7, in exocytosis of RA synoviocytes
was found by our studies (this study and Matsuo et al.14)
for the first time. The reason why ANXA7 was not
detected in this study would be difference of the materials and methods between the two studies (see the first
paragraph of Discussion). As an advantage of this study,
we found intracellular phosphorylation of the transfected
ANXA4 protein (Fig. 3f,g) and that the transfection of
ANXA4 reduced CXCL1 and IL-8 secretion from the
TNFa-treated synoviocytes (Fig. 4). This result is in accordance with the reports that phosphorylation of annexins
make them lose the exocytotic functions.20,45,47 Analysis
of phosphorylation sites of ANXA4 and ANXA7 and
phosphorylation/dephosphorylation status of the sites
during exocytosis is the next challenge.
One of the limitations of this study is that the
number of analyzed samples was rather small to

provide good statistical power. Another is that important supporting data for the upregulated phosphorylation of ANXA4 in RA synoviocytes such as increased
intracellular Ca2+ levels, activation of kinases, and
the phosphorylation sites of ANXA4 were not provided. We would like to conduct these experiments
using more numbers of RA and OA synoviocyte samples in the near future.
Taken together, the potential mechanism indicated
by this study is as follows: inflammatory cytokines such
as TNFa and LTab stimulate RA synoviocytes to increase
the secretion of CXCL1 and IL-8 (Fig. 4).28 ANXA4
would be involved in the exocytosis of CXCL1 and IL-8
in a similar manner to the case of ANXA2.41–43 Secreted
CXCL1 and IL-8 recruit neutrophils to the joints and
exaggerate the arthritis.31–38 Because PKC phosphorylates a broad spectrum of proteins, ANXA4 can be a
specific therapeutic target for down-regulation of the
inflammatory chemokine secretion in RA. Further investigation of other differently phosphorylated proteins
between RA and OA detected in this study would help
understanding of the disease mechanisms in RA.
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Abstract
Objective: To explore novel mechanisms for the effect of iguratimod (IGU) on rheumatoid arthritis (RA), we analyzed protein profile changes caused by IGU using
chondrosarcoma cells. Methods: OUMS-27 cells were cultured in the presence or absence of 100 μM IGU. Proteins were extracted and separated by 2 dimensionaldifferential image gel electrophoresis (2D-DIGE). Protein spots of interest were identified by mass spectrometry. Results: 776 and 803 protein spots were detected
in the 2D-DIGE results of 24 hour- and 6 day-treatment with IGU, respectively. In the 6 day-treatment, 22 protein spots showed 1.3-fold or higher intensity by
IGU-treatment than no-treatment, whereas 15 spots showed -1.3 (1/1.3) -fold or lower intensity (p<0.05). We identified 15 out of the 37 spots, which included
proteins involved in packaging and splicing of pre-mRNA, regulation of signaling pathways/protein folding, innate immunity and inflammation, transcription, ATP
synthesis, cytoprotection, and cytoskeleton organization. Interestingly, intensity of multiple spots of heterogenous nuclear ribonucleoprotein (hnRNP) A2/B1 and A1
was decreased by the IGU treatment, which are highly expressed in synovia of RA and/or its animal model. Specifically, hnRNP A2/B1 are known as autoantigens in
RA and also as proinflammatory activators for NF-κB, the target of IGU. Conclusion: IGU affected protein profiles of chondrosarcoma cells. The decreased expression
of hnRNPs suggests novel mechanisms for anti-rheumatic effects of IGU.

Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory disease that
causes progressive joint destruction and functional loss [1]. Although
its etiology remains unknown, early diagnosis and a treat-to-target
approach are recommended as standard care to achieve the remission
[2]. Developments of biologics and small-molecule immunosuppressive
disease-modifying anti-rheumatic drugs (DMARDs) such as
methotrexate and janus kinase inhibitors have enabled this strategy
[1, 2]. Nonetheless, it is difficult to use the immunosuppressive drugs
in a considerable portion of RA patients with comorbidities such
as malignant tumors and chronic infection. Furthermore, for RA
patients that achieved the remission, application of treatments with
immunomodulatory drugs should be considered.
From these points of view, the role of conventional diseasemodifying anti-rheumatic drugs (cDMARDs) is important in
RA treatment. The immunomodulatory cDMARDs include
salazosulfapyridine and bucillamine which are recommended as
alternatives for methotrexate-intolerant patients by RA treatment
guidelines [3, 4]. The immunomodulatory cDMARDs can be used
in the patients with malignancy and infection. Iguratimod (IGU), a
novel immunomodulatory cDMARD developed in Japan, inhibits
the production of immunoglobulins and proinflammatory cytokines
such as TNFα, IL-1β, and IL-6 [5-8]. IGU has been considered to
exhibit its anti-rheumatic effects through suppression of NF-κB, by
the inhibition of phosphorylation and nuclear translocation of RelA/
p65 without interfering with IκB [6, 7, 9]. IGU also suppresses ERK
and NF-κB pathways in RANKL-induced osteoclast differentiation
[9-11]. Recently, IGU was found to block IL-17 signaling in a murine
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arthritis model, targeting an IL-17 receptor adaptor protein, Act-1
[12]. However, mechanisms of the effects of IGU, especially those on
chondrocytes, are still obscured.
In this study, we comprehensively analyzed changes of protein
expression of chondrosarcoma cells caused by IGU. We found that
IGU affected the protein profile of chondrosarcoma cells. Interestingly,
IGU suppressed expression of heterogenous nuclear protein (hnRNP)
A2/B1 and A1. Specifically, hnRNP A2/B1 play roles as autoantigens
and proinflammatory regulators in RA and also as coactivators for NFκB, the target of IGU. Our findings suggested novel mechanisms of the
effect of IGU on RA treatment.

Methods
Cell culture
A chondrosarcoma cell line, OUMS-27 (C-2012-1583, Human
Science Research Resources Bank, Sennan, Osaka, Japan) [13], was
cultured in DMEM (Sigma-Aldrich, St. Louis, MO, USA) and 10% FBS
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(Hyclone, South Logan, Utah, USA) in type I collagen-coated dishes
(AGC techno glass, Haibara-gun, Shizuoka, Japan). To analyze effects
of IGU (Tokyo chemical industry, Chuo-ku, Tokyo, Japan) on the
cell viability and growth, 1.5x105 of OUMS-27 cells were seeded and
cultured for 24 hours in the presence or absence of 10-300 µM of IGU.
Similarly, to analyze a longer term (6 days) effect, 1.5x105 of the cells
were seeded and 100 µM IGU was added three times every 48 hours.
The cells were harvested after 48 hours from the last treatment. All the
experiments were performed in triplicates.

Two dimensional-differential image gel electrophoresis
(2D-DIGE)
Proteins, extracted from the OUMS-27 cells, were analyzed by
2D-DIGE as previously described [14]. Briefly, an equal weight of
proteins taken from six lysates from the 24 hour-cultured cell samples
(three of 100 µM IGU-treated and three non-treated) were mixed and
labeled with Cyanine dye 3 (Cy3, Cy Dye DIGE Saturation dye, GE
Healthcare, Piscataway, NJ, USA) for preparation of an internal control
“standard sample”. Each of the six samples was labeled with Cyanine
dye 5 (Cy5, GE Healthcare). 2.5 µg of the individual Cy5-labeled
samples were mixed with 2.5 µg of the Cy3-labeled standard sample.
Then each of the mixed protein sample was applied to an isoelectric
focusing (IEF) gel strip (Immobiline Drystrip pH 3-11, 24 cm, nonlinear, GE Healthcare). After the proteins were separated by IEF, they
were further separated by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis. The resultant protein spots were scanned using an
image analyzer (Typhoon 9400 Imager, GE Healthcare). The Cy5fluorescent intensity of each protein spot was normalized by the
Cy3-fluorescent intensity of an identical spot by using a quantitative
analysis program (Progenesis, Nonlinear Dynamics, Newcastle, UK).
The normalized Cy5-intensity was compared between the IGU-treated
and non-treated protein samples using Progenesis. Similarly, protein
profiles of the 6 day-cultured cells were compared between the IGUtreated and non-treated OUMS-27 cells.

Identification of proteins
Proteins were identified by mass spectrometry (MS) [14]. In brief,
50 µg of proteins was separated by 2-dimensional electrophoresis. Gel
specimens corresponding to protein spots of interest were recovered.
Then proteins in the gel fragments were digested with trypsin. Peptides
produced by the digestion were analyzed using a matrix-assisted laser
desorption/ionization time of flight mass spectrometer (MALDI-TOF/
MS) (Ultraflex, Bruker Daltonics, Ettlingen, Germany). Based on the
mass spectra, some peptides were selected for MS/MS analysis. The
obtained MS and MS/MS spectra were used to identify the proteins by
database searching (Mascot, http://www.matrixscience.com) against
the Swiss Prot human protein sequence database. Protein identification
was accepted when MASCOT search results delivered significant
MOWSE scores (p<0.05).

Results
Effects of 24 hour-treatment by IGU on OUMS-27 cells
We first treated OUMS-27 cells for 24 hours with 0-300 µM IGU
to examine its effect on viability and growth of the cells. OUMS-27
cells showed viability of more than 94% in the presence of 10-300 µM
IGU as well as in the absence of IGU (100%). The cell growth in all
the conditions was also at similar levels (0.95- to 1.05-fold) except
that in the presence of 300 µM iguratimod (0.84-fold), which showed
slightly lower level (p<0.05). Thus, we determined the concentration of
IGU as 100 µM and analyzed protein profile of OUMS-27 cells at this
condition.
We compared protein profiles of OUMS-27 cells between the 100
µM IGU-treatment and no-treatment by 2D-DIGE. We found 776
protein spots in total (Figure 1A, B). In the 776 protein spots, 41 protein
spots showed different intensity between the two conditions (p<0.05)
(Table 1). Among the 41 protein spots, 11 protein spots showed 1.3fold or higher intensity in the IGU-treated cells compared to the nontreated cells. In contrast, 5 spots showed -1.3 (1/1.3)-fold or lower
intensity in the IGU-treated cells compared to the non-treated cells.
It was shown that IGU affected the protein profile of OUMS-27 cells.

Effects of 6 day-treatment by IGU on OUMS-27 cells
Next, we treated OUMS-27 cells for a longer term of 6 days with
100 µM IGU. The levels of cell viability and growth were high enough
and at similar levels at 6 days between the IGU-treated and non-treated
cells (100 µM; cell viability, 100.1 %, p=0.92; cell growth, 1.05-fold,
p=0.64). Thus, we performed 2D-DIGE using those cell lysates.
In total, 803 protein spots were detected in the 2D-DIGE results
(Figure 1C, D). In the 803 protein spots, 150 protein spots showed
different intensity between the IGU-treated and non-treated cells
(p<0.05, Table 1). Among the 150 protein spots, 22 protein spots
showed 1.3-fold or higher intensity in the IGU-treated cells compared
to the non-treated cells. On the other hand, 15 spots showed -1.3-fold
or lower intensity in the IGU-treated cells compared to the non-treated
cells. Protein spots that changed to ±1.3-fold or more in the 6-day
treatment (150 spots) showed 3.7-fold in number compared to those in
the 24-hour treatment (41 spots) (Table 1).
To follow a time course of the protein expression, we observed
intensity change of the protein spots that showed ±1.3-fold or more
change by the 24 hour-treatment with IGU. In the case of 9 intensityincreased spots, intensity of almost all the spots were decreased in
the 6 day-treatment (Figure 2A). Similarly, in the case of 4 intensityTable 1.��������������������������������
Culture
periods

Analysis of protein interaction
Interactions among the identified proteins were searched by
Ingenuity Pathway Analysis (IPA) (Qiagen, Venlo, NLD). Core
analysis was performed using names and the fold differences (IGU/
Control) of all the identified proteins and information of all the cells in
all the species in IPA database.

24 hours

Total number
of detected
protein spots

776

Number of
protein spots with �������� Number of the
����������
IGU/Control
protein spots
(p<0.05)

41

Statistical analysis
Significance of differences of cell viability, cell growth, and protein
spot intensity in 2D-DIGE was calculated by Student's t-test.
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6 days
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803

150

x ≥ 1.5
1.5 > x ≥ 1.3
1.3 > x ≥ −1.3
−1.3 > x ≥ -1.5
−1.5 ≥ x

2
9
25
3
2

x ≥ 1.5
1.5 > x ≥ 1.3
1.3 > x ≥ −1.3
−1.3 > x ≥ −1.5
−1.5 ≥ x

7
15
113
11
4
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Figure 1. Protein ����=
of OUMS-27 cells treated with IGU. Representative results of 2D-DIGE of proteins from OUMS-27 cells cultured in the presence (left upper) or absence (right
upper) of 100 μM IGU for 24 hours are shown. Similarly, those cultured in the presence (left lower) or absence (right lower) of 100 μM IGU for 6 days are shown.

decreased spots, intensity of 3 spots were increased in the 6 daytreatment (Figure 2B). The effect of the 24 hour-treatment on OUMS27 cells was tentative. In contrast, when we observed intensity of the
protein spots that showed ±1.3-fold or more change in the 6 daytreatment, almost all the spots of the 22 intensity-increased spots and
the 15 intensity-decreased spots similarly increased and decreased in
the 24 hour-treatment, respectively (Figure 2C, D). The 6 day-treatment
was considered to reflect a long term effect of IGU on OUMS-27 cells.

Identification of the proteins expression of which was
changed by IGU
We tried to identify the proteins in the spots intensity of which was
changed by the 6 day-treatment with IGU. 37 protein spots that showed
±1.3-fold or more intensity change by the treatment were subjected to
the identification. As a result, 14 proteins were identified from 15 out
of the 37 spots (Figure 3, 4 and Table 2).
Seven proteins were identified from the 7 spots intensity of which
was increased by the treatment with IGU. They were 1) proteins
involved in splicing of pre-mRNA (cyclin L1 [CCLN1]; and tuftelininteracting protein 11 [TFIP11]), 2) proteins that regulate signaling
pathways and protein folding (14-3-3 protein epsilon, tyrosine
3-monooxygenase/tryptophan 5-monooxygenase activation protein
epsilon [YWHAE]; and cyclophilin A, peptidyl-prolyl cis-trans
isomerase A [PPIA]), 3) a protein involved in innate immunity and
inflammation (NACHT, LRR and PYD domains-containing protein 3
[NLRP3]), 4) a transcription factor (human immunodeficiency virus
type 1 enhancer-binding protein 2 [HIVEP2]), and 5) a protein with
unknown function (transmembrane protein 95 [TMM95]).
The other 7 proteins were included in the 8 spots intensity of which
was decreased by the treatment with IGU. They were 1) proteins involved
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Figure 2. Time course of each protein expression of OUMS-27 cells in the presence of
IGU. A, B. Nine out of the 11 protein spots and 4 out of the 5 protein spots, intensity of
which were increased to 1.3-fold or more (A) and decreased to -1.3-fold or less (B) in the
24 hour-treatment, respectively (Table 1), were detected both in the 24 hour- and 6 daytreatments and applied for time course analysis. C, D. 14 out of the 22 protein spots and
11 out of the 15 protein spots, intensity of which were increased to 1.3-fold or more (C)
and decreased to -1.3-fold or less (D) in the 6 day-treatment, respectively (Table 1), were
detected both in the 24 hour- and 6 day-treatments and applied for time course analysis.
Control samples (Cont) were proteins from OUMS-27 cells cultured without IGU for 24
hours (A, B) and 6 days (C, D).
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Table 2.���������������������������������������������
Spot

�����=
Proteins

ID

(folds)

Accession ID

1072

1.67

NACHT, LRR and PYD
domains-containing protein 3 NLRP3_HUMAN
(NLRP3)

487

1.53

Cyclin-L1 (CCNL1)

1033

1.50

Transmembrane protein 95
(TMM95)

763

1.40

Transcription factor HIVEP2
(HIVEP2)

445

1.37

Tuftelin-interacting protein 11
TFP11_HUMAN
(TFIP11)

924

1.34

14-3-3 protein epsilon
(YWHAE)

1433E_HUMAN

1107

1.34

Cyclophilin A (PPIA)

−1.35
−1.34

CCNL1_HUMAN

MW (kDa)

Mascot

Coverage

���������

Theoret Observed Theoret

Observed

scores

(%)

(Mascot ion scores)

118.1

23

6.22

6.1

71

13

59.6

60

10.7

6.2

75

18

TMM95_HUMAN

19.6

24

ZEP2_HUMAN

228.9

41

96.8

64

pI

8.98

7.8

6.5

5.8

5.45

5.8

57

37

65

8

61

12

MDHMVSSFCIENCHR675 (11)

661

LPQVAM*ATGQVLFHR113 (21)

99

LARLCSQMEAR41 (2)
EAVSSLPSYWSWLRK93 (3)

31
79

436
NALSVTTTSQERAAM*GR452
(11)

ELSQVKVIDMTGR274 (25)
M*QPDCSNPLTLDECAR402 (7)

262
387

YLAEFATGNDR141 (54)
YLAEFATGNDRK142 (16)
154
AASDIAMTELPPTHPIR170 (77)
216
DSTLIMQLLR225 (18)
131

87
599

376

784

−1.49

−1.31

131

29.2

29

4.63

4.5

189

18

PPIA_HUMAN

18.0

21

7.68

8.0

74

10

2

Hypoxia up-regulated
protein 1 (HYOU1)

HYOU1_HUMAN

111.3

98

5.16

5.3

66

12

439

ATP synthase subunit alpha,
mitochondrial (ATP5A1)

ATPA_HUMAN

53

9.16

8.0

185

11

335

106

9

377

YEELQITAGR386 (78)

82

1

360

YEELQITAGR369 (78)

Keratin, type II cytoskeletal 1,
(KRT1)
Keratin, type II cytoskeletal
6B (K2C6B)
Heterogenous nuclear
ribonucleoproteins A2/B1
(hnRNP A2/B1)

TGAIVDVPVGEELLGR139 (72)
EAYPGDVFYLHSR347 (72)
403
GIRPAINVGLSVSR416 (15)

66.0

K2C6B_HUMAN

66.0

8.15

69

8.09

6.9

37.4

39

8.97

9.5

99

8

LFIGGLSFETTEESLR38 (38)
GGGGNFGPGPGSNFR228 (46)

23

214

LFIGGLSFETTEESLR38 (52)
GFGFVTFDDHDPVDK168 (83)
214
GGGGNFGPGPGSNFR228 (64)

797

−1.35

Heterogenous nuclear
ribonucleoproteins A2/B1
(hnRNP A2/B1)

ROA2_HUMAN

37.4

38

8.97

8.8

256

23

794

−1.42

Heterogenous nuclear
ribonucleoproteins A2/B1
(hnRNP A2/B1)

ROA2_HUMAN

37.4

38

8.97

8.7

129

13

ROA1_HUMAN

38.7

77

24

16

−1.52

Heterogenous nuclear
ribonucleoproteins A1
(hnRNP A1)
Heterogenous nuclear
ribonucleoproteins A1-like 2
(hnRNP A1L2)

61

23

16

62

8

773

775

−1.60

Heterogenous nuclear
ribonucleoproteins A1
(hnRNP A1)

DAVVYPILVEFTR451 (24)

134

59.7

K2C1_HUMAN

ROA2_HUMAN

VNPTVFFDIAVDGEPLGR19 (66)

23

9.17
40

RA1L2_HUMAN

34.2

ROA1_HUMAN

38.7

154

LFIGGLSFETTEESLR38 (47)
GGGGNFGPGPGSNFR228 (60)

23

214

LFIGGLSFETTDESLR31 (9)
SSGPYGGGGQYFAKPR352 (5)

337

9.2
9.08

39

9.17

8.8

LFIGGLSFETTDESLR31 (9)
KLFIGGLSFETTDESLR31(15)
LFIGGLSFETTDESLR31 (25)

15
16

37 protein spots, intensity of which changed to ±1.3-fold or more by the 6 day-treatment with IGU, were selected for the protein ��������
Proteins of 15 out of the 37 spots were
�����������������
*Oxidation of methionine.

in packaging of pre-mRNA (heterogenous nuclear ribonucleoproteins
A2/B1 [hnRNP A2/B1]; heterogenous nuclear ribonucleoproteins A1
[hnRNP A1]; and heterogenous nuclear ribonucleoproteins A1-like
2 [hnRNP A1L2]), 2) a cytoprotective protein from hypoxia (hypoxia
up-regulated protein 1 [HYOU1]), 3) an ATP synthase (ATP synthase
subunit alpha, mitochondrial [ATP5A1]), and 4) Cytoskeletal proteins
(keratin, type II cytoskeletal 1 [KRT1]; and keratin, type II cytoskeletal
6B [K2C6B]).

Figure 3. Locations of the �����=
protein spots on a 2D-DIGE gel. Proteins included
in 15 spots out of the 37 spots that showed ±1.3-fold or more change in intensity by the 6
day-treatment with IGU were ������
A representative result of the standard sample is shown.
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Interestingly, hnRNP A2/B1 was identified in 3 protein spots (spot
ID 784, 794, and 797) (Table 2). Similarly, hnRNP A1 was identified in
2 protein spots (spot ID 773 and 775). In spot ID 773, only hnRNP A1
or both hnRNP A1 and hnRNP A1L2 were considered to be included.
Spot ID 376 included KRT1 and/or K2C6B. The observed molecular
weights of TFIP11 in the spot ID 445, HIVEP2 in the spot ID 763,
and NLRP3 in the spot ID 1072 were smaller than their theoretical
weights, indicating that the detected proteins were fragments of those
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Figure 4. Comparisons of spot intensity of the �����=
proteins between IGU-treated and non-treated conditions. Representative results of the �����=
15 protein spots and intensity
����������������������������������������������=
Error bars, standard deviations, *p<0.05.
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proteins. The pathway analysis showed deduced interactions of 11 out
of the 14 identified proteins (Figure 5). hnRNP A2/B1, hnRNP A1 and
their complex located at the center of the network. Of note, NF-κB,
Akt, and p53 (encoded by TP53 gene) appeared as relay points of the
network. These proteins would directly and/or indirectly interact with
the identified proteins.

Discussion
We compared protein profiles of a chondrosarcoma cell line
OUMS-27 cells between the presence and absence of IGU. Although
the maximal plasma concentration after repetitive administration of 50
mg/day IGU for 14 days was 5 µM, the concentration is ununiform in
vivo and would reach much higher levels in tissue such as RA-affected
joints [15]. Treatment with 100 µM IGU caused significant changes in
protein profiles of OUMS-27 cells, that is, intensity of 41 and 150 protein
spots was changed by the 24 hour- and 6 day-treatment, respectively
(p<0.05) (Table 1). When we examined time courses, intensity of most
of the examined spots was much increased or decreased at 6 days
compared to that at 24 hours (Figure 2C, D). Continuous treatment
with IGU would augment its effect on protein expression.
The 6-day treatment changed intensity of 37 protein spots by 1.3fold or more (Table 1). Such change levels of protein expression were
considered to affect the function of proteins. Among the 14 identified
proteins, we focused on three proteins, hnRNP A2/B1, hnRNP A1,

and PPIA (Table 2, Figure 4, 5). Of note, intensity of multiple spots of
hnRNP A2/B1 and hnRNP A1 was decreased by IGU (Table 2). This
indicated that total expression of these proteins would be decreased
by IGU regardless of differences of isoforms and/or post-translational
modifications.
The main function of hnRNP A/B proteins, components of hnRNP
particles, is to package pre-mRNA into hnRNP particles [16]. hnRNP
A/B also play roles in telomere maintenance, transcription, pre-mRNA
splicing, mRNA nucleo-cytoplasmic export, mRNA stability, and
translation. Interestingly, high expression of hnRNP A2/B1 and A1 has
been found in inflamed joints of RA patients and/or arthritis models
[17-19]. Autoantibodies and autoreactive T cells against hnRNP A2/
B1 have been detected in approximately 30% and 60% of RA patients,
respectively [17, 20, 21]. Since depletion of hnRNP A2/B1 almost
completely blocked development of arthritis both in collagen-induced
arthritis (CIA) and K/BxN serum-transfer arthritis, hnRNP A2/B1 was
considered to play a crucial role in the pathogenesis of inflammatory
arthritis [22]. Besides their role as autoantigens in arthritis, hnRNP
A2/B1 act as proinflammatory regulators. hnRNP A2 activates the RafMEK-ERK signaling pathway, located at the upstream of NF-κB, by
elevating full length A-Raf transcription and reducing production of
short dominant-negative isoform of A-Raf [23]. Furthermore, hnRNP
A2, phosphorylated and activated by the serine/threonine kinase Akt1,
also functions as a transcriptional coactivator for NF-κB c-Rel [24, 25].

Figure 5. Interaction of the ident���
proteins. Result of a pathway analysis. Symbols in red and green show the �����=
proteins intensity of which were increased and decreased by the
IGU-treatment, respectively. Solid lines and dotted lines show direct and indirect interactions, respectively. Arrows indicate activation.
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NF-κB p65 and p50 are known to be targets of IGU [6, 7, 9, 11]. Thus,
NF-κB c-Rel activated by hnRNP A2 would be also a target of IGU.
Moreover, depletion of hnRNP A2/B1 almost completely inhibited
bone erosion in RA models [22]. Since IGU suppresses bone erosion
via RANKL- and ERK-mediating pathways [9, 11, 26, 27], its effect
to suppress bone erosion may be also associated with the decrease of
hnRNP A2/B1.
Our IPA result indicated that both hnRNP A2/B1 and hnRNP A1
could interact with p53 (Figure 5). However, p53 of OUMS-27 cells
as well as that of most cancer cells is a mutant-type and thus does
not function as a tumor suppressor [13]. Interestingly, suppression
of hnRNP A1/A2 induces apoptosis in a variety of human cancer
cells irrespective of p53 expression [28]. This was considered because
hnRNP A1/A2 have a capping function of telomeres as G-tail binding
proteins in cancer cells [28]. Suppression of hnRNPs may inhibit the
tumorigenic growth of RA synovial cells.
The other protein of interest, PPIA, was increased by IGU, which
has dual function as a chaperone and a signal transducer (Table
2, Figure 4, 5) [29]. Interestingly, PPIA was highly expressed in RA
and CIA synovia [30]. PPIA aggravated the arthritis by polarizing
macrophages toward proinflammatory M1 phenotypes that produced
IL-1β, IL-6, MMP-2, and MMP-9 [30, 31]. The polarization was
dependent on the activation of ERK-NF-κB p65 pathway and also on
the PPIase activity [30, 32]. On the other hand, in concert with NF-κB
p65, PPIA mediates BMP-2-induced Sox9 production and regulation
of chondrogenesis signaling [33]. These processes may contribute to
repairment of destructed cartilage in RA. Since IGU targets NF-κB,
PPIA may be increased to recover the reduced functions of NF-κB.
In conclusion, we found that IGU affected protein profiles of
OUMS-27 cells. IGU specifically decreased expression of hnRNP A2/
B1 and A1, which are highly expressed in synovia of RA and its arthritis
model. Since hnRNP A2/B1 are autoantigens in RA and activators for
NF-κB, the decrease of hnRNPs would downregulate the autoimmune
responses and also be involved in the NF-κB-targeting mechanism of
IGU. The reduction of hnRNP A2/B1 may be further associated with
the inhibition of bone erosion by IGU. The present data should be
validated using RA chondrocytes and synovial cells in near future. Our
results suggest novel mechanisms of the effect of IGU.
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Abstract

Aim: To understand physiological and pathological roles of layilin in synovial fibroblasts, we comprehensively investigated protein profile changes caused by layilinsilencing. Methods: Immortalized human synovial membrane fibroblasts (HSFs) were transfected with siRNA for layilin (siL) in TNF-α-treated and -non-treated
conditions. Proteins affected by siL were comprehensively detected by 2-dimensional fluorescence difference gel electrophoresis (2D-DIGE). Proteins of interest
were identified by mass spectrometry. Results: In the 2D-DIGE analysis, intensity of approximately one-fifth of the detected protein spots was significantly changed
by siL both in the TNF-α-treated and –non-treated conditions (239/1092 spots and 201/1092 spots, respectively). Proteins were identified in 25 out of 87 protein
spots with ± 1.3-fold or greater intensity changes by siL. 15 (62.5%) of the 24 protein spots were assigned to epithelial-mesenchymal transition (EMT)-related
proteins. Conclusion: Our data suggest that layilin is deeply involved in the regulation of EMT-related proteins. Functions of layilin in synovial fibroblasts should be
investigated in the context of EMT, although synovial fibroblasts are not epithelial cells. Furthermore, the EMT-related proteins affected by layilin may be involved
in the pathogenesis of rheumatoid arthritis, which was characterized by proliferation and invasion of synovial fibroblasts.

Introduction
Layilin is a type 1 transmembrane protein with a C-type lectin-like
motif [1]. Layilin has been reported to be a receptor for hyaluronic acid
[1] and also reported to bind to cytoskeletal proteins such as talin and
merlin to regulate cell adhesion [2-4]. In fact, several studies showed
that down-regulation of layilin inhibited infiltration and metastasis of
cancer cells [5, 6]. Recently, it has been reported that layilin is highly
expressed in an exhausted subset of CD8+ T cells in liver cancer [7].
We have reported that renal tubular epithelial cells in patients with
glomerulonephritis more strongly express layilin than those in healthy
people [8]. Taking these reports together, layilin is expected to play
pathophysiological roles in various diseases. However, physiological
and pathological roles of layilin have been poorly understood.
Accordingly, roles of layilin in rheumatoid arthritis (RA) remain
also unclear. RA, a chronic polyarthritis, is histologically characterized
by proliferation and invasion of synovial fibroblasts and infiltration
of inflammatory cells into the expanded synovia in affected joints. In
RA, inflammatory cytokines like tumor necrosis factor-α (TNF-α)
are known to play pathological roles [9]. In fact, blockage of the
inflammatory cytokines is used as effective therapies in RA [10].
Recently, Snail, a transcriptional factor, has been reported to regulate
TNF-α-mediated activation of synovial fibroblasts in rheumatoid
joints. We have reported that TNF-α up-regulates expression of layilin
in human chondrocytes and also in a human clear cell renal carcinoma
cell line of KMRC-1 [8, 11]. We have demonstrated that layilin is
involved in TNF-α-mediated epithelial-mesenchymal transformation
(EMT) of KMRC-1 [8]. We thus speculate that layilin is involved
in the TNF-α-mediated inflammatory processes in RA. However,
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physiological roles of layilin as well as pathological roles in synovial
fibroblasts have been poorly understood. To promote understanding
of roles of layilin in synovial fibroblasts, we here comprehensively
investigated effects of layilin-silencing on human synovial membrane
fibroblasts (HSFs) in the TNF-α-treated and -non-treated conditions
using proteomics.

Materials and Methods
Cell culture
Immortalized human synovial membrane fibroblasts (HSFs) were
purchased from Applied Biological Materials Inc. (abm, Richmond,
Canada). HSFs were cultured in a Prigrow III medium (abm)
supplemented with 10% fetal calf serum (FBS, Wako, Japan), 100 units/
ml penicillin, and 100 µg/ml streptomycin (Sigma-Aldrich, St. Louis,
MO, USA). The cells were cultured at 37°C in 5% CO2.

Treatment of HSFs with siRNA and TNF-α
HSFs
dish of

were
siRNA

transfected with 200 pmol/φ100 mm
for human LAYN (nucleotides 462-486

Correspondence to: Mitsumi Arito, PhD, Clinical Proteomics and Molecular
Medicine, St. Marianna University Graduate School of Medicine, 2-16-1 Sugao,
Miyamae, Kawasaki, Kanagawa, 216-8511, Japan, Tel: +81-44-977-8111 (ext.
3522); FAX: +81-44-976-7553; E-mail: m-ari@marianna-u.ac.jp
Key words: Layilin, synovial membrane fibroblasts, TNF-α
Received: November 28, 2017; Accepted: December 19, 2017; Published:
December 22, 2017

doi: 10.15761/IMM.1000316

Volume 4(6): 1-7

- 524 -

Shimazaki K (2017) Roles of layilin in human synovial fibroblasts revealed by proteomic analysis

(GGGAGGGACACAGAGGCCTTGTTAT) in NM_001258390.1,
Invitrogen, Carlsbad, CA, USA)) using Lipofectamine RNAiMAX
(Invitrogen). As a negative control, the cells were transfected with the
same doses of control siRNA (Stealth™ RNAi Negative Control Medium
GC Duplex, Invitrogen). After 24 hours, the HSFs were further cultured
in the starvation condition of a Prigrow III medium supplemented with
1% FBS, 100 units/ml penicillin, and 100 µg/ml streptomycin for 24
hours. Then the cells were incubated with or without 10 ng/ml human
TNF-α (PROSPEC, Ness Ziona, Israel) for 24 hours. Proteins were
extracted from the cells into a lysis buffer (7M urea, 2M thiourea, 4%
CHAPS). The protein samples were stored at -80 °C until use.

RNA extraction, reverse transcription, and quantitative
polymerase chain reaction (qPCR)
Total RNA, purified from HSFs using RNeasy® (Qiagen, Venlo,
the Netherlands), was converted to cDNA by High Capacity cDNA
Reverse Transcription Kits® (Life Technologies, Rockville, MD, USA),
according to the manufacturer’s instructions.
qPCR was performed by ABI Prism 7000 Sequence Detection System (Applied Biosystems, Foster city, CA, USA). To measure mRNA
for layilin and glyceraldehyde 3-phosphate dehydrogenase (GAPDH),
a mixture of 2 µg cDNA, 300 nM each of forward and reverse primers, and Power SYBR® Master Mix (Applied Biosystems) was subjected
to qPCR. Nucleotide sequences of the primers are as follows: layilin:
5’ -CACAGCCTGCCAGGACCTTTA and 5’ -TGCACCGGTCATCATTCCA, and GAPDH: 5’-TGGTATGGTGGAAGGACTCA and
5’-ATGCCAGTGAGCTTCCCGTT. The thermal cycle condition was
as follows: 95°C for 10 min, followed by 40 cycles of 95°C for 15 sec and
60°C for 60 sec.

2-dimensional fluorescence difference gel electrophoresis
(2D-DIGE)
The extracted proteins were separated by 2D-DIGE as described
previously [12, 13]. Briefly, each of the protein samples was labeled
with Cyanine dye 5 (Cy5, Cy Dye DIGE Saturation dye; GE Healthcare,
Buckinghamshire, UK). An internal standard sample was prepared by
mixing an equal amount of each of the samples. The standard sample
was then labeled with Cyanine dye3 (Cy3, GE Healthcare). Then,
each of the Cy5-labeled protein samples (2.5 µg) were mixed with
the Cy3-labeled standard sample (2.5 µg). The mixture was applied
onto a non-liner isoelectric focusing (IEF) gel (24 cm in width, pH
3-11, GE Healthcare). Subsequently, proteins separated by IEF were
further separated by 12.5 % sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). Then, the separated protein spots
were scanned using an image analyzer (Typhoon 9400 Imager, GE
Healthcare). On each protein spot, Cy5- and Cy3-fluorescence intensity
was separately quantified by the Progenesis program (PerkinElmer,
MA, US) and the Cy5-fluorescence intensity was normalized by Cy3fluorescence intensity. The normalized Cy5-intensity was used for the
quantitative comparison among the samples.

Statistical analysis
Statistical significance was calculated using Student’s t-test.

Results
Detection of proteins affected by layilin-silencing
We here comprehensively investigated changes of protein profiles
of HSFs caused by siRNA for layilin in TNF-α-treated and non-treated
conditions, using 2D-DIGE and mass spectrometry. First, HSFs were
transfected with siRNA for human layilin (siL) or control siRNA
(siC). In part, the cells were further treated with TNF-α for 24 hours.
Then the cultured cell samples were subjected to 2D-DIGE. Prior to
the experiments, the efficacy of layilin-silencing by siL was checked
by qPCR. As a result, expression of layilin was suppressed down to
approximately 7% (Figure 1), indicating that layilin-silencing was
enough for the analysis.

Comprehensive analysis of proteins affected by layilinsilencing in the TNF-α- treated or non-treated condition by
2D-DIGE
By the 2D-DIGE analysis, in total, 1092 protein spots were detected
on the 2D-gels (Figure 2A). In the condition without TNF-α, 239
(21.9%) out of the 1092 spots showed significantly different intensity
between the siL and siC conditions (Table 1). Among the 239 spots, 29
spots showed 1.3-fold or higher intensity in the siL condition than in
the siC condition and 24 spots showed 1/1.3-fold or lower intensity in
the siL condition than in the siC condition (Table 1). Focusing on the
29 and 24 protein spots, we then compared intensity between the siL
and siC conditions under the TNF-α-treated condition (Table 1). As a
result, 17 out of the 29 spots showed significantly higher intensity in the
siL condition than in the siC condition even under the TNF-α-treated
condition (Category 1). The other 12 spots did not show significant
difference between the siL and siC conditions under the TNF-α-treated
condition (Category 2). No spots showed significantly lower intensity
in the siL condition than in the siC condition (Category 3). Similarly,
2 out of the 24 spots showed significantly lower intensity in the siL

Protein identification
Protein spots of interest, excised from the 2D gels, were digested
by trypsin as described previously [14]. Produced peptides were
subjected to matrix-assisted laser desorption ionization-time of flight/
time of flight mass spectrometry (MALDI-TOF/TOF-MS) (Ultraflex,
BrukerDaltonics, Bremen, Germany). Obtained peptide masses were
compiled to allow searches of the National Center for Biotechnology
Information (NCBI) protein database using the Mascot software
program (Matrix Science, London, UK).
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Figure 1. Silencing of layilin by siRNA in HSFs
HSFs cells were transfected with layilin or control siRNA (siL or siC, respectively). Then,
RNA extracted from the cells was used for quantitative real time-PCR to estimate amounts
of mRNA for layilin and GAPDH as a control. The measured mRNA levels of layilin were
corrected using those of GAPDH. The average of the corrected mRNA levels in the cells
�����������������������������������K
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Table 1.���������������������������������������������������������������
TNF-α (-)

Total number of protein
spots

TNF-α (+)

������������������������F
siL/siC≥1.3

1092

29

239
siL/siC≤-1.3

24

�������������������

Category in this study

↑

17

1

→

12

2

↓

0

3

↑

0

4

→

22

5

↓

2

6

Figur��������������������������
?on HSFs
(A) HSFs were transfected with siRNA for layilin (siL) or control siRNA (siC). Then the cells were cultured for 24 hours and then subjected to 24 hours starvation. Next, a part of the cultured
cells were further treated with 10 ng/ml TNF-α for 24 hours. Proteins, extracted from the HSFs were subjected to 2D-DIGE (n=3). MW, molecular weight.
(B) Protein spots intensity of which was �������
altered by siL were subjected to protein �������=
by MALDI-TOF-TOF/MS. Locations of the �����=
spots on the 2D gel are
shown by circles with spot numbers.

condition than in the siC condition even under the TNF-α-treated
condition (Category 6). The other 22 spots did not show significant
difference between the siL and siC conditions (Category 5). No spots
showed significantly higher intensity in the siL condition than in the
siC condition (Category 4). Proteins of the spots in Categories 1 and 6
are thought to be affected by layilin, regardless of presence or absence
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of TNF-α. Proteins of the spots in Categories 2 and 5 are thought to be
affected by layilin only in the TNF-α-non-treated condition.
On the other hand, in the TNF-α-treated condition, 201 (18.4%) out
of the 1092 spots showed significantly different intensity between the
siL and siC conditions (Table 2). Among the 201 spots, 14 spots showed
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1.3-fold or higher intensity in the siL condition than in the siC condition
and 20 spots showed 1/1.3-fold or lower intensity in the siL condition
than in the siC condition (Table 2). Focusing on the 14 and 20 protein
spots, we then compared intensity between the siL and siC conditions
under the TNF-α-non-treated condition (Table 2). As a result, 5 out of
the 14 spots showed significantly higher intensity in the siL condition
than in the siC condition even under the TNF-α-non-treated condition
(Category 7). The other 9 spots did not show significant difference
between the siL and siC conditions under the TNF-α-non-treated
condition (Category 8). No spots showed significantly lower intensity
in the siL condition than in the siC condition (Category 9). Similarly,
4 out of the 20 spots showed significantly lower intensity in the siL
condition than in the siC condition even under the TNF-α-non-treated
condition (Category 12). The other 16 spots did not show significant
difference between the siL and siC conditions under the TNF-α-nontreated condition (Category 11). No spots showed significantly higher
intensity in the siL condition than in the siC condition (Category 10).
Proteins of the spots in Categories 7 and 12 are thought to be affected
by layilin, regardless of presence or absence of TNF-α. Proteins of the
spots in Categories 8 and 11 are thought to be affected by layilin only in
the TNF-α-non-treated condition.

Identification of proteins that are affected by layilin-silencing
Next, we tried to identify proteins of the 53 protein spots affected
by layilin-silencing in the TNF-α-non-treated condition (29 upregulated and 24 down-regulated, Table1), using MALDI-TOF-TOF
mass spectrometry. As a result, 15 out of the 53 protein spots were
identified (Figure 2B, Table 3).
Proteins of the spots in Category 1, which were thought to be
down-regulated by layilin regardless of presence or absence of TNF-α,
were identified as follows: ID1217: superoxide dismutase [Mn]
mitochondrial (SODM), ID893: calcium-binding mitochondrial carrier
protein SCaMC-1 (SCMC1), ID923: serpin H1 (SERPH), ID532: 78kDa
glucose-regulated protein (GRP78), ID1001: heterogeneous nuclear
ribonucleoproteins A2/B1 (ROA2), and ID1477: peptidyl-prolyl cistrans isomerase B. Proteins of the spots in Category 2, which were
thought to be down-regulated by layilin only under the TNF-α-nontreated condition, were identified as follows: ID1262: SODM, ID998:
ROA2, ID714: nicotinamide phosphoribosyltransferase (NAMPT),
ID911: keratin, type II cytoskeletal 1 (K2C1), and ID885: SCMC1.
Proteins of the spots in Category 5, which were thought to be upregulated by layilin only under the TNF-α-non-treated condition, were
identified as follows: ID540: GRP78, ID271: growth /differentiation
factor 10 (GDF10), ID811: glutathione synthetase (GSHB), and ID1190:
melanoma-associated antigen B3 (MAGB3).
Similarly, we tried to identify proteins of the 34 protein spots
affected by layilin-silencing under the TNF-α-treated condition (14 upregulated and 20 down-regulated, Table 4). As a result, 10 out of the 34
proteins spots were identified (Figure 2B, Table 4).
Proteins of the spots in Category 7, which were thought to be downregulated by layilin regardless of presence or absence of TNF-α, were
identified as follows: ID1217: SODM and ID1312: peroxyiredoxin-2.
Proteins of the spots in Category 8, which were thought to be downregulated by layilin only under the TNF-α-treated condition, were
identified as follows: IDs1228 and 1229: protein NipSnap homolog 3A
(NPS3A). Proteins of the spots in Category 11, which were thought to
be up-regulated by layilin only under the TNF-α-treated condition,
were identified as follows: ID1468: vimentin, ID705: cdc42-interacting
protein 4 (CIP4), ID1322: peroxisomal bifunctional enzyme (ECHP),
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ID1375: zinc finger protein 350 (ZN350), ID1446: cystatin-B (CYTB 2),
and ID1296: peroxyiredoxin-2 (PRDX2).

Discussion
We here comprehensively investigated effects of layilin-silencing
on HSFs under TNF-α-treated and -non-treated conditions using
proteomics. We found that layilin-silencing significantly changed the
expression of approximately one-fifth of the detected protein spots
both in the two conditions. The 53 spots that showed ±1.3-fold or
greater intensity changes in the TNF-α-non-treated condition were
further classified into Categories 1-6, according to the changes by
layilin-silencing under the TNF-α-treated condition. Similarly, the 34
protein spots that showed ±1.3-fold or greater intensity changes in the
TNF-α-treated condition were further classified into Categories 7-12,
according to the changes by layilin-silencing under the TNF-α-nontreated condition.
The protein spots of Categories 1 and 7 and Categories 6 and 12
are thought to contain proteins that regulated by layilin independently
from TNF-α signaling. Here, 7 proteins were identified in Categories 1
and 7. Interestingly, 5 out of the 7 proteins were reported to be related
with EMT (ID1217: SODM、ID923: SERPH、ID532: GRP78、ID1001:
ROA2、ID1312: Peroxiredoxin-2.). Specifically, SODM, an enzyme
that catalyzes the superoxide radical, has been reported to be upregulated during EMT induced by TNF-α and to enhance expression
of CD44, which are strongly expressed on highly malignant cancer
cells [15]. SERPH, one of heat shock proteins, has been reported to
be increased during cyclosporine-induced EMT of renal epithelial cells
in mice [16]. GRP78, one of heat shock proteins, has been reported to
increase fibronectin and integrin β1 to enhance adhesiveness of colon
cancer cells [17]. Moreover, expression of GRP78 has been reported to
be increased at EMT of human colon adenocarcinoma [17]. ROA2, a
nuclear ribonucleoprotein, has been reported to be highly expressed
in lung cancer cells [18]. Silencing of ROA2 have been reported toupregulate E-cadherin and down-regulate transcriptional repressors
of E-cadherin [18], thereby, ROA2 is thought to promote EMT.
Collectively, these 4 proteins are thought to be involved in induction
and/or promotion of EMT. The up-regulation of these 4 proteins by
layilin-silencing observed here indicates that layilin constitutively
suppresses these 4 proteins. On the other hand, PRDX2 has been
reported to inhibit TNF-α-induced EMT in colon cancer cells [19]. The
up-regulation of PRDX2 by layilin-silencing observed here indicates
that layilin constitutively suppresses PRDX2.
The protein spots of Categories 2 and 5 are thought to contain
proteins that appear to be affected by layilin only under the TNF-αnon-treated condition. These proteins may be regulated oppositely by
TNF-α and layilin-silencing. Alternatively, if TNF-α down-regulates
layilin, layilin-silencing would not actually affect the proteins under
the TNF-α-treated condition. In Categories 2 and 5, 9 proteins were
identified. Five out of the 9 proteins, i.e., ID1262: SODM、ID998:
ROA2、ID714: NAMPT、ID271: GDF10、ID811: GSHB, were reported
to be related to EMT. Specifically, SODM identified from ID1262 and
ROA2 identified from ID998 were also identified from the spots of
ID1217 and ID1001 in Category 1, respectively. This indicates existence
of different post-translational modifications on SODM and ROA2. As
above described, both SODM and ROA2 have been reported to induce
or promote EMT. NAMPT, a rate-limiting enzyme of NAD+ synthesis,
has been recently reported to promote EMT, independently from its
enzyme activity [20]. GDF10, a member of the TGF-β super family,
has been reported to suppress EMT in oral squamous cell carcinoma
[21]. On GSHB of a glutathione synthase, decrease of GSHB has been
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Table 2.��������������������������������������������������������������
TNF-α (+)

Total number of protein
spots

������������������������F
siL/siC≥1.3

1092

TNF-α (-)
Category in this study
�����������������������

14

↑

5

7

→

9

8

↓

0

9

↑

0

10

→

16

11

↓

4

12

201
siL/siC≤-1.3

20

Table 3. ���������������������������������������������
Category

Spot
ID
1217

Observed
MW
26

pI
8.5

�����

Theoretical

Mascot

Coverage �������������������

Protein

Accession
no.

MW

pI

score

(%)

1.7

Superoxide dismutase [Mn],
mitochondrial

P04179

24.7

8.35

59

24

1.6

Calcium-binding mitochondrial carrier
protein SCaMC-1

Q6NUK1

53.3

6.00

61

16

siL/siC

AIWNVINWENVTER216(31)

203

SODM_HUMAN
893

41

5.8

YETLFQALDR33(11)

24

SCMC1_HUMAN
923

44

9.5

1.4

NGDGVVDIGELQEGLR49(17)

34

Serpin H1

P50454

46.4

8.75

288

23

LYGPSSVSFADDFVR148(92)

134

SERPH_HUMAN

LSSLIILMPHHVEPLER280(85)

264

LSSLIILMPHHVEPLER280 +
Oxidation (M)(50)

264

LFYADHPFIFLVR393(89)

381

532

68

5.2

1.3

78 kDa glucose-regulated protein

P11021

72.3

5.07

622

33

GRP78_HUMAN

1

ITPSYVAFTPEGER74(99)

61
165

VTHAVVTVPAYFNDAQR181(141)
AKFEELNMDLFR336(96)

325

DNHLLGTFDLTGIPPAPR492(155)

475

1001

38

9.8

1.3

Heterogeneous nuclear
ribonucleoproteins A2/B1

P22626

37.4

8.97

272

30

KLFIGGLSFETTEESLR28(28)

22

ROA2_HUMAN

LFIGGLSFETTEESLR38(84)

23

138
214

1477

20

10.0

1.3

Peptidyl-prolyl cis-trans isomerase B

P23284

23.7

9.42

131

16

IDTIEIITDR147(10)

GGGGNFGPGPGSNFR228(72)
VIKDFMIQGGDFTR109(33)

96

VIKDFMIQGGDFTR109 + Oxidation
(M)(26)

96

PPIB_HUMAN

DFMIQGGDFTR109(79)

99

DFMIQGGDFTR109 + Oxidation (M)
(44)

99

1262

23

7.5

1.4

Superoxide dismutase [Mn],
mitochondrial

P04179

24.7

8.35

247

33

HHAAYVNNLNVTEEK68(18)

54

SODM_HUMAN

GDVTAQIALQPALK89(57)

76

115

GELLEAIKR123(28)

AIWNVINWENVTER216(96)

203

998

38

9.5

1.4

Heterogeneous nuclear
ribonucleoproteins A2/B1

P22626

37.4

8.97

108

13

KLFIGGLSFETTEESLR28(15)

22

ROA2_HUMAN

2

LFIGGLSFETTEESLR38(37)

23
214

714

54

7.2

1.4

Nicotinamide phosphoribosyltransferase

P43490

55.5

6.69

92

13

66

8.15

78

4

197

GVSSQETAGIGASAHLVNFK216（5）

NAMPT_HUMAN
911

44

5.5

1.4

NAQLNIELEAAHH491（48）

479

Keratin, type II cytoskeletal 1

212

K2C1_HUMAN
885

41

6.0

1.4

67

5.2

-1.6

Calcium-binding mitochondrial carrier
protein SCaMC-1

Q6NUK1

53.3

6.00

71

18

5

90

7.2

-1.4

YETLFQALDR33(7)

24

NGDGVVDIGELQEGLR49(24)

34

78 kDa glucose-regulated protein

P11021

72.3

5.07

88

17

GRP78_HUMAN
271

WELLQQVDTSTR223(23)

THNLEPYFESFINNLR239(51)

224

SCMC1_HUMAN
540

GGGGNFGPGPGSNFR228(34)

165

VTHAVVTVPAYFNDAQR181(33)
IINEPTAAAIAYGLDKR214(19)

198

���������������� P55107

53.1

9.58

95

31

52.4

5.67

80

5

QGARPGGGNTVR100(36)

89

GDF10_HUMAN
811

51

5.5

-1.4

Glutathione synthetase

P48637

GSHB_HUMAN
1190

28

5.2

-1.4

EGIAQTVFLGLNR125(44)

113

LFVDGQEIAVVYFR267(25)

254

Melanoma-associated antigen B3

O15480

39.2

10.1

59

29

ASFNMEVVFGVDLKK170(19)

156

MAGB3_HUMAN
MW; molecular weight, pI; isoelectric point
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Table 4. �������������������������������������������
Category Spot ID
1217

Observed
MW

pI

�����
Protein
siL/siC

26

8.5

2.2

Accession Theoretical
no.
MW
pI

Superoxide dismutase [Mn], mitochondrial P04179

Mascot

Coverage �������������������

score

(%)

24.7

8.35

59

24

203

21.9

5.66

222

17

92

AIWNVINWENVTER216(31)

SODM_HUMAN
7

1312

20

5.2

1.4

Peroxiredoxin-2

P32119

PRDX2_HUMAN

KEGGLGPLNIPLLADVTR109(95)
EGGLGPLNIPLLADVTR109(64)

93

140

1228
8

25

8.9

1.5

Protein NipSnap homolog 3A

Q9UFN0 28.4

9.21

61

13

NPS3A_HUMAN
1229

24

9.2

1.5

Protein NipSnap homolog 3A

1468

85

5.2

-1.5

Vimentin

QITVNDLPVGR150(33)

QYDGIFYEFR40(23)

31

180

Q9UFN0 28.4

9.21

57

20

180

P08670

5.06

215

21

37

LVGVFHTEYGALNR193(6)

LVGVFHTEYGALNR193(15)

NPS3A_HUMAN
53.6

VIME_HUMAN

TYSLGSALRPSTSR50(19)
EEAENTLQSFR207(69)

197

ISLPLPNFSSLNLR424(72)

411

705

54

6.7

-1.4

Cdc42-interacting protein 4

1322

20

7.7

-1.4

Peroxisomal bifunctional enzyme

Q15642

68.3
52.7

6.39

Q08426

79.4

9.24

CIP4_HUMAN

5.55

58

13

464

58

15

223

ECHP_HUMAN
11

1375

17

8.0

-1.3

YEAWLAEAESRVLSNR479（3）
QHPGCLAQEACVR235(10)
KIGVVVGNCFGFVGNR483(6)

468

�����������M

Q9GZX5 60

8.92

65

24

ZN350_HUMAN

KPCHEHDAFENIVHCSK117(4)

101

SQFLLGQNHDIFDLRGK134(2)

118

IHTGEKPYICNECGKGFIQK330(2)

311

1446

13

7.5

-1.3

1296

21

5.4

-1.3

Cystatin-B

P04080

11.1

6.96

68

35

57

P32119

21.9

5.66

167

14

92

VHVGDEDFVHLR68(27)

CYTB_HUMAN
Peroxiredoxin-2
PRDX2_HUMAN

KEGGLGPLNIPLLADVTR109(65)
EGGLGPLNIPLLADVTR109(48)

93

QITVNDLPVGR150(31)

140

MW; molecular weight, pI; isoelectric point

reported to promote EMT, resulting in fibrosis [22]. Thus, all the 5
EMT-related proteins, SODM, ROA2, NAMPT, GDF10, and GSHB
are thought to induce or promote EMT.
The protein spots of Categories 8 and 11 are thought to contain
proteins that are regulated by layilin in the TNF-α signaling pathway.
Out of the 8 identified proteins in Categories 8 and 11, 4 proteins
(50%), CIP4, CYTB, PRDX2, and VIME, were reported to be related to
EMT. Since all the 4 proteins were down-regulated by layilin-silencing,
these 4 proteins were thought to be up-regulated by TNF-α via layilin.
CYTB and PRDX2 have been reported to be suppressed during EMT
or to suppress EMT [19, 23]. On the other hand, CIP4 and VIME have
been reported to be increased during EMT or to promote EMT [24, 25].
Collectively, 15 (62.5%) out of the 24 identified proteins spots were
found to be EMT-related ones. Among the 15 proteins, 10 proteins
are related to induction or promotion of EMT as above discussed.
Here, layilin-silencing up-regulated 7 out of the 10 proteins, and at the
same time, down-regulated the remaining 3 proteins. Similarly, the
remaining 5 out of the 16 proteins are related to suppression of EMT
as above discussed. Here, layilin-silencing down-regulated 4 out of the
5 proteins, and at the same time, up-regulated the remaining 1 protein.
Thereby, overall effects of layilin on EMT cannot be easily determined
at present, although layilin is thought to be involved in EMT. Further
studies should be needed to elucidate precise roles of layilin in EMT
and EMT-like changes.
Again, 15 (62.5%) out of the 24 identified protein were found to
be EMT-related ones. This result suggests EMT-related roles of layilin
in the pathogenesis of RA. Synovial fibroblasts in patients with RA
are known to possess high growth potential and high invasiveness
into cartilage and bone [26]. Recently, it has been reported that these
character changes of synovial fibroblasts in RA are associated with upregulation of various EMT markers [27, 28]. Thereby, mechanisms that
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cause EMT are probably involved in the character changes of synovial
fibroblasts, although synovial fibroblasts are not epithelial cells.
In conclusion, this study suggests that layilin is deeply involved
in the regulation of EMT-related proteins in synovial fibroblasts.
Functions of layilin in synovial fibroblasts in RA as well as in healthy
conditions should be investigated from the viewpoint of EMT.
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Abstract
Objective: Memantine, a low-affinity N-methyl-D-aspartate receptor antagonist, is one of the primary pharmacological therapies for Alzheimer’s disease. To
explore novel actions of memantine, we analyzed effects of memantine on cell viability, cell growth, and protein profile of neuroblastoma cells. Methods: A human
neuroblastoma cell line of GIMEN was used. GIMEN cells were cultured in the presence or absence of 1-100 µM memantine for 48 hours. Effects of memantine on
the cell viability and growth were evaluated by counting cell numbers. Proteins, extracted from GIMEN cells treated or non-treated with 10 µM memantine, were
separated by 2 dimensional-differential image gel electrophoresis (2D-DIGE). Protein spots of interest were subjected to protein identification by mass spectrometry.
Results: The viability of GIMEN cells was 99.0% or more in the range of 1-10 µM memantine compared to that in the absence of memantine. The viability was
slightly decreased in the presence of 100 µM memantine (97.5%, p<0.01). In contrast, the cell growth was suppressed by memantine in a dose-dependent manner (2100 µM, 85.5-63.0%; 2-10 µM, p<0.05; 20-100 µM, p<0.01). For the protein profile analysis, we used GIMEN cells treated with 10 µM memantine which showed
the viability of 99.4% and the growth of 76.1%. As a result, 892 protein spots were detected in the 2D-DIGE results of 10 µM memantine-treated and non-treated
GIMEN cells. 13 protein spots showed 1.2-fold or higher intensity and 19 protein spots showed -1.2 (1/1.2)-fold or lower intensity in the memantine-treated cells
than in the non-treated cells (p<0.05). We identified proteins in 7 out of the 32 spots: coronin-1C (1.44-fold increased), β-actin (-1.21-fold decreased), γ-enolase
(-1.21-fold decreased), glutathione synthetase (-1.28-fold decreased), spermatogenesis-associated protein 24 (-1.46-fold decreased), and V-set transmembrane
domain-containing protein 2B (-1.46-fold decreased). Interestingly, β-actin, γ-enolase, and glutathione synthetase are known to be involved in cell proliferation.
Conclusion: Memantine suppressed the growth of GIMEN cells and affected their protein profiles. Our data suggested a novel action of memantine to suppress the
neuroblastoma cell growth, which may be associated with the decreased expression of β-actin, γ-enolase, and glutathione synthetase.

Introduction
Alzheimer’s disease (AD), a neurodegenerative disorder, is the
main cause of dementia [1, 2]. Although the etiology of AD remains
obscure, it is believed to be associated with the formation of senile
plaques and neurofibrillary tangles in the brain due to the extracellular
deposition of amyloid β (Aβ) peptides and hyperphosphorylation of
intracellular tau protein [2]. Vaccines or antibodies targeting these
aberrant peptides/protein and inhibitors for β-secretase or γ-secretase,
which interfere with the production of amyloid β peptides, are under
investigation for treatment of AD [3]. However, none of these drugs
has brought a fundamental breakthrough [4]. Choline esterase
inhibitors and N-methyl D-aspartate (NMDA) receptor antagonist are
currently the main treatment for AD, the latter of which has a unique
neuroprotective effect [4, 5].
NMDA receptors, one of ion channel-type glutamate receptors, are
crucial for neuronal communication [6]. To date, 7 different subunits of
NMDA receptors have been identified: NR1, NR2A-D, and NR3A and
B [6, 7]. NMDA receptors are heterotetramers that consist of two NR1
subunits and two NR2 subunits or two NR1 subunits and a mixture
of NR2 and NR3 subunits [6]. Glycine and glutamate bind to NR1
and NR2, respectively, and the glycine sites must be occupied before
the glutamate-binding for the activation of the receptors [7]. NMDA
receptors that are non-selective cation channels have a potential for
high Ca2+ permeability [6]. At rest, Mg2+ binds to NMDA receptors
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to block the activation. On sufficient depolarization of the synaptic
membrane, Mg2+ dissociates from NMDA receptors in a voltagedependent manner [6, 7]. Simultaneously, glutamate must bind to the
receptors for their activation. The activation of NMDA receptors opens
their ion channels for Ca2+ influx to mediate long-term potentiation
(LTP) [6, 8]. LTP has been implicated to play a crucial role in the
processes of learning and memory formation [8].
In the brains of AD patients, Aβ peptides mediate an increase
in extracellular glutamate by increasing glutamate release from
presynaptic neurons, induction of glutamate release from astrocytes
and microglia, and inhibition of glutamate uptake by astrocytes and
microglia [9, 10]. Prolonged activation of synaptic NMDA receptors
and another ion channel-type glutamate receptor, α-amino-3-hydroxy5-methylisoxazole-4-propionic acid (AMPA) receptors, leads to their
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desensitization and internalization, resulting in synaptic depression.
Finally, excess glutamate activates extra-synaptic NMDA receptors,
which results in multiple deleterious downstream events, including cell
death and impairment of LTP [6, 9]. Hyperphosphorylated tau targets
the receptor protein kinase Fyn that phosphorylates NR2B to stabilize
their association with postsynaptic density 95 (PSD95), which enhances
the above glutamatergic excitotoxicity induced by Aβ peptides.

calculated as ratios of the viable cell numbers (at 48 hours) to the seeded
cell numbers (2.2 x 104 cells, at 0 hour). To perform 2-dimensional
differential image gel electrophoresis (2D-DIGE), cytokine array, and
ELISA, the cells were cultured for 48 hours in the presence or absence of
10 µM memantine. All the experiments were performed in triplicates.

Memantine is a low affinity, voltage-dependent, non-competitive
NMDA receptor antagonist which is currently used in the treatment of
moderate to severe AD [6, 11, 12]. Compared to other NMDA receptor
channel blockers, memantine has a higher affinity than that of Mg2+,
but a lower affinity than those of ketamine, phencyclidine, and MK-801
[13]. Memantine enters NMDA receptor channel preferentially when
the channel is excessively open [14]. Thereby, memantine inhibits
the Ca2+ influx by blocking the channel activity that is induced by
relatively low, tonic levels of glutamate [11-13]. This may contribute to
symptomatic improvement of AD and protect neuronal cells from the
glutamatergic excitotoxicity [12, 13]. Most importantly, the off-rate of
memantine from NMDA receptors is relatively fast, which allows for
the preservation of the physiological function of the receptors including
expression of LTP [11, 14]. NMDA receptors blocked by memantine
can be activated by higher concentrations of glutamate released after
depolarization of the presynaptic neurons [11, 13].

RNA extraction and RT-PCR were performed using TaqMan
Gene Expression Cells-to-CT Kit (Thermo Fisher Scientific, Waltham,
MA, USA) and ExTaq (Takara Bio Inc., Shiga, Japan). Sequences of
primers for NMDA receptor subunits and 18S ribosomal RNA were
previously reported [20]. PCR products were separated by 3% agarose
gel electrophoresis.

Besides the above-mentioned action as an NMDA receptor
antagonist, memantine has been found to influence protein expression
of neuronal cells. Memantine reduces levels of total Aβ precursor
protein (APP), APPα isoform, and Aβ1-40 secreted from neuroblastoma
cells, and lowers the amyloidogenic Aβ1-42 secretion in primary rat
cortical neuronal culture [15, 16]. Memantine also inhibits and
reverses protein phosphatase 2A inhibition-induced abnormal
hyperphosphorylation and accumulation of tau in organotypic culture
of rat hippocampal slices [17]. Furthermore, memantine affects
physiologically expressed genes/proteins in rat and mouse brains [18,
19]. However, no comprehensive study of physiologically expressed
proteins in human neuronal cells under the effect of memantine has
been conducted to date as far as we searched. It is important to collect
information concerning the molecular pharmacology of memantine to
understand its actions and anticipate potential adverse effects.
In this study, we analyzed effects of memantine on the viability,
growth, and protein profile of neuroblastoma cells. We found that
memantine almost did not affect the cell viability but decreased the cell
growth in a dose-dependent manner. Protein profile of neuroblastoma
cells was changed by memantine, showing altered expression levels of
at least 6 proteins. Our findings suggest novel actions of memantine,
which may underlie the success of AD treatment.

Materials and methods
Cell culture
A human neuroblastoma cell line of GIMEN (CLS Cell Lines Service
GmbH, Eppelheim, Germany) was used in this study. GIMEN cells
were cultured in DMEM supplemented with 10% FBS. To investigate
effects of memantine on the cell viability and proliferation, GIMEN
cells were cultured in the presence or absence of 1-100 µM memantine
for 48 hours. Specifically, the cells were plated onto a 96-well plate at
7.0×104 cells/cm2. Then, the culture medium was replaced with FBSfree DMEM that contained or did not contain 1-100 µM memantine.
After culturing for 48 hours, the cell viability was calculated as ratios of
the viable cell numbers to the total cell numbers. The cell growth was
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Reverse-transcription polymerase chain reaction (RT-PCR)

2D-DIGE
Proteins extracted from GIMEN cells were separated by 2D-DIGE
as described previously [21]. Briefly, an equal weight of proteins taken
from six lysates (three of 10 µM memantine-treated and three nontreated) were mixed and labeled with Cyanine dye 3 (Cy3, Cy Dye
DIGE Saturation dye, GE Healthcare, Buckinghamshire, UK) for
preparation of an internal control “standard sample”. Each of the six
samples was labeled with Cyanine dye 5 (Cy5, GE Healthcare). 2.5 µg
of the individual Cy5-labeled samples were mixed with 2.5 µg of the
Cy3-labeled standard sample. Then each of the mixed protein sample
was applied to an isoelectric focusing (IEF) gel strip (Immobiline
Drystrip pH 3-11, 24 cm, non-linear, GE Healthcare). After the
proteins were separated by IEF, they were further separated by sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The resultant
protein spots were scanned using an image analyzer (Typhoon 9400
Imager, GE Healthcare). The Cy5-fluorescent intensity of each protein
spot was normalized by the Cy3-fluorescent intensity of an identical
spot by using a quantitative analysis program (Progenesis, Nonlinear
Dynamics, Newcastle, UK). The normalized Cy5-fluorescent intensity
was compared between the memantine-treated and non-treated
samples using Progenesis.

Protein identification
Proteins were identified by mass spectrometry (MS) [21]. In brief,
50 µg of proteins was separated by 2-dimensional electrophoresis. Gel
specimens corresponding to protein spots of interest were recovered.
Then proteins in the gel fragments were digested with trypsin. Peptides
produced by the digestion were analyzed using a matrix-assisted laser
desorption/ionization time of flight mass spectrometer (MALDI-TOF/
MS) (Ultraflex, Bruker Daltonics, Ettlingen, Germany). Based on the
mass spectra, some peptides were selected for MS/MS analysis. The
obtained MS and MS/MS spectra were used to identify the proteins by
database searching (Mascot, http://www.matrixscience.com) against
the Swiss Prot human protein sequence database. Protein identification
was accepted when MASCOT search results delivered significant
MOWSE scores (p<0.05).

Analysis of the secretion of humoral factors from GIMEN
cells treated with memantine
Humoral factors in culture supernatants were measured in
duplicate by a cytokine array (Human Neuro Discovery Array C1,
RayBiotech, Norcross, GA, USA). The analyzed humoral factors were
as follows: BDNF, βNGF, GCSF, GDNF, HB-EGF, IFNγ, IGF-1, IL10, IL-1α, IL-1β, IL-6, IL-8, MCP-1, MIP-1α, MMP-2, MMP-3, S100B,
TGFβ, TNFα, and VEGF-A. Humoral factors detected as specific spots
were visualized using an image analyzer (LAS-3000, Fujifilm, Tokyo,
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Japan). The intensity of each spot, which was measured by Science Lab
2003 Image Gauge software program (Fujifilm), was normalized based
on the intensity of positive control spots. MCP-1, a chemokine selected
by the cytokine array, was measured in triplicate using an ELISA kit
(R&D Systems, Minneapolis, MN, USA).

Statistical analysis
Significance of differences in cell viability, cell growth, intensity of
protein spots in 2D-DIGE, and humoral factor secretion was calculated
using Student’s t-test.

Results
Expression of all the NMDA receptor subunits in GIMEN
cells
We first examined which subunits of NMDA receptors GIMEN cells
expressed. As a result, all the subunits of NR1, NR2A-D, and NR3A,
B were expressed on GIMEN cells (Figure 1A). Thus, memantine was
considered to affect GIMEN cells by binding NMDA receptors.

Effects of memantine on the viability and growth of GIMEN
cells
To investigate effects of memantine on the viability and growth of
GIMEN cells, the cells were treated with 1-100 µM memantine under
FBS-free condition. The viability of GIMEN cells was 99.0% or more
in the range of 1-10 µM memantine compared that in the absence of
memantine (100%) (Figure 1B). The viability was slightly increased by
1 µM memantine (101.0%, p<0.05) and slightly decreased by 100 µM
memantine (97.5%, p<0.01). On the other hand, the viable cell numbers
in the range of 0-100 µM memantine were 4.22 to 2.66 x 104 cells after
the 48 hour treatment, all of which was increased from the seeded cell
numbers (2.2 x 104 cells). Interestingly, the growth of GIMEN cells
was decreased in a dose-dependent manner (2-100 µM, 85.5-63.0%;
2-10 µM, p<0.05; 20-100 µM, p<0.01) (Figure 1C). From these results,
we determined to treat GIMEN cells with 10 µM memantine in the
subsequent protein profile analysis. This was because the cell viability
was high enough (99.4%, p≥0.05), while the cell growth was decreased
to less than 80% (76.1%, p<0.05) by that concentration (Figure 1B, C).

Change of the protein profile of GIMEN cells by treatment
with memantine
We compared protein profiles between 10 µM memantine-treated
and non-treated GIMEN cells by 2D-DIGE to find proteins involved
in the suppression of cell growth. As a result, 892 protein spots were
detected (Figure 2A, B). 45 out of the 892 protein spots showed
different intensity between the memantine-treated and non-treated
cells (p<0.05) (Table 1). Among the 45 protein spots, 13 protein spots
showed 1.2-fold or higher intensity in the memantine-treated cells
compared to the non-treated cells. In contrast, 19 protein spots showed
-1.2 (1/1.2)-fold or lower intensity in the memantine-treated cells
compared to the non-treated cells. Protein profile of GIMEN cells was
changed by the treatment with memantine.

Identification of the proteins expression of which was
changed by memantine
We tried to identify the proteins in the spots, intensity of which
was changed by the treatment with memantine. 32 protein spots
that showed ±1.2-fold or more intensity change by memantine were
subjected to the identification. As a result, 6 proteins were identified
from 7 out of the 32 spots (Figure 2C, Table 2). Coronin-1C was
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identified from the 1 spot, intensity of which was increased 1.44-fold
by the treatment with memantine (Figure 2C, Figure 3A, Table 2).
In contrast, 5 proteins were identified from the 6 spots, intensity of
which was decreased by the treatment with memantine (Figure 2C,
Figure 3B-G). They were β-actin (-1.21-fold decreased), γ-enolase
(-1.21-fold decreased), glutathione synthetase (-1.28-fold decreased),
spermatogenesis-associated protein 24 (-1.46-fold decreased), and
V-set transmembrane domain-containing protein 2B (-1.46-fold
decreased). β-actin was identified from 2 spots (ID 798 and ID 804).

Effects of memantine on humoral factor secretion from
GIMEN cells
Finally, we compared levels of humoral factor secretion between
the memantine-treated and non-treated GIMEN cells. A cytokine array
analysis using the culture supernatants showed clear spots of 2 humoral
factors, MCP-1 and BDNF (Figure 4A). After the normalization using
the positive control spot intensity, intensity of MCP-1 spots tended to
be higher in the memantine-treated cells than in the non-treated cells
(Figure 4B). We quantified the secreted MCP-1 by ELISA, however,
no difference in MCP-1 secretion was found between the memantinetreated and non-treated cells (Figure 4C). Memantine did not affect
secretion of the examined 20 humoral factors from GIMEN cells.

Discussion
In this study, we explored novel actions of memantine by comparing
the memantine-treated GIMEN cells to the non-treated cells. GIMEN
cells expressed all the 7 NMDA receptor subunits, including NR2B
that is related to the glutamatergic excitotoxicity (Figure 1A) [6, 9].
Memantine was considered to affect GIMEN cells through NMDA
receptors as well as it affects neuronal cells in the AD brain. The subunit
composition of NMDA receptors is known to be plastic [6], therefore,
all the 7 subunits may be used to form heterotetrameric complexes
of the receptors in various combinations. Protein expression of the
NMDA receptor subunits in GIMEN cells should be further confirmed.
The viability of GIMEN cells was not decreased by memantine
except the 100 µM treatment (97.3%, p<0.01) Figure 1B. This result
was different from the previous study using another neuroblastoma
cell line, SK-N-SH [16]. The viability of SK-N-SH cells was relatively
increased by 10 µM and 100 µM memantine [16]. Since SK-N-SH cells
do not express functional NMDA receptors [22], memantine may
decrease the viability of GIMEN cells through NMDA receptors.
In contrast, the growth of GIMEN cells was apparently decreased
in a dose-dependent manner in the range of 2-100 µM memantine (210 µM, 85.5-76.1%, p<0.05; 20-100 µM, 70.0-63.0%, p<0.01) Figure
1C. Thus, memantine was considered to suppress the growth of
GIMEN neuroblastoma cells by its pharmacological effect. In several
neuroblastoma cell lines, mRNA expression of NR1 subunit of NMDA
receptors was shown, however, the expression of NR2A-D was not
shown or was controversial among the studies [22-24]. In contrast,
protein expression of NMDA receptors and/or their involvement
in cell proliferation have been reported in other types of tumor cells
such as glioma, prostatic cancer, breast cancer, colon cancer, and small
cell lung cancer [25-27]. In such tumor cells, 20-900 µM memantine
reduced the cell growth probably by limiting signals from NMDA
receptors. In our results, relatively low doses of 2-50 µM memantine
showed suppression of the cell growth without affecting the cell viability
Figure 1BC. Interestingly, 1 µM memantine that is within therapeutic
serum concentrations for AD [28] also tended to suppress the cell
growth (89.1%, p≥0.05) (Figure 1C). Memantine may have an effect
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Figure 1. Effects of memantine on the viability and growth of GIMEN cells. A. Expression of NMDA receptor subunits in GIMEN cells was examined by RT-PCR. 18S ribosomal RNA
was used as a template as positive control. Distilled water was similarly used as negative control (NC). M, DNA size marker. B. The viability of GIMEN cells cultured for 48 hours in the
presence or absence of 1-100 µM memantine. Relative values of the viability to that in the absence of memantine are shown. C. The growth of GIMEN cells cultured for 48 hours in the
presence or absence of 1-100 µM memantine. Relative values of the growth to that in the absence of memantine are shown. All the experiments were performed in triplicates. Error bars,
standard deviations. *p<0.05, **p<0.01.

Figure 2. Protein ����
of GIMEN cells treated with memantine. A, B. Proteins extracted from 10 µM memantine-treated GIMEN cells (A) and non-treated GIMEN cells (B) were
separated by 2D-DIGE. Each analysis was performed in triplicates. Representative 2D-DIGE results are shown. C. Proteins in 7 out of the 32 protein spots, intensity of which were changed
������������������q
able 2). A square and circles show 1 and 6 spots, intensity of which was increased and decreased by the treatment with memantine, respectively.
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Figure 3. Comparisons of spot intensity of the �����=
proteins between the memantine-treated and non-treated conditions. Representative results of the �����=
7 protein spots and
intensity difference of those spots between the memantine-treated and non-treated (control) GIMEN cells are shown.
Error bars, standard deviations. *p<0.05.
Table 1.���������������������������
Total number of
detected protein
spots

Number of protein
spots with different
intensity (p<0.05)

Fold difference,
Memantine/Control

Number of the
protein spots

x ≥ 1.5

5

45

1.5 > x ≥ 1.3
1.3 > x ≥ 1.2
1.2 > x > −1.2
−1.2 ≥ x > -1.3
−1.3 ≥ x > -1.5

6
2
13
11
8

−1.5 ≥ x

0

892

Integr Mol Med, 2018

on the inhibition of neuroblastoma cell growth. On the other hand, the
therapeutic concentration of memantine, 1µM, may suppress growth
of normal neural cells in adult brains, i.e., the growth of adult neural
stem/progenitor cells. The suppressive effect on GIMEN cell growth
should be validated using other neuroblastoma cell lines expressing
NMDA receptors and also using normal neural cells.
Under therapeutic condition, serum concentrations of memantine
in man with daily maintenance doses of 20 mg range from 0.5-1.0
µM, while the concentrations in cerebrospinal fluid (man) and brain
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Figure 4. Effects of memantine on humoral factor secretion from GIMEN cells. A. The secretion of humoral factors from GIMEN cells which cultured with medium-alone (left) or 10
µM memantine (right) was assayed using a humoral factor array, in which 20 different anti-humoral factor antibodies were blotted. PC, positive control; NC, negative control. B. The spot
intensity of BDNF and MCP-1, which were detected in the humoral factor array results, are shown. C. Concentration of MCP-1 was measured by ELISA. Error bars, standard deviations.
Table 2.��������������������������������������������=
Spot

Fold

ID

difference

674

1.44

Proteins

Accession ID

Coronin-1C

COR1C_HUMAN

MW (kDa)

Mascot

Theoret

Observed

Theoret

Observed

scores

Coverage
%

53.2

53

6.65

6.7

74

21

pI

���������
(Mascot ion scores)
AIFLADGNVFTTGFSR239 (25)

224

AVFPSIVGRPR39 (23)
239
SYELPDGQVITIGNER254 (111)
360
QEYDESGPSIVHR372 (14)
29

798

-1.21

Actin, cytoplasmic 1

ACTB_HUMAN

41.7

42

5.29

5.4

195

25

804

-1.21

Actin, cytoplasmic 1

ACTB_HUMAN

41.7

42

5.29

5.35

182

31

762

-1.21

Gamma-enolase

ENOG_HUMAN

47.2

48

4.91

5.1

69

16

721

-1.28

Glutathione synthetase

GSHB_HUMAN

52.4

50

5.67

5.5

67

15

142

663

-1.46

Spermatogenesisassociated protein 24

SPA24_HUMAN

23.6

55

7.77

8.0

59

30

24

DVIESQEELIHQLR37 (16)

705

-1.46

V-set and transmembrane
domain-containing
VTM2B_HUMAN
protein 2B

30.3

50

7.88

7.9

69

35

41

EGDDIEMPCAFR52 (26)

AVFPSIVGRPR39 (6)
SYELPDGQVITIGNER254 (97)
360
QEYDESGPSIVHR372 (28)
29

239

AAVPSGASTGIYEALELR50 (8)
IVIGM*DVAASEFYR253 (4)
270
YITGDQLGALYQDFVR285 (19)
33

240

EGIAQTVFLGLNR125 (7)
QIEINTISASFGGLASR158 (8)
254
LFVDGQEIAVVYFR267(24)
113

�������������������������������������������������������������������������������
*Oxidation of methionine.
MW: molecular weights.
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microdialysates (rat) are 20-50% lower due to albumin binding in
serum [28]. However, the brain homogenates in both man and rodents
contain much higher concentrations of memantine (10-30 fold)
probably due to lysosomal accumulation [28]. Recently, it was found
that macroautophagy occurs in neurons of an AD mouse model to
increase Aβ incorporation into secondary lysosomes [29]. A part of
such neurons undergo atypical cell death to release undegraded Aβ to
extracellular space [29]. In such condition, neurons can be exposed to
higher concentrations of memantine similarly released from lysosomes
of the dead cells. Taken together the above-mentioned reasons with the
results of cell viability and growth, we determined the concentration of
memantine to be 10 µM for the analysis of protein expression. Among
892 protein spots detected in the 2D-DIGE results, intensity of 32
spots was changed ±1.2-fold or more between the memantine-treated
and non-treated GIMEN cells (p<0.05) (Table 1). The number of the
protein spots, intensity of which was changed, was comparable with
those in the other proteomic studies that similarly examined actions of
drugs or cytokines [30, 31].
We identified proteins in 7 out of the 32 spots and found the
decreased expression of β-actin, γ-enolase, and glutathione synthetase
by the treatment with memantine (Table 2, Figure 3B-E). β-actin, a
cytoskeletal protein, involves in cytokinesis as well as in cell migration
and cell morphogenesis [32]. The decreased expression of β-actin
is considered to be associated with the suppression of GIMEN cell
growth. In contrast, expression of coronin-1C that contains multiple
actin-binding sites [33] was increased by the treatment with memantine
(Table 2, Figure 3A). Since coronin-1C has been suggested to act as
an integrator of actin filaments [34], coronin-1C may be increased
to recover the down-regulated functions of β-actin. γ-enolase,
predominantly expressed in neurons and cells of the neuroendocrine
system, is an enzyme of the glycolytic pathway which catalyzes the
dehydration of 2-phospho-D-glycerate to phosphoenol-pyruvate [35].
γ-enolase promotes survival of neuronal cells by regulating neuronal
growth factor receptor-dependent signaling pathway, which results
in extensive actin cytoskeleton remodeling [35]. Interestingly, p19ras
was suggested to suppress proliferation of cancer cells through the
interaction with γ-enolase [36]. The decrease of γ-enolase may be also
involved in the suppression of GIMEN cell growth, relating to the
decrease of β-actin.
Glutathione is a tripeptide formed by glutamate, cysteine, and
glycine, which plays an important role in a multitude of cellular
processes, including cell proliferation and apoptosis [37]. Glutathione
synthetase is involved in the subpathway of glutathione biosynthesis, in
which glutathione is synthesized from γ-glutamylcysteine and glycine.
Glutathione is required for cell proliferation and is essential for the cells
to enter the S phase [38, 39]. The level of glutathione is up-regulated by
glutathione synthetase and is correlated with cell growth rate [39]. The
decrease of glutathione synthetase by the treatment with memantine
would reduce the glutathione level in GIMEN cells, which may further
lead to the suppression of cell growth.
Effects of memantine on molecular profiles of neuronal cells were
previously studied by analyses of mRNA expression of rat cortex using
cDNA microarray [18] and protein expression and modification of
mouse hippocampus and cortex using reverse phase protein arrays
[19]. However, none of molecules found in these studies was detected
in our study. This may be due to the difference of materials (human
neuroblastoma vs mouse or rat brain tissue) and methods (2D-DIGE
and mass spectrometry vs cDNA or protein arrays). The effects of
memantine on protein profiles found in this study should be validated
using other neuroblastoma cells and normal neural cells in near future.

Integr Mol Med, 2018

In conclusion, we found that memantine suppressed the growth of
GIMEN cells and affected the protein profile. Memantine may have an
effect to inhibit growth of neuroblastoma cells, whereas it may suppress
growth of normal neural cells even at the therapeutic concentrations.
The suppression of cell growth may be caused by the decreased
expression of β-actin, γ-enolase, and glutathione synthase due to
the loss of their functions associated with cell proliferation. Further
investigations are needed to validate the above results and to elucidate
mechanisms of the newly found actions of memantine in this study.
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Objective: We investigated eﬀects of salazosulfapyridine (SASP) on the protein proﬁle of cell surface (CS)-proteins of SW982, a human synovial sarcoma cell line, using biotinylation of CS-proteins and 2-dimensional
ﬂuorescence diﬀerence gel electrophoresis (2D-DIGE).
Methods: SW982 cells were treated with SASP and its metabolites, sulfapyridine (SP) and 5-aminosalicylic acid
(5ASA). Then the cells were treated with a membrane-impermeable biotinylating reagent. Biotinylated CSproteins were isolated using NeutrAvidin-bound beads. CS-proteins aﬀected by the drugs were detected by 2DDIGE and subjected to mass spectrometry.
Results: By the 2D-DIGE analysis, in total 576 spots were detected, 29 out of which showed more than ± 1.5-fold
diﬀerent intensity in the SASP-, SP-, and 5ASA-treated cells, compared to non-treated cells (p < 0.05).
Interestingly, 7 out of the 29 spots changed their intensity only by SASP and 17 spots changed their intensity
only by SP. We identiﬁed 9 protein from 15 out of the 29 spots, most of which were evidenced to exist on the cell
surface by ﬂow cytometry.
Conclusion: We found novel eﬀects of SASP and its metabolites on SW982 cells by the combination of biotinylation of cell surface proteins and 2D-DIGE analysis. These data would help understanding of anti-rheumatic
actions of SASP. Furthermore, the combination would be a useful method for the analysis of CS-proteins in
various conditions.

1. Introduction
Salazosulfapyridine (SASP) has been used as an anti-rheumatic drug
for > 30 years. In the human body, a part of oral administrated SASP is
catabolized to generate sulfapyridine (SP) and 5-aminosalicylic acid
(5ASA), as the chemical structures of SASP, SP, and 5ASA are depicted
in Fig. 1A. In fact, all the three forms were detected in plasma samples
of volunteers with oral administration of SASP [1]. SASP, SP, and 5ASA
have been reported to possess their unique pharmacological eﬀects. For
example, SASP inhibits production of matrix metalloproteases (MMP)
in chondrocytes, diﬀerentiation from peripheral blood mononuclear
cells to osteoclasts, and activation of peripheral dendritic cells [2–4].
5ASA inhibits proliferation of T cells by suppression of IL-2 production
[5]. SP inhibits production of IL-8, chemokine (C-X-C motif) ligand 1
(CXCL1), and monocyte chemotactic protein-1 (MCP-1) in synovial cells
from patients with rheumatoid arthritis (RA) [6]. Thereby orally administrated SASP is thought to show anti-rheumatic functions through

the forms of SASP, SP, and 5ASA.
In RA, it has been reported that synoviocytes invade into cartilage
and bone with aggressive proliferative potential [7,8] and exhibit epithelial-mesenchymal transition (EMT) phenotypes [9]. Thereby, expression of CS-proteins on synoviocytes is expected to be changed
during the pathophysiology of RA and SASP may cancel the changes of
CS-proteins on synoviocytes. However, eﬀects of SASP on non-immune
cells including synoviocytes remain unclear, even though synoviocytes
play key roles in the pathology of RA. If anti-rheumatic actions of SASP
through the analysis of CS-proteins of synoviocytes, it would contribute
to develop a new treatment against activated synoviocytes. Therefore, it
would be eﬀective to investigate changes of CS-proteins for the elucidation of molecular mechanisms of SASP. However, this strategy has
been hampered by the lack of comprehensive analysis methods of CSproteins. In 1967, Anderson GW et al. synthesized N-hydroxysuccinimide ester, which was used to label proteins [10]. By the
coupling of biotin with this molecule, biotin started to be used to label
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Fig. 1. Isolation of CS-proteins.
(A) The chemical structures of SASP and its metabolites.
(B) Conﬁrmation of biotinylation of CS-proteins.
Living SW982 cells, incubated (a) with or (b)
without a biotinylation reagent, were further incubated with streptavidin-Alexa Fluor 647 conjugate. The cells, stained with DAPI (blue) and Alexa
Fluor 647 (red), were ﬁxed with 4% PHA and subjected to confocal laser-scanning microscopy. Scale
bar; 10 μm.
(C) Conﬁrmation of isolation of CS-proteins. A CSprotein sample and a whole cell lysate sample were
respectively prepared from biotinylated SW982 cells
and were subjected to western blot with an antibody
against CADHERIN (a cell surface marker) and that
against MEK1/2 (a cytosolic maker). Intensity of the
detected bands was quantiﬁed. Whole; whole cell
lysate, CS; isolated CS-protein fraction.
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Fig. 2. 2D-DIGE analyses of CS-proteins.
(A) Detection of CS-proteins by 2D-DIGE. CS-proteins isolated from SW982 cells treated with SASP, SP, and 5ASA and non-treated cells (n = 3 for each of the 4
groups) were separated and quantiﬁed by 2D-DIGE. Proteins were visualized by the detection of Cy5 in all the 12 samples.
(B) Location of 29 CS-protein spots that showed more than ± 1.5-fold intensity changes with statistical signiﬁcances in the SASP-, SP- and 5ASA-treated cells
compared to the non-treated cells on the 2D gels are shown.
(C) Overlap of the eﬀects of SASP, SP, and 5ASA on the 29 CS-protein spots is shown by Venn diagram.

proteins [11]. Furthermore, use of N-hydroxysulfosuccinimide ester
made it possible to speciﬁcally label cell surface proteins [12]. Recently, the combination of labelling of CS-proteins on living cells with a
membrane-impermeable biotinylating reagent and subsequent insolation of the biotinylated proteins by streptavidin was found to be an
eﬀective way to isolate CS-proteins. We here applied this method to
isolate CS-proteins of cells treated with SASP, SP, and 5ASA. Furthermore, we comprehensively and quantitatively investigated proﬁle
changes of these isolated CS-proteins caused by SASP, SP, and 5ASA,
using 2-dimensional ﬂuorescence diﬀerence gel electrophoresis (2DDIGE) [13]. Finally, we identiﬁed multiple proteins aﬀected by SASP,
SP, and 5ASA using mass spectrometric analysis. Our data would help
understanding of molecular mechanisms of SASP.
2. Materials and methods
2.1. Cell culture
A human synovial sarcoma cell line of SW982 was cultured in
Dulbecco's Modiﬁed Eagle's Medium (DMEM) (GIBCO, Carlsbad, CA)
supplemented with 10% fetal bovine serum (FBS) (Wako Pure Chemical
Industries, Ltd., Osaka, Japan), 100 U/ml penicillin and 100 μg/ml
streptomycin (Sigma-Aldrich, St. Louis, MO) in a humidiﬁed atmosphere with 5% CO2 at 37 °C. The medium was replaced twice a week.
The SW982 cells were cultured in the medium containing 250 μM SASP
(Sigma-Aldrich), 250 μM SP (Sigma-Aldrich), and 250 μM 5ASA (SigmaAldrich) for 24 h.
2.2. Isolation of CS-proteins
CS-proteins were isolated using a cell surface protein isolation kit
(Pierce, Rockford, IL), according to the manufacturer's instructions.
Brieﬂy, living SW982 cells were incubated with a biotinylation reagent
at 4 °C, harvested, and then were lysed by sonication in a lysis buﬀer.
After centrifugation, the supernatants were incubated with
NeutrAvidin-bound beads. Captured proteins were eluted from the
beads into the 1× Laemmli sample buﬀer. For 2D-DIGE analysis, CSproteins were precipitated using trichloroacetic acid/ethanol and then
were dissolved in 50 μl of a urea lysis buﬀer (8 M Urea, 4% CHAPS,
40 mM Tris).
2.3. Western blot analysis
Proteins were separated by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene diﬂuoride (PVDF) membranes. The membranes were incubated in a solution containing a mouse anti-pan-cadherin antibody (C1821, SigmaAldrich) and a mouse anti-MEK1/2 antibody (4694, Cell Signaling
Technology, Danvers, MA). After washing, the bound antibodies were
reacted with a horseradish peroxidase (HRP)-conjugated rabbit antimouse IgG antibody (61–6520, Invitrogen, Camarillo, CA).
Immunoreactive bands were detected using an enhanced chemiluminescence system (ECL Select Western Blotting Detection Reagent,
RPN2235, GE Healthcare, Buckinghamshire, UK).
2.4. Confocal laser-scanning microscopy
Living SW982 cells cultured in an 8-chamber slide (AGC techno

glass, Tokyo, Japan) were incubated with or without the biotinylation
reagent at 4 °C. After washing, the cells were incubated with a streptavidin-Alexa Fluor 647 conjugate (Life Technologies, Carlsbad, CA) at
4 °C. After washing, the cells were ﬁxed with 4% paraformaldehyde
(PHA) and were mounted with SlowFade Gold Antifade Mountant with
4′, 6-diamidino-2-phenylindole (DAPI) (Life Technologies). Finally, the
samples were subjected to confocal laser-scanning microscopy (LSM
510 META, Zeiss, Oberkochen, Germany).
2.5. 2D-DIGE analysis
CS-protein samples from SASP-, SP-, and 5ASA-treated cells and
from non-treated cells (n = 3, respectively) were labelled with Cyanine
saturation dye 5 (Cy5) (GE Healthcare), according to the manufacturer's
instructions. An internal control sample was prepared by mixing an
equal amount of each of the 12 CS-protein samples. The internal control
sample was labelled with Cy3. Each of the Cy5-labelled samples 2.5 μg
was mixed with 2.5 μg of the Cy3-labelled control sample. The mixture
was subjected to isoelectric focusing (IEF) (24 cm-long, pH 3–11 nonliner gradient gels, GE Healthcare) and then to separation by 10% SDSPAGE. The separated proteins were detected using an image analyzer
(Typhoon 9400 Imager, GE Healthcare).
Intensity of detected protein spots was quantiﬁed by the Progenesis
Same Spots software (Nonlinear Dynamics, Newcastle, UK). Brieﬂy, the
Cy5-ﬂuorescent intensity of the protein spots was normalized by the
Cy3-ﬂuorescent intensity of the identical spots. Then the normalized
Cy5-intensity was used for the comparison. Protein spots that showed
more than ± 1.5-fold intensity changes with signiﬁcant diﬀerences
(p < 0.05) were rated as valid.
2.6. Protein identiﬁcation
200 μg of CS-protein samples labelled with Cy3 was subjected to IEF
(24 cm-long, pH 3–11 non-liner gradient gels) and then were separation
by 10% SDS-PAGE. Gel fragments that corresponded to protein spots of
interest were subjected to in-gel digestion with trypsin (37 °C, 16 h).
Then generated peptides, extracted from the gel fragments into a solution containing 5% TFA and 50% acetonitrile, were desalted using a
Zip Tip c18 (Millipore corporation, Billerica, MA), which were then
subjected to matrix-assisted laser desorption ionization-time of ﬂight/
time of ﬂight mass spectrometry (MALDI-TOF/TOF MS) (Ultraﬂex,
BrukerDaltonics, Bremen, Germany). Peptide masses obtained by the
MS and MS/MS analysis were compiled to allow searches of the SwissProt database using the Mascot software program (Matrix Science,
London, UK).
2.7. Flow cytometric analysis
Cells, harvested by scraping in a trypsin-free condition, were suspended in PBS containing EDTA. The cells were reacted with ﬁrst antibodies. The ﬁrst antibodies used are as follows: a rabbit antibody
against human peroxiredoxin 6 (PRDX6) (sc-134,478, Santa Cruz
Biotechnology, Dallas, TX), a rabbit antibody against human procollagen-lysine, 2-oxoglutarate 5-dioxygenase 3 (PLOD3) (sc-98,453,
Santa Cruz Biotechnology), a rabbit antibody against human non-POU
domain-containing octamer-binding protein (NONO) (sc-67,016, Santa
Cruz Biotechnology), a rabbit antibody against human heat shock
protein 90 kDa, beta member 1 (HSP90B1) (2104, Cell signaling
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IWHHTFYNELR95 (54)
239
SYELPDGQVITIGNER254 (92)
285
CDVDIR290 (12)
76
FAFQAEVNR84 (43)
385
SILFVPTSAPR395 (54)
512
FQSSHHPTDITSLDQYVER530 (72)
29
AVFPSIVGRPR39 (43)
85
IWHHTFYNELR95 (74)
96
VAPEEHPVLLTEAPLNPK113 (80)
239
SYELPDGQVITIGNER254 (119)
285
CDVDIR290 (19)
29
AVFPSIVGRPR39 (16)
85
IWHHTFYNELR95 (56)
239
SYELPDGQVITIGNER254 (116)
–
29
AVFPSIVGRPR39 (49)
85
IWHHTFYNELR95 (73)
239
SYELPDGQVITIGNER254 (93)
130
ILLAELEQLK139 (77)
223
KVESLQEEIAFLK235 (94)
346
EMEENFAVEAANYQDTIGR364 (92)
365
LQDEIQNMKEEMAR378 (87)
391
MALDIEIATYR401 (74)
411
ISLPLPNFSSLNLR424 (109)
–
2

94

Sequence conﬁrmed
(Mascot ion score)

MW = molecular weight; pI = isoelectric point; NPM = number of peptides matched. M, oxidated methionine. Statistical signiﬁcance was calculated using Student’ s t-test. Results of statistical analyses are presented on a
scale of signiﬁcance levels: p < 0.05 being signiﬁcant (*), p < 0.01 being highly signiﬁcant (**), and p < 0.001 being extremely signiﬁcant (***).
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Fold change

1.5

Spot-801 (PHB1)
*

2
1.5

1

Spot-908 (PRDX6)
*

1.5

Spot-975 (ACTB)
*

**
*

1

1

0.5

0

0

2.5

0.5

0.5

Spot-991 (NONO)
*

1.5

0

Spot-1027 (VIM)

*

1.5

1

1.5

*

***

*

2

Spot-1050 (ACTB)
2
**
*

1
1

0.5
0.5

0.5
0

0

1.5

Spot-1051 (ACTB/G)
*

2

0

Spot-1093 (ACTB)
**

1.5

1

2.5

*

2
1.5

1
0.5

0

Spot-1483 (ACTB)
*

1.5

0

Spot-1492 (ACTB)
*

2.5
2

**
**

*
*

1.5

0.5

0

Spot-1481 (HSP90B1)

2

1
0.5

3

1

Spot-1507 (PLOD3)
*

1.5

1
0.5

0

2
1.5

1

0.5

0.5

0

0

Spot-1508 (ACTB)
*

1.5

*

*
*

Spot-1533 (VIM)

1

1
0.5
0

0.5

0

3.5
3
2.5
2
1.5
1
0.5
0

Spot-1571 (ACTN4)
**

Fig. 3. Eﬀects of SASP, SP, and 5ASA on the expression of CS-proteins.
(A) Intensity changes of the 15 proteins spots in which proteins were identiﬁed by mass spectrometry is shown. The average intensity of the non-treated cell samples
was deﬁned as 1.0. *p < 0.05, **p < 0.01, ***p < 0.001.
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n.c.

anti-NONO

n.c.

anti-VIM

anti-PLOD3

Cell counts

n.c.

n.c.

anti-ACTB

n.c.

anti-PRDX6

n.c.

anti-ACTN4

n.c.

anti-PHB1
n.c.

anti-HSP90B1

Fluorescence intensity
Fig. 4. Expression of the identiﬁed CS-proteins evaluated by ﬂow cytometry. Living SW982 cells were reacted with antibodies against each of the identiﬁed proteins
and Alexa Fluor 488-conjugated secondary antibodies. Then Alexa Fluor 488-positive cells were detected by ﬂow cytometry. N·C; negative control using isotypecontrol antibodies.
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Technology), a rabbit antibody against human prohibitin 1 (PHB1)
(2426, Cell signaling Technology) and a mouse IgG1 antibody against
human β-actin (ACTB) (sc-47,778, Santa Cruz Biotechnology), a mouse
IgG2a antibody against human actinin4 (ACTN4) (ab117445, abcam,
Cambridge, UK), and a goat antibody against VIMENTIN (VIM)
(AB1620, CHEMICON International, Temecula, CA). Negative control
antibodies used are as follows: a rabbit immunoglobulin fraction
(×0936, Dako, Denmark), mouse IgG1 (×0931, Dako), mouse IgG2a
(×0943, Dako), and normal goat serum (sc-2043, Santa Cruz
Biotechnology). After washing, the bound antibodies were reacted with
the second antibodies of an Alexa Fluor 488-conjugated goat anti-rabbit
IgG antibody (ab150077, abcam), an Alexa Fluor 488-conjugated goat
anti-mouse IgG antibody (ab150113, abcam), and an Alexa Fluor 488conjugated rabbit anti-goat IgG antibody (A11078, Molecular probes,
Waltham, MA). After washing, the cells were subjected to ﬂow cytometry (BD FACS Calibur, Becton, Dickinson and Company, Franklin
Lakes, NJ).
2.8. Statistical analysis
Results were presented as the mean ± standard deviation of triplicate samples, and diﬀerence was assessed by Student's t-test. P-values
of < 0.05 were considered to be statistically signiﬁcant.
3. Results
3.1. Isolation of CS-proteins using sulfo-NHS-SS-biotin and NeutrAvidin
We ﬁrst labelled CS-proteins of living SW982 cells by sulfo-NHS-SSbiotin and conﬁrmed biotinylation of CS-proteins by ﬂuorescenceconjugated streptavidin using confocal laser-scanning microscopy. As a
result, only the plasma membrane part of the SW982 cells were positive
for the ﬂuorescence, indicating that CS-proteins were speciﬁcally labelled with sulfo-NHS-SS-biotin (Fig. 1B). Next, we similarly labelled
CS-proteins of living SW982 cells by sulfo-NHS-SS-biotin, after which
we isolated the biotinylated proteins by NeutrAvidin-bound beads. We
then compared the amounts of MEK1/2 (a cytosolic protein) and
CADHERIN (a membrane protein) between whole cell lysate of the
biotin-labelled cells and the isolated biotinylated proteins using western
blotting. As a result, only < 5% of MEK1/2 in the whole cell lysate was
detected in the isolated biotinylated protein fraction (Fig. 1C). On the
other hand, an approximately half of the CADHERIN in the whole cell
lysate was detected in the isolated biotinylated protein fraction
(Fig. 1C). These data indicated that enough amounts of CS-proteins
were isolated from SW982 cells with high purity.
3.2. 2D-DIGE analysis of CS-proteins of SW982 cells treated with SASP,
SP, and 5ASA
We treated SW982 cells with 250 μM SASP, SP, and 5ASA for 24 h
(n = 3 for each treatment). Non-treated cells were prepared as a control
(n = 3). We then isolated CS-proteins from the cells by the biotinylation
and NeutrAvidin capture method as above mentioned. We thus obtained 12 samples, which were dissolved in 50 μl of a urea lysis buﬀer.
The protein concentration of the samples were 1.19–1.83 g/l. Next, we
separated the isolated CS-proteins by 2D-DIGE as shown in Fig. 2A. As a
result, in total, 576 protein spots were detected on the gels. Among
them, 114 spots (19.8%) changed their intensity by SASP, SP and/or
5ASA (p < 0.05) as shown in Fig. 2C-(a). This indicates that SASP and
its metabolites considerably aﬀect the proﬁle of CS-proteins. The 114
spots consisted of 58 (50.9%) SASP-aﬀected spots, 63 (55.3%) SP-affected spots, and 41 (36.0%) 5ASA-aﬀected spots, including overlap.
This indicates that SASP and SP more widely aﬀected the proﬁle of CSproteins than 5ASA. Restricted to the spots that showed more than ±
1.5-fold intensity changes, speciﬁc eﬀects of SASP and SP were also
demonstrated. Speciﬁcally, 29 out of the 114 spots showed more

than ± 1.5-fold intensity changes as shown in Fig. 2C-(b). Location of
the 29 spots on the 2D-gel is shown in Fig. 2B. In the SASP-treated
group, 11 spots showed more than ± 1.5-fold intensity diﬀerence
compared to the non-treated group [1 up and 10 down, p < 0.05,
Fig. 2C-(b)]. Interestingly, intensity of 7 (63.6%) out of the 11 spots
were aﬀected only by SASP, not by SP and 5ASA as shown in Fig. 2C(b). In the SP-treated group, 22 spots showed more than ± 1.5-fold
intensity diﬀerence compared to the non-treated group (8 up and 14
down, p < 0.05). Interestingly, intensity of 17 (77.3%) out of the 22
spots were aﬀected only by SP, not by SASP and 5ASA as shown in
Fig. 2C-(b). In contrast, in the 5ASA-treated group, only 2 spots showed
more than ± 1.5-fold intensity diﬀerence compared to the non-treated
group (0 up and 2 down, p < 0.05). The intensity of the 2 spots was
also down-regulated by SASP as shown in Fig. 2C-(b). In addition, only
5 out of the 29 spots changed their intensity by two or more drugs (1 by
all the 3 drugs, 3 by SASP and SP, and 1 by SP and 5ASA). These results
suggests that SASP and SP possess their unique eﬀects on the CS-protein
proﬁles. On the other hand, 5ASA was thought to possess less eﬀects on
the CS-protein proﬁles.
3.3. Identiﬁcation of proteins by mass spectrometry
We tried to identify proteins of these 29 spots by mass spectrometric
analysis. As a result, we were able to identify proteins in 15 spots,
which consisted of 9 proteins as shown in Table 1. ACTB was identiﬁed
in 7 spots with slightly diﬀerent molecular weights and/or pIs. Intensity
of all the ACTB spots were signiﬁcantly decreased or tend to be decreased by each of the SASP, SP, and 5ASA treatments, among which
the suppressing eﬀect by SP was most distinct (Fig. 3). In the case of
Spot-1051, both ACTB and ACTG were identiﬁed. VIM was identiﬁed
from 2 spots with slightly diﬀerent pIs. Intensity of the both VIM spots
signiﬁcantly decreased only by SASP. 5ASA and SP did not appear to
aﬀect expression of VIM (Fig. 3). PRDX6 identiﬁed from Spot-908 was
signiﬁcantly decreased by all of the 3 drugs (Fig. 3). PHB1 was signiﬁcantly decreased only by SASP (Fig. 3). NONO was signiﬁcantly
increased by each of the 3 drugs (Fig. 3). HSP90B1 was signiﬁcantly
increased by SASP and SP (Fig. 3). PLOD3 and ACTN4 were signiﬁcantly increased by SP (Fig. 3). Interestingly, these identiﬁed 9
proteins were not transmembrane proteins.
3.4. Conﬁrmation of expression of the identiﬁed proteins on the cell surface
We then validated the results of the biotinylation/2D-DIGE analysis
of CS-proteins by another method of ﬂow cytometry. As a result, ACTB,
VIM, NONO, PLOD3, PRDX6, ACTN4, and HSP90B1 were evidenced to
exist on the cell surface of SW982 cells, but PHB1 was not (Fig. 4).
Together with the results of the biotinylation/2D-DIGE analysis, these 7
identiﬁed proteins were conﬁrmed to exist on the cell surface, even
though they were not transmembrane proteins.
4. Discussion
We here comprehensively investigated proﬁle changes of CS-proteins by SASP and its metabolites, SP and 5ASA, using biotinylationbased isolation and 2D-DIGE. Our ﬁndings are as follows. 1) The
combination of the biotinylation-based isolation and 2D-DIGE is useful
for the investigation of CS-protein proﬁles aﬀected by drugs. 2) A
considerable part (114 spots, 19.8%) of the detected protein spots were
aﬀected by SASP, SP, and/or 5ASA, in which 29 spots showed more
than ± 1.5-fold intensity diﬀerences. 3) SASP and SP appeared to more
widely aﬀect the proﬁle compared to 5ASA. 4) Proteins were identiﬁed
in 15 out of the aﬀected 29 spots by SASP and its metabolites. They
consisted of 9 proteins, all of which were not transmembrane proteins.
5) Existence of most of the 9 proteins, ACTB, VIM, NONO, PLOD3,
PRDX6, ACTN4, and HSP90B1, on the cell surface was conﬁrmed by
ﬂow cytometry.
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On the ﬁrst point, we recently reported the diﬀerent proﬁles of CSproteins of peripheral blood mononuclear cells between patients with
systemic lupus erythematosus and healthy donors [14]. In that study,
we detected 468 protein spots using the same biotinylation/2D-DIGE
method. Here, we detected 567 protein spots on the 2D gels in the
analysis of SW982 cells. Thereby, the biotinylation/2D-DIGE method is
thought to be able to detect approximately 500 kinds of CS-proteins
including diﬀerences of post-translational modiﬁcations. At present, it
is unclear how many percent of the total CS-proteins were detected by
this method. Use of longer IEF gels and larger SDS-PAGE gels may
enable us to detect more numbers of protein spots in the 2D separation.
The points should be investigated in the future. Furthermore, biotinylated proteins were captured by avidin beads and then disulﬁde bonds
in the spacer region of the biotinylation reagent were cut to elute the
proteins. The eluted sample may be contaminated with originally nonbiotinylated proteins, thus, it would be needed to conﬁrm that detected
CS-proteins really exist on the cell surface by another method. Thereby
we here conﬁrmed the existence of the identiﬁed proteins on the cell
surface by ﬂow cytometry.
On the second and third points, although unique actions of SASP,
SP, and 5ASA have been reported as described in the introduction, the
eﬀect of 5ASA on the expression of CS-proteins appeared to be weak
compared to SASP and SP, as far as counting the aﬀected protein spots
in 2D-DIGE. In the 9 identiﬁed proteins, PRDX6, NONO, and ACTB were
aﬀected by 5ASA, all of which were similarly aﬀected by SASP, SP, or
both. In contrast, PHB1 and VIM were aﬀected only by SASP and also
PLOD3 and ACTN4 were aﬀected only by SP. Moreover, HSP90B1 was
aﬀected by SASP and SP, but not by 5ASA. Thereby, viewing the list of
identiﬁed proteins, the eﬀect of 5ASA on the expression of CS-proteins
also appeared to be week compared to SASP and SP.
On the fourth point, a puzzling point is that no transmembrane
proteins were identiﬁed. It may simply indicate that the eﬀects of SASP
and its metabolites on the expression of transmembrane proteins is
rather weak so that the eﬀects were not detected with signiﬁcance here.
Alternatively, extraction of hydrophobic transmembrane proteins into a
cell lysis buﬀer is generally more diﬃcult than that of cytosolic or secretary proteins. More eﬀective extraction of hydrophobic transmembrane proteins may contribute to identiﬁcation of aﬀected hydrophobic
transmembrane proteins. This point should be investigated in the future.
On the ﬁfth point, localization of all the identiﬁed proteins but
NONO on the cell surface has been reported, even though they are not
transmembrane proteins.
Speciﬁcally, actin on the cell surface (CS-actin) has been reported to
be a receptor for plasminogen and tissue plasminogen activator and to
be involved in activation of plasminogen [15]. It has been also reported
that CS-actin promotes endocytosis of plasminogen and plasmin and the
endocytosed plasminogen and plasmin are targeted to lysosomes for
degradation [16]. Plasmin activates matrix metalloprotease (MMPs)
that promote degradation of cartilage and bone [17]. On the other
hand, it has been reported that SASP blocks release of MMPs and activation of a disintegrin-like and metalloprotease domain with thrombospondin (ADAMTS) [18]. Here, intensity of all the identiﬁed ACTB
spots were signiﬁcantly decreased or tend to be decreased by each of
the SASP, SP, and 5ASA treatments. Taking these reports together with
ours, SASP and its metabolites may enhance endocytosis of CS-ACTB,
resulting the decrease of RA activity through the decrease of plasminogen, MMP, and ADAMTS.
We here found that cell surface ACTN4 (CS-ACTN4) was increased
by SP. VIM, identiﬁed from 2 spots, was decreased by SASP. CS-ACTN4
has been reported to suppress proliferation of cancer cells [19]. Cell
surface VIM (CS-VIM) has been highlighted from the aspects of viral
infection and EMT. On the former aspect, it has been reported that CSVIM plays a critical role as a receptor for some viruses [20,21]. A virus
infection is one of the risk factors for an autoimmune disease such as
RA. On the latter aspect, it has been reported that existence of CS-VIM

without CD133 is a marker of hepatocellular carcinoma cells with EMT
phenotypes and CS-VIM-positive/CD133-negative cells are aggressively
metastatic [22]. Furthermore, it has been reported that recruitment of
VIM to the cell surface on lymphocytes is induced by cell activation
[23]. In RA, synoviocytes are known to invade into cartilage and bone
with aggressive proliferative potential [7,8] and to exhibit EMT phenotypes [9]. As mentioned above, RA is characterized by proliferation
of synoviocytes, which may be suppressed by SP through the increase of
CS-ACTN4. The suppression of CS-VIM by SASP may reﬂect the suppression of such rheumatic changes of synoviocytes by SASP. Further
studies are needed to clarify these points.
We here found that cell surface HSP90B1 (CS-HSP90B1) was increased by SASP and SP. CS-HSP90B1 has been reported to be essential
to activation of a disintegrin-like and metalloprotease domain with
thrombospondin type 1 motifs 9 (ADAMTS9) [24]. ADAMTS9 has been
reported to inhibit angiogenesis [25]. Since angiogenesis plays a key
role in the pathology of RA [26], SASP and SP may inhibit angiogenesis
in RA by enhancing the activation of ADAMTS9.
PRDX6 was signiﬁcantly decreased by all of the 3 drugs. PRDX6 has
been reported to be produced in synoviocytes of patients with arthritis
[27]. It has been reported that PRDX6 is translocated from cytosol to
plasma membranes by hydrogen peroxide that mediates lipid peroxide
in plasma membranes in A549 cells [28]. It has been reported that TNFα mediates production of IL-8, monocyte chemotactic protein-1 (MCP1), and collagenases through the induction of reactive oxygen species
(ROS) in synoviocytes [29]. On the other hand, SASP, 5ASA, and SP are
known to scavenge ROS [30–32]. Thereby, decrease of ROS by SASP
and its metabolites may decrease production of ROS, resulting in the
decrease of CS-PRDX6.
Taken together, SASP and its metabolites may contribute to the
decrease of RA activity through changes of CS-proteins by them and
their scavenging functions.
In conclusion, we found novel eﬀects of SASP and its metabolites on
SW982 cells by the combination of biotinylation of CS-proteins and 2DDIGE analysis. These data would help understanding of anti-rheumatic
actions of SASP. In addition, the method would be useful for the analysis of CS-proteins.
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Abstract
Background: To understand the roles of serum exosomes in rheumatoid arthritis (RA), we comprehensively
investigated the protein profiles of serum exosomes in patients with RA.
Methods: Exosomes were isolated from serum samples obtained from 33 patients (12 with active RA [aRA], 11 with
inactive RA [iRA], 10 with osteoarthritis [OA]) and 10 healthy donors (HLs). Proteins extracted from the exosomes
were separated by two-dimensional differential gel electrophoresis (2D-DIGE) and identified by mass spectrometry.
Results: In total, 204 protein spots were detected by 2D-DIGE. In the aRA, iRA, and OA groups, 24, 5, and 7 spots
showed approximately ≥ ±1.3-fold intensity differences compared with the HL group, respectively. We were able to
identify proteins in six protein spots. Among them, the protein spot identified as Toll-like receptor 3 (TLR3) showed
approximately 6-fold higher intensity in the aRA group than in the other groups.
Conclusions: Patients with active RA possessed considerably different protein profiles of serum exosomes from
patients with iRA, patients with OA, and healthy donors. The unique protein profile of serum exosomes, such as the
possession of abundant TLR3 fragments, may reflect the pathophysiology of active RA.
Keywords: Exosome, Proteomics, Rheumatoid arthritis, Osteoarthritis, Toll like receptor 3

Background
Exosomes are nanometer-sized (50–100 nm) membranous
extracellular vesicles secreted from various types of cells
[1]. Exosomes are initially generated by inward budding of
late endosomes, called “multivesicular bodies (MVBs)”, in
cells and then released from the cells by the fusion of
MVBs with plasma membranes [1]. Exosomes are involved in intercellular communications via the delivery of
proteins, lipids, and RNAs (mRNA and microRNA)
through exosome-cell fusion and via signal delivery
through exosome-cell interactions [2, 3].
Immunologically, exosomes play roles in the presentation of antigens to T cells [4]. Exosomes derived from
antigen-presenting cells (APCs) were reported to possess
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Graduate School of Medicine, 2-16-1, Sugao, Miyamae, Kawasaki, Kanagawa
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Japan
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major histocompatibility complex (MHC) class I and II
molecules, co-stimulatory molecules of CD80 and CD86,
and adhesion molecule of intercellular adhesion
molecule (ICAM)-1, which are essential to antigen presentation [5, 6]. In fact, exosomes derived from dendritic
cells (DCs) have been shown to induce CD8+ T cells to
produce interferon (IFN)-γ and tumor necrosis factor
(TNF)-α in an exosomal MHC class I-dependent
manner [7]. Furthermore, mature DC-derived exosomes
have been reported to induce the proliferation of CD4+ T
cells in an antigen-specific manner [8].
In the field of cancer, the immunosuppressive and
immunostimulatory properties of exosomes have been
demonstrated [4]. For example, tumor-derived exosomes
were reported to induce T cell apoptosis via Fas ligand
[9] and to inhibit interleukin (IL)-2-induced proliferation
of T cells [10]. Quite recently, exosomal programmed
death-ligand 1 (PD-L1) was shown to inhibit the function of CD8+ T cells and facilitate the progression of
melanoma [11].
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Collectively, exosomes are thought to play immunopathological roles in various diseases. Rheumatoid arthritis (RA) is a systemic autoimmune disorder characterized by inflammation and proliferation of synovial
tissue, destruction of cartilage and bone, and production
of autoantibodies, such as anti-citrullinated peptide antibodies [12]. Although the pathogenesis of RA remains
unclear, the pathophysiology is thought to be as follows:
First, innate immunity activates DCs [13]. Subsequently,
DCs migrate into central lymphoid organs and present
autoantigens, such as type II collagen and citrullinated
proteins, to T cells [13]. The activated T cells then
induce B cells to produce autoantibodies [14]. These
lymphocytes migrate into synovial tissue and enhance
adaptive immune responses, leading to synovial angiogenesis and hyperplasia of synovial tissue [14]. Inflammatory cytokines such as IL-1, IL-6, IL-17, and TNF-α
produced in this process amplify osteoclast differentiation and activation, which results in the destruction of
cartilage and bone [12].
As mentioned above, exosomes have various immunological functions and are thus expected to play roles in
the pathophysiology of RA. For instance, fibroblast-like
synoviocyte (FLS)-derived exosomes were reported to
contain citrullinated proteins [15] and a membrane form
of TNF-α [16]. IL-1β-stimulated FLS-derived exosomes
were reported to up-regulate the matrix metalloproteinase
(MMP)-13 expression in chondrocytes [17]. We showed
that IL-1β and anti-rheumatic drugs of salazosulfapyridine
(SASP) and methotrexate (MTX) considerably altered the
protein profiles of exosomes derived from SW982 of synovial sarcoma cell line [18]. Recently, it was reported that
some serum exosomal proteins in patients with RA might
be useful parameters of disease activity [19]. In terms of
bone formation and resorption, osteoclast-derived exosomes containing microRNA (miR-214) were reported to
play an inhibitory role in osteoblast activity [20, 21].
However, at present, the roles of exosomes in RA are
largely unclear.
These previous findings suggest that characterizing
the exosomes generated in patients with RA would be
quite useful. We therefore characterized the protein
profile of serum exosomes in patients with RA by
two-dimensional differential gel electrophoresis (2DDIGE) and a subsequent mass spectrometry (MS)
analysis. We found that the serum exosomes in patients with active RA (aRA) possessed considerably
different protein profiles from those in patients with
inactive RA (iRA), patients with osteoarthritis (OA),
and healthy donors (HLs). In particular, the serum
exosomes in patients with aRA contained abundant
Toll-like receptor (TLR) 3 fragments. Our data will
help promote the understanding of the roles of exosomes in the pathophysiology of RA.

Materials and methods
Preparation of blood samples

Blood samples were obtained from 33 patients (12 patients
with aRA, 11 with iRA, 10 with OA) and 10 HLs. Clinical
information on the patients with RA is shown in Table 1.
The diagnoses of RA and OA were made according to the
respective criteria by American College of Rheumatology
[22, 23]. We defined aRA as “Disease Activity Score 28
using C-reactive protein (DAS28-CRP) > 2.7” and iRA as
“DAS28-CRP < 2.3” [24]. Blood samples were drawn into
vacuum tubes (Venoject II, VPAS109K50; Terumo
Corporation, Tokyo, Japan) and centrifuged at 1500 g
for 10 min to separate the sera at room temperature.
The separated serum samples were then stored at − 80 °C
until use.
This study was approved by the ethics committee of
Sagamihara National Hospital and that of St. Marianna
University School of Medicine. All of the blood samples
were obtained with written informed consent.
Preparation of serum exosomal proteins

Exosomes were isolated from the serum samples
using ExoQuick® (System Bioscience, Mountain View,
CA, USA) according to the manufacturer’s instructions. The collected exosomes were dissolved in a cell
lysis buffer (30 mM Tris-HCl pH 8.0, 7 M Urea, 2 M
Thiourea, 4% 3-(3-cholamidepropyl) dimethylammonio1-propanesulfonate [CHAPS]). The protein concentrations
of the resulting exosome lysates were then determined by the Bradford assay. A portion of the collected exosomes was suspended in phosphatebuffered saline (PBS) for a transmission electron
microscopic analysis.
Transmission electron microscopic analyses

A 5-μl aliquot of PBS-suspended exosomes was placed
onto a support grid (Cu, 200 mesh). After 60 s, the grid
was washed twice in double distilled water and
incubated in 5% aqueous solution of phosphotungstic
acid for 10 s. The size and morphology of the collected
exosomes were examined using a transmission electron
microscope (JEOL Ltd., Tokyo, Japan).
The 2D-DIGE analysis and protein identification

The exosome lysates were separated by 2D-DIGE, as
described previously [25]. In brief, each protein sample
was labeled with Cy5 saturation dye. Similarly, 2.5 μg of
an internal standard sample (a mixture of equal amounts
of all 43 samples) was labeled with Cy3 saturation dye.
Then, 2.5 μg of the Cy3-labeled internal standard sample
and 2.5 μg of the individual Cy5-labeled protein samples
were mixed and subjected to 2D-DIGE. Separated proteins were detected using an image analyzer (Typhoon
9400 Imager; GE Healthcare UK, Buckinghamshire, UK).
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Table 1 Clinical information of patients with aRA, iRA, and OA and of HL
Active RA (n = 12)

Inactive RA (n = 11)

p Value (aRA vs. iRA)

OA (n = 10)

Age (years), mean (range)

62.2 (31 to 79)

63.4 (41 to 80)

0.85

62.5 (41 to 74)

60.5 (41 to 82)

Sex, male/female

2/10

3/8

0.93

1/9

2/8

Disease duration (years), mean (range)

5.6 (0.25 to 20)

10.9 (0.25 to 38)

0.22

(−)

(−)

ESR (mm/h), mean (range)

56.3 (16 to 100)

21.0 (2 to 41)

< 0.01

(−)

(−)

CRP (mg/L), mean (range)

3.19 (0.07 to 7.16)

0.14 (0.02 to 0.33)

< 0.01

(−)

(−)

MMP-3 (ng/mL), mean (range)

252.0 (18.8 to 602.4)

52.7 (10 to 121.5)

< 0.01

(−)

(−)

SJC, mean (range)

3.7 (1 to 8)

0

< 0.01

(−)

(−)

TJC, mean (range)

6.3 (0 to 17)

0.8 (0 to 3)

< 0.01

(−)

(−)

RF positive (%)

83.3

72.7

0.56

(−)

(−)

ACPA positive (%)

90.0

77.8

0.49

(−)

(−)

DAS28-ESR, mean (range)

4.80 (4.21 to 5.72)

2.33 (0.51 to 3.02)

< 0.01

(−)

(−)

DAS28-CRP, mean (range)

3.84 (3.10 to 4.64)

1.49 (0.98 to 2.2)

< 0.01

(−)

(−)

DMARDs (%)

75.0

90.9

0.34

(−)

(−)

Methotrexate (%)

50.0

81.8

0.11

(−)

(−)

Biologics (%)

8.0

18.1

0.51

(−)

(−)

Prednisolone (%)

41.7

0

0.01

(−)

(−)

HL (n = 10)

Medication

ESR erythrocyte sedimentation rate, CRP C-reactive protein, MMP-3 matrix metalloproteinase-3, SJC swollen joint count, TJC tender joint count, RF rheumatoid
factor, ACPA anti-cyclic citrullinated peptide antibody, DAS28-ESR disease activity score 28 joints using erythrocyte sedimentation rate, DAS28-CRP disease activity
score 28 joints using C-reactive protein, DMARDs disease-modifying anti-rheumatic drugs

Acquired gel images were analyzed using the Progenesis
software program (PerkinElmer, Waltham, MA, USA), in
which the intensity of the protein spots in the gel image
of each sample was corrected using that of the internal
standard sample.
Proteins were identified by a mass spectrometric analysis as described previously [25]. In brief, the gel fragments that corresponded to protein spots of interest
were recovered from 2D gels. Peptides generated by
in-gel digestion with trypsin were extracted from the gel
fragments. The extracted peptides were then subjected to
matrix-assisted laser desorption/ionization time-of-flight/
time-of-flight mass spectrometry (Ultraflex; Bruker Daltonics, Bremen, Germany). The determined peptide
masses were compiled to allow a search of the National
Center for Biotechnology Information protein database
using the Mascot software program (Matrix Science,
London, UK).
Detection of TLR3 by Western blotting (WB)

Proteins were extracted from the purified exosomes into
lysis buffer (7 M urea, 2 M thiourea, and 4% CHAPS)
for WB. The extracted proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) or by 2D electrophoresis (2DE). In 2DE,
the protein samples were first subjected to isoelectric
focusing (IEF) using gels with the range of pI3.0–11.0.
The IEF-separated proteins were then further separated

by 12.5% SDS-PAGE. The proteins separated by SDSPAGE or 2DE were transferred onto polyvinylidene
difluoride membranes. In WB, the membranes were
incubated with rabbit anti-human TLR3 polyclonal antibodies (Abcam, Cambridge, UK) followed by horseradish
peroxidase (HRP)-conjugated goat anti-rabbit immunoglobulin G antibodies (Dako, Glostrup, Denmark). The
bound antibodies were visualized using ImmunoStar LD
(Wako Pure Chemical Industries, Ltd., Tokyo, Japan). In
each membrane, the intensity of a blank area in each
membrane was defined as 1.0.
Statistical analyses

The statistical significance of differences in parameters
clinical features between the aRA and iRA groups and
that of differences in protein spot intensity in 2D-DIGE
among the 4 groups was calculated by Student’s t-test
and a one-way analysis of variance, respectively. The expression of TLR3 fragments (17–18 kDa) in the 4 groups
was statistically evaluated by Fisher’s exact test. P-values
of less than 0.05 were considered to indicate statistical
significance.

Results
Clinical information of the participants

Clinical information of the 43 participants is shown in
Table 1. No significant differences were found between
the aRA and iRA groups with regard to age, sex, disease
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duration, and test items other than markers for inflammatory condition (Table 1). Regarding the medication,
the percentage of patients receiving oral corticosteroids
in the aRA group (41.7%) was significantly higher than
that in the iRA group (0%) (Table 1).
Isolation of exosomes from serum samples

We isolated exosomes from serum samples and checked
for successful isolation of exosomes using a transmission
electron microscopic analysis. Almost all of the isolated
extracellular vesicles were found to have a diameter of
50–100 nm, as shown in Fig. 1. The observed sizes were
compatible with the definition of exosomes [1, 2].
The comparison of the protein profiles of serum-derived
exosomes among patients with RA and OA and HLs

We investigated the protein profiles of exosomes in each
of the 43 serum samples by 2D-DIGE. As a result, a total
of 204 protein spots were detected on the gels, as shown
in Fig. 2. The spot intensities in each group are shown
in Additional file 1: Table S1. We first compared the intensity of the separated protein spots between the whole
RA (wRA; aRA + iRA) and HL groups and between the
OA and HL groups. In the comparison between the
wRA and HL groups, 28 of the 204 protein spots showed
significantly different intensities (p < 0.05) (Table 2A). Of
these 28 spots, 7 showed a difference in intensity exceeding ±1.3-fold (Table 2A). In the comparison between
the OA and HL groups, 21 protein spots showed different intensities (p < 0.05) (Table 2D). Of these 21 spots, 7
showed a difference in intensity exceeding ±1.3-fold
(Table 2D). As shown in Fig. 3a-(i), only 4 spots overlapped between the 28 spots that differed in the wRA
group and the 21 spots that differed in the OA group
(14% and 19%, respectively). Furthermore, no spots overlapped between these 2 groups when we focused on the
spots with a difference in intensity exceeding ±1.3-fold

(Fig. 3a-[ii]). These results indicate that the protein
profiles of exosomes are quite different between the
wRA and OA groups.
We next compared the protein profiles between the
aRA and HL groups and between the iRA and HL
groups. On comparing the aRA and HL groups, 31 spots
showed different intensities (p < 0.05) (Table 2B). Of
these 31 spots, 24 showed a difference in intensity exceeding ±1.3-fold (Table 2B). On comparing the iRA and
HL groups, 14 protein spots showed different intensities
(p < 0.05) (Table 2C). Of these 14 spots, 5 showed a difference in intensity exceeding ±1.3-fold (Table 2C). Of
note, as shown in Fig. 3b-(i), only 2 spots overlapped between the 31 spots that differed in the aRA group and
the 14 spots that differed in the iRA group (6.5% and
14%, respectively). Furthermore, no spots overlapped
between the 2 groups when we focused on the spots
with a difference in intensity exceeding ±1.3-fold
(Fig. 3b-[ii]). These results indicate that the protein
profiles of exosomes differ markedly between the
aRA and iRA groups. In addition, only 4 spots overlapped between the 31 spots that differed in the aRA
group and the 21 spots that differed in the OA
group (13% and 19%, respectively) (Fig. 3b-[i]). No
spots overlapped between the 2 groups when we
focused on the spots with a difference in intensity
exceeding ±1.3-fold (Fig. 3b-[ii]). These results indicate that the protein profiles of exosomes differ
markedly between the aRA and OA groups. In contrast, 6 spots overlapped between the 14 spots that
differed in the iRA group and the 21 spots that differed in the OA group (43% and 29%, respectively)
(Fig. 3b-[i]). The location of spots that showed an intensity
with more than ±1.3-fold difference (p < 0.05) compared
to that in the HL group were marked on the 2D-DIGE images of the aRA, iRA, and OA groups (Additional file 1:
Figure S1).
Identification of proteins in the spots with different
intensity

Fig. 1 A transmission electron micrograph of exosomes isolated
from serum samples. Serum exosomes isolated using Exoquick®
were analyzed by transmission electron microscopy. A representative
result from the serum exosome samples is shown

We then compared the spot intensity of the 14 spots
shown in Fig. 3a-(ii) between the wRA and OA groups.
As a result, 7 spots (ID208, ID564, ID407, ID416, ID420,
ID236, and ID325, rectangle in Fig. 3a-[ii]) showed
different intensities (p < 0.05) between the wRA and OA
groups. Similarly, we compared the spot intensity of the 34
spots (including 2 overlapping spots) shown in Fig. 3b-(ii)
between the aRA and OA groups and between the aRA
and iRA groups. As a result, 5 spots (ID370, ID407, ID494,
ID564, and ID704, rectangle in Fig. 3b[ii]) showed different
intensity (p < 0.05) between the aRA and OA groups and
between the aRA and iRA groups.
We tried to identify the protein names of the former 7
spots and the latter 5 spots (actually 10 spots because of
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Fig. 2 Representative 2D-DIGE images showing protein profiles of exosomes isolated from the serum samples of the aRA, iRA, OA, and HL
groups. A representative image from each group is shown

2 overlapped spots [ID407 and ID564]) by a mass spectrometric analysis (Fig. 4). As a result, we were able to
name 6 out of the 10 protein spots, as listed in Table 3.
ID208 (increased only in the wRA group) was found to
be a membrane-bound isoform of Pro-neuregulin-3.

ID564 (increased in the wRA and aRA groups) was
found to be TLR3. ID370 (increased only in the aRA
group) was found to be alpha-1-antitrypsin. ID494 (decreased only in the aRA group) was found to be keratin
of type II cytoskeletal 1. ID236 (increased only in the

Table 2 Differences in the exosomal protein profiles among the disease categories detected by 2D-DIGE
A. wRA vs. HL
Total number of detected protein spots

Number of spots with different intensities (p < 0.05)

fold difference (wRA/HL)

number of spots

204

28

X ≥ 1.3

5

1.3 > X > −1.3

21

−1.3 ≥ X

2

B. aRA vs. HL
Total number of detected protein spots

Number of spots with different intensities (p < 0.05)

fold difference (aRA/HL)

number of spots

204

31

X ≥ 1.3

13

1.3 > X > −1.3

7

− 1.3 ≥ X

11

C. iRA vs. HL
Total number of detected protein spots

Number of spots with different intensities (p < 0.05)

fold difference (iRA/HL)

number of spots

204

14

X ≥ 1.3

1

1.3 > X > −1.3

9

−1.3 ≥ X

4

D. OA vs. HL
Total number of detected protein spots

Number of spots with different intensities (p < 0.05)

fold difference (OA/HL)

number of spots

204

21

X ≥ 1.3

1

wRA whole RA, aRA active RA, iRA inactive RA, OA osteoarthritis, HL healthy donor
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Fig. 3 Venn diagrams showing the numbers of protein spots with significantly different intensities between the HL group and each disease
group. (a) (i) Numbers of protein spots with significantly different intensities between the wRA and HL groups and between the OA and HL
groups (p < 0.05). Up and down arrows indicate the spots whose intensity was higher and lower, respectively, in the disease groups than that in
HL group. (ii) IDs of protein spots with an intensity ≥ ±1.3-fold different in the diagram (i). IDs of protein spots with a significantly different
intensity between the wRA and OA groups are boxed. Up and down arrows indicate the spots whose intensity was higher and lower,
respectively, compared to the intensity of the identical spots in the HL group. (b) (i) Numbers of protein spots with significantly different
intensities between the aRA and HL groups, between the iRA and HL groups, and between the OA and HL groups (p < 0.05). Up and down
arrows indicate the spots whose intensity was higher and lower, respectively, in the disease groups than that in HL group. The spots with “*”
showed a higher intensity in the aRA group and a lower intensity in the iRA and OA groups than in the HL group. (ii) IDs of protein spots with
an intensity ≥ ±1.3-fold different in the diagram (i). IDs of protein spots with a significantly different intensity between the aRA and OA groups
and between the aRA and iRA groups are boxed. Up and down arrows indicate the spots whose intensity was higher and lower, respectively,
compared to the intensity of the identical spots in the HL group

Fig. 4 Location and IDs of exosomal protein spots subjected to identification
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Table 3 Proteins identified by mass spectrometry
Spot
ID

Observed Fold difference
MW pI

wRA

Protein

OA

HL

1.0

1.0 Pro-neuregulin-3,
membrane-bound isoform

Theoretical Masscot Coverage
Score
(%)
pI

MW

Confirmed Sequences
(Masscot ion score)

Search
log

aRA iRA
208

90

5.3 1.4*

78

7.8

61

12

388

QAKQIQEQLK397(19)

53

8.5

26

3

103

38,220

NRG3_HUMAN
236

87

5.1 1.1

1.3* 1.0 Cathepsin F

TLLCSFQVLDELGRHVLLR121(26)

CATF_HUMAN
325

65

5.1 0.9

0.7* 1.0 Ig alpha-2 chain C region

37

5.7

132

10

53

5.1 1.3* 0.9 0.9

1.0 Alpha-1-antitrypsin

40

7.0 0.7* 0.9 0.9

1.0 Keratin, type II cytoskeletal 1

47

5.4

170

33

24

5.2 6.3* 1.2 1.1

1.0 Toll-like receptor 3

38,207

50

ITPNLAEFAFSLYR63(79)

38,190

216

GKWERPFEVK225(10)

66

8.2

62

9

212

WELLQQVDTSTR223(14)

38,206

224

THNLEPYFESFINNLR239(41)

K2C1_HUMAN
564

WLQGSQELPR260(53)
QEPSQGTTTFAVTSILR286(70)

A1AT_HUMAN
494

251
270

IGHA2_HUMAN
370

38,210
peptide
summary

104

6.7

68

19

532

LEILDLQHNNLAR544(7)

38,215

TLR3_HUMAN
MW molecular weight, wRA whole RA, aRA active RA, iRA inactive RA, OA osteoarthritis, HL healthy donor
Fold differences are shown with the intensity of the protein spots in HLs defined as 1.0. Asterisks indicate that the spot intensity is significantly different (p < 0.05)
from that in HLs

OA group) was found to be cathepsin F. ID 325 (decreased only in the OA group) was found to be Ig
alpha-2 chain C region. We confirmed that these 6 identified proteins were registered in Vesiclepedia, a database
of extracellular vesicle components [26].
Among these six protein spots, the difference in ID564
(assigned as TLR3) was most drastic, as shown in Fig. 5.
Since the observed molecular weight (MW) (24 kD) of
ID564 was rather small compared to the theoretical
MW (104 kD) of full-length TLR3, ID564 was thought
to be a part of TLR3. Mass spectrometry detected a peptide corresponding to the 532–544 amino acid residues
of TLR3 (Table 3), indicating that the spot ID564 was a
middle part of TLR3.
Detection of the TLR3 fragment by 1DE- and 2DE-WB

We tried to detect the TLR3 fragment (24 kDa) corresponding to the ID564 spot using 2DE-WB and a mixture of 4 aRA exosomal protein samples with a relatively
high intensity of ID564 using antibodies raised against
the human TLR3 fragment of amino acid 464–647.
However, the ID564 spot was not detected by the antibody; instead, 3 protein spots of 17–18 kDa were detected (Fig. 6a). We therefore focused on the TLR3
fragments (17–18 kDa) and compared the expression of
these fragments among the HL (n = 10), aRA (n = 12),
iRA (n = 11), and OA (n = 10) groups by 1DE-WB. The
17- to 18-kDa TLR3 spots were ultimately detected as
doublet bands on 1DE-WB (Fig. 6b [i]). In 6 of the 12
aRA samples, 5 of the 11 iRA samples and 1 of the 10

OA samples, the band intensity of the TLR3 fragments
was higher than the mean of that in the HL group + 2.5
standard deviations (Fig. 6b [ii] and [iii]). In the aRA and
iRA groups, the ratios of samples with a high band intensity of TLR3 fragments (17–18 kDa) were significantly higher than in the HL group (Fig. 6b [ii] and
[iii]). These results suggest that patients with RA more frequently have large amounts of TLR3 fragments (17–18 kDa)
in serum-derived exosomes than HLs.

Discussion
To our knowledge, this is the first report to compare the
protein profiles of serum exosomes among patients with
RA, those with OA, and HLs.
In the aRA group, ID564, identified as TLR3, showed
about 6-fold higher intensity than the other groups.
Given the observed small MW (24 kDa) of ID564 and
the mass spectrometric data, ID564 was thought to represent a middle part fragment of TLR3. Furthermore,
patients with RA more frequently had large amounts of
the TLR3 fragments (17–18 kDa) in serum-derived
exosomes than HLs.
TLR3 is a member of the TLR family of pattern recognition receptors of the innate immune system [27].
TLR3 is an endosomal TLR that recognizes doublestranded RNA (dsRNA), a molecular pattern associated
with viral infection [27, 28]. TLR3 signal activates
transcription factors of NF-κB and interferon regulatory
factor (IRF) 3, which leads to the secretion of type I interferons and proinflammatory cytokines, such as IL-6

- 555 -

Tsuno et al. BMC Rheumatology

(2018) 2:35

Page 8 of 11

Fig. 5 Differences in the relative spot intensities of the identified proteins. Open circles show the relative intensity of individual samples. Bars
show the mean ± SD. *, p < 0.05

and IL-8 [27, 28]. In the intracellular trafficking and
maturation of TLR3, a precursor form of TLR3 is transported to endosomes through the endoplasmic
reticulum (ER) and Golgi apparatus [29]. In the
endosomes, the precursor form of TLR3 is cleaved to
produce a C-terminal 70-kDa fragment of TLR3 that can
deliver signals [29]. The amino acid sequences of ID564
identified by the mass spectrometric analysis were located in the range of the C-terminal 70-kDa fragment
(Table 3). We therefore considered that the 24-kDa
fragments of TLR3 had been generated by additional
proteolytic cleavage of the C-terminal 70-kDa fragment
in endosomes and then taken up into exosomes after the
cleavage.
Several reports have suggested that the expression of
TLR3 and the activation of its pathways are associated
with the pathogenesis of RA. For example, TLR3 was
found to be more highly expressed in RA synovial tissue
than in OA synovial tissue [30]. The stimulation of cultured fibroblast-like synoviocytes (FLSs) with poly (I-C),

a synthetic TLR3 ligand, up-regulated the TLR3 expression in FLSs [30]. RNA released from necrotic synovial
fluid cells of RA patients activated the TLR3 pathway in
FLSs and up-regulated the expression of IFN-β mRNA
and the production of IL-6 [30]. It was recently reported
that poly (I:C) of a TLR3 ligand associated with extracellular vesicles (EVs) was able to selectively activate
antiviral and proinflammatory responses in synovial fibroblasts [31]. In addition, it has been reported that the
expression of TLR3 is increased in the spleen of rats
with collagen-induced arthritis as well as in those with
pritane-induced arthritis, and that the increased expression of TLR3 was decreased by treatment with MTX
[32]. Thus, TLR3, which is highly expressed in synoviocytes and possibly in the spleen of patients with active
RA as well, is thought to play a role in the production of
proinflammatory cytokines. The markedly high levels of
the TLR3 fragment in serum exosomes may be caused
by the high expression of TLR3 in FLSs in patients
with active RA. From this viewpoint, the 24- and the
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Fig. 6 Detection of TLR3 in the serum-derived exosome protein. (a) TLR3 was detected by 2DE-WB from the exosomal protein sample mixture
from 4 aRA patients (aRA 1, 6, 10, and 11) with a relatively high ID564 intensity. Arrowheads, TLR3 fragments (17–18 kDa). (b) (i) The TLR3
fragments (17–18 kDa) in the exosomal protein samples described in (a) were detected by 1DE-WB. (ii) The TLR3 fragments (17–18 kDa) in the
exosomal protein samples from the HLs (n = 10) and patients with aRA (n = 12), iRA (n = 11), and OA (n = 10) were detected by 1DE-WB. (iii) The
intensity of the bands was measured using a densitometer. The intensity of the blank area in each membrane was defined as 1.0. The obtained
relative expression of the TLR3 fragments (17–18 kDa) was compared among the 4 groups. The dotted line indicates the mean + 2.5SD of the
band intensity in the HL group. The intensity of the TLR3 fragments (17–18 kDa) was higher in 6 of the 12 aRA samples, 5 of the 11 iRA samples,
and 1 of the 10 OA samples than the mean of that in HL groups + 2.5SD (filled circles). The ratios of samples with a high intensity of TLR3
fragments (17–18 kDa) were significantly higher in the aRA and iRA groups than in the HL group. * p < 0.05

17–18 kDa TLR3 fragments in serum exosomes may
be useful markers of the activation of FLSs in patients
with RA.
While the TLR3 fragments (17–18 kDa and 24 kDa)
are likely non-functional, they may still have some
pathological significance. We previously reported that a
degradation product of Apo-AI has a biological function
of promoting IL-8 secretion from cells [33]. The TLR3
fragments detected in the present study might therefore
perform some biological functions that differ from those
of full-length TLR3. Further studies will be needed to investigate this possibility.
A membrane-bound isoform of pro-neuregulin-3
showed 1.4-fold higher expression in the wRA group
than in the OA and HL groups (Table 3, Fig. 5).
Pro-neuregulin-3 is a precursor of neureglin-3, which is
a ligand for ErbB4, a member of the epidermal growth
factor receptor (EGFR) family [34]. It has been reported
that the binding of neureglin-3 to ErbB4 promotes the
proliferation, migration, and differentiation of neuroblasts [34, 35]. Although little is known about the
involvement of neuregulin in the pathogenesis of

rheumatic diseases, it has been reported that EGFR is
expressed in fibroblasts and vascular endothelial cells
and that EGFR signaling induces FLS proliferation and
cytokine production in patients with RA [36]. Given the
high expression of pro-neuregulin-3 in serum-derived
exosomes of patients with RA detected in our study, the
neuregulin-3-ErbB4 pathway may be activated to promote
proliferation in FLSs. Furthermore, pro-neuregulin-3 in
serum exosomes may be converted to neuregulin-3 and
act as a ligand for ErbB4 in FLSs. Further studies are
needed to elucidate these points.
The intensity of the spot ID236, identified as cathepsin
F, was higher in the OA group than in the other three
groups. Cathepsin F is a member of the papain family
cysteine proteinases [37]. Given that another member of
cathepsin K was reported to be involved in the pathogenesis of OA [38, 39], cathepsin F might also be
involved in the pathogenesis of OA. This point needs to
be investigated in the future.
The observed MWs of the proteins identified in this study
were slightly different from their theoretical MWs (Table 3).
Post-translational modifications, such as glycosylation, have
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been reported for the spots ID208 (pro-neuregulin-3,
membrane-bound isoform), ID236 (cathepsin F), and ID325
(Ig alpha-2 chain C region), which may have contributed to
this discrepancy in MW findings [40–42]. For spot ID494
(Keratin, type II cytoskeletal), the observed MW was smaller
than the theoretical MW, suggesting that ID494 might be a
keratin degradate, similar to the case of TLR3.
Exosomal lymphatic vessel endothelial hyaluronic acid
receptor-1 (LYVE-1) was very recently reported to be a
candidate marker of RA activity by a 2D-LC-MS/MS
(two-dimensional liquid chromatography-tandem mass
spectrometry) analysis of serum exosomal proteins from
RA patients with complete remission and those with
non-complete remission [19]. However, in that study,
none of the six proteins we identified in our own were
found to be candidate markers of RA activity [19]. Similarly, LYVE-1 was not identified as a differently
expressed protein in our study [19]. This difference may
be due to differences in the serum donors (we analyzed
exosomal samples from OA patients and HLs in addition
to patients with RA) and different methods used in these
two studies (2D-LC-MS/MS vs. 2D-DIGE followed by
MS/MS).
In addition, we isolated serum exosomes using Exoquick®, which was useful to isolate exosomes from a
large number of blood samples. However, similarly as
other methods, contamination of serum proteins cannot
be completely avoided. It would be needed to investigate
characters and functions of the individual identified
proteins as exosomal proteins.

Conclusions
In the present study, we demonstrated that the serum
exosomes of patients with aRA have different protein
profiles from those of patients with iRA, patients with
OA, and HLs. The 24- and the 17- to 18-kDa TLR3 fragments, which were found to be markedly increased in
patients with aRA, may reflect the inflammatory condition of FLSs. Our findings may aid in the clarification of
the roles of exosomes in the pathophysiology of RA.
Additional file
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H I GH L IG H T S

glioma cells highly expressed layilin, compared to astrocytes.
• Malignant
was mainly localized in the cytoplasm of A172 and T98G cells.
• Layilin
up-regulated SNAI1 to increase expression of MMP2, MMP9 and COL1A1.
• Layilin
of SNAI1 was up-regulated via down-regulation of MTA3 by layilin.
• Transcription
• Layilin enhanced the invasive ability of malignant glioma cells.

A R T I C LE I N FO

A B S T R A C T

Keywords:
Glial-mesenchymal transition
Layilin
Malignant gliomas
MTA3
SNAI1

Background: Malignant gliomas are characterized by high invasive ability. In this study, we investigated roles of
layilin, a C-type lectin-homologous protein, in the invasive ability of malignant glioma cells.
Methods: Expression of layilin was investigated by western blotting in the malignant glioma cell lines of U251MG, A172, and T98G and in astrocytes. The eﬀects of layilin-knockdown on the expression and protein levels of
snail family transcriptional repressor 1 (SNAI1), a transcriptional factor involved in the acquisition and enhancement of invasive ability in malignant gliomas, and on the expression of its target genes, matrix metalloproteinase 2 (MMP2), MMP9, and collagen type I alpha 1 chain (COL1A1), were investigated by qPCR and/or
western blotting. Furthermore, the eﬀects of layilin-knockdown on the expression and protein levels of metastasis associated 1 family member 3 (MTA3), a transcriptional repressor of SNAI1, were also investigated by qPCR
and western blotting. Finally, the eﬀects of layilin-knockdown on the invasive ability of the cells were investigated by a wound healing assay.
Results: All the tested malignant glioma cells highly expressed layilin, compared to astrocytes, one of representative glial cell types. Layilin-knockdown reduced SNAI1 both at the mRNA and protein levels in A172
cells, and consequently mRNA levels of MMP2, MMP9, and COL1A1 were also reduced. Furthermore, layilinknockdown increased nuclear protein levels of MTA3 in A172 cells. Notably, layilin-knockdown suppressed the
invasive ability of the cells.
Conclusion: Layilin up-regulates the expression of SNAI1 via down-regulation of MTA3. This process enhances
the invasive ability of malignant glioma cells.
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1. Introduction

2.2. Layilin-knockdown decreased the expression of SNAI1 and its target
genes

Gliomas account for 25–30% of brain tumors (Goodenberger and
Jenkins, 2012) and arise from glial cells, which support brain neuronal
cells in the central nervous system (Goodenberger and Jenkins, 2012).
Malignant gliomas (World Health Organization grades III and IV) are
particularly lethal tumors and characterized by their diﬀuse invasion
into surrounding brain parenchyma and unclear their boundaries
(Cuddapah et al., 2014; Louis et al., 2007; Louis et al., 2016).
Recently, a transcriptional factor, snail family transcriptional repressor 1 (SNAI1) has been reported to play roles in the acquisition and
enhancement of invasiveness in malignant gliomas (Han et al., 2011).
Generally, cell motility is activated by the reconstruction of actin ﬁlaments and the degradation of extracellular matrix by matrix metalloproteinases (MMPs), which mechanisms have been reported to contribute to the invasiveness of tumor cells (Kahlert et al., 2013; Iwadate,
2016). In malignant glioma cells, it has been reported that SNAI1 upregulates the gene expression of MMP2 and/or MMP9, which degrade
type IV collagen in peripheral basement membranes to promote cell
invasion (Han et al., 2011; Yokoyama et al., 2003; Wu et al., 2017;
Myung et al., 2014). From the viewpoint of expression patterns of
epithelial mesenchymal transition (EMT)-related genes, the process of
the acquisition and enhancement of invasive ability in malignant
gliomas has similarities to EMT (Kalluri and Weinberg, 2009). During
EMT, epithelial cells lose polarity and cell-cell adhesion and acquire
migratory and invasive properties. Accordingly, the levels of epithelial
cell markers such as E-cadherin decrease and the levels of mesenchymal
cell markers such as vimentin, “actin alpha 2, smooth muscle” (ACTA2),
and MMP2/MMP9 increase. These changes are also observed in malignant gliomas. Thereby, mesenchymal transition of glioma cells is
sometimes called the “glial-mesenchymal transition” (GMT) (Mahabir
et al., 2014; Kühnöl et al., 2017).
Layilin is a type 1 transmembrane protein with a C-type lectin-like
motif (Bono et al., 2001). Layilin has been reported to be a receptor for
hyaluronic acid and to bind to cytoskeletal proteins such as talin and
merlin to regulate cell adhesion (Bono et al., 2001; Bono et al., 2005;
Borowsky and Hynes, 1998; Wegener et al., 2008; Scoles, 2008). On the
relation with EMT, we demonstrated that layilin is involved in the TNFα-mediated EMT of epithelial like-clear cell renal carcinoma cells
(Adachi et al., 2015).
Based on the abovementioned facts, we here hypothesized that
layilin could induce GMT to enhance invasive ability in malignant
glioma cells. To test this hypothesis, we investigated whether layilin
was expressed in human malignant glioma cell lines and if so, whether
layilin was involved in GMT to enhance invasive ability of the cells in
the present study.
2. Results
2.1. Malignant glioma cells showed highly expressed layilin
We ﬁrst investigated expression levels of layilin in U251-MG, A172,
and T98G cells of malignant glioma cell lines and in astrocytes by
western blotting. As a result, all the three cell lines expressed high levels of layilin, compared to astrocytes (Fig. 1A). We next investigated
the localization of layilin in A172 and T98G cells immunocytochemically. As a result, layilin was mainly localized not on
the cell surface but to the cytoplasm in both cell types (Fig. 1B). Based
on these data, we then examined whether layilin was localized to the
endoplasmic reticulum (ER) and/or to Golgi bodies. As a result, layilin
did not co-localize with calnexin, an ER marker (Fig. 1C, upper), but
some did co-localized with golgin 97, a Golgi marker (Fig. 1C, lower).
These data suggest that some layilin is localized to Golgi bodies and
that the remainder of the cytoplasmic layilin is not localized to the ER;
thus, layilin may have a function other than that of a hyaluronan receptor.

SNAI1 has been recently reported to play critical roles in the acquisition and enhancement of invasive ability in malignant gliomas
(Han et al., 2011). We therefore investigated whether layilin-knockdown by treatment with siRNA (siL-1 and siL-2) aﬀected molecules that
were involved in invasiveness of A172 cells. We ﬁrst conﬁrmed that the
expression of layilin mRNA was nearly completely suppressed both by
the treatment with siL-1 and by that with siL-2 (Fig. 2A, left). We then
evaluated the eﬀects of layilin-knockdown on the expression of SNAI1
and SNAI2 genes. As a result, SNAI1 mRNA levels were signiﬁcantly
decreased by the treatment with siL-1 and siL-2 (Fig. 2A, center),
whereas SNAI2 mRNA levels were not changed (Fig. 2A, right). We next
assessed protein levels of SNAI1 in whole cell and nuclear extracts of
layilin-knockdown A172 cells. After we conﬁrmed that both extracts
were successfully prepared (Fig. 2B, upper left), we checked the protein
levels of SNAI1. As a result, protein levels of SNAI1 were signiﬁcantly
decreased by the treatment with siL-1 and siL-2 in both the whole cell
and nuclear extracts (Fig. 2B, upper right and lower). Accordingly,
mRNA levels of vitronectin and occludin, both well-known target genes
of SNAI1, were signiﬁcantly decreased by the treatment with siL-1 and
siL-2 (Fig. 2C, upper). Similarly, mRNA levels of MMP2, MMP9, and
COL1A1, which are other target genes of SNAI1 involved in cellular
invasive ability, were also signiﬁcantly decreased by the treatment with
siL-1 and siL-2 (Fig. 2C, lower). These data indicate that layilin upregulates the expression of SNAI1 to promote the expression of MMP2,
MMP9, and COL1A1, as well as other SNAI1 target genes.
2.3. Layilin-knockdown increased nuclear metastasis associated 1 family
member 3 (MTA3) level
Cellular protein levels of SNAI1 are known to be regulated by
transcription and post-translational modiﬁcation (Aomatsu et al., 2011;
Liang et al., 2017; Fujita et al., 2003; Toh and Nicolson, 2008; Chen
et al., 2013; Zhou et al., 2004; Yamaguchi et al., 2012).
The transcription of the SNAI1 gene is up-regulated by phosphorylated smad 2/3 and down-regulated by nuclear MTA3 (Aomatsu et al.,
2011; Liang, et al., 2017; Fujita et al., 2003; Toh and Nicolson, 2008;
Chen et al., 2013). We therefore investigated whether layilin-knockdown decreased phosphorylated smad 2/3 levels in A172 cells. As a
result, phosphorylated smad 2/3 levels could not be detected in either
whole cell or nuclear extracts (data not shown). We next investigated
whether layilin-knockdown increased MTA3 at mRNA and protein levels. As a result, mRNA levels of MTA3 were not changed by treatment
with siL-1 and siL-2 (Fig. 3A, upper left), whereas the amounts of whole
and nuclear MTA3 protein were signiﬁcantly increased (Fig. 3A, upper
middle, upper right, and lower). These data indicate that layilin downregulates nuclear MTA3. The transcriptional up-regulation of SNAI1 by
layilin is thought to be mainly due to down-regulation of nuclear MTA3.
2.4. Layilin-knockdown up-regulated phosphorylation of ERK, Akt, and
GSK3β
Again, cellular protein levels of SNAI1 are regulated by post-translational modiﬁcation as well as by transcription (Zhou et al., 2004;
Yamaguchi et al., 2012). Speciﬁcally, SNAI1 phosphorylated by kinases
such as GSK3β is degraded by the ubiquitin-proteasome degradation
system (Zhou et al., 2004; Yamaguchi et al., 2012). Since GSK3β acts
down-stream of ERK and Akt (Zhou et al., 2004; Yamaguchi et al.,
2012), we investigated whether layilin-knockdown aﬀected the levels
of ERK, Akt, and GSK3β proteins and their phosphorylation (p-ERK, pAkt, and p-GSK3β) in A172 cells. As a result, total ERK (t-ERK) and total
Akt (t-Akt), as well as p-ERK and p-Akt were signiﬁcantly increased by
the treatment with siL-1 and siL-2 (Fig. 3B). The ratio of p-ERK to t-ERK
and that of p-Akt to t-Akt were signiﬁcantly increased by the treatment
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Fig. 1. Protein levels and localization of layilin. (A)
Proteins extracted from astrocytes and malignant
glioma cell lines (U251MG, A172, and T98G cells)
were subjected to western blotting with anti-layilin
and anti-actin antibodies. (B) Layilin was immunocytochemically detected in A172 and T98G
cells. After ﬁxation of cultured A172 and T98G cells,
layilin was detected using mouse monoclonal antilayilin antibodies and Alexa 647-labeled anti-mouse
IgG (magenta). F-actin was detected using Alexa 488labeled phalloidin (green). Nuclei were stained with
DAPI (blue). A white bar indicates 50 μm. (C) Layilin,
calnexin, and golgin 97 were immunocytochemically
detected in A172 cells. For double staining of layilin
and calnexin, layilin was detected with the mouse
anti-layilin antibodies and Alexa 647-labeled antimouse IgG antibodies (magenta in upper panels).
Calnexin was detected using rabbit anti-calnexin antibodies and Alexa 488-labeled anti-rabbit IgG (green
in upper panels). For double staining of layilin and
golgin 97, layilin was detected with the goat antilayilin antibodies and Alexa 647-labeled anti-goat
IgG antibodies (magenta in lower panels). Golgin 97
was detected using mouse anti-golgin 97 antibodies
and Alexa 488-labeled anti-mouse IgG (green in
lower panels). The areas enclosed by open squares in
the left panels of the merged panels are enlarged in
the right panels. White and yellow bars indicate 50
and 2 μm, respectively.

with siL-1 and siL-2 (Fig. 3B). These data indicate that active ERK (pERK) and active Akt (p-Akt) were signiﬁcantly increased by the treatment with siL-1 and siL-2. Accordingly, p-GSK3β, an inactive form of
GSK3β, were also signiﬁcantly increased by the treatment with siL-1
and siL-2 (Fig. 3B). In addition, total GSK3β (t-GSK3β) were signiﬁcantly increased by the treatment with siL-1 and siL-2 (Fig. 3B).
Since the ratio of p-GSK3β to t-GSK3β were also signiﬁcantly increased,
it could not be determined whether active GSK3β (the non-phosphorylated form) were increased or not.
2.5. Layilin-knockdown suppressed invasive ability of cells
Finally, we investigated the eﬀects of layilin-knockdown on the
invasive ability of the cells by a wound healing assay. As a result, both
the areas and numbers of migrating cells were signiﬁcantly decreased
by treatment with siL-1 and siL-2 (Fig. 4A). These data indicate that
layilin is involved in the invasive ability of malignant glioma cells.
3. Discussion
Our ﬁndings can be summarized as follows: 1) Malignant glioma
cells expressed high levels of layilin; 2) Layilin was mainly localized to

the cytoplasm not the cell surface; 3) Layilin up-regulated the gene
expression of SNAI1, which increased the expression of MMP2, MMP9,
and COL1A1; 4) Up-regulation of SNAI1 expression by layilin was
mainly due to down-regulation of nuclear MTA3; 5) Layilin suppressed
the phosphorylation of ERK, Akt, and GSK3β, and 6) Layilin enhanced
the invasive ability of malignant glioma cells (Fig. 4B).
On the ﬁrst point, all the tested malignant glioma cells expressed
high levels of layilin, compared to astrocytes. We previously reported
that TNF-α up-regulated expression of layilin in chondrocytes and renal
carcinoma cells (Adachi et al., 2015; Asano et al., 2014). However,
malignant glioma cells seem to spontaneously express layilin strongly
without any stimulation. Unknown mechanisms other than TNF-α-induced signaling may therefore promote the expression of layilin in
malignant glioma cells. This point needs to be addressed in future
studies.
On the second point, layilin has been reported to function as a
hyaluronan receptor at the cell surface (Bono et al., 2001; Bono et al.,
2005). However, in this study, we found that layilin was mainly localized not on the cell surface but to the cytoplasm of malignant glioma
cells. Moreover, we also found that layilin-knockdown was enough to
down-regulate expression of several genes contributing to cellular invasive ability in the absence of hyaluronan treatment. Therefore, we
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Fig. 2. Eﬀects of layilin knockdown on the expression of SNAI1 and its target genes in A172
cells. A172 cells were transfected with control
siRNA (siC) and 2 kinds of layilin siRNA (siL-1
or siL-2/n = 3 for each condition). (A) RNA
extracted from the cells was used for reversetranscription and the subsequent quantitative
PCR to estimate amounts of mRNA for layilin,
SNAI1, SNAI2, and GAPDH. Measured mRNA
levels of layilin, SNAI1, and SNAI2 were corrected using those of GAPDH. In each panel, the
average of the corrected mRNA levels in the
samples transfected with siC was deﬁned as 1.0.
(B) Proteins were extracted from whole cells
(Whole). Cytosol and nuclei (Cyt and Nuc, respectively) were fractionated. The protein
samples were subjected to western blotting.
Lamin A/C was used as a nuclear marker. The
intensity of the detected bands was measured
by a densitometer. Measured intensities of
layilin and SNAI1 (Whole) and SNAI1 (Nuc)
were normalized using that of β-actin and lysine-speciﬁc histone demethylase 1 (LSD1), respectively. The averages of the normalized
layilin (Whole) and SNAI1 (Whole and Nuc)
intensities in the “siC” samples were deﬁned as
1.0. (C) RNA extracted from cells was used for
reverse transcription and the subsequent
quantitative PCR to estimate the amounts of
mRNA for vitronectin, occludin, MMP2, MMP9,
COL1A1, and GAPDH. Measured mRNA levels
for vitronectin, occludin, MMP2, MMP9, and
COL1A1 were corrected using those of GAPDH.
In each panel, the average of the corrected
mRNA levels in samples transfected with siC
was deﬁned as 1.0. Mean values with SD are
shown. * < 0.05, ** < 0.01.
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Fig. 3. Eﬀects of layilin knockdown on regulators of SNAI1. A172 cells were
transfected with siC, siL-1 and siL-2 (n = 3 for each condition). (A) RNA extracted from the cells was used for reverse transcription and the subsequent
quantitative PCR to estimate amounts of mRNA for MTA3 and GAPDH.
Measured mRNA levels of MTA3 were corrected using those of GAPDH. In each
panel, the average of the corrected mRNA levels in samples transfected with siC
was deﬁned as 1.0 (Upper left panel). Proteins were extracted from whole cells
(Whole) and isolated nuclei (Nuc). The measured intensities of MTA3 (Whole)
and MTA3 (Nuc) were normalized using those of β-actin and LSD1, respectively. The averages of the normalized MTA3 (Whole and Nuc) intensities in the
“siC” samples were deﬁned as 1.0 (Upper middle and right panels). The images
of the western blotting are shown in the lower panels. (B) Proteins were extracted from whole cells and the samples were subjected to western blotting. βactin was used as an internal control. Intensities of the detected bands were
measured by a densitometer. The averages of the normalized p/t-ERK, p/t-Akt
and p/t-GSK3β intensities and the calculated p-ERK/t-ERK, p-Akt/t-Akt, and pGSK3β/t-GSK3β values in the “siC” samples were deﬁned as 1.0. Mean values
with SD are shown. * < 0.05, ** < 0.01.

MMP2, MMP9, and COL1A1 via SNAI1 and enhanced the invasive
ability of A172 cells, and these three molecules have been reported to
enhance the invasive ability in malignant glioma cells (Han et al., 2011;
Yokoyama et al., 2003; Wu et al., 2017; Myung et al., 2014; Sun et al.,
2018). Furthermore, layilin enhanced the motility of A172 cells in a
wound healing assay. Since cell motility generally contributes to the
invasiveness of tumor cells, layilin is thought to contribute to invasive
ability of malignant glioma cells. In addition, SNAI1 has various target
genes other than MMP2, MMP9, and COL1A1. For example, SNAI1 has
been reported to increase the expression of cyclin-dependent kinase 1
(CDK1) and decrease the expression of cyclin dependent kinase inhibitor 1A (P21) to promote cell proliferation (Yang et al., 2017). In
addition, SNAI1 has been reported to increase the expression of caspases and tumor protein p53 (TP53) to inhibit apoptosis (BarralloGimeno and Nieto, 2005). Therefore, layilin would contribute to both
cell proliferation and death resistance in malignant glioma cells via the
regulation of SNAI1 targets. This point needs further investigation in
future studies.
On the fourth point, layilin-knockdown did not aﬀect the expression
of MTA3 (Fig. 3A, upper left). On the other hand, it increased the
amounts of whole cellular MTA3 protein and that present in the nuclei
(Fig. 3A, upper middle and right). We therefore speculate that layilin
increases the stability of MTA3 proteins. This point should be also investigated in the near future.
On the ﬁfth point, layilin-knockdown increased the amounts of tGSK3β and p-GSK3β (Fig. 3B). It is unlikely that layilin promotes
phosphorylation of SNAI1 by GSK3β, although it cannot be denied that
the amounts of non-phosphorylated GSK3β is increased by layilinknockdown. In contrast, SNAI1 has been reported to activate PI3K and
ERK, which phosphorylate GSK3β (Barrallo-Gimeno and Nieto, 2005).
In this study, layilin-knockdown decreased expression of SNAI1,
whereas it increased phosphorylation of ERK and GSK3β. Our data are
inconsistent with theirs. This discrepancy should be clariﬁed in future
studies using various types of malignant glioma cells.
4. Conclusion
speculate that layilin enhances the invasive ability of malignant glioma
cells, independently of its function as a hyaluronan receptor. In addition, our data suggest that some layilin is localized to Golgi bodies.
Layilin in Golgi bodies may play a role in Golgi function or may simply
be in the process of post-translational modiﬁcation like glycosylation.
The precise localization of the remaining pool of layilin has not been
determined, although it may be present in cytoplasmic vesicles. We
plan to clarify the localization and functions of layilin in the cytoplasm
and in Golgi bodies in more detail in the future.
On the third and sixth points, layilin up-regulated expression of

Layilin up-regulates the expression of SNAI1 via MTA3, which enhances the invasive ability of malignant glioma cells.
5. Materials and methods
5.1. Cell culture
Human astrocytes (Lonza Group Ltd., Basel, Switzerland) were
cultured in Astrocyte Basal Medium (ABMTM, Lonza Walkersville, Inc.,
USA) containing 0.1% recombinant human epidermal growth factor,
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Fig. 4. Eﬀects of layilin-knockdown on the invasive
ability and summary of this study. (A) A172 cells
transfected with siC, siL-1 and siL-2 were cultured in
24 well plates for a wound healing assay (n = 3 for
each condition). Representative images of the wound
ﬁelds at 0 and 24 h after removal of the woundcreating inserts (upper left 6 panels). Areas and
numbers of cells migrating into the wound areas enclosed by the dotted lines in the 24-h panels (upper
right 3 panels) were measured. The invasive ability
was evaluated by < equation: migrating cell-occupying area/the wound ﬁelds enclosed by dotted
lines × 100 (%) > (lower left panel). The invasive
ability was also evaluated by counting the cells that
had migrated into the wound ﬁelds enclosed by the
dotted lines (lower right panel). Mean values with SD
are shown. * < 0.05, ** < 0.01 (B) Summary of the
results of this study.

0.25% insulin, 3% fetal bovine serum (FBS, Sigma-Aldrich, St. Louis,
MO, USA), 0.1% ascorbic acid, 1% L-glutamine, and 0.1% GA-1000
(AGM™ BulletKit™, AGM™ plus SingleQuots™ of Growth Supplements).
A-172 and T98G of human malignant glioma cell lines (DS Pharma
Biomedical Co., LTD, Osaka, Japan) were cultured in RPMI1640
(Sigma-Aldrich) supplemented with 10% FBS, 100 U/ml penicillin, and
100 μg/ml streptomycin (Sigma-Aldrich). U-251 MG cells of a human
malignant glioma cell line (DS Pharma Biomedical Co. Ltd) were cultured in EMEM (NISSUI PHARMACEUTICAL Co., Ltd, Tokyo, Japan)
containing 7% sodium bicarbonate (Otsuka Pharmaceutical Co., Ltd.,

Tokyo, Japan) and 1% L-glutamine (NISSUI PHARMACEUTICAL Co.,
Ltd) and supplemented with 10% FBS (MP Biomedical LLC, Santa Ana,
CA, USA), 100 U/ml penicillin, and 100 μg/ml streptomycin. The cells
were cultured at 37 °C in an atmosphere containing 5% CO2.
5.2. Protein extraction from cultured cells
Cultured cells, washed in phosphate buﬀered saline (PBS) and collected, were sonicated in a lysis buﬀer (20 mM Tris-HCl (pH7.4),
250 mM NaCl, 1% NP-40, 1 mM dithiothreitol) including protease
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inhibitor cocktail (Roche, Basel, Switzerland). After centrifugation,
collected supernatants were used as protein samples. Nuclear and cytosolic fractions were prepared using Nuclear/Cytosolic Fractionation
Kit (CELL BIOLABS INC, San Diego, CA, USA) by following the manufacturer’s instruction.

MD, USA), respectively, according to the manufacturer’s instructions.
5.7. Quantitative PCR

Western blotting was performed as described previously (Asano
et al., 2014). Brieﬂy, the protein samples, separated by 15% SDS-PAGE,
were transferred onto polyvinylidene diﬂuoride membranes. Goat
polyclonal antibodies to human layilin (R&D Systems Inc., Minneapolis,
MN, USA), rabbit polyclonal antibodies to human MTA3 (abcam,
Cambridge, UK), LSD1 (Cell Signaling Technology Inc. (CST), Danvers,
MA, USA), p-ERK (CST), p-Akt (CST), Akt (CST), p-GSK-3β (CST), and
GSK-3β (CST), and mouse monoclonal antibodies to human SNAI1
(CST), β-actin (Sigma), and ERK (CST) were used as primary antibodies.
Horseradish peroxidase (HRP)-conjugated rabbit anti-goat IgG antibodies (Agilent/DAKO, Santa Clara, CA, USA), anti-mouse IgG antibodies (CST), and goat anti-rabbit IgG antibodies (Agilent/DAKO) were
used as secondary antibodies. The bound antibodies were visualized
using ImmunoStar® LD (FUJI FILM, Osaka, Japan).

Quantitative PCR (qPCR) was performed by ABI Prism 7000
Sequence Detection System (Applied Biosystems, Foster city, CA, USA).
To measure mRNA for layilin and glyceraldehyde 3-phosphate dehydrogenase (GAPDH), mixtures of 2 μg of total RNA-derived cDNA,
300 nM each of forward and reverse primers, and Power SYBR® Master
Mix (Applied Biosystems) were subjected to qPCR. Nucleotide sequences of the primers are as follows: layilin, 5′-CACAGCCTGCCAGG
ACCTTTA and 5′ -TGCACCGGTCATCATTCCA, and GAPDH, 5′-TGGTA
TGGTGGAAGGACTCA and 5′-ATGCCAGTGAGCTTCCCGTT. To measure mRNA for SNAI1, SNAI2, vitronectin, occlludin, MMP2, MMP9,
COL1A1, and MTA3, mixtures of 2 μg of total RNA-derived cDNA, 8
solutions of TaqMan® Gene Expression Assays (Hs00195591_m1,
Hs00161904_m1, Hs00940758_g1, Hs00928613_m1, Hs01548727_m1,
Hs00957562-m1, Hs00164004_m1, and Hs00383033_m1, respectively,
Applied Biosystems), and TaqMan® Gene Expression Master Mix
(Applied Biosystems) were subjected to qPCR. The thermal cycle conditions were as follows: 95 °C for 10 min, followed by 40 cycles of 95 °C
for 15 sec and 60 °C for 60 sec.

5.4. Immunocytochemistry

5.8. Wound healing assay

A172 and T98G cells were ﬁxed in PBS containing 4% paraformaldehyde. The ﬁxed cells were treated with Alexa Fluor 488-labeled
phalloidin (Cytoskeleton Inc., Denver, CO, USA) to stain F-actin and
then with mouse monoclonal anti-layilin antibodies (Santa Cruz, Dallas,
TX, USA). In the latter, the bound antibodies were further reacted with
goat anti-mouse IgG antibodies conjugated with Alexa Fluor 647
(Invitrogen, Carlsbad, CA, USA). For double staining of layilin and
calnexin, the ﬁxed cells were treated with the mouse monoclonal antilayilin antibodies (Santa Cruz)/rabbit monoclonal anti-calnexin antibodies (CST). The bound antibodies were further reacted with antimouse IgG antibodies conjugated with Alexa Fluor 647 (Invitrogen)/
anti-rabbit IgG antibodies conjugated with Alexa Fluor 488
(Invitrogen). For double staining of layilin and golgin 97, the ﬁxed cells
were treated with the goat anti-layilin antibodies (R&D Systems Inc)/
mouse monoclonal anti-golgin 97 antibodies (Santa Cruz). The bound
antibodies were further reacted with anti-goat IgG antibodies conjugated with Alexa Fluor 647 (Invitrogen)/anti-mouse IgG antibodies
conjugated with Alexa Fluor 488 (Invitrogen). Nuclei were stained with
DAPI (Wako Pure Chemical Industries, Osaka, Japan). Nuclei and the
bound antibodies were visualized by confocal ﬂuorescence microscopy
(LSM510 META, Carl Zeiss, Jena, Germany).

Eﬀects of layilin-knockdown on invasive ability were investigated
by CytoSelect™ Wound Healing Assay Kit (Cell Biolabs, Inc., San Diego,
USA). A172 cells transfected with siL-1, siL-2 or siC (7.5 × 105/750 μl)
in RPMI containing 10% FBS were seeded onto 24-wells culture plates
containing plastic inserts for creation of “wound ﬁelds”. After the cells
reached conﬂuence by incubation for 24 h, the inserts were removed
and the wells were washed with PBS. The cells were then further cultured in RPMI containing 10% FBS for 24 h. Microscopic images of
“wound closure” were analyzed using the software of “Fiji” (Schindelin
et al., 2012). Invasive ability was assessed by areas and numbers of cells
migrating into the original wound ﬁeld.

5.3. Western blotting

5.5. Treatment of A172 cells with siRNA
A172 cells were transfected with 200 pmol/100 mm dish of 2 kinds
of siRNA for human layilin mRNA (siL-1; nucleotides 844–868 (CAGT
GGAATGATGACCGGTGCAACA) and siL-2; nucleotides 1019–1043 (
AAGCTGCCTTGAATCTGGCCTACAT) in NM_001258390.1, Invitrogen)
using Lipofectamine RNAiMAX (Invitrogen) according to manufacturer’s instructions. As a negative control, A172 cells were transfected with the same doses of control siRNA (siC, Stealth™ RNAi
Negative Control Medium GC Duplex, Invitrogen). Cells were used for
subsequent experiments after 24 h.

5.9. Statistical analysis
Statistical signiﬁcance was calculated by Student t-test. Values of
p < 0.05 were considered statistically signiﬁcant.
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Abstract
Purpose The purpose of this study was to evaluate the possible clinical application of optical coherence tomography for assessing
ovarian reserve in individual specimens of human ovarian tissue for fertility preservation.
Methods Ovarian tissue examination by optical coherence tomography was performed before ovarian tissue cryopreservation.
Three of the four subjects had hematological disease or cancer, and they faced a threat to their fertility due to impending
chemotherapy. One patient underwent ovarian tissue extraction for in vitro activation of dormant follicles as fertility treatment.
Results The current full-field optical coherence tomography technique can detect primordial follicles in non-fixed and nonembedded human ovarian tissue. These images are well correlated with histological evaluation and the ovarian reserve test,
including follicle counts.
Conclusion It was demonstrated that optical coherence tomography could assess localization of primordial follicles and ovarian
reserve in specimens of non-fixed human ovarian cortex, although optimization for examination of human ovarian tissue is
needed for clinical application. Additionally, this technique holds the possibility of assessing the ovarian reserve of patients with
unevaluable ovarian reserve.
Trial registration number UMIN000023141
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Introduction
Ovarian tissue cryopreservation has become the standard procedure for fertility preservation in young cancer patients who
are facing loss of fertility due to impending chemotherapy and
radiation therapy. According to the guidelines of the American
Society of Clinical Oncology (ASCO) [1], although ovarian
tissue cryopreservation is still an experimental and viable option for fertility preservation, more than 130 live births have
already been reported [2–4]. Furthermore, in Germany,
around 400 ovarian tissue cryopreservation procedures are
carried out each year [5]. To date, more than 1500 ovarian
tissue cryopreservation procedures have been performed in
the Nordic countries [6]. In addition, two live births were
reported applying the new clinical procedure of ovarian tissue
transplantation (IVA: in vitro activation) as a fertility treatment
for patients with primary ovarian insufficiency (POI) [7, 8].
Globally, the live birth rate from transplanted frozen-thawed
ovarian tissue is approximately 30% [3, 5, 9, 10]. Although
ovarian function is well recovered among most transplanted
cases [3, 11], only 67–75% of patients had at least 1 year of
ovarian tissue activity [10]. The duration of ovarian tissue
activity normally depends on the number of remaining
primordial follicles contained in the transplanted ovarian
tissue. The main reasons for follicle loss are Bburst^ or
Bactivation^ of primordial follicle recruitment and ischemic apoptosis [3]. However, selection of ovarian tissue
that includes a maximum number of primordial follicles
is important for improving the outcome of ovarian tissue transplantation. Therefore, a procedure needs to be
established for the assessment of ovarian reserve in
ovarian tissue.
Optical coherence tomography (OCT) is a non-invasive
imaging technique that provides high-resolution images for a
range of clinical applications [12, 13]. By measuring backscattered light from microstructural features in tissues, OCT
images include micron-scale detail to a penetration depth of
1–3 mm [12, 14]. OCT has recently been used for the imaging
of tissues for clinical examination of areas that can be accessed
directly or by using an endoscope or catheter. OCT is used in
such fields as ophthalmology [15, 16] and dentistry [17, 18],
and to evaluate such areas of the body as the gastrointestinal
tract [19, 20], coronary blood vessels [21, 22], colon [23],
breast [24, 25], and more [12, 14]. Some researchers have
been investigating the application of OCT in evaluating the
anatomical features of normal ovarian tissue [13, 14, 26–29].
In particular, a study has been reported on the clinical application of OCT for the detection of malignant cells and to
search for primordial follicles in formalin-fixed and embedded
ovarian tissue for fertility preservation [30]. In addition, researchers have recently reported a study using mice ovaries to
investigate the possibility of using OCT to assess ovarian
reserve [31].

The present study investigated the possibility of using OCT
to assess the localization of primordial follicles and ovarian
reserve in ovarian tissue, using non-fixed human ovarian tissue that had been cryopreserved for fertility preservation due
to POI and impending treatment of hematological disease and
cancer.

Material and methods
Preparation of human ovarian tissue
Human ovaries were obtained from 4 patients who underwent
ovariectomy for ovarian tissue cryopreservation between
November 2013 and February 2017 for fertility preservation
or fertility treatment at our university hospital. Ovarian tissue
from Patients 1 and 2 was cryopreserved-thawed by vitrification methods using a commercial ovarian cryopreservation kit
(Ova Cryo Kit Type M; KITAZATO Biopharma Co., Ltd.,
Shizuoka, Japan), as previously reported [7, 8]. The ovarian
tissue from Patients 3 and 4 was fresh. A small (4–8 mm ×
2 mm) 1-mm-thick section of ovarian cortex was cut out from
part of each ovary. This process was performed in a petri dish
(Bacteriological Petri Dish 60 × 15 mm, FALCON 351007;
Becton, Dickinson and Company, Franklin Lakes, NJ, USA)
containing modified HTF (mHTF) culture medium (with
HEPES; KITAZATO Biopharma Co., Ltd.). For the present
study, in accordance with the principles of the Declaration of
Helsinki, all patients provided written, informed consent, and
the study was approved by the institutional review board of our
university (institutional approval No. 3311, UMIN000023141).

Optical coherence tomography examination
The OCT system (Light-CT scanner; LL Tech, Paris, France)
was used in the present study. The light source of this equipment is a halogen lamp. The mechanical characteristics of the
Light-CT scanner included images with 1-μm resolution in all
three dimensions that can be manipulated using a standard
DICOM viewer. The wavelength of the OCT examination
was 700–800 nm (near-infrared), the width of the wave was
125 nm, and the area of examination was 0.64 mm2. Images
were obtained to a depth of 100 μm, which was the maximum
depth at which high-resolution images could be taken. The
mean exposure time during the OCT examination was approximately 2–3 min for each 0.64-mm2 section. The recorded
images were modified using a Gaussian filter to reduce the
speckle noise, and then contrast and brightness were adjusted
to clarify the follicle boundaries. These modified images were
reconstructed as representative images in accordance with histological images.
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Histological study of human ovarian tissue
The specimens of ovaries examined with OCT were fixed by
10% buffered formalin. The specimens were embedded in
paraffin and sectioned into 4-μm-thick slices, placed on
silane-coated glass slides, and stained with hematoxylin and
eosin (H&E). OCT images were compared with H&E-stained
histological images.

Follicle counting
To verify the accuracy of OCT examination, the number of
counted follicles was compared between OCT and histological
imaging to a depth of 65 μm. In performing histological follicle
counts on human ovaries, primordial follicles were defined as
those containing flat follicular cells, and primary follicles were
defined as those with one cuboidal follicular cell on histological
study [32]. Follicles were counted only when the dark-staining
nucleolus was seen within the nucleus of the oocytes to prevent
recounting of the same follicle [33]. Meanwhile, when
performing OCT follicle counts on human ovaries, a black
dot of around 20–30 μm was regarded as a primordial and/or
primary follicle. To avoid duplicate counting of follicles on
OCT imaging, the black dots were counted carefully every
20 μm. With this OCT equipment, it is difficult to make an
accurate distinction between primordial and primary follicles.
Accordingly, the sum of primordial and primary follicles was
compared between OCT and histological imaging. In this regard, it was difficult to count follicles in whole ovarian tissue
due to the penetration of OCT (no more than 100 μm).
Therefore, the follicles were counted on histological images
after calculating the degree of shrinkage after fixation and paraffin embedding. Also, to reduce the bias of this process, follicle count was performed by three collaborators.

ovarian tissue was cryopreserved for fertility preservation, but
after her treatment for anal cancer, she became pregnant naturally.
Patient 2 (a Bmenopausal case^) was 45 years of age and had
severely diminished ovarian reserve (DOR). She underwent
ovariectomy for IVA. Her basal FSH level was 20.1 mIU/ml,
and her AMH level was 0.51 ng/ml at 1.5 years prior to ovariectomy. This patient had primary amenorrhea and was diagnosed with Mayer-Rokitansky-Küster-Hauser syndrome
(MRKH syndrome) because she had a hypoplastic uterus.
Although she received ovarian tissue transplantation for IVA,
she could not become pregnant. The cryopreserved-thawed
ovarian tissues of patients 1 and 2 were investigated by OCT.
Patients 3 and 4 were investigated as Bunknown ovarian
reserve cases.^ These patients had not yet experienced menarche. Patient 3 was 15 years of age with aplastic anemia, and she
underwent ovarian tissue cryopreservation before bone marrow
transplantation. Her basal FSH level was 6.0 mIU/ml, and her
AMH level was 1.99 ng/ml. Patient 4 was 11 years of age with
acute lymphatic leukemia; she underwent ovarian tissue cryopreservation before bone marrow transplantation. In addition,
she received chemotherapy (3250 mg of cyclophosphamide)
before consultation for fertility preservation. Her basal FSH
level was 3.0 mIU/ml, and her AMH level was 0.07 ng/ml. In
these teenaged patients, basal FSH and AMH levels are not
reliable markers for assessing real ovarian reserve.

Comparison between OCT images and histological
images of human ovarian tissue
Patient 1 (normal ovarian reserve case)
Figure 1a–d shows a set of OCT images and H&E-stained
histological images from patient 1. The OCT images show
several follicles including primary-primordial and antral follicles, in accordance with the H&E-stained histological images.

Statistical analysis
Patient 2 (menopausal case)
JMP Pro version 12 (SAS Institute Inc., Cary, NC, USA) was
used for statistical analysis. The numbers of follicles are
expressed as means ± standard error (SE). The Wilcoxon
signed-rank test was performed, and a P value < 0.05 was
considered significant.

Figure 2a, b shows a set of OCT images and H&E-stained
histological images from patient 2. No follicles were detected
by OCT, in accordance with the H&E-stained histological
images. These images represent very low ovarian reserve,
corresponding with basal FSH and AMH levels.

Results

Patients 3 and 4 (unknown ovarian reserve cases)

Medical history and characteristics of the subjects

Figures 3a–d) and 4a, b show a set of OCT images and H&Estained histological images from patients 3 and 4. Although
their AMH levels were low (patient 3, 1.99 ng/ml; patient 4,
0.07 ng/ml), many primordial follicles were detected in the
ovarian cortex of both patients.
On pathological examination, malignant cells were not detected in the ovarian tissues of patients 1 through 4.

The characteristics of the patients are shown in Table 1. Patient 1
was 32 years of age with anal cancer. Her ovarian reserve was
normal (a Bnormal ovarian reserve case^); her basal folliclestimulating hormone (FSH) level was 4.34 mIU/ml, and her
anti-Müllerian hormone (AMH) level was 5.01 ng/ml. Her
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Patient

1

2

3

4

Case
Disease/condition

Normal OR
Anal cancer

Menopausal OR
Severe DOR

Unknown OR
Aplastic anemia

Unknown OR
ALL

Age at OTC

32

45

15

11

Menstruation
Basal FSH (mIU/ml)

Regular (30 days)
4.34

Primary amenorrhea
20.1

Before menarche
6.0

Before menarche
3.0

AMH (ng/ml)

5.01

1.99

0.07

Chemotherapy
before OTC
Past history

―

0.51 (before 1.5 year
of ovariectomy)
―

―

CPA 3250 mg

Crohn disease

MRKH syndrome

―

―

Unilateral ovarian
cystectomy
OTC ovarian tissue cryopreservation, FSH follicle-stimulating hormone, AMH anti-Müllerian Hormone, OR
ovarian reserve, DOR diminished ovarian reserve, ALL acute lymphocytic leukemia, CPA cyclophosphamide,
MRKH syndrome Mayer-Rokitansky-Kuster-Hauser syndrome

Meanwhile, there were no differences among fresh
(patients 1, 2) and vitrified-thawed (patients 3, 4) ovarian tissue in terms of image quality and appearance of primordialprimary follicles.

shows the follicle counts for OCT and histological imaging
(sample number 1–3: patient 3, sample number 4: patient 4).

Discussion
Accuracy of follicle counts using OCT
On the follicle counting of four serial ovarian sections obtained from girls with hematological disease and before menarche, the means of the sum of primordial and primary follicles
of ovarian tissue were 84.5 ± 43.0 (OCT) and 83.7 ± 52.9
(histology); there was no significant difference between
OCT and histological evaluation (P = 0.78). Also, Fig. 5

Fig. 1 OCT images and H&E-stained histological images of ovarian
tissue from patient 1 (normal ovarian reserve case). Results of OCT examination of ovarian tissue from patient 1, who was 32 years of age with
anal cancer. Several developing follicles (primordial-primary: yellow arrows, and antral follicles: white arrows) are detected by OCT (a), in
accordance with histological examination (b). This OCT image reflects
the normal result of the ovarian reserve test (FSH 4.34 mIU/ml, AMH

Advantage of OCT for assessment of the numbers
of primordial follicle intend for effective ovarian
tissue transplantation
Comparison of OCT imaging and H&E-stained histological
images demonstrated that OCT could detect primordial follicles clearly. Detection of primordial follicles on formalin-

5.01 ng/ml). Magnified OCT image (c) demonstrates the details of developing follicles (primordial-primary: yellow arrows, and antral follicles:
white arrows) in accordance with magnified histological examination (d).
Scale bar = 200 μm (a, b), 100 μm (c, d). OCT optical coherence tomography, H&E hematoxylin and eosin, FSH follicle-stimulating hormone,
AMH anti-Müllerian hormone
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Fig. 2 OCT image and H&Estained histological image of
ovarian tissue from patient 2
(menopausal case). Results of
OCT examination of ovarian tissue from patient 2, who was
45 years of age with severely diminished ovarian reserve. No follicles are detected by OCT (a), in
accordance with histological examination (b). This OCT image
reflects the poor result of the
ovarian reserve test (FSH
20.1 mIU/ml, AMH 0.51 ng/ml at
1.5 years prior to ovariectomy).
Scale bar = 200 μm (a, b).
OCT optical coherence tomography, H&E hematoxylin and eosin,
FSH follicle-stimulating hormone,
AMH anti-Müllerian
hormone

fixed and embedded human ovarian tissue was reported in
2016 [30]; this was the first report of detection of primordial
follicles in fresh human ovarian tissue with clear OCT images.
In 2017, researchers reported the detection of primordial follicles in fresh murine ovaries [31]. Through non-invasive detection of primordial follicles in fresh human ovarian tissue,
localization of primordial follicles can be assessed. Primordial
follicles have been shown to be very unevenly distributed in
the cortex of ovaries [34]; these findings indicate that OCT can
assist in selecting the most productive ovarian tissue for ovarian tissue transplantation. The present study is the first case
series of OCT examination using clinical samples intended for
assessment of the quantity and localization of primordial follicles as the first step for clinical application.
OCT images were compared between patient 1 (normal
ovarian reserve case) and patient 2 (menopausal case), and
the outcomes were correlated with H&E-stained histological
images and the ovarian reserve test (basal FSH and AMH
levels). Although present study is the first report that showed
certain accuracy of OCT, and indicated correlation with basal
FSH and AMH levels, at present, the accuracy of OCT compared with histological examination remains debatable [31].

Although OCT examination does not have any advantage in
terms of image quality compared with histological studies, the
biggest advantage of OCT examination is that there is no need
for any fixation and paraffin embedding, unlike conventional
histological studies. This means we can transplant ovarian
tissue whose follicle count has already been evaluated. We
believe that the ovarian tissue selection may improve
the efficacy of ovarian tissue transplantation, because
primordial follicles were very unevenly distributed
throughout the ovarian cortex [34]. As a matter of
course, more investigation is needed to confirm the correlation between the numbers of counted follicles using
OCT and ovarian function after ovarian auto-transplantation, although such confirmation is very difficult with
human fresh ovaries because the testable depth of highresolution OCT still extends only to 100 μm [31].
Nevertheless, to apply OCT in clinical medicine, establishment of a follicle count system in conjunction with
OCT, such as an automatic cell counter and a statistical
computing method, is needed. A rapid screening and
rapid counting system would be vital for the effective
practice of clinical medicine.
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Fig. 3 OCT images and H&E-stained histological images of ovarian
tissue from patient 3 (unknown ovarian reserve case). Results of OCT
examination of ovarian tissue from patient 3, who was 15 years of age
with aplastic anemia. Her AMH and basal FSH levels were unevaluable
for ovarian reserve assessment because she was premenarcheal. Several
primordial-primary follicles (yellow arrows) are detected by OCT (a), in

accordance with histological examination (b). Magnified OCT images (c)
demonstrate the details of primordial-primary follicles (yellow arrows) in
accordance with magnified histological examination (d). Scale bar =
200 μm (a–d). OCT optical coherence tomography, H&E hematoxylin
and eosin, FSH follicle-stimulating hormone, AMH anti-Müllerian
hormone

Development and modification of OCT for primordial
follicle detection

domain) OCT was developed, which replaced the reference
arm length scan with parallel spectroscopic measurements
(spectral-domain OCT) or sequential measurements made by
scanning the wavelength of a tunable laser (swept-source
OCT). Full-field OCT differs from TD-OCT and frequencydomain OCT in that it does not use a scanning light beam to
produce tomographic images in the en face orientation (orthogonal to the optical axis). Unlike with conventional OCT,

Exciting developments have occurred in OCT. The first generation of OCT was time-domain OCT (TD-OCT), which can
be used to compose an image that is acquired by point-bypoint scanning of both the interferometer reference arm length
and the laser beam. Subsequently, frequency-domain (Fourier-
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Fig. 4 OCT image and H&E-stained histological image of ovarian tissue
from patient 4 (unknown ovarian reserve case). Results of OCT examination of ovarian tissue from patient 4, who was 11 years of age with
acute lymphatic leukemia. Although her AMH and basal FSH levels were
unevaluable for ovarian reserve assessment because she was
premenarcheal and in the midst of a chemotherapy treatment cycle,

several primordial-primary follicles (yellow arrows) are detected by
OCT (a), in accordance with histological examination (b). Scale bar =
500 μm (a, b). OCT optical coherence tomography, H&E hematoxylin
and eosin, FSH follicle-stimulating hormone, AMH anti-Müllerian
hormone

low spatial coherence light illuminates the entire field of the
image [35]. The present study used a full-field OCT system to
pursue rapid image creation and high-resolution imaging.
Some improvements of the OCT technique (e.g., a wavelength

or scanning system) are needed to investigate human ovarian
tissue for assessment of actual follicle localization and ovarian
reserve. Indeed, OCT technology has evolved rapidly, and
attempts have been made to achieve ultra-high-speed imaging
with a modified luminous source and a high scanning rate
system [36, 37]. Methods of speckle noise reduction (e.g.,
Gaussian filtering) for improvement of image quality have
been investigated [38, 39]. These investigations may allow
OCT to move closer to practical use. Although the present
study was preliminary, it indicated the possibility of clinical
application. Certainly, histological study is superior in terms
of accuracy for ovarian reserve assessment, though OCT has
advantages in terms of swiftness and non-invasiveness, although it is still under development. Further, OCT is a unique
method for assessing follicle localization and ovarian reserve
without fixation, dyeing, or contact.

Utility of OCT to assess the ovarian reserve
for patients with unevaluable ovarian reserve
Fig. 5 A comparison of follicle counts between OCT and histological
examination. There is no significant difference in follicle counts
between OCT and histological examination (P = 0.78, Wilcoxon signedrank test). Sample number 1–3: patient 3, 4: patient 4. Gray boxplot: OCT
examination, Black boxplot: histological study

In the present study, OCT was applied effectively for patients
who had unknown ovarian reserve (patients 3 and 4). These
patients were prepubertal and premenarcheal, so the serum
FSH level was not reliable for assessing the ovarian reserve
of these patients. Additionally, AMH levels are low during
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prepubertal development, rise during early puberty, and reach
a plateau at 20–25 years of age [40, 41]. Serum AMH levels
decline immediately after initiation of chemotherapy and increase after several months of chemotherapy, but no markers
attain the pretreatment values [42]. In particular, patient 4
received chemotherapy (3250 mg of cyclophosphamide) before consultation for fertility preservation; therefore, the AMH
level was not reliable for assessing her ovarian reserve.
Although supplementary data of the ASCO guidelines has set
a high-risk POI dosage for cyclophosphamide treatment [1],
the innate amount of ovarian reserve varies between individuals. Consequently, the total dosage of cyclophosphamide is
not a conclusive factor in determining the ovarian reserve of a
patient. However, assessment of the ovarian reserve of such
patients is greatly needed to evaluate the efficacy of ovarian
tissue cryopreservation and transplantation. Unfortunately, at
present, there is no procedure to accurately assess ovarian reserve and distribution, as with histological examination. With
optimization of inspection of the ovary, OCT examination
could assess the ovarian reserve of child patients and chemotherapy patients who have low AMH levels, which indicate a
seemingly low ovarian reserve.

Further investigation of OCT for fertility preservation
To accurately assess fresh ovarian reserve by OCT, several
issues need to be resolved regarding OCT equipment. One
issue is testable depth; as mentioned above, the current testable depth of high-resolution OCT reaches only 100 μm. The
existing model of OCT equipment does not readily support
testable depth and resolution simultaneously. Second, modification of the method for examining human ovarian tissue is
needed. In the present study, ex vivo OCT examination was
performed on dissected ovarian cortex. To assess ovarian reserve before ovarian tissue cryopreservation, in vivo OCT
examination is needed, for example, integrated with endoscopy or laparoscopy or a catheter [21, 22, 26]. Implementation of
in vivo laparoscopic or catheter examination for ovarian reserve assessment and a faster acquisition rate and downsizing
are also needed while maintaining high resolution [26]. Third,
the scanning area is too shallow to obtain OCT imaging of the
ovary. The scanning area of the OCT equipment used in the
present study was 0.64 mm2. Expansion of the scanning area
would be important for clinical application. In the area of
ophthalmological research, megahertz OCT for ultrawidefield retinal imaging with a 1050-nm Fourier-domain modelocked laser has been reported [43], having seven times the
width of the current scanning area and 200 times the scanning
speed of the conventional system.
Ideally, we hope to investigate the use of OCT for assessing
ovarian reserve from the surface of the body as with ultrasonography by high-speed, real-time image processing. This
would be a truly non-invasive and effective method for

assessment of ovarian reserve and primordial follicle localization. Additionally, further safety assessments are needed for
clinical application of OCT; only one paper mentioned the
reproductive safety of OCT technique using mice, and there
are no reports to date that mentioned human reproductive
safety [30]. In addition, more investigation is needed to
confirm the Bnon-invasiveness for reproductive cells^ of
OCT examination through evaluation of follicle viability after
NIR irradiation, although a report indicated its noninvasiveness using a glucose uptake assay and neutral red
staining with bovine ovarian tissue [30]. Further verification
of the non-invasiveness for reproductive cells under various
study conditions (wavelength, illuminance, irradiation time,
and energy) will bring OCT closer to clinical application in
reproductive medicine.

Conclusion
In the present study, the possibility of the clinical application
of OCT for assessment of the localization of primordial follicles and ovarian reserve was demonstrated. OCT could also
assess ovarian reserve in patients with unevaluable ovarian
reserve. Although clinical applications of OCT are not feasible
with the current technology, the optimization and improvement of OCT equipment will make it possible to select the
most suitable ovarian tissue containing abundant follicles for
the purpose of successful ovarian tissue transplantation. As a
next step, it will be necessary to compare the effectiveness of
OCT imaging and conventional methods for ovarian tissue
selection.
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Aromatase inhibitor use during ovarian
stimulation suppresses growth
of uterine endometrial cancer
in xenograft mouse model
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Introduction

Materials and Methods
Ethical approval
This study was performed upon the approval by the Animal Experiment
Review Committee of St. Marianna University School of Medicine.

Animals
Mice were kept at 23 ± 2°C with a humidity of, 55 ± 5% humidity, 12-h
light and 12-h dark cycle, and constant ad libitum access to feed food and
water.

AI administration for estrogen
measurements
C57BL/6 J, 4-week-old, female mice (Japan SLC, Inc., Shizuoka, Japan)
(N = 16) were divided into four groups. Using a gastric tube, the thirdgeneration AI letrozole (Femara®; Novartis Pharmaceuticals, AG, East
Hanover, NJ) was administered at 0, 2, 10 or 25 μg/kg for 3 consecutive
days. On the second day of letrozole administration, 7 IU of pregnant
mare serum gonadotropin (PMSG; ASKA Animal Health Co., Ltd., Tokyo,
Japan) was intraperitoneally administered to induce follicular development.

Measurement of the serum estrogen
concentration
Mice were euthanized using carbon dioxide (CO2) 2 days after the administration of PMSG. The blood was collected from their hearts, and centrifuged for 5 min at 684 g at 4 °C in a 1.5-ml microtube. Supernatant serum
was transferred to a 1.5-ml microtube and stored in a freezer. Serum 17βestradiol (E2) concentrations were measured using an Estradiol EIA Kit
(Cayman Chemical Co., Ltd, Ann Arbor, MI) in accordance with the manufacturer’s protocol.

AI administration and ovarian stimulation
For four groups of C57BL/6 J, 4-week-old, female mice (N = 36), letrozole
was orally administered at 0, 2, 10 or 25 μg/kg/day for 4 days. On Day 2
of the letrozole administration, 7 IU of PMSG was intraperitoneally administered to induce follicular development, and on Day 4, of the letrozole
administration, 7 IU of hCG (ASKA Pharmaceutical Co., Ltd, Tokyo,
Japan) was intraperitoneally administered to induce hyperovulation.

Harvesting cumulus oocyte complexes
Mice were euthanized 16 h after hCG administration, and cumulus oocyte
complexes (COCs) were collected through an incision made in the
ampulla of the Fallopian tube. Collected COCs were transferred to 100-μl
TYH (LSI Medience Corp., Tokyo, Japan) culture drops covered with mineral oil (Irvine Scientiﬁc, Santa Ana, CA), and then cultured at 37°C under
5% CO2 in air until insemination. Fertilized oocytes and embryos were cultured in the KSOM-AA medium (Merck Millipore Corp., Billerica, MA).
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Uterine endometrial cancer is one of the very common types of cancer
in women. In the USA, for example, there were 54 870 cases in 2015,
including 10 170 deaths, and these numbers have been increasing in
recent years (Siegel et al., 2015). The standard treatment for uterine
endometrial cancer is the combination of surgery, chemotherapy and
radiotherapy (Rutledge, 1974; Signorelli et al., 2009), but young
patients with early stage cancer (equivalent to the International
Federation of Gynecology and Obstetrics stage IA) or endometrial
hyperplasia sometimes request consideration of fertility preservation.
In countries where surrogate pregnancy is recognized, women can
have children by surrogate pregnancy after total hysterectomy, including bilateral adnexectomy so long as the collection of oocytes is performed before surgery (Azim and Oktay, 2007). However, for patients
who do not have the option of surrogate pregnancy, fertility preservation implies conception by patient’s own uterus and is associated with
higher risks. For those patients, endometrial curettage is initially performed to physically remove cancer or hyperplasia cells, followed by
hormone therapy.
Uterine endometrial cancer is classiﬁed as the estrogen-dependent
type I and estrogen-independent type II. The former represents more
than 80% of cases, and its carcinogenesis is associated with estrogen
(Setiawan et al., 2013). Progesterone therapy has been demonstrated
as an effective treatment for type I uterine endometrial cancers (Kelley
and Baker, 1961). When medroxyprogesterone acetate (MPA) was
used for the treatment of endometrial cancer and atypical endometrial
hyperplasia, the overall complete response (CR) rate was 67%, hence,
treatment with MPA has become the standard approach for patients
who choose not to undergo hysterectomy to preserve fertility potential (Ushijima et al., 2007).
In premenopausal women, estrogen is synthesized primarily in the ovaries. In postmenopausal women, the estrogen level decreases as ovarian
function declines and estrogen production relies on synthesis from androgens in the adrenal glands by the enzymatic reaction of aromatase.
Estrogen is also produced from androgens in the aromatase pathway
through the interaction of tumors and interstitial cells (Takahashi-Shiga
et al., 2009). Aromatase inhibitors (AI) inhibit the enzymatic activity of aromatase and thus suppresses estrogen biosynthesis.
Recurrence and mortality rates of estrogen receptor (ER)-positive
early breast cancer are reduced by long-term AI administration, which
is more effective than the selective ER modulator tamoxifen (Early
Breast Cancer Trialists’ Collaborative Group, 2015). Therefore, AI
have been used as long-term hormone therapy for breast cancer.
Ovarian stimulation elevates blood estrogen to non-physiological levels
for limited periods by promoting the development of oocytes. Although,
the short-term rise of blood estrogen caused by ovarian stimulation
has been reported not to increase the risk of developing breast cancer in general population (Venn et al., 1999; Silva Idos et al., 2009),
co-administration of AI for ovarian stimulation in patients with breast
cancer is recommended due to the potential risk of cancer recurrence
(Reddy and Oktay, 2012; Oktay et al., 2015; Rodgers et al., 2017).
Concomitant AI use has been previously investigated for ovarian
stimulation in patients with endometrial cancer for similar reasons
(Azim and Oktay, 2007), however, reported cases are limited and surrogate pregnancy is recommended.

Given the lack of evidence, in this experimental animal study we
aimed to investigate the efﬁcacy and safety of concomitant AI use by
evaluation of tumor growth and blood estrogen concentrations as well
as ovulation, insemination and embryo maturation under the internal
use of AI.
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Sperm collection and pre-culture

IVF and embryo culture
A 10-μl pre-cultured sperm was collected from the upper layer, and transferred to a TYH culture drop containing COCs and kept at 37°C under 5%
CO2 for 5–6 h to facilitate fertilization. After fertilization, ova were recovered
from the TYH culture drops, transferred to drops of the KSOM medium, and
cultured at 37°C, under 5% CO2 in air. After culture for 16 h, two-cell
embryos were transferred to fresh KSOM medium drops, and cultured at
37°C under 5% CO2 to observing development up to the blastocyst stage.

Preparation and hematoxylin–eosin staining
of mouse ovary tissue sections
Collected mouse ovaries were submerged in Bouin’s solution (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) for 24 h at 4°C and saturated with
parafﬁn by sequentially submerging them in the following: 70% v/v ethanol at
room temperature for 1 h, 90% v/v ethanol at room temperature for 1 h,
100% ethanol at room temperature for 30 min, xylene at room temperature
for 30 min, a mixture of parafﬁn and xylene at 65°C for 24 h, and parafﬁn at
65°C. Sequential 6-μm thick sections were prepared. Next, the parafﬁn sections were melted at 65°C, followed by deparafﬁnization with xylene, 100%
ethanol, 90% v/v ethanol and 70% v/v ethanol. Tissue sections were stained
with hematoxylin–eosin (HE), mounted, dried and evaluated.

Histological evaluation of ovaries
Histological evaluation of ovarian tissues was performed after HE staining.
In ovaries collected during ovum collection and IVF, numbers of luteinized
unruptured follicles (LUFs) were counted to evaluate any effects on the
numbers of oocytes ovulated. Only nucleated ova were counted to avoid
double counting.

Xenografting
The Ishikawa 3-H-12 cell line (National Research and Development
Foundation JCRB Cell Bank, Osaka, Japan) (Nishida et al., 1996), a cell
strain expressing ER and progesterone receptor (PR), was used. Cells
were cultured in minimum essential medium (Gibco Earle’s salts+ and Lglutamine; Thermo Fisher Scientiﬁc, Inc., Waltham, MA), with 15% w/v
fetal bovine serum (Bovogen Biologicals Pty., Ltd, East Keilor, Australia)
and 1% w/v Gibco Antibiotic–Antimycotic (Thermo Fisher Scientiﬁc, Inc.,
Waltham, MA). BALB/cSlc-nu/nu nude, 6-week-old, female mice (Japan
SLC, Inc., Shizuoka, Japan) (N = 40) were used. We subcutaneously transplanted 1.0 × 107 Ishikawa 3-H-12 cells in the center of the mice’s back
using a 1-ml syringe with a 21-G syringe needle. Transplantation sites were
monitored for 2 weeks to conﬁrm grafting of the tumor. Four groups of 10
mice each were assigned to the following treatments.

Schedule for ovarian stimulation and AI
administration
Group 1: Control group (no ovarian stimulation)
No drug administration after transplantation (oral and intraperitoneal injections of the physiological saline).

For ovarian stimulation, follicular development was induced by intraperitoneal
injection of 7-IU PMSG (ASKA Animal Health Co., Ltd). Hyperovulation was
induced 2 days later by an intraperitoneal injection of 7-IU hCG (ASKA
Animal Health Co.). Femara® (2.5-mg tablet; Novartis Pharmaceuticals, AG)
was pulverized using a mortar and pestle and dissolved in sterilized water. A
25 μg/kg was administered orally using a gastric tube.
Sizes of subcutaneous tumors were measured weekly using a caliper
with a vernier dial, and measurements in mm3 (length × width × height)
were recorded. On Day 4 of the sixth week after starting ovarian stimulation, mice were euthanized 2 days after PMSG administration using CO2,
tumors were excised, and bloods samples were collected.

Tumor evaluation and measurement
of blood E2 concentration
(i) After euthanasia of mice using CO2, blood was collected from their
hearts, and the blood 17β-estradiol level was measured using the
Estradiol EIA Kit (Cayman Chemical Co.).
(ii) Tumors on body surfaces were photographed.
(iii) Tumors were excised, photographed and weighed.
(iv) Each excised tumor was cut into at least four pieces. Two pieces were
placed in a 1.5-ml microtube and then stored at −80°C. ERα and ERβ
expression levels of each tumor tissue were measured by reverse
transcription real-time polymerase chain reaction (RT-rPCR).
(v) Half of the remaining pieces were ﬁxed using the Bouin solution, followed by HE staining.
(vi) Remaining pieces were ﬁxed using a neutral formalin solution, followed by Ki67 staining.

Statistical analysis
Results are expressed as the mean ± standard error of the mean. The
effects of treatment were compared among the groups using one-way analysis of variance with the post-hoc Tukey honestly signiﬁcant difference
test. Differences were considered signiﬁcant if P was < 0.05. All analyses
were computed using SAS JMP Pro 12.2.0 (SAS Institute Inc., Cary, NC).

Results
Reduction of blood E2 level by letrozole
The effect of AI on the blood estrogen concentration was examined
using letrozole. Increasing concentrations of letrozole were administered orally for 3 days in C57BL/6 J, female, 4-week-old mice (N =
16). The blood E2 concentration decreased from 29.0 ± 6.0 pg/ml to
25 ± 2.7, 11.4 ± 4.4 and 0.71 ± 0.4 pg/ml dose dependently with
increasing concentrations of 2, 10 and 25 μg/kg of letrozole, respectively (Fig. 1). Signiﬁcant decreases were obtained by 10 and 25 μg/kg
of letrozole (P < 0.05).
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Caudal parts of the epididymis were collected from 8-week-old to 12week-old, male C57BL/6 J mice, and washed with the M16 culture
medium (Global Stem, Rockville, MD). Blood and fat were removed on ﬁlter paper, and the sperm mass was collected from the tip of the caudal
parts of the epididymis using a 23-G syringe needle. Then the collected
sperm mass was submerged in 500 μl of the TYH medium in a 1.5-ml
microtube and pre-cultured at 37°C and 5% CO2 in air.

Group 2: Ovarian stimulation group
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG, once per week for 6 weeks.
Group 3: Ovarian stimulation + letrozole group
Oral daily administration of letrozole.
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG once per week for 6 weeks.
Group 4: Ovariectomy + ovarian stimulation group
Bilateral ovariectomy was performed 2 weeks after transplantation.
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG, once per week for 6 weeks.
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The effect of reduced E2 levels due to letrozole administration on
superovulation for IVF was investigated. C57BL/6 J, female, 4-weekold mice (N = 36) were divided into four groups that received 0, 2, 10
or 25 μg/kg of letrozole orally.
The numbers of retrieved oocytes in the 0, 2, 10 and 25-μg/kg
letrozole groups were 48 ± 2.8, 50 ± 1.8, 39 ± 2.7 and 36 ± 4.1,
respectively. Therefore, retrieved oocytes were signiﬁcantly fewer in
the 25-μg/kg group than in the control group (P < 0.05; Fig. 2A).
Fertilization rates were 79.9 ± 3.6%, 80.6 ± 4.1%, 74.7 ± 8.9% and
69.4 ± 5.3%, respectively, in the 0, 2, 10 and 25 μg/kg groups with no
signiﬁcant differences (P > 0.05; Fig. 2B). Blastocyst achievement rates

Suppression of uterine endometrial cancer
growth by letrozole
Ishikawa 3-H-12 cells (1 × 107) were transplanted subcutaneously in
the back of BALB/cSlc-nu/nu mice. After 2 weeks, 40 mice were
divided into four groups and treated as described in Fig. 3. Tumor size
increased signiﬁcantly in the ovarian stimulation group compared to
the control group and was reduced by letrozole administration (Fig. 4).
The blood E2 concentration, similar to the result with female C57BL/
6 J mice (Fig. 1), was signiﬁcantly lower in the letrozole and ovariectomy groups than in the ovarian stimulation group in BALB/cSlc-nu/
nu mice (P < 0.05; Fig. 5A). As measured by RT-rPCR, the ERα messenger RNA expression level in tumor tissue was signiﬁcantly higher in
the ovarian stimulation group than in the other three groups (P < 0.05,
Fig. 5B). No signiﬁcant differences in the ERβ expression level were
found between any of the four groups (P > 0.05, Fig. 5B).
Tumor tissues in all groups, after HE staining, showed characteristics
of endometrial adenocarcinoma, including the formation of ductal
structures, nuclear stratiﬁcation with mild atypia, and cribriform pattern in the periductal region (Fig. 6A). In addition, Ki67 stainingpositive cells were found in all groups (Fig. 6B).
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The present study demonstrated that the growth of endometrial cancer cells was promoted during ovarian stimulation and suppressed by
letrozole in correlation with blood estrogen levels.
In general, long-term exposure to unopposed estrogen increases
the incidence of endometrial cancer (Weiderpass et al., 1999). On
the other hand, no increase in the incidence of hormone-sensitive
tumors due to ovarian stimulation has been reported in the general
population (Venn et al., 1999; Silva Idos et al., 2009). This is because

Figure 1 Effect of letrozole (aromatase inhibitor) on serum estrogen (E2) concentrations. Mice were divided into four groups according to the doses of letrozole (0, 2, 10 and 25 μg/kg). Letrozole was
given orally for 3 days. A 7 IU of pregnant mare serum gonadotropin
(PMSG) was given i.p., 2 days after the letrozole administration. All
mice were sacriﬁced 2 days after PMSG administration, and E2 concentrations in sera were measured. *P < 0.05 versus the control.
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Figure 2 Efﬁcacy of letrozole on fertility and embryogenesis. The aromatase inhibitor (AI) was administered orally at 0, 2, 10 and 25 μg/kg for 4
days. Pregnant mare serum gonadotropin and human chorionic gonadotropin were administered at seven IU/mouse intraperitoneally on Days 2 and
4, respectively, after AI administration. IVF was performed on Day 5 after AI administration. *P < 0.05 versus the control.
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were 94.7 ± 1.3%, 97.0 ± 1.3%, 90.6 ± 3.9% and 89.5 ± 3.6%,
respectively, in the 0, 2, 10 and 25-μg/kg groups, demonstrating no
signiﬁcant differences (P > 0.05; Fig. 2C). Numbers of LUFs in ovarian
tissue sections at the time of IVF were 5 ± 1.5, 3 ± 0.9, 2 ± 0.3 and
4 ± 0.9, respectively, in the 0, 2, 10 and 25-μg/kg letrozole groups.
No correlation was observed between LUFs numbers and AI dose
(P > 0.05; Fig. 2D).
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Figure 3 Experimental schedules of treatments started 2 weeks after tumor xenografting in all four groups. Group 1: no treatment; group 2: weekly
intraperitoneal injections of 7 IU/mouse of pregnant mare serum gonadotropin, followed by intraperitoneal injections of 7 IU/mouse hCG 2 days later;
Group 3: ovarian stimulation with daily oral administration of 25 μg/kg of the aromatase inhibitor; and Group 4: ovariectomy and ovarian stimulation 2
weeks after xenograft placement.
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Figure 4 Tumor growth after xenografting. Endometrial cancer cells (Ishikawa 3-H-12) were xenografted subcutaneously in the back of nude mice,
as described in Fig. 3. Tumor sizes were measured weekly. *A signiﬁcant difference between the ovarian stimulation group and each of three other
groups (marked by †) for the same weeks (P < 0.05).

the development of cancer is a long-term process in which mutations accumulate in genes such as tumor suppressor genes and mismatch repair genes while endometrial cells repeat cell divisions
under stimulation by estrogen (Banno et al., 2014). On the other
hand, the increase in blood estrogen levels due to ovarian

stimulation and accompanying follicular development is usually a
temporary environmental change.
This study was undertaken to examine whether a short-term increase
in blood estrogen concentrations contributes to the proliferation of a
small number of established endometrial cancer cells, as predicted from
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Figure 5 (A) Estrogen (E2) concentrations after 6-week intervention. Blood E2 concentrations in the plasma were measured by enzyme-linked
immunosorbent assay. *P < 0.05 versus the stimulation group. (B) Expression levels of estrogen receptor (ER) α and β. mRNAs were measured by
reverse transcription real-time polymerase chain reaction. *P < 0.05 versus the stimulation group.

past xenograft experiments (Clarke and Satyaswaroop, 1985). As it is difﬁcult to reproduce residual endometrial cancer cells remaining in the
uterus after endometrial curettage and MPA therapy in animal experiments, risks of clinical recurrence were approximately evaluated by
implanting a small number of tumor cells subcutaneously in nude mouse
and observing proliferation of these tumor cells. In the present study, we
demonstrated that ovarian stimulation as a risk factor for endometrial
cancer growth or recurrence and that the AI use is beneﬁcial during ovarian stimulation against hormone-sensitive endometrial cancer growth.
Letrozole reduced the blood E2 concentration dose dependently
(Fig. 1), without apparent effects on embryo development (Fig. 2C).
However, the oocyte yield decreased at the highest dose of letrozole

in the 25 μg/kg group as compared to the control group (Fig. 2A).
Since no correlation was observed between LUF number and AI doses
(Fig. 2D), the decrease in the number of oocytes retrieved did not
appear to be due to dysfunction in ovulation; instead it appeared to be
caused by effects on the maturation process of oocytes. In clinical
practice, trigger timing by hCG or gonadotropin-releasing hormone
agonist is determined by measuring the diameter of leading follicles.
Since it was difﬁcult to measure follicle sizes in mouse experiments,
our experimental protocol, in which the same dose of hCG was administered 48 h after PMSG administration in all groups, may have
affected the number of oocytes yielded. Since no signiﬁcant decreases
in oocyte yields nor risks on embryogenesis have been reported with
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Figure 6 Histological analyses of Ishikawa 3-H-12 tumors. (A) Typical hematoxylin–eosin staining of uterine endometrial cancer seen in all groups.
Scale bars, 100 μm. (B) Ki67 positive cells in all groups.

AI administration in clinical studies (Oktay et al., 2005; Tulandi et al.,
2006; Lee and Oktay, 2012; Rodgers et al.,2017), this could be due to
the use of proliﬁc animals such as mice. Although further studies are
required for the impact of high dose AI uses on folliculogenesis, AI
appears not to have serious effects on the fertilization or embryo
development.
Based on the present study, ER α expression, was highest in the
ovarian stimulation group than in the other three groups (Fig. 5B),
which is consistent with a previous report that E2 acts on ER α, inducing c-Fos expression and thus cell proliferation (Vivacqua et al., 2006).
The proliferative and prognostic indicator Ki67 staining did not change
signiﬁcantly in the present study (Fig. 6B), although it was previously
shown to correlate with the suppression of endometrial cancer growth
by neoadjuvant anastrozole treatment (Thangavelu et al., 2013). Loci
that showed strong Ki67-staining were uneven in all tumors, indicating
complexities of tumors where proliferation and necrosis occurred
even in the same tumor mass and which could have caused Ki67 staining irrespective of proliferation rates.
Previous reports on the therapeutic effect of AI against endometrial cancer are unclear. A phase II clinical study, in which 23 patients
with recurrent uterine endometrial cancers were treated by the
administration of anastrozole (a third-generation AI) showed minimal
therapeutic effect (Rose et al.,2000). In another study of 28 postmenopausal women with advanced or recurrent uterine endometrial
cancer treated with letrozole, the overall response rate was 9.4%
and the authors concluded that letrozole was well tolerated but had
little overall activity (Ma et al., 2014). Recently, researchers reported
that AI was effective against low-grade endometrial cancer after failure with progesterone treatment in three cases (Straubhar et al.,
2017). These reports indicate that AI may have therapeutic effect

only for a limited number of ER-positive endometrial cancer cases,
suggesting the diverse developmental mechanisms of endometrial
cancer.
As our results are based on one type of endometrial cancer cell line,
we cannot conclude that the concomitant AI use is effective for fertility
preservation treatment of all endometrial cancer or hyperplasia
patients, since it is currently not possible to fully identify the nature of
the tumor in each case.
Since fertility preservation treatments for endometrial cancer or
hyperplasia with atypia involve potential major risks which cannot be
ignored, concomitant AI use during ovarian stimulation is worth considering to minimize those risks. In fact, there were cases in our institution in which endometrial cancer recurred after the ovarian
stimulation during MPA therapy, resulting in patient death, although
the causal relationship is unknown. Our research is motivated by these
difﬁcult experiences.
We focused on the ovarian stimulation in this study, but the inﬂuence of estrogen rise during pregnancy period on endometrial cancer
or hyperplasia is also controversial. Regarding this point, the rise of
progesterone and so-called healthy mother effect should be also taken
into consideration (Valachis et al., 2010).

Conclusion
Ovarian stimulation is a potential option for fertility preservation in
reproductive age women with low-grade endometrial cancer or endometrial hyperplasia. It is however associated with risks of their recurrence or growth which can be mitigated by the concomitant AI use by
decreasing serum estrogen concentrations.
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Abstract
Purpose A radiofrequency identification (RFID) tag system was designed to streamline cryopreservation and thawing procedures. This study evaluated the usefulness of the RFID tag system for improving the efficiency of cryopreserving/thawing bovine
ovarian tissue by the closed vitrification protocol.
Methods Six participants carried out closed vitrification and thawing of bovine ovarian tissues procedures using either the
conventional or the new RFID tag method, and the time required to perform each step of the respective methods was measured.
After normality of data was confirmed by the Shapiro-Wilk test, the significance of differences was assessed by the unpaired t
test.
Results When closed vitrification was performed, the time required for each step showed a significant difference between the two
methods (t(4) = 2.938, p = 0.042, d = 2.40), and the total cryopreservation time was 11 min shorter using the RFID tag system.
When thawing was performed, the time required for each step also showed a significant difference between the two methods (t(4)
= 2.797, p = 0.049, d = 2.28), and the total thawing time was 2 min shorter using the RFID tag system.
Conclusion The RFID tag system tested in this study seems to be suitable for managing biological samples stored in liquid
nitrogen. Adoption of an RFID tag system by fertility centers may not only improve the efficiency of cryopreserving/thawing
reproductive tissues but could also reduce human error.
Keywords Infertility treatment . Cryopreservation . Thawing . Ovarian tissue closed vitrification . Frozen samples . RFID tag .
Storage system

Introduction
Advances in medical treatment have led to an increase of
patients surviving cancer, resulting in more healthcare providers recognizing the importance of fertility preservation
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for cancer patients. It is important to offer cancer patients the
option to preserve their reproductive tissues (oocytes, sperm,
embryos, or ovaries) before initiation of treatment since many
anticancer therapies reduce fertility [1–9]. Cryopreservation of
reproductive tissues can be performed by fertility centers until
a cancer survivor is ready to start a family, but storage time of
the reproductive tissues may be as long as decades in the case
of children with cancer [10]. Accordingly, meticulous management of the stored reproductive tissues from many patients
over a prolonged period is required and this is a challenge for
every fertility centers.
Conventional methods for managing cryopreserved tissues
have several flaws. Since most steps in the cryopreservation
process are carried out manually, human error can be a significant problem, as emphasized by several reported cases
(Kagawa, Japan, in 2008, Singapore in 2010, and Rome,
Italy, in 2013). In recent years, two-dimensional barcode
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systems marketed by Merk or Oligio have improved the efficiency of managing cryopreserved tissues by minimizing
manual data entry, but practical use of such systems is challenging for samples stored in liquid nitrogen (LN2) because
frost forms on cryogenic vials and interferes with readability.
Therefore, it is necessary to wipe the label dry before reading
it with a reader, which leads to a risk of damaging the sample
if its temperature rises to about − 135 °C. In addition, the
current design of storage systems contributes to low efficiency
in tracking and retrieving patient samples. The need for an
efficient storage system that allows easy tracking/retrieval of
cryopreserved tissues and reduces manual data entry has never
been stronger in the fertility preservation field. We have designed a new storage system and a new device for preserving
ovarian tissues that combines the use of two-dimensional
barcode labels with radiofrequency identification (RFID) tags.
The major advantages of using RFID tags are to eliminate
manual data entry and allow readability when samples are
stored in LN2. Patient information is transferred to the RFID
tag from a computer, and by using an RFID reader, the same
information can then be retrieved from the tag attached to
sample devices that are stored in LN2. The new storage system has many sub-compartments for samples to maximize
storage space in the LN2 tank. In the present study, we evaluated the influence of this RFID tag system on the efficiency
of closed vitrification and thawing of bovine ovarian tissue.

Materials and methods

3. RFID reader (Fig. 1D)
The RFID reader uses radiofrequency waves to read information stored in the RFID tags. In our new RFID system, the
antenna of the reader was modified to increase sensitivity for
reading data from tags that had been stored in LN2. The modifications included lengthening the antenna, using copper
wire, and increasing the magnetic field density by narrowing
the antenna edge.
4. Device box (Fig. 1E)

In total, 6 participants were asked to carry out the procedures
of closed vitrification and thawing of bovine ovaries by either
the conventional or the RFID tag method. Three participants
were randomly selected by computer to perform the conventional method while the other 3 participants perform the RFID
tagged method. Each participant processed 1 bovine ovary.
The conventional method involved manual processing, while
the RFID tag method employed a combination of twodimensional barcode labels and RFID tag technology.
The following eight components were used in the RFID tag
method:
1. Two-dimensional barcode label (Fig. 1A)

Both vertical and horizontal matrices are used in the
barcode label, making it possible to read more information
than provided by the original Universal Product Code. The
code also has an error correction function that restores data
if part of the code is missing.
2. RFID tags (Fig. 1B and C)

RFID uses electromagnetic radiation to wirelessly read and
capture information stored in tags attached to objects. While a
laser bar code scanner can only scan bar codes within direct
view, an RFID reader can read multiple tags up to several feet
away and does not need direct line-of-sight access to the tags.
Another advantage of RFID is that it can identify tags in soiled
or non-translucent bags. Each RFID tag stores data in the
embedded IC chip and transmits data at a frequency of
13.56 MHz. We designed a round RFID tag (16 mm in diameter and 1 mm in thickness) for ovarian tissue cryopreservation devices by taking the size of the device and the data
storage limit into consideration (Fig. 1B). Each device holds
one ovarian tissue sample and the round RFID tag attached to
the device can function after being stored in LN2 (− 196 °C).
To prevent the slowing of the electrical circuit at low temperatures, which sometimes causes RFID tags to become unresponsive, we redesigned the circuit and improved the sensitivity of the tag. The RFID tag thus obtained was more sensitive and functioned better after storage in LN2 (Fig. 1C).

The device box was made from SUS304 stainless steel
containing chromium and nickel, with the metal inert gas
welding method being used to seal any gaps so that the samples remained in LN2 after being taken out of the storage tank.
Each cuboidal device box was designed to store up to 20
ovarian tissue cryopreservation devices from one patient,
since an average of approximately 17 ovarian tissue samples
are harvested per patient.
5. Storage box (Fig. 1F)
The storage box was also made from SUS304 stainless
steel by spot welding and was large enough to contain 6 device boxes (120 cryopreservation devices with ovarian tissue
samples from 6 patients).
6. Canister (Fig. 1G)
The cylindrical canister was used for the conventional
method. Each canister could store samples from 4 patients.
In the RFID tag system, each cuboidal canister had an
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Fig. 1 The RFID tag system. (A) A two-dimensional barcode label. (B)
An ovarian tissue cryopreservation device with a round RFID tag. (C)
RFID tag for the device box. Tags of different colors are available for easy
identification. (D) RFID reader (top). The reader shows patient

information in the monitor (bottom). (E) Device box. Each device box
holds 20 cryopreservation devices. (F) Storage box. Each storage box
holds 6 device boxes. (G) Cuboidal canister. Each canister holds 3
storage boxes. (H) LN2 tank. Each tank holds 10 canisters

RFID tag attached to the handle and held 3 storage boxes,
which could store up to 360 cryopreservation devices with
ovarian tissues from 18 patients.

Conventional method (cryopreservation of bovine ovarian
tissue; Fig. 2):
Step 1.The patient’s hospital card was swiped through a
card reader to obtain patient information. Then the patient
information sheet (name, date of birth, hospital ID number,
diagnosis, date of operation) was filled in manually.
Step 2.The resected ovary was placed in a cup filled with
PBS and the cup was labeled (patient’s name, hospital ID
number, and date of birth).
Step 3.The same patient information was written on a Petri
dish.
Step 4.The ovary was transferred from the cup to the Petri
dish and cut into small pieces.
Step 5.Each ovarian tissue piece was assigned a number
and photographed with the number.
Step 6.Patient information was written on 3 dishes containing graduated concentrations of cryoprotectant and the ovarian tissue samples were processed through the dishes.
Step 7.Each ovarian tissue sample was placed in a cryopreservation device (one per device). Then each device was
placed in a plastic pouch and patient information (name, hospital ID number, date of birth, and ovarian tissue sample number) was written on the pouch.
Step 8.The labeled device was placed in a metal holder and
successively into a canister and LN2 tank.
RFID tag method (cryopreservation of bovine ovarian
tissue; Fig. 2):
Step 1.The patient’s hospital card was swiped through a card
reader to print out two-dimensional barcode labels with patient
information (name, hospital ID number, and date of birth).

7. LN2 tank (Fig. 1H)
The tanks used in this study were the HC35 (Taylor
Wharton) and KD32-10 LN2 (Kitazato). Each LN2 tank held
10 canisters storing samples from 40 patients (conventional
method) or 180 patients (RFID tag method).
8. Computer
A computer was used to manage storage efficiently, with
the computer screen showing the location of each RFID tag
and indicating empty space in the tank.
9. Pretest
The Uchida-Kraepelin (U-K) test is a questionnaire
that requires intense concentration by the participants
and is used to assess mental agility, long-term attention,
and recovery from fatigue. Each participant was asked
to perform the U-K test prior to carry out the closed
vitrification and thawing procedures. All participants
achieved similar U-K test scores, indicating a similar
ability to follow instructions irrespective of their professional background.
10. Steps in closed vitrification procedure
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Fig. 2 Conventional and RFID tag methods for cryopreservation of ovarian tissue samples

Step 2.The resected ovary was placed in a cup filled with
PBS and a barcode label was attached to the cup.
Step 3.A barcode label was attached to a Petri dish.
Step 4.The ovary was transferred from the cup to the Petri
dish and cut it into small pieces.
Step 5.Each ovarian tissue piece was assigned a number
and a single photograph was taken of that included all of the
numbered tissue pieces. The camera was linked to a computer,
allowing automatic recognition of the numbered tissues.
Step 6.Labels were attached to 3 dishes containing graduated concentrations of cryoprotectant and the ovarian tissue
samples were processed through the dishes.
Step 7.Each ovarian tissue sample was placed in a cryopreservation device with an RFID tag, which stored patient
information (name, hospital ID number, date of birth, and
ovarian tissue sample number).
Step 8.The cryopreservation device was placed in a device
box with an RFID tag and then successively in a storage box,
canister, and LN2 tank.

11. Steps in thawing procedure
Conventional method (thawing bovine ovarian tissue; Fig.
3):
Step 1.The patient’s information sheet was identified in a
ledger.
Step 2.The ovarian tissue sample number and location in
the LN2 tank were obtained from the patient information
sheet.
Step 3.The cryopreservation device containing the ovarian
tissue sample of interest was retrieved from the LN2 tank and
compared with the handwritten information in the ledger.
Step 4.Patient information was written on a Petri dish.
RFID tag method (thawing bovine ovarian tissue; Fig. 3):
Step 1.Patient information was retrieved on a computer by
swiping the patient’s hospital card through a card reader and
two-dimensional barcode labels were printed.
Step 2.The ovarian tissue sample number and location in
the LN2 tank were obtained from the computer.

Fig. 3 Conventional and RFID tag methods for thawing ovarian tissue samples
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Step 3.The cryopreservation device containing the ovarian
tissue sample of interest was retrieved from the LN2 tank and
its RFID tag was scanned with an RFID reader to confirm the
patient information stored in the tag.
Step 4.A barcode label was attached to a Petri dish.
The remaining steps were the same for both methods and
were not timed in this study.
Step 5 – The cryopreservation device with the sample of
interest was removed from the plastic pouch in LN2.
Step 6.The cryopreservation device was placed in thawing
solution 1.
Step 7.The cryopreservation device was transferred to
thawing solution 2.
Step 8.The cryopreservation device was transferred to
thawing solution 3.
Step 9.The ovarian tissue sample was removed from the
cryopreservation device.

Statistical analysis
The time required to perform each step of the two methods
was measured in seconds. Normality of data was determined
by using the Shapiro-Wilk test. After normality was confirmed, the time for each step was treated as the dependent
variable and the unpaired t test was performed without logarithmic transformation.

Results
All 6 participants underwent the Uchida-Kraepelin (U-K) test
before performing the closed vitrification and thawing procedures by either the conventional or RFID tag method. The UK test scores indicated that all participants had a similar ability
to follow instructions and none was particularly slow or fast,
irrespective of their professional background.

Performance with the two methods
When the RFID tag method was used for closed vitrification
[11], the total time required for ovarian tissue cryopreservation
was significantly shorter than that for the conventional method
(t(4) = 2.938, p = 0.042, d = 2.40). The mean time required for
cryopreservation was 1412.33 (± 130.5) seconds by the RFID
tag method versus 2073.0 (± 367.0) seconds by the conventional method, and the use of the RFID tag method reduced
the cryopreservation time by a mean of 11 min. A similar
result was obtained with the thawing procedure, and the total
time required for thawing samples was significantly shorter
with the RFID tag method than the conventional method (t(4)
= 2.797, p = 0.049, d = 2.28). The mean time required thawing
ovarian tissue samples was 260.67 (± 38.7) seconds by the
RFID tag method versus 405.0 (± 80.6) seconds by the

conventional method, and using the RFID tag method reduced
the thawing time by a mean of 2 min. The time differences
between the two methods were calculated for each step.
During closed vitrification procedure, the largest time difference was observed in step 3, where additional time was taken
to correct patient information after incorrect information was
written on the cup when performing the conventional method.
During the thawing procedure, the largest time difference was
noted when locating and retrieving the device with the target
ovarian tissue sample. In the conventional method, retrieving
the cryopreservation device took longer due to time required
to confirm the handwritten information on the device pouch
matched the patient information in the ledger. Also, when
participants were searching for the target cryopreserved device, some incorrect devices were removed from the LN2
storage. In contrast, locating and retrieving the RFID-tagged
cryopreserved device was performed efficiently, since the
computer system showed the exact location of the device
and the RFID reader was used to confirm patient information
stored in the tag before removing the device from the LN2
tank.

Discussion
In Japan, the need for cryopreservation of ovarian tissue is
increasing. The Japanese Ministry of Health, Labour and
Welfare has conducted research in this field and launched a
program to promote fertility preservation for adolescents and
young adults with cancer in 2016 [12]. To date, 201 patients
have undergone ovarian tissue cryopreservation [12]. The
Obstetrics and Gynecology Department of St. Marianna
Medical University is the one of the major fertility preservation centers in Japan and co-operates with The Ministry of
Health, Labour and Welfare to support adolescents and young
adults with cancer who require fertility preservation. In this
study, we evaluated the usefulness of the RFID tag method for
improving the efficiency of the closed vitrification protocol
because our group has achieved 3 live births using vitrified/
thawed ovarian tissues. Two of these live births have been
reported already, although the third case has not been reported
(unpublished observations) [13, 14]. Slow freezing is currently the standard method of ovarian tissue cryopreservation, but
there is ongoing debate as to which, slow freezing or vitrification, is superior [15, 16]. Automatic vitrification systems
have been developed for oocytes and embryos. However, an
automatic system has not yet been developed for vitrification
or slow freezing of ovarian tissue samples [17, 18].
Against this background, we aimed to develop a system
that could streamline the cryopreservation and thawing procedures, and we performed this study to evaluate the usefulness
of our RFID tag method in closed vitrification and thawing of
bovine ovarian tissue samples. We found that application of
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the RFID tag system improved the efficiency of both procedures, with the total time required for cryopreservation being
reduced by 11 min when using the RFID tag system and the
thawing time being reduced by 2 min.
Efficiency and control of human error are closely associated. The key advantages of utilizing an RFID tag system at
fertility centers are improved efficiency and reduced the risk
of human error. When the RFID tag system is integrated into a
hospital network, swiping the hospital ID card transfers patient information to the IC chip on an RFID tag without manual entry, thus minimizing the risk of typing or writing errors
associated with manual procedures. For tracking patient samples, the computer shows the exact location of each cryopreserved tissue sample in the LN2 tank and the RFID reader
identifies the cryopreservation device with the target sample
while it remains under LN2. The new round RFID tag that we
developed has been tested to confirm readability while under
LN2. If the IC chip in the RFID tag is damaged, the identification number etched on the surface of the device can still be
used to retrieve patient information. In the future, we hope to
focus on total elimination of human error and devising a backup system, such as cloud technology, to support this RFID tag
method.
The RFID tag method can be applied to other forms of
fertility preservation. The devices that are used for cryopreservation depend on the type of tissue being cryopreserved and
the method of cryopreservation adopted. For example, the
cryotop and the cryovial with a screw cap are usually
employed for cryopreservation of oocytes, embryos, and
sperm by vitrification, while the cryovial with metal pins attached to the screw cap is used for cryopreservation of ovarian
tissue by open vitrification and a flat metal device (Fig. 1B) is
used for cryopreservation by closed vitrification. The RFID
tag manufacturer (KRD in Japan) can modify the tag size and
sensitivity to fit the needs of each device.
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High co-expression of IL-34 and
M-CSF correlates with tumor
progression and poor survival in
lung cancers
Muhammad Baghdadi1, Hiraku Endo1,2, Atsushi Takano3,4, Kozo Ishikawa1, Yosuke Kameda1,
Haruka Wada1, Yohei Miyagi5, Tomoyuki Yokose 6, Hiroyuki Ito7, Haruhiko Nakayama7,
Yataro Daigo3,4, Nao Suzuki2 & Ken-ichiro Seino1
Despite recent advances in diagnosis and treatment of lung cancers, the 5-year survival rate remains
unsatisfactory, which necessitates the identification of novel factors that associates with disease
progression and malignant degree for improving diagnostic and therapeutic strategies. Recent progress
in cancer immunology research has unveiled critical roles for colony stimulating factor 1 receptor
(CSF1R) in multiple aspects of the tumor microenvironment. CSF1R is expressed on tumor-associated
macrophages (TAMs), and mediates important pro-tumorigenic functions. CSF1R also provides critical
autocrine signals that promote cancer cell survival and proliferation. Activation of CSF1R can be
achieved by two independent ligands; macrophage colony-stimulating factor (M-CSF) and interleukin
34 (IL-34). Accordingly, the expression of these ligands in cancer is expected to result in poor prognosis.
In this study, we show that IL-34 and M-CSF expression correlates with poor survival in a cohort of
lung cancer patients. Importantly, high co-expression of IL-34 and M-CSF associates with the poorest
survival compared to cancers that show weak or absent expression of the two ligands. Furthermore,
high expression of IL-34 and M-CSF associates with advanced stages of lung cancers. Together,
these results indicate a correlation between IL-34/M-CSF expression with poor survival and disease
progression in lung cancer patients.
Lung cancer is the leading cause of cancer death and one of the most common cancers among both men and
women worldwide1. In contrast to the steady increase in survival for most cancers, lung cancer still shows the
poorest survival with less than 18% of 5-year relative survival, which results largely from poor detection and
insufficient prediction of prognosis at early stages1. Obviously, an accurate assessment of prognosis is critical for
an effective clinical decision and survival improvement.
With an aim to identify the molecular mechanisms that control the biological process of disease progression
in cancer, several studies have focused on the genetic backgrounds of cancer cells and its relative impact on prognosis and clinical outcome of cancer therapy, such as RRM1, EGFR and KRAS mutations 2–6. However, recent
advances in cancer immunology research have unveiled a critical role for the interaction between cancer cells
and immune cells at the tumor microenvironment (TME) in tumor progression and therapeutic resistance 7–9.
Thus, tumors that express critical immune-modulators are expected to be associated with high malignancy and
thus related to poor prognosis. Indeed, patients with advanced stage cancers showed enhanced expression levels
of several immune modulators including MIF, TNFα, IL-6, IL-8, IL-10, IL-18 and TGFβ10. Accordingly, accurate
1
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prediction of prognosis in cancer patients may require the assessment of such factors in addition to the genetic
backgrounds of cancer cells.
Among several immune cells, tumor-associated macrophages (TAMs) consist the most abundant cell population in many tumors, which play crucial roles in multiple aspects of the TME, including tumor progression,
invasion, metastasis and angiogenesis11–13. Importantly, TAMs infiltration has been considered as an independent
poor prognostic factor in several cancers7–9. TAMs depend largely on CSF1R signaling for survival, proliferation
and function, which can be achieved by two independent ligands; M-CSF and IL-3414,15. M-CSF and IL-34 share
no sequence homology, but show comparable biological activities in myeloid cells16,17. Both cytokines correlate
with tumor progression, metastasis, angiogenesis and therapeutic resistance9. It has been suggested that expression of IL-34 or M-CSF is accompanied with increased infiltration of M2-polarized TAMs that show enhanced
pro-tumorigenic functions18,19. Based on these backgrounds, the expression of IL-34 and/or M-CSF at the TME
may characterize tumors with enhanced aggression and has an impact on the patient’s survival. In this regard,
previous reports have related M-CSF expression with poor survival in cancer patients20,21. However, IL-34 expression has not been evaluated in these studies, since it was discovered for the first time in 200822. In this study, we
analyze the expression of IL-34 and M-CSF in primary lung cancer tissues and its correlation with survival and
tumor progression in a cohort of lung cancer patients, providing for the first time an evidence that show the association between IL-34 and M-CSF expression with disease progression and poor survival in lung cancer patients.

Results

IL-34 or M-CSF expression correlates with poor survival in lung cancer patients.

We have
previously described a correlation between high expression of IL-34 and poor survival in a cohort of lung
cancer patients (Fig. 1a)19. The clinicopathological characteristics of this cohort were described in detail
in our previous report19. In this cohort, 45% of patients were Japanese women over 60 years without smoking history, and 77.4% of cases were diagnosed as non-small lung cancers (stage I) with 5 years of follow-up
period19. Immunohistochemical staining of IL-34, M-CSF, CSF1R and CD163 was performed on lung cancer tissues obtained from patients by surgical resection. Antibodies specificity was confirmed before staining
(Supplementary Fig. 1). Similar with IL-34, M-CSF expression was detected in lung adenocarcinomas (ADCs),
squamous cell carcinomas (SCCs) and small cell lung cancers (SCLCs) with a variety among patients (Fig. 1b).
In contrast, M-CSF was undetectable at protein level in normal lung tissues (Fig. 1b). Kaplan-Meier analysis of
overall survival in lung cancer patients showed that high expression of M-CSF correlates with poor survival of
lung cancer patients (Fig. 1c), in accordance with previous reports20,21.

High co-expression of IL-34 and M-CSF correlates with the poorest survival in lung cancer
patients. Next, we evaluated the association between IL-34 and M-CSF expression in lung cancers and the

related impact on patients’ survival. Interestingly, 91% of cancer tissues that showed strong staining of IL-34 were
accompanied with high (48%) or weak (43%) expression of M-CSF (Supplementary Table 1). Similarly, 77% of
cancer tissues that showed strong staining of M-CSF were accompanied with high (56%) or weak (21%) expression of IL-34 (Supplementary Table 1). On the other hand, the absence of IL-34 staining in cancer tissues was
frequently associated with the absence of M-CSF staining, and vice versa, (Supplementary Table 1) which may
suggest a reciprocal relationship between the expression of IL-34 and M-CSF in lung cancers. Furthermore, we
categorized patients in this cohort depending on the expression levels of M-CSF and IL-34 into 4 groups: 1) weak
or absent expression of both M-CSF and IL-34, 2) High expression of IL-34 with weak or absent expression of
M-CSF, 3) High expression of M-CSF with weak or absent expression of IL-34, 4) high expression of both M-CSF
and IL-34. Kaplan-Meier analysis of overall survival in lung cancer patients based on this classification showed
that high expression of M-CSF or IL-34 correlates with poor survival compared to groups that showed weak or
absent expression of the two ligands (Fig. 2a,b). Importantly, patients with high expression of both M-CSF and
IL-34 have the poorest survival compared to other groups (Fig. 2c). Together, these results suggest that high
co-expression of both IL-34 and M-CSF correlates with poorer survival in lung cancer patients.

CSF1R expression correlates with poor survival in lung cancers.

CSF1R is tyrosine-protein kinase
that acts as a cell-surface receptor for M-CSF and IL-3414–16. CSF1R is expressed mainly in cells of the myeloid
lineage and is a key regulator of macrophage differentiation23. However, several reports have showed that CSF1R
expression can be also detected in other cells such as endothelial cells and importantly in cancer cell lines and
primary cancer tissues24,25. Thus, we next evaluated the expression of CSF1R in lung cancer tissues. Similar with
IL-34 and M-CSF, immunohistochemical staining showed that CSF1R is expressed in lung cancer tissues with a
variety among patients (Fig. 3a). Again, high expression of CSF1R correlates with poor survival in lung cancer
patients, similar with IL-34 and M-CSF expression (Fig. 3b).

CD163 expression correlates with poor survival in lung cancers. Accumulating evidence from clinical and experimental studies indicates that TAMs play critical roles in the promotion of tumor development,
progression, metastasis and therapeutic resistance26. CD163 is a member of the scavenger family receptor, with
high specificity for monocyte/macrophage lineage27, and has been considered as a specific marker to enumerate
TAMs28. Thus, CD163 staining is expected to reflect the status of macrophage infiltration into tumors and predict
poor prognosis in cancer patients29. Immunohistochemical staining showed that CD163 expression could be
detected in lung cancer tissues with a variety among patients (Fig. 4a,b). Furthermore, Kaplan-Meier analysis of
overall survival in this cohort of lung cancer patients showed that CD163 expression correlates with poor survival,
in consistent with previous reports29 (Fig. 4c).
IL-34 and M-CSF expression correlates with CD163 expression and poor survival in lung cancers. Next, we examined the relation between M-CSF or IL-34 with CD163 expression and its impact on
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Figure 1. Correlation between IL-34 and M-CSF expression with poor survival in lung cancer patients. (A) and
(b), Immunohistochemistry staining of IL-34 (a) or M-CSF (b) in primary lung cancer tissues from patients
diagnosed with adenocarcinoma (ADC), squamous cell carcinoma (SCC) or small cell lung cancers (SCLC)
compared to normal lung tissues. (c) Kaplan-Meier analysis showing overall survival in lung cancer patients
according to M-CSF expression.
survival in this cohort of lung cancer patients. High expression of M-CSF was frequently accompanied with
high expression of CD163 (Fig. 5a; Supplementary Table 1), and the absence of CD163 staining was frequently
associated with absent or weak staining of M-CSF (Fig. 5a; Supplementary Table 1). Kaplan-Meier analysis of
overall survival in lung cancer patients based on M-CSF and CD163 expression showed that high expression
of both M-CSF and CD163 in cancer tissues correlates with poor survival compared to other groups (Fig. 5b),
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Figure 2. Correlation between M-CSF/IL-34 expression with poor survival in lung cancer patients. (a) KaplanMeier analysis showing overall survival in lung cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent
expression compared to M-CSFWeak/Absent/IL-34High group. (b) Kaplan-Meier analysis of overall survival in lung
cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent expression compared to M-CSFHigh/IL-34High group.
(c) Kaplan-Meier analysis of overall survival in lung cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent
expression compared to M-CSFHigh/IL-34High group.

Figure 3. Correlation between CSF1R expression with poor survival in lung cancer patients. (a) Representative
data of immunohistochemistry staining of CSF1R in primary lung cancer tissues compared to normal lung
tissues. (b) Kaplan-Meier analysis showing overall survival in lung cancer patients according to CSF1R
expression.

consistent with previous reports28. Similarly, we evaluated the relation between IL-34 and CD163. As expected,
60% of cancer tissues that showed high expression of IL-34 were accompanied with high expression of CD163
(Fig. 5c; Supplementary Table 1), and the absence of CD163 staining was frequently associated with negative
staining of IL-34 (Fig. 5c; Supplementary Table 1), which indeed suggests a correlation between IL-34 and CD163
expression in lung cancers. Kaplan-Meier analysis of overall survival in lung cancer patients based on IL-34 and
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Figure 4. Correlation between CD163 expression with poor survival in lung cancer patients. (a) Representative
data of immunohistochemistry staining of CD163 in primary lung cancer tissues compared to normal lung
tissues. (b) High magnification images of CD163 staining in lung cancer tissues. (c) Kaplan-Meier analysis
showing overall survival in lung cancer patients based on CD163 expression.

CD163 expression showed that patients with high expression of both IL-34 and CD163 have the poorest survival
compared to other groups (Fig. 5d). Collectively, these results indicate a correlation between high expression of
IL-34, M-CSF, CSF1R and CD163 with poor survival, which was further confirmed in univariate analysis using
Cox’s proportional hazards model (Table 1), although multivariate analysis in this model did not reach a statistical
significance except for T and N factors (Table 1).

IL-34 and M-CSF expression is enhanced in advanced stages of lung cancers.

Finally, we evaluated the expression level of IL-34 and M-CSF according to each stage in lung cancer patients (Supplementary
Tables 2 and 3). By calculating positivity rates in each group, patients with high expression of IL-34 or M-CSF
showed increased frequencies from stage IA (17.2%, 15.3%), stage IB (25%, 22%), stage IIA (40%, 20%), stage IIB
(37.5%, 50%) to stage IIIA (44.8%, 37.9%) (Fig. 6a,b). Similarly, frequencies of patients with high co-expression
of IL-34 and M-CSF associated with stages, starting from 8.3% at stage IA, 11% at stage IB, 16.7% at stage IIA,
25% at stage IIB, to 24.13% at stage IIIA (Fig. 6c). Statistically, the expression of IL-34 (Supplementary Table 4,
P = 0.0004) or M-CSF (Supplementary Table 4, P = 0.0062) showed a tendency to be enhanced in stage II and III
compared to stage I. Similarly, high co-expression of IL-34 and M-CSF was observed more frequently in stage II
and IIIA compared to stage I (Supplementary Table 4, P = 0.0081). In a combined analysis, patients’ groups that
showed high expression of IL-34 (Table 2, P = 0.0095), M-CSF (Table 2, P = 0.00829) or high co-expression of
both IL-34 and M-CSF (Table 2, P = 0.0011) were associated with stage II and IIIA rather than stage I compared
to other groups with weak or absent expression. Together, these findings indicate an association between IL-34
and M-CSF expression with stages in lung cancers, and thus may serve as progression parameters.

Discussion

In this paper, we describe for the first time the clinicopathological relevance of M-CSF and IL-34 expression
with disease stages and poor survival in a cohort of lung cancer patients. Our data showed that single expression of M-CSF or IL-34 can be observed in primary lung cancer tissues and correlated with poor survival. High
expression of both cytokines correlates with CD163 expression, which collectively correlates with poor survival.
Additionally, high co-expression of M-CSF or IL-34 correlates with disease stages and the poorest survival compared to groups that showed weak or absent expression of the two ligands. Thus, evaluating the expression of both
M-CSF and IL-34 may help to estimate disease progression and malignant degree in lung cancer patients.
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Figure 5. Correlation between M-CSF or IL-34 with CD163 expression in lung cancers. (a) Classification
of lung cancer patients based on M-CSF and CD163 expression. M-CSF positive refers to samples that show
high or weak expression of M-CSF. (b) Kaplan-Meier analysis showing overall survival in lung cancer patients
based on M-CSF and CD163 expression. (c) Classification of lung cancer patients based on IL-34 and CD163
expression. IL-34 positive refers to samples that show high or weak expression of IL-34. (d) Kaplan-Meier
analysis showing overall survival in lung cancer patients based on IL-34 and CD163 expression.

In the cohort of lung cancer patients described in this study, IL-34 and M-CSF were naturally expressed in
cancer tissues prior to any therapeutic procedures. Oncogenic mutations in cancer cells are frequently accompanied by activation of certain signaling pathways that induce the expression of a wide range of cytokines and
chemokines, which in turn contribute to tumor progression and ultimately resistance to cancer therapy such as
chemotherapy or tyrosine kinase inhibitors30,31. In this context, it is of great interest to identify oncogenic mutations that lead to IL-34 and M-CSF production by cancer cells and its impact on the tumor microenvironment,
therapeutic resistance.
One remaining important issue is to unveil how can two ligands of the same receptor co-exist and exert
their functions at the same microenvironment. The co-expression of both IL-34 and M-CSF has been previously
observed in cancers such as giant cell tumors and malignant pleural mesothelioma32–34. In this study, we also
observed a co-expression of M-CSF and IL-34 in a sub-population of lung cancer patients, which correlates with
poorer prognosis. Under physiological conditions, M-CSF and IL-34 show tissue-restricted expression patterns
with specific functions14,15. In vitro, both cytokines exhibit comparable biological functions in myeloid cells14,15.
While expected to act as competitors, IL-34 and M-CSF can induce dual additive biological effects under certain
conditions17. Additionally, IL-34 has the potential to interact with M-CSF to form a novel heterodimer that induce
a specific activation pattern on CSF1R17. Accordingly, in tumors that naturally express both M-CSF and IL-34,
or acquired the ability to produce both cytokines under certain therapeutic conditions, IL-34 has the possibility
to act through interaction with M-CSF resulting in unique functions of CSF1R in both myeloid and cancer cells,
which should be elucidated experimentally in further basic studies. Based on these backgrounds, co-expression of
both IL-34 and M-CSF - naturally or induced under therapeutic conditions - may characterize malignancies with
enhanced aggression and has an impact on the clinical outcome of cancer therapy. Indeed, our data shown in this
study indicates an association between high expression of IL-34 and M-CSF in cancer tissues with disease stages
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Hazards
ratio

95% CI

Unfavorable/Favorable

High IL-34 expression

1.862

1.058–3.275

High/Weak and absent

0.031*

High M-CSF expression

2.445

1.390–4.303

High/Weak and absent

0.0019*

High CSF1R expression

1.774

1.023–3.077

High/Weak and absent

0.0411*

2.115

1.228–3.644

High/Weak and absent

0.0069*

Age (years)

1.624

0.910–2.899

≧ 65/< 65

0.101

Gender

1.539

0.875–2.706

Male/Female

0.1346

Histology

3.014

1.671–5.436

Non-ADC/ADC

0.0002*

T-factor

2.834

1.572–5.109

T2-3/T1

0.0005*

N-factor

3.67

2.097–6.422

N1-2/N0

<0.0001*

Smoking status

1.321

0.751–2.323

Ex or Current/Never

0.3342

High IL-34 expression

1.016

0.547–1.886

High/Weak and absent

0.9604

High M-CSF expression

1.492

0.799–2.785

High/Weak and absent

0.2089

High CSF1R expression

1.469

0.842–2.564

High/Weak and absent

0.1757

1.557

0.888–2.730

High/Weak and absent

0.1225

Histology

1.999

1.063–3.759

Non-ADC/ADC

0.0316*

T-factor

1.884

1.016–3.493

T2-3/T1

0.0445*

N-factor

2.911

1.617–5.241

N1-2/N0

0.0004*

Variables

P-value

Univariate analysis

CD163 expression in
TAM#

Multivariate analysis

CD163 expression in
TAM#

Table 1. Cox’s proportional hazards model analysis of prognostic factors in lung cancer patients. *P < 0.05
#
TAM: Tumor associated macrophage ADC: Adenocarcinoma, Non-ADC includes Squamous cell carcinoma,
Large cell carcinoma and others.
and poor survival in lung cancer patients. In conclusion, IL-34 and M-CSF may help to predict poor survival and
tumor progression in lung cancer patients, which should be further evaluated in other cohorts of lung cancer
patients and various cancers in future studies.

Materials and Methods

Clinical Samples. Primary NSCLC tissues were collected from patients who had undergone surgical lobectomy or pneumonectomy at Kanagawa Cancer Center (Yokohama, Japan) after the acquirement of informed consent. A total of 332 resected tumor specimens were preserved at Kanagawa Cancer Center Biospecimen Center
(KCC-BSC) and utilized for immunohistochemical analysis. All tumors were staged based on the pTNM pathologic classification of the UICC (International Union Against Cancer). All formalin-fixed samples of primary
NSCLCs (Gender: 151 female and 181 male patients; Age: median age of 68 with a range of 35–90 years; Smoking
history: 138 with no history of smoking, 192 ex- or current smokers and 2 unknown; Tissue type: 277 adenocarcinomas (ADC), 32 squamous cell carcinomas (SCC), 5 large cell carcinoma (LCC), and 18 other types of
histological cancer; Stage: 157 pstage IA, 100 pstage IB, 30 pstage IIA, 16 pstage IIB, and 29 pstage IIIA cases) had
been obtained earlier along with clinicopathologic data from KCC-BSC. A median follow-up period was 118.0
months for living patients (range, 8.0–138.9 months). The primary endpoint was overall survival as measured
from the date of surgery to the time of death. Written informed consent was obtained from all patients, and the
use of related clinical materials was approved by institutional ethics committees of Hokkaido University Hospital,
Institute for Genetic Medicine and Kanagawa Cancer Center, and all experiments were performed in accordance
with all guidelines and regulations indicated by these committees.
TMA Construction. Tumor tissue microarrays were constructed with 332 formalin-fixed primary lung can-

cers, each of which had been obtained with an identical protocol to collect, fix, and preserve the tissues after
resection. The tissue area for sampling was selected based on visual alignment with the corresponding hematoxylin and eosin (H&E)-stained section on a slide. Three to five tissue cores (diameter, 0.6 mm; depth, 3–4 mm)
taken from a donor tumor block were placed into a recipient paraffin block with a tissue microarray (Beecher
Instruments). A core of normal tissue was punched from each case, and 5-μm sections of the resulting microarray
block were used for immunohistochemical analysis.

Immunohistochemical analysis. To investigate the expression levels of IL-34, M-CSF, CSF1R and CD163
protein in clinical samples from lung cancer patients, tissue sections were stained the in the following manner.
TMA slides were immersed in antigen retrieval solution (pH 9.0) (Nichirei, Tokyo, Japan) and boiled for 15 min
in an autoclave. Endogenous peroxidase activity was blocked by incubation in 0.3% H2O2 in methanol for 15 min.
After protein blocking (Catalog No. X0909, Abcam), TMA slides were incubated with a mouse anti-IL-34 antibody (Catalog No. ab101443), a rabbit anti-M-CSF antibody (Catalog No. ab52864, Abcam) in 1:100 dilution, a
rabbit anti-CSF1R antibody (Catalog No. HPA012323, SIGMA) in 1:100 dilution or a mouse anti-CD163 antibody
in 1:100 dilution (Catalog No. MCA1853, Bio-Rad) in Antibody Diluent (Catalog No. S0809, DakoCytomation)
for 30 min at room temperature in a moist chamber. The sections were incubated with HRP-labeled polymer
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Figure 6. Association between IL-34/M-CSF expression with advanced stages in lung cancers. Bar graph
analysis resembles the association between M-CSF or IL-34 expression with disease stages in lung cancer
patients. Positivity rates of IL-34 (a), M-CSF (b) or both IL-34 and M-CSF (c) were calculated in each group
according to disease stage.

Correlation between high IL-34 expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34High/M-CSFW/A

n = 261

n = 218

n = 43

IA

133

119

14

IB

78

64

14

IIA

24

17

7

P-value

Stage

IIB

8

6

2

IIIA

18

12

6

0.0095*,#

Correlation between high M-CSF expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34W/A/M-CSFHigh

n = 249

n = 218

n = 31

IA

130

119

11

IB

75

64

11

IIA

18

17

1

IIB

10

6

4

IIIA

16

12

4

P-value

Stage

0.00829*,#

Correlation between high IL-34 and M-CSF co-expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34High/M-CSFHigh

n = 258

n = 218

n = 40

IA

132

119

13

IB

75

64

11

IIA

22

17

5

IIB

10

6

4

IIIA

19

12

7

P-value

Stage

0.0011*,#

Table 2. Correlation between IL-34/M-CSF expression and disease stages in lung cancer patients. *P < 0.05
(Fisher’s exact test) #stage I vs stage II-IIIA W/A: Weak or Absent.
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anti-mouse (Catalog No. K4007, DakoCytomation) or anti-rabbit IgG (Catalog No. K4002, DakoCytomation) as
the secondary antibody for 30 min at room temperature in a moist chamber. Substrate-chromogen was added,
and the specimens were counterstained with hematoxylin.

Evaluation of Immunohistochemical Staining and Statistical analysis. Two independent investigators semiquantitatively assessed IL-34, M-CSF, CSF1R and CD163 positivity without prior knowledge of clinicopathologic data. Since the staining intensities of IL-34 and M-CSF were mostly homogenous in cytoplasm of
cancer cells, they were semiquantitatively scored as high, weak or absent. As CSF1R staining was detected in cytoplasm and membrane, they were semiquantitatively scored as high, weak or absent. CD163 staining was mainly
detected in cytoplasm of stromal macrophage. CD163+ macrophage infiltration in stroma was semiquantitatively
scored as high, weak or absent, (high: many infiltrating CD163+ macrophages, weak: some infiltrating CD163+
macrophages and absent: no or few infiltrating CD163+ macrophages)35. If there is a discrepancy among them, a
consensus was reached using simultaneous examination by two investigators.
Statistics.

Statistical analysis was done using the StatView software. Tumor-specific survival curves were
calculated from the date of surgery to the time of death related to NSCLC or to the last follow-up observation.
Kaplan–Meier curves were calculated for each relevant variable and for IL-34, M-CSF, CSF1R or CD163 expression; differences in survival times among patient subgroups were analyzed using the log-rank test.
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Glycan proﬁling using formalin-ﬁxed, parafﬁn-embedded
tissues: Hippeastrum hybrid lectin is a sensitive biomarker for
squamous cell carcinoma of the uterine cervix
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Abstract
Aim: Glycosylation of proteins is altered in cancer cells and distinctive glycan structures are associated with
speciﬁc cancers, but little is known about the complete glycan proﬁle of particular tumors. In this study, glycomic
analysis of squamous cell carcinoma (SCC) of the uterine cervix was performed to search for useful markers.
Methods: A lectin microarray containing 45 lectins with different binding preferences that covered N- and
O-linked glycans was coupled with evanescent ﬁeld-activated ﬂuorescent detection for glycomic analysis of
SCC and normal squamous epithelium (NSE) of the cervix. Formalin-ﬁxed, parafﬁn-embedded tissue specimens
were obtained from 16 patients with uterine cervical cancer. Sections that included both tumor and non-tumor
tissues were examined to detect alterations of glycans based on the lectin-binding pattern.
Results: Hippeastrum hybrid lectin was found to be a sensitive marker for distinguishing SCC of the cervix from
NSE. It was the best lectin for discriminating SCC from other tissues according to receiver–operator curve
analysis, as it showed a high sensitivity (81.8%), a high speciﬁcity (70.1%), and a large area under the curve
(0.8182). Histochemistry conﬁrmed speciﬁc cytoplasmic staining of SCC cells by Hippeastrum hybrid lectin, while
there was little staining of cervical intraepithelial neoplasia and no staining of NSE.
Conclusion: The present lectin microarray technique could be applied for tissue-based glycomic analysis of
various tumors and for discovery of glycan-related biomarkers.
Key words: glycan, lectin, squamous cell carcinoma, uterine cervical cancer.

Introduction
The human glycome is of particular interest in cancer
research because aberrant glycans, such as β1–6
branched N-glycans and the truncated O-glycan known
as Tn antigen, are found in a wide variety of cancers.1–6
Since glycans are synthesized by the cooperative action
of multiple genes, each glycan molecule reﬂects a variety
of genetic anomalies. While progress in exploiting the
human glycome as a source of disease markers has
generally been slow due to the complexity of the glycans

themselves and lack of suitable methods for
investigating their structures, technical developments
have allowed the analysis of glycans in cancer cells4
and tissues.7
Glycosylation of proteins plays an important role in
various cellular events, including differentiation,
adhesion, proliferation, and maintenance of immunity.8
Cell differentiation and proliferation are associated with
changes of glycosylation, and there seems to be
signiﬁcant variation of the glycosylation machinery
among different types of cells.9,10
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In order to proﬁle glycans, complex mixtures of these
molecules must be resolved accurately enough to
determine quantitative differences, so a highly sensitive
method of detection is required. A useful test would assess
the quantity of a target glycan and would not depend on
detecting certain glycan structures. Capillary electrophoresis, liquid chromatography, and mass spectrometry
are commonly used for glycome proﬁling.11 However,
these techniques are not well suited to screening a large
number of samples for differences because they are timeconsuming, low-throughput methods that are sensitive
to sample contamination, require expensive equipment,
and generate complex data. In 2005, several research
groups independently reported the development of lectin
arrays for rapid multiplex analysis of protein glycosylation. Since then, lectin arrays have been used to
analyze the glycomes of bacteria,12 viruses,13 and
mammals.14 An evanescent ﬁeld is a ﬁeld that cannot
propagate, so its amplitude decreases as a function of
distance. Evanescent ﬁeld ﬂuorescence-assisted lectin
microarray technology15 has been adopted for glycome
proﬁling using formalin-ﬁxed, parafﬁn-embedded tissue
specimens.16 In the present study, a microarray containing
45 lectins with deﬁned binding preferences covering
N- and O-linked glycans was coupled with evanescent
ﬁeld activated ﬂuorescent detection to perform
glycomic analysis of specimens of primary cervical
cancer and normal cervical epithelium in order to
identify speciﬁc lectin-binding patterns associated with
squamous cell carcinoma (SCC) of the cervix.

Methods
Specimens
We investigated formalin-ﬁxed, parafﬁn-embedded
uterine cervical tissue specimens obtained by radical
hysterectomy between 2007 and 2011 that were stored
in the surgical pathology archives of the Department of
Pathology at St. Marianna University School of
Medicine, Kawasaki, Japan. Specimens of SCC and
normal squamous epithelium were obtained from 16
patients with a mean age of 49.7 ± 3.6 years, and tissue
sections 1.5 mm in diameter and 10 μm thick were cut
for microarray analysis.
We also retrieved formalin-ﬁxed, parafﬁn-embedded
cervical tissue specimens obtained by punch biopsy,
cone biopsy, or hysterectomy between 2002 and 2010
from the surgical pathology archives of the Department
of Pathology at St. Marianna University School of
Medicine, for histochemical analysis. Specimens of
cervical intraepithelial neoplasia (CIN; mild to severe

dysplasia/carcinoma in situ) were obtained from 63
patients, including 26 patients with CIN1 (mean age:
35.2 ± 8.8 years), 17 patients with CIN2 (mean age:
33.9 ± 5.5 years), and 20 patients with CIN3 (mean age:
35.6 ± 8.3 years). These samples had been ﬁxed in 10%
buffered formalin for 24–48 h and then embedded in
parafﬁn.
This study was approved by the Human Ethics
Review Committee of St. Marianna University School
of Medicine.

Extraction of proteins from tissue sections
Each section was deparafﬁnized and removed from the
glass slide by using a 21-G needle under a microscope,
after which the tissue fragments were collected into a
1.5-mL microtube containing 200 μL of 10 mM citrate
buffer (pH 6.0) and incubated for 5 min at 95°C for
antigen retrieval. After washing with phosphatebuffered saline (PBS; Seikagaku Kogyo Co.) by
centrifugation, the pellet was solubilized with 20 μL of
PBS containing 0.5% Nonidet P40 and gently sonicated.
The resulting tissue suspension was incubated on ice
for 60 min and then was centrifuged at 20 000 g for
5 min at 4°C to obtain the supernatant (detergentsolubilized glycoprotein extract).

Lectin microarray analysis
Aliquots (20 μL) of the glycoprotein extract were
incubated with 100 μg of Cy3 Mono-Reactive dye (GE
Healthcare) for 60 min at room temperature in the dark
and the reaction products were loaded onto a Zeba Spin
Desalting Column (Thermo Scientiﬁc) to remove the
excess ﬂuorescent reagent. After centrifugation, the
solution was adjusted to 300 μL with probe buffer (Trisbuffered saline, pH 7.5, containing 1.0% Triton X-100 and
500 mM glycine). After washing three times with
probinding solution, 80 μL of Cy3-labeled glycoprotein
solution was added to a LecChip (GP BioScience) in each
well of the glass slide, and incubation was done
overnight at 20°C in a humidiﬁed chamber. Then a
ﬂuorescent image of the array was acquired by using a
GlycoStation Reader 1200 evanescent ﬁeld ﬂuorescence
scanner (GP Bioscience). Data were analyzed with
GlycoStation Tools Pro Suite 1.5 software (GP
Bioscience), and values were normalized by the average
signal for all lectins.

Lectin staining of cervical tissues
Lectin staining of the tissue sections was performed by
using Histoﬁne Simple Stain MAX-PO (Nichirei Co.).
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After deparafﬁnization, tissue arrays on glass slides
were placed in 10-mM citrate buffer (pH 6.0) and
autoclaved for 10 min at 121°C to enhance lectin
reactivity. After cooling to room temperature, the
arrays were incubated for 10 min in methanol
containing 0.3% hydrogen peroxide to deplete
endogenous peroxidases. Then washing was done
three times with PBS and the arrays were incubated
with PBS containing 1% bovine serum albumin for
10 min at room temperature in a humidiﬁed chamber.
This was followed by incubation with 5 μg/mL of
biotinylated lectin dissolved in PBS for 1 h at room
temperature. After washing three times with PBS,
streptavidin–peroxidase reagent was applied for
5 min at room temperature. Finally, reaction products
were visualized by incubation with 3,3-diaminobenzidine tetrahydrochloride and the sections were
counterstained with hematoxylin.
The percentage of Hippeastrum hybrid lectin
(HHL)-stained cells was calculated from the stained
area relative to the total area of epithelial cells and
a staining score was assigned as follows: 0 (0%), 1
(1–5%), 2 (6–50%), and 3 (51–100%). All parts of the
section were evaluated at 200× magniﬁcation under
a light microscope and all of the entire epithelial cell
areas were assessed for staining.

Statistical analysis
Lectin microarray data are presented as the
mean ± standard error (SEM). A two-sided χ 2-test was
used for comparison of clinicopathological variables
between groups.
Receiver–operator curve (ROC) analysis was
performed to evaluate differences between SCC and
normal squamous epithelium by calculating the
sensitivity and speciﬁcity at various cut-off values. The
area under the ROC (AUC) was calculated, with an
AUC of 1.0 indicating perfect discrimination, whereas
an AUC of 0.5 indicated that the test was no better than
random chance at discriminating epithelium from SCC.
For comparison of the lectin staining scores between
normal epithelium, CIN, and SCC, Steel’s multiple
comparison method of Dwass was employed (Statcel4,
version 4.0). A P-value < 0.05 was considered signiﬁcant
in all analyses.

Results
Lectin microarray analysis
To identify the lectin that was most speciﬁc for SCC,
we performed differential glycan proﬁling using

parafﬁn-embedded, formalin-ﬁxed tissue sections. This
analysis revealed signiﬁcant differences for four of the
45 lectins tested, with the signal intensities of four
α2–3Sia-binding lectins (Agrocybe Cylindracea galectin
[ACG], Maackia amurensis lectin [MAL], HHL that
binds to1,6-branched mannose, and Maclura pomifera
agglutinin [MPA]) being either signiﬁcantly higher or
lower (all P < 0.05) in SCC tissues than in normal
squamous epithelium. Among the four lectins, HHL
staining showed the largest difference of intensity
between SCC and normal squamous epithelium from
the same patient (P < 0.05; Fig. 1). HHL and ACG
were both useful for discriminating SCC from other
tissues according to ROC analysis, as HHL and ACG
showed a high sensitivity (81.8% and 74.9%,
respectively), a high speciﬁcity (70.1% and 84.9%),
and a large AUC (0.8182 and 0.849; Fig. 2). However,
there was a difference in the SCC /normal epithelium
signal intensity ratio (tumor tissue/normal tissue ratio
[T/N ratio]) between these two lectins, with it being
0.8 for ACG and 2.1 for HHL (Table 1). These results
suggested that strong binding of HHL to SCC tissues
was related to changes of glycosylation that were
speciﬁc for this malignancy.

Histochemical analysis of HHL-reactive glycans
To conﬁrm the above results, we employed
histochemistry with biotinylated HHL to visualize
the expression of HHL-reactive glycans in specimens
of SCC, CIN, and normal squamous epithelium.
CIN tissues and normal squamous epithelium
showed little or no staining by HHL (Fig. 3a-d). In
contrast, SCC tissues were stained by HHL, especially
at the sites of tumor inﬁltration. HHL was strongly
expressed in the interstitial regions of SCC,
suggesting a correlation of this lectin with inﬁltration
(Fig. 3e-f). The results of histochemical analysis are
summarized in Table 2. SCC showed a very high rate
of staining by HHL (14/16 tumors: 87.5%), while
there was little staining of CIN (7/26 (26.9%) for
CIN1, 5/19 (26.3%) for CIN2, and 2/20 (10.0%) for
CIN3 and no staining of normal squamous
epithelium (0/16; 0%). These results also suggested
that HHL-reactive glycans were speciﬁcally expressed
by SCC.
The HHL staining score was signiﬁcantly higher for
SCC than for either normal squamous epithelium or
CIN (P < 0.05, Fig. 4), while there was no signiﬁcant
difference of HHL expression between normal
epithelium and CIN (Fig. 4).
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Discussion

Figure 1 Glycan analysis of normal squamous epithelium
(NSE) and squamous cell carcinoma (SCC). Graphs
display normalized intensity data for the four lectins that
showed signiﬁcant differences between NSE and SCC
(by the two-sided χ 2-test using normalized lectin data).
(a) Agrocybe Cylindracea galectin (ACG). (b) Maackia
amurensis lectin (MAL). (c) Hippeastrum hybrid lectin
(HHL). (d) Maclura pomifera agglutinin (MPA). Cases 1–
16: SCC. Cases 20–36: NSE.

Treating cervical cancer at an early stage does not reduce
the incidence of invasive cancer, and tumors that relapse
are often refractory with a high mortality rate.17
Therefore, an accurate biomarker is needed for this
cancer, as cytological diagnosis of cervical cancer is a
subjective process. In the present study, we investigated
potential glycoprotein biomarkers by performing
glycoproteomic analysis of cervical tissue sections
containing both normal squamous epithelium and
SCC.18,19 We found that ACG,20 MAL, HHL,21 and
MPA22 showed marked differences of binding to SCC
tissues compared with normal epithelium.
Lectin microarray analysis is a highly sensitive
technique for multiplex analysis of small tissue sections
(approximately 500 cells), using 45 lectins to investigate
the N- and O-glycans attached to glycoproteins. This
method has already been employed to identify lectinbinding patterns associated with a poor prognosis of
colon cancer by Matsuda et al., who performed glycan
analysis of adenocarcinoma tissues and normal colon
epithelium to reveal that staining with Wisteria ﬂoribunda
agglutinin clearly differentiated cancer from normal
epithelium.16 Their ﬁndings agreed well with those of a
subsequent histochemical study using biotinylated
Wisteria ﬂoribunda agglutinin.16 Thus, it seems
reasonable to employ lectin microarray analysis for
investigation of glycan-related tumor biomarkers.
In the present study, lectin microarray analysis
demonstrated several differences of the lectin-binding
pattern between SCC and normal squamous epithelium,
with stronger binding of HHL and MPA to SCC tissues
along with weaker binding of MAL and ACG. ROC
analysis revealed that HHL was the best of these four
lectins for discriminating between normal squamous
epithelium and SCC (P < 0.05). In addition, the T/N
ratio of HHL showed the largest difference between
normal squamous epithelium and SCC (Table 1). These
ﬁndings suggested that HHL was the best lectin marker
for SCC among those investigated in the present study.
The evanescent ﬁeld ﬂuorescence-assisted method of
lectin microarray analysis used in this study allows
high-throughput, rapid, and sensitive glycome proﬁling
of clinical samples. The greatest advantage of a lectin
microarray over alternative methods of glycan proﬁling
is that simultaneous quantitative analysis of N- and Olinked glycans can be performed in intact biological
structures after minimal preparation of samples without
the need for extraction of glycans. The 45 lectins in the
microarray we used cover the majority of known human
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Figure 2 Results of receiver–operator curve (ROC) analysis for (a) Agrocybe Cylindracea galectin (ACG), (b) Maackia amurensis
lectin (MAL), (c) Hippeastrum hybrid lectin (HHL), and (d) Maclura pomifera agglutinin (MPA). (•) Best-ﬁt ROC obtained with
the Metz system and (•) actual data were compared for differentiating normal squamous epithelium (NSE) from squamous
cell carcinoma (SCC). The area under the ROC (AUC) was larger for ACG and HHL than for MAL and MPA. ACG and
HHL showed a higher sensitivity (74.6% and 70.1%) and higher AUC values (0.85 and 0.82) than MAL or MPA. Data were
normalized by the average value for all lectins tested. (a) ACG: AUC = 0.849; false-positive fraction (FPF) = 0.415 at truepositive fraction (TPF) = 0.85; TPF = 0.746 at FPF = 0.15; sensitivity = 74.6%; speciﬁcity = 84.9%. (b) MAL: AUC = 0.6785;
FPF = 0.596 at TPF = 0.85; TPF = 0.294 at FPF = 0.15; sensitivity = 29.4%; speciﬁcity = 67.8%. (c) HHL: AUC = 0.8182; FPF = 0.534
at TPF = 0.85; TPF = 0.701 at FPF = 0.15; sensitivity = 70.1%; speciﬁcity = 81.8%. (d) MPA: AUC = 0.7857; FPF = 0.451 at
TPF = 0.85; TPF = 0.517 at FPF = 0.15; sensitivity = 51.7%; speciﬁcity = 78.5%.

oligosaccharides, allowing the detection of subtle
differences.18,19 Although the patient population
investigated in this study was too small to conﬁdently
deﬁne the lectin-binding pattern of cervical cancer, we

still identiﬁed differences of glycosylation between
neoplastic and non-neoplastic cervical tissues. The
lectins that showed differences between SCC and normal
epithelium in this study may be good candidates for
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Table 1 Results of microarray analysis of 45 lectins in normal squamous epithelium and SCC of the cervix
Lectin

Normal epithelium (SEM)

LTL
PSA
LCA
UEA_I
AOL
AAL
MAL_I
SNA
SSA
TJA-I
PHA(L)
ECA
RCA120
PHA(E)
DSA
GSL-II
NPA
ConA
GNA
HHL
ACG
TxLC_I
BPL
TJA-II
EEL
ABA
LEL
STL
UDA
PWM
Jacalin
PNA
WFA
ACA
MPA
HPA
VVA
DBA
SBA
Calsepa
PTL_I
MAH
WGA
GSL_I_A4
GSL_I_B4

46.2
94.5
117.9
27.1
196.5
172.8
40.4
177.9
174.1
285.1
14.4
27.1
67.8
93.2
331.8
11.5
121.3
155.4
64.7
15.0
279.5
18.6
21.3
72.6
15.8
115.8
372.8
340.2
300.2
19.4
124.4
7.6
30.2
88.5
30.9
97.8
9.3
25.8
9.9
65.5
7.3
33.4
162.8
11.4
4.3

Tumor tissue (SEM)

(8.9)
(8.3)
(7.0)
(5.2)
(21.6)
(18.7)
(4.4)
(11.2)
(13.0)
(17.0)
(3.0)
(4.7)
(5.7)
(4.4)
(15.2)
(2.6)
(12.8)
(8.1)
(7.4)
(2.1)
(10.8)
(2.9)
(4.1)
(13.4)
(6.1)
(11.1)
(11.6)
(16.7)
(12.2)
(3.2)
(6.8)
(3.5)
(4.9)
(9.4)
(3.9)
(24.6)
(2.2)
(7.8)
(3.1)
(4.5)
(3.3)
(5.4)
(8.8)
(2.9)
(1.5)

†+++ = T/N > 1.9; ++ = T/N 1.5–1.9; + = T/N 1.2–1.5; +/
tissue/normal tissue ratio.

44.7
83.5
100.2
31.2
182.1
154.9
31.0
180.6
185.6
278.2
21.4
27.1
85.4
76.3
278.6
8.5
148.6
195.4
97.9
32.2
221.7
20.7
34.2
64.3
12.2
108.8
348.7
325.0
344.6
32.7
134.7
9.5
36.5
91.4
48.8
53.8
16.0
24.9
16.1
90.5
7.6
33.5
157.2
14.8
8.4

(3.1)
(4.7)
(4.8)
(5.1)
(18.3)
(15.7)
(3.2)
(11.3)
(13.6)
(16.5)
(2.7)
(4.3)
(6.6)
(5.7)
(11.1)
(1.6)
(14.7)
(12.9)
(8.7)
(3.8)
(14.4)
(3.5)
(5.3)
(5.5)
(2.4)
(5.0)
(18.8)
(23.2)
(22.7)
(4.5)
(7.1)
(3.0)
(4.4)
(7.3)
(4.3)
(12.7)
(3.7)
(4.7)
(3.5)
(8.5)
(3.1)
(4.2)
(7.9)
(3.1)
(3.2)

T/N ratio
1.0
0.9
0.9
1.2
0.9
0.9
0.8
1.0
1.1
1.0
1.5
1.0
1.3
0.8
0.8
0.7
1.2
1.3
1.5
2.1
0.8
1.1
1.6
0.9
0.8
0.9
0.9
1.0
1.1
1.7
1.1
1.3
1.2
1.0
1.6
0.5
1.7
1.0
1.6
1.4
1.0
1.0
1.0
1.3
1.9

Staining†
+/
+/
+/
+
+/
+/
+/
+/
+/
++
+/
+

+
+
++
+++
+/
++
+/
+/
+/
+/
+/
++
+/
+
+
+/
++
++
+/
++
+
+/
+/
+/
+
++

= T/N 0.9–1.1, – = T/N < 0.9. SEM, standard error of the mean; T/N ratio, tumor

isolating glycoprotein subsets before performing
proteomic and glycomic analyses to identify novel
biomarkers.
While lectin microarray technology can demonstrate
the lectin-binding patterns associated with cervical
cancer, identifying speciﬁc disease-associated glycans is
impossible by this method because the structures of the

glycan molecules can only be inferred from lectinbinding data.
To conﬁrm our ﬁndings, we performed histochemistry
with biotin-labeled HHL, which revealed cytoplasmic
staining of cancer cells in nearly all SCC specimens
(Fig. 3e,f). On the other hand, there was little HHL
staining of cells in CIN1 and CIN2 tissues (Fig. 3b–d),
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Figure 3 Staining of cervical tissues for Hippeastrum hybrid lectin (HHL). (a) Normal squamous epithelium (score = 0). (b)
Cervical intraepithelial neoplasia (CIN)1 (score = 1). (c) CIN2 (score = 1). (d) CIN3 (score = 0). (e,f) Squamous cell carcinoma
(SCC) (score = 3). (f) (▶) Basement membrane. (▷) Site of inﬁltration.

Table 2 Summary of histochemistry with HHL
Tissue specimens
NSE (n = 16)
CIN1 (n = 26)
CIN2 (n = 19)
CIN3 (n = 20)
SCC (n = 16)

HHL staining score
0
16
19
14
18
4

1
0
7
5
2
6

2
0
0
0
0
3

3
0
0
0
0
3

HHL staining score: 0 (0%), 1 (1%–5%), 2 (6%–50%), or 3 (51%–
100%). CIN, cervical intraepithelial neoplasia; HHL, Hippeastrum
hybrid lectin; NSE, normal squamous epithelium; SCC, squamous
cell carcinoma.

and no staining of normal squamous epithelium (Fig. 3a).
The reason why HHL preferentially stains cancer cells is
unclear, but may possibly be related to the mechanism of
tumor inﬁltration. A recent lectin microarray analysis of
non-small cell lung cancer examined whether lectins can
be used to estimate the lung cancer tissue type based on

examination of lung cancer specimens and cultured cells.
It was an effective study of a disease such as lung cancer
for which tissue diagnosis is difﬁcult before treatment.23
In addition, lectins have been studied as predictors of
recurrence and the prognosis.24 However, the actual
roles of lectins and their binding glycoproteins have
not been clariﬁed in any research. In this study, our
results suggested that HHL might be associated with
inﬁltration of SCC, which means it could become a
marker of the prognosis or relapse in the future. To
clarify the signiﬁcance of the staining pattern of HHL,
we will also analyze the binding glycoprotein and
related genes in the future. After identiﬁcation and
structural analysis of its target glycoprotein has been
performed by glycoproﬁling, HHL might become a
useful biomarker for identiﬁcation of SCC of the uterine
cervix.
The present lectin microarray method was effective for
analyzing glycans in glycoproteins without the need to
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Abstract
Purpose A device for closed vitrification was designed to reduce the risk of contamination and investigated on its efficacy for
ovarian function recovery after cryopreservation and heterotopic transplantation.
Methods Ovarian tissues from green fluorescence protein transgenic mice (10 GFP mice) were vitrified using the device, and
warmed ovarian tissues were transplanted into the ovarian bursa region in wild-type female mice (6 mice). Fresh ovarian tissues
were similarly transplanted as a control. After recovery of the estrous cycle, mice were mated with male mice. Ovarian tissues
from six cynomolgus monkeys were vitrified and warmed with the device for autologous, heterotopic transplantation. Fresh
tissue transplantation was not performed for the control. Ovarian function was examined by recovery of the hormonal cycle.
Histological examination was conducted.
Results The number of live pups per recipient mouse was not significantly different after transplantation of fresh or vitrifiedwarmed ovarian tissue, although the pregnancy rate was reduced with vitrified tissues. The hormonal cycle was restored in 5/6
monkeys after heterotopic transplantation of vitrified-warmed ovarian tissue. Follicles were harvested at eight sites in the
omentum and 13 sites in the mesosalpinx. In vitro maturation (IVM)/IVF produced embryo but did not develop.
Conclusions Resumption of the hormonal cycles, follicle development, and oocyte retrieval from vitrified-warmed ovarian tissue
transplants may indicate that the use of vitrification for ovarian tissue in a closed system has a potential of clinical application
without the risk of contaminations. More detailed analyses of the effects of vitrification on ovarian tissue, such as gene expression
patterns in oocytes and granulosa cells, may be needed for establishing a standard procedure for cryopreservation of ovarian
tissues in human.
Keywords Ovarian tissue cryopreservation . Vitrification . Closed device . Cynomolgus monkey . Fertility preservation .
Autologous transplantation

Introduction
* Nao Suzuki
nao@marianna-u.ac.jp
1

Department of Obstetrics and Gynecology, St. Marianna University
School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki, Kanagawa 216-8511, Japan

2

Namba IVF Clinic, Osaka 550-0015, Japan

3

Eve Bioscience, Co, Ltd., Wakayama 648-0003, Japan

4

Institute of Medical Science, St. Marianna University Graduate
School of Medicine, 2-16-1 Sugao, Miyamae-ku,
Kawasaki, Kanagawa 216-8511, Japan

5

HORAC IVF Grand Front, Osaka 530-0011, Japan

Medical and technical advances have given women better
chances to preserve fertility and to have children at a later
time, including the cryopreservation of embryos, oocytes,
and ovarian tissue. Ovarian tissue cryopreservation benefits
women more broadly, since ovarian tissue contains steroidogenesis and gametogenesis activities and a large number of
primordial follicles and can be harvested irrespective of the
stage of the menstrual cycle or be applied to pre-pubertal girls.
Since the first successful transplantation of frozen–thawed
ovarian tissues was reported by Oktay and Karlikaya in
2000 [1], about 130 live births have been reported after
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transplantation of cryopreserved ovarian tissue around the
world [2], and the FertiPROTEKT network registry has listed
more than 1000 ovarian tissue cryopreservation procedures
[3]. Nonetheless, no validated standard protocol has been
established for cryopreservation of ovarian tissue [4].
Some studies comparing slow freezing and vitrification by
rapid freezing have shown that vitrification is superior for
cryopreservation of ovarian tissue with respect to follicle density, cell proliferation, stromal cell preservation, and cell viability [5–8]. Recently, several protocols for vitrification have
been reported [5, 6, 9–11], and at least one vitrification system
is currently available for clinical use. Cryopreservation by
vitrification is achieved by elevating the cooling rate and concentration of cryoprotectants and forming a glassy, vitrified
state by extreme elevation of viscosity during cooling [12].
There are two main challenges to improving vitrification techniques: (i) high concentrations of cryoprotectant, which may
be toxic to oocytes, embryos, and ovaries, are required and (ii)
intracellular ice may develop if the cooling or warming rates
are incorrect [13, 14]. Several methods have been developed
to overcome these problems. The logical way to make cooling
more rapid is to use the smallest possible volume of cryoprotectant around the sample and to directly expose it to liquid
nitrogen without any insulation. It is a process known as open
vitrification [13]. Successful open vitrification of ovarian tissues has been achieved in mice [5, 15, 16], cattle [9], monkeys
[10, 11], and humans [6]. Two healthy babies have been born
from vitrified ovarian tissues preserved by open vitrification
[17, 18]. However, there is concern about the sterility of liquid
nitrogen and the risk of cross-contamination during long-term
storage [19, 20]. Because ovaries are larger than oocytes or
embryos, the risk of cross-contamination is increased with
ovarian cryopreservation by direct contact between solution
containing ovarian tissue and liquid nitrogen. To avoid the risk
of contamination, a closed vitrification method was developed
and used in vitro for development of preantral follicles from
the macaque ovarian cortex [21]. However, in vivo tissue
transplantation studies are needed to confirm long-term function and fertility of vitrified-warmed ovarian tissues.
In the present study, we developed a new closed vitrification
protocol. The efficacy of the protocol was assessed using ovarian
tissues of mice and cynomolgus monkeys for long-term functions of vitrified-warmed ovarian tissues after transplantation.

the experimental facilities of St. Marianna University School of
Medicine (Kanagawa, Japan), Kinki University (Wakayama,
Japan), and Eve Bioscience Ltd. (Wakayama, Japan).

Studies in mice
Animal care and management
Female and male C57BL/6J mice and green fluorescence protein (GFP)-transgenic [C57BL/6J-Tg (CAG-EGFP)] mice
were purchased from SLC Japan Inc. (Tokyo, Japan). Mice
were housed under a 12-h light/12-h dark cycle at 22 °C with
55% humidity and received food and water ad libitum.
Collection, cryopreservation, and thawing of donor mouse
ovaries
Donor ovaries were collected from 4-week-old C57BL/6J-Tg
(CAG-EGFP) mice and placed into disposable Petri dishes
containing Dulbecco’s modified Eagle’s medium/Ham’s F12 [1:1 (v/v)]. Then, each ovary was cut in half for cryopreservation using the new closed device. After 1–2 months, the
cryopreserved ovarian tissues were warmed and stored in
H199 supplemented with 20% (V/V) SSS medium until
transplantation.
Transplantation of mouse ovaries
Orthotopic transplantation of vitrified-warmed half ovaries
was performed in 6-week-old female C57BL/6J mice, while
fresh ovaries harvested from 4-week-old CAG-EGFP female
mice were cut in half and used as control grafts. Orthotopic
transplantation was done as described previously [15] with
some modifications. In brief, anesthesia was induced by intraperitoneal injection of pentobarbital sodium salt (7.5 g/kg
body weight). A midline longitudinal skin incision was made
in the lower back, followed by small bilateral incisions in the
fascia and muscles immediately above each ovary through
which the recipient’s reproductive tract was lifted out. Then,
a small slit was made in each ovarian bursa, and the recipient’s
ovary was removed under an operating microscope and was
replaced with a fresh or thawed half ovary. Subsequently, the
bursal membrane was sutured, the reproductive tract was replaced inside the body, and the skin incision was sutured.

Materials and methods

Mating of mice

This investigation of closed vitrification process was based on
previous research into open vitrification by Suzuki et al. [11]. The
study protocol was approved by the ethics committee of St.
Marianna University School of Medicine (Kanagawa, Japan)
and IVF Namba Clinic (Osaka, Japan). This study was performed in accordance with the guidelines for use of animals at

One recipient mouse was paired for 1 day with one male
C57BL/6J mice 10 days after transplantation to allow recruitment of primordial follicles before mating. When mating was
confirmed by the presence of a vaginal plug, pregnant females
were moved to separate cages. The number of pups (both dead
and alive) was recorded.
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Monkey experiments

Seprafilm® (Kaken Pharmaceutical Co., Ltd. Tokyo, Japan)
was used during closure of the abdomen.

Animal care and management
Stimulation of ovarian tissue
Six cynomolgus monkeys (4 years old and weighing 3.0–
3.5 kg) imported from Vietnam by Eve Bioscience
(Wakayama, Japan) were used in this study. After importation,
the monkeys were quarantined for 1 month and were examined for pathogenic bacteria and changes of appearance and/or
behavior. Monkeys were housed individually in special cages
(550 mm × 72 mm × 780 mm) in an animal room with a temperature of 25–38 °C, ventilation 5 times/h, and a 12-h light/
12-h dark cycle (07:00–19:00). Food (AS; Oriental Yeast Co.,
Ltd., Tokyo, Japan) was supplied every morning, and drinking
water (municipal tap water of Hashimoto City, Wakayama,
Japan) was provided ad libitum. The estrous cycle was confirmed in each female by monitoring vaginal bleeding.
Anesthesia and surgery
Laparotomy was performed after induction of anesthesia by intramuscular injection of a 2:1 mixture of ketamine (20 mg/kg
Ketalar 50; Sankyo Yell Pharmaceutical, Tokyo, Japan) and
xylazine (1 mg/kg Celactal Bayer Yakuhin, Osaka, Japan).
During surgery, additional doses of these anesthetics were administered as appropriate to maintain the depth of anesthesia. After
resection of the bilateral ovaries, adherent tissues were removed,
and the organs washed twice in modified Human Tubal Fluid
(m-HTF, Kitazato BioPharma Co., Ltd., Shizuoka, Japan). Then,
the cortical tissue was removed from each pair of ovaries and
placed in m-HTF. Monkeys were recovered from anesthesia following suture. Relaparotomy for transplantation was performed
generally after about 5 h, including 1 h for tissue preparation, 3 h
of soaking in liquid nitrogen, and 1 h for warming.
Ovarian tissue cryopreservation and transplantation
The monkey ovarian tissue was cut into strips (10 mm × 10 mm ×
1 mm) for vitrification, and cryopreservation was performed
using the closed device by the same procedure as that for mice
(Fig. 1d, e). Tissue strips were maintained in liquid nitrogen for at
least 3 h. Laparotomy was performed for transplantation of
vitrified-thawed ovarian tissue, with a minced graft (cut into
20~25 pieces measuring 1 mm × 1 mm × 1 mm) on the right side
and an intact strip (10 mm × 10 mm × 1 mm) on the left side of
the omentum or the mesosalpinx. Altogether, four tissue grafts,
two preparations each for strips and minces, were transplanted in
each monkey, one graft each on each side of two sites, the omentum, and the mesosalpinx. For omental transplantation, the graft
was wrapped in the omentum that was sutured to form a bag. For
transplantation into the mesosalpinx, an incision was made in the
right side of the mesosalpinx to create a pocket, into which graft
was placed and incision was sutured. To prevent adhesions,

Ovarian stimulation was conducted after down-regulation
with a gonadotropin-releasing hormone (GnRH) agonist
(1.88 mg of Leuplin injection 3.75; Takeda Pharmaceutical,
Osaka, Japan). Six female monkeys were administered various doses of recombinant human follicle-stimulating hormone
(rhFSH; Follistim®; MSD, Osaka, Japan) after downregulation in three trials, as described below. On the evening
of the final day of rhFSH injection, 400 IU/kg of human chorionic gonadotrophin (hCG; Puberogen; Nippon Yakkyoku,
Tokyo, Japan) was administered, and ova were collected
40 h later. In the first trial, 25 IU/kg of rhFSH was administered once daily in the morning on days 1 to 9 (initiation of
FSH injection = day 0). The second and third trials were initiated 6 months and 1 year after transplantation. In the second
trial, 50 IU/kg of rhFSH was administered once daily in the
morning on days 1 to 9, after which 100 IU/kg of rhFSH was
administered twice daily in the morning and evening on days
10 and 11. In third trial, 50 IU/kg of rhFSH was administered
once daily in the morning on days 1 to 4, 75 IU/kg of rhFSH
was administered twice daily in the morning and evening on
days 5 to 11, and 100 IU/kg of rhFSH was administered twice
daily in the morning and evening on day 12. Ovarian stimulation was initiated 2 weeks after estradiol elevation in the trial
1 and between estradiol elevations 6 months and 1 year after
transplantation in the trials 2 and 3, respectively. All three
trials were performed on all monkeys, except the monkey 6
which was subjected to only the trials 2 and 3.
Oocyte collection and transportation
Laparotomy was performed under general anesthesia as described above. After confirming mature follicle development,
oocytes were aspirated, and a small piece of ovarian tissue containing the follicle growth area was excised and placed in the
culture medium. Oocytes were collected by puncturing the follicle in a culture dish to avoid loss of oocytes. Aspiration of mature
follicles was performed by using a 2.5-ml syringe with a 21-G
needle that contained a small amount of HEPES-Tyrode’s albumin with lactate and pyruvate (HEPES-TALP, pH 7.4) and 0.3%
bovine serum albumin, after pre-washing the needle and syringe
with heparin sodium (Ajinomoto Pharmaceutical, Tokyo, Japan).
The retrieved ova were transferred to HEPES-TALP in a dish on
a warming plate maintained at 38 °C and maturation was examined by stereomicroscopy (×80). Then, the collected ova were
placed into HEPES-TALP in a sealed round-bottom tube (2058,
Becton Dickinson Labware, NJ, USA) kept in warm water
(38 °C). The ovarian tissue was placed in 15-ml tubes
(Polypropylene Conical Centrifuge Tube, BD Falcon, Bedford,
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Fig. 1 Devices for vitrification. a
Ova Cryo Device Type M (open
device [11]). b Closed device. c
Closed device in the pouch. d The
sealed pouch. e Vitrified ovarian
tissue
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MA, USA) containing the same culture medium. The specimens
were transferred from Eve Bioscience to Namba IVF Clinic
(Namba, Osaka, Japan) within 2 h.
In vitro maturation of immature monkey oocytes
In the first and second trials, we examined whether oocytes
obtained at the germinal vesicle (GV) stage or metaphase I
(MI) stage could reach metaphase II (MII). The oocytes were
incubated at 37 °C for 24–72 h under an atmosphere of 5% O2,
5% CO2, and 90% N2 in TALP medium containing L-glutamine, lactic acid, pyruvic acid, and 20% (v/v) fetal bovine
serum. In the third trial, 20 ng/ml of epidermal growth factor
(EGF; Sigma-Aldrich Chemical Co., St. Louis, MO, USA)
was added to the abovementioned TALP medium, and the
oocytes were cultured for 24–72 h.
Intracytoplasmic sperm injection: fertilization of monkey
oocytes
Semen was obtained from a male monkey under anesthesia with
ketamine HCl (10 mg /kg) by electrical induction of ejaculation.
The methods used for freezing and thawing sperm were described previously [21]. Intracytoplasmic injection (ICSI) of
cryopreserved sperm was performed as reported previously [11]
with minor modifications. Briefly, cumulus cell-oocyte complexes were treated with 0.01% (w/v) hyaluronidase (H3757;

Sigma-Aldrich) dissolved in HEPES-TALP, and then oocytes
were denuded by pipetting at room temperature. After maturation
of the denuded oocytes was evaluated, culture was performed at
37 °C under an atmosphere of 5% O2, 5% CO2, and 90% N2 in
TALP until the time of ICSI. The sperm suspension and oocytes
were placed in HEPES-TALP and covered with mineral oil
(M8410; Sigma-Aldrich). A single sperm with normal morphology was captured by an injection pipette (MIC-SI-30-NTP;
Humagen Fertility Diagnostics, Charlottesville, VA, USA) and
then was washed and immobilized in an injection pipette containing 10% polyvinylpyrrolidone (PVP360; Sigma-Aldrich) dissolved in HEPES-TALP. The immobilized sperm was injected
into a mature oocyte in HEPES-TALP. After injection, culture
was done for 24 h at 37 °C under an atmosphere of 5% O2, 5%
CO2, and 90% N2 in TALP. Fertilization was evaluated on basis
of detecting two pronuclei and two polar bodies at 18 h after
sperm injection, and cleavage was confirmed at 24 h after sperm
injection. Then, the embryos were cultured for 144 h in CMRL1066 medium (11530-037; Life Technologies, Carlsbad, CA,
USA) containing L-glutamine, lactic acid, pyruvate, and 20%
(v/v) fetal bovine serum under the same atmosphere.
Morphological investigation of monkey ovarian tissue
Monkey ovarian tissues were fixed overnight at 4 °C in
Bouin’s fixative (Polysciences, Warrington, PA, USA),
embedded in paraffin, and cut into 1–5-μm-thick
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Ova Cryo Device TypeM
Closed device
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Ova Cryo Device TypeM
Closed device

Time[s]
Fig. 2 Cooling and warming rates of vitrification devices. a Cooling rate
of the open (black) and closed (pink) devices. The cooling rates of the
open devise and the closed devise were − 19,500 and − 12,000 °C/min,

respectively. b Warming rates of the open and closed devices were identical and shown in red. The warming rate was 42,000 °C/min

sections. Sections were stained with toluidine blue
(Certistain® Toluidine blue O (C.I.52040), Millipore,
MA, USA) and hematoxylin-eosin (Sakura Finetek
Japan, Tokyo, Japan), followed by observation under a
microscope. Follicular development stages were defined
as follows: primordial follicles were in a single layer of
flattened pre-granulosa cells, primary follicles were follicles with only one granulosa cell layer, early secondary follicles had two to four granulosa cell layers without an antrum, late secondary follicles had more than
four granulosa cell layers without an antrum, and antral
follicles had multiple layers of cuboidal granulosa cells
with an antrum [22].

ovarian tissue. This procedure was performed in the same
manner as reported previously [11].

Hormone assays
Estradiol (E2) and progesterone (P4) were measured by SRL
Inc. (SRL, Tokyo, Japan) to confirm the hormone cycle of the
monkeys before ovarian tissue cryopreservation and approximately every 2 weeks after transplantation of vitrified-thawed

Open vs. closed vitrification
Loading with cryoprotectant
Cryopreservation of ovarian tissues using an open device was
performed as described previously with some modifications
[10, 11]. Strips of ovarian tissue were first equilibrated in
HEPES-buffered 199 (H199, Invitrogen, Carlsbad, CA,
USA) supplemented with 20% (V/V) SSS (Irvine Scientific,
Santa Ana, CA, USA) and 1.61 mol/l ethylene glycol for
5 min, followed by equilibration in H199 supplemented with
20% (V/V) SSS and 3.22 mol/l ethylene glycol for 5 min.
Subsequently, the ovarian strips were transferred into H199
supplemented with 20% (V/V) SSS, 5.64 mol/l ethylene glycol, 5% (w/v) polyvinylpyrrolidone (Sigma-Aldrich, St.
Louis, Mo, USA), and 0.5 mol/l sucrose EMPROVE®bio
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Fig. 3 Orthotopic ovarian tissue transplantation in mice. Fresh and
vitrified/warmed ovarian tissues were transplanted for functional evaluation. Graph shows the mean with the standard deviation for 6 mice (fresh
tissue) and 10 mice (vitrified/warmed tissue). *p < 0.05. a Days required

before the initial increase of estradiol. b Rates of pregnancy. c Number of
live pups per pregnancy. d Pups from transplants of fresh (a) or cryopreserved GFP mouse ovaries (b)

(EMD Millipore, Billerica, MA, USA). All steps were performed at 26 °C.

extra step for inserting vitrified tissue in a bag took only
10~30 s; thus, we did not feel there was any difference between open and closed device in the effect of cryoprotectants.
The polypropylene material used for the film cover and bag
was demonstrated to be safe by a cytotoxicity test before this
study (Fig. 1b–e).

Vitrification procedure
Open device Within 25 min, the strips were loaded into an
ovarian storage device (Ova Cryo Device TypeM®; Kitazato
BioPharma Co., Shizuoka, Japan; Fig. 1a) and the device was
immersed vertically into liquid nitrogen. Then the frozen
strips were individually placed into cryogenic vials and were
stored in liquid nitrogen until further use.
Closed device The device was made from titanium (500 and
800 μm in thickness) for excellent thermal conductivity
(CDT × 10, titanium, Kitazato BioPharma Co., Ltd.,
Shizuoka, Japan). Two sizes of thickness (500 and 800 μm)
were tested in consideration of conductance and structural
stability. However, the similar stability and conductance were
obtained with both thicknesses. The 500-μm thickness was
used in mice. The 800-μm one was used only for one monkey
as comparison after testing both thicknesses. For vitrification,
a piece of ovarian tissue equilibrated with vitrification solution
was placed on the titanium plate and covered with polypropylene film (Kitazato BioPharma Co., Ltd., Shizuoka, Japan).
To prevent viral contamination, the device was placed in a bag
made from the same polypropylene material as the film cover,
which was heat-sealed and immersed in liquid nitrogen. This

Warming procedure
For thawing, pouch is cut open and the device is directly
placed into the thawing solution. The vitrified samples were
thawed in 20 ml of H199 containing 20% (V/V) SSS and
0.8 mol/l sucrose, which had been warmed at 37 °C for
1 min in a water bath, followed by dilution in H199 containing
20% (V/V) SSS and 0.4 mol/l sucrose for 3 min at room temperature, and then dilution twice in H199 containing 20% (V/
V) SSS for 5 min at room temperature. After removal of the
cryoprotectant, the ovarian sections were placed in H199 containing 20% (V/V) SSS. No devitrification was observed in
any tissue preparation.

Heat conduction rate
Cooling was assessed by measuring the heat conduction rate
using a K-type thermocouple and a data logger GL900-4
(Graphtec Inc., Kanagawa, Japan), with the mean of 10 temperature measurements being plotted to generate a graph (Kitazato
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Fig. 4 Hormonal cycles in monkeys. Estradiol (blue line) and progesterone (red line) in blood after ovarian transplantation. Number in green square:
days required before hormone detection in blood. IVF cycles are indicated by arrows: GnRH (blue), FSH (red), and hCG (green)

BioPharma Co., Ltd., Shizuoka, Japan). The heat conduction rate
was compared between the open device (Ova Cryo Device
TypeM®) and the closed device (CDT × 10; Fig. 2a, b).

Statistical analysis
All statistical analyses were performed by using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).

Results
Thermal conductivity
The cooling rates of the open and closed vitrification devices
were − 19,500 and − 12,000 °C/min, respectively (Fig. 2a),
while the warming rate of both devices was 42,000 °C/min

(Fig. 2b). There were no differences of thermal conductivity,
especially the cooling speed, between devices with a thickness
of 500 or 800 μm.

Fertility of mice after transplantation
of vitrified-warmed ovarian tissues
Six mice received transplantation of fresh ovarian tissue as
controls. Vitrified-warmed ovarian tissue was transplanted into 10 mice. The estrous cycle was recovered in all recipients.
Estradiol increased at 5–11 days after transplantation of fresh
ovarian grafts and after 7–14 days in mice receiving vitrifiedwarmed grafts. There were no significant differences in the
time required until recovery of the estrous cycle between mice
receiving fresh grafts (8.2 ± 0.9 days) and vitrified-warmed
grafts (8.1 ± 0.9 days) (Fig. 3a). Recipient mice were kept
for 3 weeks after transplantation to allow recruitment of primordial follicles before mating. The delivery rate was significantly lower for mice with vitrified-warmed ovarian grafts
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Fig. 5 Laparotomy for oocyte
retrieval in monkey no. 4.
Follicles are evident in the left
mesosalpinx (a) and omentum (b)
on the post-transplantation day
252. A pre-ovulatory follicle
dissected from the omentum,
shown in b, is shown in an
enlarged scale (c)
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(60%) than for mice with fresh grafts (83%) (Fig. 3b).
However, the number of live pups delivered per recipient
was not significantly different between the two groups
(Fig. 3c, d).

Hormonal cycle in monkeys
Transplantation of vitrified-warmed ovarian tissues was
performed in six cynomolgus monkeys. No monkey received fresh ovarian tissue as control due to the cost of
each monkey. Five monkeys received ovarian tissue that
had been vitrified using 500-μm closed device, and one
monkey (no. 3) received tissue vitrified using 800-μm
closed device. Follicle development was assessed by
estradiol measurements every 2 weeks. Harvesting of
ova was successful in five monkeys, while it failed in
monkey no. 4. Resumption of the hormonal cycle was
confirmed at 111 days (27–192 days) after transplantation (Fig. 4). The five monkeys used for egg collection
exhibited periodic hormonal cycles by 367 days after
transplantation. Oocyte collection was performed via
laparotomy, with a small piece of tissue around the site
of follicle formation being excised carefully while
avoiding rupture of the follicle (Fig. 5). It was found
that transplanted ovarian tissue had been incorporated
into the omentum and the mesosalpinx, and minimal
resection was required for oocyte harvesting. Three
monkeys (no. 1, no. 3, and no. 6) were still alive at
the time of writing, and their hormonal cycles had continued for > 1240 days.

Follicle development
Follicle development was found at eight graft sites in the
omentum and 13 sites in the mesosalpinx. In addition, it was
detected at 10 sites after transplantation of minced grafts (1mm cubes) and at 11 sites after transplantation of strip grafts
(10 mm × 10 mm × 1 mm), while the number of oocytes recovered was eight and nine, respectively. There were no significant differences of follicle development between transplantation into the omentum or the mesosalpinx, between
transplantation of strips or minced grafts, and between cryopreservation with the 500- or 800-μm devices.

IVM and IVF
Seventeen oocytes were retrieved from five monkeys. To perform in vitro maturation (IVM), EGF was not used in the first
and second trials in case immature oocytes were collected. A
total of seven GV-stage oocytes, one MI oocyte, and two MII
oocytes were obtained by the initial two egg collections.
When the eight GV-stage oocytes were cultured for up to
72 h, only three reached MI stage but did not progress further.
ICSI was performed with the two MII oocytes, and fertilization was confirmed by detection of two pronuclei, but development did not proceed beyond the one-cell stage. A total of
six oocytes were obtained at the third egg collection, including
four GV-stage oocytes, one MII oocyte, and one degenerated
embryo. IVM was performed with four GV-stage oocytes by
adding EGF at 20 ng/ml. One of these oocytes reached MII
stage but failed to fertilize by ICSI (Table 1).
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Fig. 6 Post-transplantation
histological analyses. a Ovarian
tissue adjacent to pre-ovulatory
follicles excised for oocyte
harvest from the omentum on the
post-transplantation day 258 that
yielded a MI oocyte (monkey no.
4). b The omentum which yielded
GV oocytes (monkey no. 2). A
Toluidine blue staining. b H&E
staining. Scale bar = 50 μm

Histological findings
After collection of oocytes, the residual tissues were fixed for
histological examination. At a site of ovarian tissue transplantation into the omentum, two primary follicles and one early
secondary follicle were detected. Also, at another omental
transplantation site, there were primordial follicles, primary
follicles, and late secondary follicles, having the potential to
develop for oocyte collection (Fig. 6a, b).

Discussion
A closed vitrification devise was developed using a titanium
plate for housing ovarian tissue which is sealed inside a polypropylene pouch to avoid viral contamination during exposure
to liquid nitrogen. Due to the excellent thermal conductivity of
titanium, similar cooling and warming rates, which are important for maintaining the structural integrity of tissue, were
observed by closed vitrification method to those by the standard open one.
The in vivo function was examined by transplanting ovarian tissues after cryopreservation by the closed vitrification
devise on mice and cynomolgus monkeys. The number of live
pups per litter was similar with both tissues in mice (Fig. 4a).
However, the birth rate by cryopreserved tissue with the
closed vitrification method was lower than that from fresh
ovarian tissue in mice (Fig. 4b). Using similar vitrification
conditions to the one used in the present study, follicle counts
were similar to fresh tissue transplants, and pregnancy rates
were higher than those of transplants from slow freezing or
conventional vitrification and similar to the fresh tissue transplants [5, 16]. These studies may indicate that vitrification
conditions influence the integrity and potentials of follicles.
The lower birth rates observed in the current study could indicate interferences on follicle maturation by vitrification
method utilized here, for which further studies may be needed
for improvement of vitrification protocol.
In monkeys, vitrified-warmed ovarian tissues were
transplanted into the mesosalpinx and the omentum which

were shown to be suitable sites for engraftment in our previous
study [11]. Heterotopic transplantation was conducted with
minced or strip grafts, but the type of graft did not affect
oocyte collection. Grafts were wrapped with the omentum
tissue, while they were put into a pouch by incision made in
the mesosalpinx. These procedures made harvesting easier.
Six follicles formed in grafts transplanted to the mesosalpinx
and eight follicles were obtained after transplantation to the
omentum (with no difference in follicle formation between the
two sites). The ovarian cycle was restored after transplantation
in most animals, while there were developments of preovulatory follicles and mature oocytes which could fertilize
after ICSI. Our study thus demonstrated the mesosalpinx and
the omentum as viable options for transplantation of cryopreserved ovarian tissues which would be clinically available for
those patients with bilateral ovariectomy or pelvic irradiation.
Multiple follicles were observed in both transplantation
sites of the mesosalpinx and the omentum. Some are more
mature or immature than others among these follicles.
Therefore, the mechanism for selection of a dominant follicle
could have been lost by the vitrification process. On the other
hand, since the present study was performed by the IVF cycle,
it is not apparent if the dominant follicle selection mechanism
is preserved. Even in clinics, oocytes can be obtained from
smaller follicles rather than the dominant follicle. As many
follicles develop at one transplantation site due to ovarian
stimulation by FSH, we tried to harvest as many oocytes as
can be identified, thus resulting in the harvest of more immature oocytes. Thus, the number of follicles which could yield
competent oocytes could have been very limited, even in the
presence of cyclic steroid hormone production.
When oocytes were retrieved from transplanted vitrifiedwarmed ovarian tissues of monkeys after the return of the hormonal cycle, embryos did not develop after fertilization in vitro.
Could the failure of embryogenesis be caused by injuries/
damages during cryopreservation process? When murine ovarian
tissues were processed for cryopreservation by different vitrification methods, transmission electron microscopy demonstrated
varying degrees of damages in subcellular structures even in
the presence of apparently normal delivery of pups [16]. Using
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both murine and human tissues, changes in follicle morphology,
particularly in granulosa and stromal cells, were seen after cryopreservation [5]. In ovarian tissue cryopreservation, stromal cells
were demonstrated to be more vulnerable to cryoinjuries than
primordial follicles [23, 24]. The ovary includes heterogenous
cellular and structural components with different properties,
and their interactions are needed for follicle maturation and embryogenesis [25]. Apparent structural integrity of ovarian tissue
after cryopreservation does not appear to guaranty the quality and
function of follicles. It might be informative to analyze effects of
cryopreservation on gene expression pattern of oocytes, stromal
cells, etc. during maturation for establishing a standard procedure
of ovarian tissue cryopreservation.
One of the six monkeys monitored for more than 1 year
after transplantation showed a weak response to ovarian stimulation, but its estradiol level was still restored. It is possible
that engraftment of ovarian tissue might have been poor in this
animal. Among the monkeys monitored for less than 1 year
after transplantation, one did not show stable recovery of the
hormonal cycle by 8 months after transplantation, although it
is possible that the hormonal cycle would have resumed if the
follow-up period had been extended. Recovery of the hormonal cycle was confirmed in five of six monkeys, with menstruation returning between 50 and 90 days after transplantation.
The time required for recovery of menstruation was shorter
than that expected for growth of primordial follicles, indicating the presence of primary and secondary follicles in vitrified
ovarian tissues as well as primordial follicles. In three of these
monkeys, the hormonal cycle has persisted for over 1200 days
since resumption after transplantation.
In conclusion, a closed vitrification procedure was developed
to improve the efficacy for ovarian cryopreservation and to avoid
the risk of cross-contamination during storage in liquid nitrogen.
Live birth was achieved in mice, but our results were unsatisfactory in terms of fertilization and embryo development in primates. This outcome may have occurred because follicle development was only monitored by blood tests and might not have
been fully matured. On the other hand, vitrification procedure
may have caused damages to cellular structures and genetic activities interfering developmental processes in primates. As we
confirmed persistence of the hormonal cycle for longer than
1 year, we are confident that heterotopic engraftment of ovarian
tissue was successful. We hope that our closed device will help
advance the vitrification technology for clinical application.
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STUDY QUESTION: Could aromatase inhibitors (AI) be used to reduce risks of uterine endometrial cancer growth or recurrence during

ovarian stimulation?
SUMMARY ANSWER: In a xenograft mouse model of endometrial cancer, concomitant AI administration suppressed the growth of endometrial cancer during ovarian stimulation.
WHAT IS KNOWN ALREADY: Recurrence and mortality rates of estrogen receptor-positive early breast cancer are reduced by long-term

AI administration. Concomitant AI use for ovarian stimulation in patients with breast cancer is recommended for reducing estrogen-related potential risks. However, the efﬁcacy of concomitant AI use for estrogen receptor-positive endometrial cancer have not been demonstrated conclusively by clinical or experimental animal studies.
STUDY DESIGN, SIZE, DURATION: Forty nude mice xenografted with uterine endometrial cancer cells were allocated to four groups.
Group 1: no ovarian stimulation (control). Group 2: ovarian stimulation. Group 3: AI administration + ovarian stimulation. Group 4: ovariectomy and ovarian stimulation. Tumor growth was evaluated during the 6-week treatment period.
PARTICIPANTS/MATERIALS, SETTING, METHODS: Ishikawa 3-H-12 uterine endometrial cancer cells (estrogen and progesterone

receptors-positive) were transplanted into 6-week-old BALB/cSlc-nu/nu nude mice, followed by interventions 2 weeks later.
MAIN RESULTS AND THE ROLE OF CHANCE: Compared to ovarian stimulation alone (Group 2), signiﬁcant suppressions of tumor

growth were observed in other three groups (Groups 1, 3 and 4, all at P < 0.05) and correlated with estrogen levels. AI administration had
no apparent impact on embryo development.
LIMITATIONS, REASONS FOR CAUTION: In this study, we examined the growth of endometrial cancer tumors using one endomet-

rial cancer cell line. Clinical endometrial cancer or hyperplasia cells can have diverse origins and AI may not be effective against other cancer
cell types.
WIDER IMPLICATIONS OF THE FINDINGS: Concomitant AI use may provide a chance for safer childbirth by for patients with endo-

metrial cancer or hyperplasia.
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Aromatase inhibitor use during ovarian
stimulation suppresses growth
of uterine endometrial cancer
in xenograft mouse model
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Introduction

Materials and Methods
Ethical approval
This study was performed upon the approval by the Animal Experiment
Review Committee of St. Marianna University School of Medicine.

Animals
Mice were kept at 23 ± 2°C with a humidity of, 55 ± 5% humidity, 12-h
light and 12-h dark cycle, and constant ad libitum access to feed food and
water.

AI administration for estrogen
measurements
C57BL/6 J, 4-week-old, female mice (Japan SLC, Inc., Shizuoka, Japan)
(N = 16) were divided into four groups. Using a gastric tube, the thirdgeneration AI letrozole (Femara®; Novartis Pharmaceuticals, AG, East
Hanover, NJ) was administered at 0, 2, 10 or 25 μg/kg for 3 consecutive
days. On the second day of letrozole administration, 7 IU of pregnant
mare serum gonadotropin (PMSG; ASKA Animal Health Co., Ltd., Tokyo,
Japan) was intraperitoneally administered to induce follicular development.

Measurement of the serum estrogen
concentration
Mice were euthanized using carbon dioxide (CO2) 2 days after the administration of PMSG. The blood was collected from their hearts, and centrifuged for 5 min at 684 g at 4 °C in a 1.5-ml microtube. Supernatant serum
was transferred to a 1.5-ml microtube and stored in a freezer. Serum 17βestradiol (E2) concentrations were measured using an Estradiol EIA Kit
(Cayman Chemical Co., Ltd, Ann Arbor, MI) in accordance with the manufacturer’s protocol.

AI administration and ovarian stimulation
For four groups of C57BL/6 J, 4-week-old, female mice (N = 36), letrozole
was orally administered at 0, 2, 10 or 25 μg/kg/day for 4 days. On Day 2
of the letrozole administration, 7 IU of PMSG was intraperitoneally administered to induce follicular development, and on Day 4, of the letrozole
administration, 7 IU of hCG (ASKA Pharmaceutical Co., Ltd, Tokyo,
Japan) was intraperitoneally administered to induce hyperovulation.

Harvesting cumulus oocyte complexes
Mice were euthanized 16 h after hCG administration, and cumulus oocyte
complexes (COCs) were collected through an incision made in the
ampulla of the Fallopian tube. Collected COCs were transferred to 100-μl
TYH (LSI Medience Corp., Tokyo, Japan) culture drops covered with mineral oil (Irvine Scientiﬁc, Santa Ana, CA), and then cultured at 37°C under
5% CO2 in air until insemination. Fertilized oocytes and embryos were cultured in the KSOM-AA medium (Merck Millipore Corp., Billerica, MA).
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Uterine endometrial cancer is one of the very common types of cancer
in women. In the USA, for example, there were 54 870 cases in 2015,
including 10 170 deaths, and these numbers have been increasing in
recent years (Siegel et al., 2015). The standard treatment for uterine
endometrial cancer is the combination of surgery, chemotherapy and
radiotherapy (Rutledge, 1974; Signorelli et al., 2009), but young
patients with early stage cancer (equivalent to the International
Federation of Gynecology and Obstetrics stage IA) or endometrial
hyperplasia sometimes request consideration of fertility preservation.
In countries where surrogate pregnancy is recognized, women can
have children by surrogate pregnancy after total hysterectomy, including bilateral adnexectomy so long as the collection of oocytes is performed before surgery (Azim and Oktay, 2007). However, for patients
who do not have the option of surrogate pregnancy, fertility preservation implies conception by patient’s own uterus and is associated with
higher risks. For those patients, endometrial curettage is initially performed to physically remove cancer or hyperplasia cells, followed by
hormone therapy.
Uterine endometrial cancer is classiﬁed as the estrogen-dependent
type I and estrogen-independent type II. The former represents more
than 80% of cases, and its carcinogenesis is associated with estrogen
(Setiawan et al., 2013). Progesterone therapy has been demonstrated
as an effective treatment for type I uterine endometrial cancers (Kelley
and Baker, 1961). When medroxyprogesterone acetate (MPA) was
used for the treatment of endometrial cancer and atypical endometrial
hyperplasia, the overall complete response (CR) rate was 67%, hence,
treatment with MPA has become the standard approach for patients
who choose not to undergo hysterectomy to preserve fertility potential (Ushijima et al., 2007).
In premenopausal women, estrogen is synthesized primarily in the ovaries. In postmenopausal women, the estrogen level decreases as ovarian
function declines and estrogen production relies on synthesis from androgens in the adrenal glands by the enzymatic reaction of aromatase.
Estrogen is also produced from androgens in the aromatase pathway
through the interaction of tumors and interstitial cells (Takahashi-Shiga
et al., 2009). Aromatase inhibitors (AI) inhibit the enzymatic activity of aromatase and thus suppresses estrogen biosynthesis.
Recurrence and mortality rates of estrogen receptor (ER)-positive
early breast cancer are reduced by long-term AI administration, which
is more effective than the selective ER modulator tamoxifen (Early
Breast Cancer Trialists’ Collaborative Group, 2015). Therefore, AI
have been used as long-term hormone therapy for breast cancer.
Ovarian stimulation elevates blood estrogen to non-physiological levels
for limited periods by promoting the development of oocytes. Although,
the short-term rise of blood estrogen caused by ovarian stimulation
has been reported not to increase the risk of developing breast cancer in general population (Venn et al., 1999; Silva Idos et al., 2009),
co-administration of AI for ovarian stimulation in patients with breast
cancer is recommended due to the potential risk of cancer recurrence
(Reddy and Oktay, 2012; Oktay et al., 2015; Rodgers et al., 2017).
Concomitant AI use has been previously investigated for ovarian
stimulation in patients with endometrial cancer for similar reasons
(Azim and Oktay, 2007), however, reported cases are limited and surrogate pregnancy is recommended.

Given the lack of evidence, in this experimental animal study we
aimed to investigate the efﬁcacy and safety of concomitant AI use by
evaluation of tumor growth and blood estrogen concentrations as well
as ovulation, insemination and embryo maturation under the internal
use of AI.
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Sperm collection and pre-culture

IVF and embryo culture
A 10-μl pre-cultured sperm was collected from the upper layer, and transferred to a TYH culture drop containing COCs and kept at 37°C under 5%
CO2 for 5–6 h to facilitate fertilization. After fertilization, ova were recovered
from the TYH culture drops, transferred to drops of the KSOM medium, and
cultured at 37°C, under 5% CO2 in air. After culture for 16 h, two-cell
embryos were transferred to fresh KSOM medium drops, and cultured at
37°C under 5% CO2 to observing development up to the blastocyst stage.

Preparation and hematoxylin–eosin staining
of mouse ovary tissue sections
Collected mouse ovaries were submerged in Bouin’s solution (Wako Pure
Chemical Industries, Ltd., Osaka, Japan) for 24 h at 4°C and saturated with
parafﬁn by sequentially submerging them in the following: 70% v/v ethanol at
room temperature for 1 h, 90% v/v ethanol at room temperature for 1 h,
100% ethanol at room temperature for 30 min, xylene at room temperature
for 30 min, a mixture of parafﬁn and xylene at 65°C for 24 h, and parafﬁn at
65°C. Sequential 6-μm thick sections were prepared. Next, the parafﬁn sections were melted at 65°C, followed by deparafﬁnization with xylene, 100%
ethanol, 90% v/v ethanol and 70% v/v ethanol. Tissue sections were stained
with hematoxylin–eosin (HE), mounted, dried and evaluated.

Histological evaluation of ovaries
Histological evaluation of ovarian tissues was performed after HE staining.
In ovaries collected during ovum collection and IVF, numbers of luteinized
unruptured follicles (LUFs) were counted to evaluate any effects on the
numbers of oocytes ovulated. Only nucleated ova were counted to avoid
double counting.

Xenografting
The Ishikawa 3-H-12 cell line (National Research and Development
Foundation JCRB Cell Bank, Osaka, Japan) (Nishida et al., 1996), a cell
strain expressing ER and progesterone receptor (PR), was used. Cells
were cultured in minimum essential medium (Gibco Earle’s salts+ and Lglutamine; Thermo Fisher Scientiﬁc, Inc., Waltham, MA), with 15% w/v
fetal bovine serum (Bovogen Biologicals Pty., Ltd, East Keilor, Australia)
and 1% w/v Gibco Antibiotic–Antimycotic (Thermo Fisher Scientiﬁc, Inc.,
Waltham, MA). BALB/cSlc-nu/nu nude, 6-week-old, female mice (Japan
SLC, Inc., Shizuoka, Japan) (N = 40) were used. We subcutaneously transplanted 1.0 × 107 Ishikawa 3-H-12 cells in the center of the mice’s back
using a 1-ml syringe with a 21-G syringe needle. Transplantation sites were
monitored for 2 weeks to conﬁrm grafting of the tumor. Four groups of 10
mice each were assigned to the following treatments.

Schedule for ovarian stimulation and AI
administration
Group 1: Control group (no ovarian stimulation)
No drug administration after transplantation (oral and intraperitoneal injections of the physiological saline).

For ovarian stimulation, follicular development was induced by intraperitoneal
injection of 7-IU PMSG (ASKA Animal Health Co., Ltd). Hyperovulation was
induced 2 days later by an intraperitoneal injection of 7-IU hCG (ASKA
Animal Health Co.). Femara® (2.5-mg tablet; Novartis Pharmaceuticals, AG)
was pulverized using a mortar and pestle and dissolved in sterilized water. A
25 μg/kg was administered orally using a gastric tube.
Sizes of subcutaneous tumors were measured weekly using a caliper
with a vernier dial, and measurements in mm3 (length × width × height)
were recorded. On Day 4 of the sixth week after starting ovarian stimulation, mice were euthanized 2 days after PMSG administration using CO2,
tumors were excised, and bloods samples were collected.

Tumor evaluation and measurement
of blood E2 concentration
(i) After euthanasia of mice using CO2, blood was collected from their
hearts, and the blood 17β-estradiol level was measured using the
Estradiol EIA Kit (Cayman Chemical Co.).
(ii) Tumors on body surfaces were photographed.
(iii) Tumors were excised, photographed and weighed.
(iv) Each excised tumor was cut into at least four pieces. Two pieces were
placed in a 1.5-ml microtube and then stored at −80°C. ERα and ERβ
expression levels of each tumor tissue were measured by reverse
transcription real-time polymerase chain reaction (RT-rPCR).
(v) Half of the remaining pieces were ﬁxed using the Bouin solution, followed by HE staining.
(vi) Remaining pieces were ﬁxed using a neutral formalin solution, followed by Ki67 staining.

Statistical analysis
Results are expressed as the mean ± standard error of the mean. The
effects of treatment were compared among the groups using one-way analysis of variance with the post-hoc Tukey honestly signiﬁcant difference
test. Differences were considered signiﬁcant if P was < 0.05. All analyses
were computed using SAS JMP Pro 12.2.0 (SAS Institute Inc., Cary, NC).

Results
Reduction of blood E2 level by letrozole
The effect of AI on the blood estrogen concentration was examined
using letrozole. Increasing concentrations of letrozole were administered orally for 3 days in C57BL/6 J, female, 4-week-old mice (N =
16). The blood E2 concentration decreased from 29.0 ± 6.0 pg/ml to
25 ± 2.7, 11.4 ± 4.4 and 0.71 ± 0.4 pg/ml dose dependently with
increasing concentrations of 2, 10 and 25 μg/kg of letrozole, respectively (Fig. 1). Signiﬁcant decreases were obtained by 10 and 25 μg/kg
of letrozole (P < 0.05).
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Caudal parts of the epididymis were collected from 8-week-old to 12week-old, male C57BL/6 J mice, and washed with the M16 culture
medium (Global Stem, Rockville, MD). Blood and fat were removed on ﬁlter paper, and the sperm mass was collected from the tip of the caudal
parts of the epididymis using a 23-G syringe needle. Then the collected
sperm mass was submerged in 500 μl of the TYH medium in a 1.5-ml
microtube and pre-cultured at 37°C and 5% CO2 in air.

Group 2: Ovarian stimulation group
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG, once per week for 6 weeks.
Group 3: Ovarian stimulation + letrozole group
Oral daily administration of letrozole.
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG once per week for 6 weeks.
Group 4: Ovariectomy + ovarian stimulation group
Bilateral ovariectomy was performed 2 weeks after transplantation.
Starting 2 weeks after transplantation, intraperitoneal administrations of PMSG and hCG, once per week for 6 weeks.
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The effect of reduced E2 levels due to letrozole administration on
superovulation for IVF was investigated. C57BL/6 J, female, 4-weekold mice (N = 36) were divided into four groups that received 0, 2, 10
or 25 μg/kg of letrozole orally.
The numbers of retrieved oocytes in the 0, 2, 10 and 25-μg/kg
letrozole groups were 48 ± 2.8, 50 ± 1.8, 39 ± 2.7 and 36 ± 4.1,
respectively. Therefore, retrieved oocytes were signiﬁcantly fewer in
the 25-μg/kg group than in the control group (P < 0.05; Fig. 2A).
Fertilization rates were 79.9 ± 3.6%, 80.6 ± 4.1%, 74.7 ± 8.9% and
69.4 ± 5.3%, respectively, in the 0, 2, 10 and 25 μg/kg groups with no
signiﬁcant differences (P > 0.05; Fig. 2B). Blastocyst achievement rates

Suppression of uterine endometrial cancer
growth by letrozole
Ishikawa 3-H-12 cells (1 × 107) were transplanted subcutaneously in
the back of BALB/cSlc-nu/nu mice. After 2 weeks, 40 mice were
divided into four groups and treated as described in Fig. 3. Tumor size
increased signiﬁcantly in the ovarian stimulation group compared to
the control group and was reduced by letrozole administration (Fig. 4).
The blood E2 concentration, similar to the result with female C57BL/
6 J mice (Fig. 1), was signiﬁcantly lower in the letrozole and ovariectomy groups than in the ovarian stimulation group in BALB/cSlc-nu/
nu mice (P < 0.05; Fig. 5A). As measured by RT-rPCR, the ERα messenger RNA expression level in tumor tissue was signiﬁcantly higher in
the ovarian stimulation group than in the other three groups (P < 0.05,
Fig. 5B). No signiﬁcant differences in the ERβ expression level were
found between any of the four groups (P > 0.05, Fig. 5B).
Tumor tissues in all groups, after HE staining, showed characteristics
of endometrial adenocarcinoma, including the formation of ductal
structures, nuclear stratiﬁcation with mild atypia, and cribriform pattern in the periductal region (Fig. 6A). In addition, Ki67 stainingpositive cells were found in all groups (Fig. 6B).
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The present study demonstrated that the growth of endometrial cancer cells was promoted during ovarian stimulation and suppressed by
letrozole in correlation with blood estrogen levels.
In general, long-term exposure to unopposed estrogen increases
the incidence of endometrial cancer (Weiderpass et al., 1999). On
the other hand, no increase in the incidence of hormone-sensitive
tumors due to ovarian stimulation has been reported in the general
population (Venn et al., 1999; Silva Idos et al., 2009). This is because

Figure 1 Effect of letrozole (aromatase inhibitor) on serum estrogen (E2) concentrations. Mice were divided into four groups according to the doses of letrozole (0, 2, 10 and 25 μg/kg). Letrozole was
given orally for 3 days. A 7 IU of pregnant mare serum gonadotropin
(PMSG) was given i.p., 2 days after the letrozole administration. All
mice were sacriﬁced 2 days after PMSG administration, and E2 concentrations in sera were measured. *P < 0.05 versus the control.
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Figure 2 Efﬁcacy of letrozole on fertility and embryogenesis. The aromatase inhibitor (AI) was administered orally at 0, 2, 10 and 25 μg/kg for 4
days. Pregnant mare serum gonadotropin and human chorionic gonadotropin were administered at seven IU/mouse intraperitoneally on Days 2 and
4, respectively, after AI administration. IVF was performed on Day 5 after AI administration. *P < 0.05 versus the control.
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were 94.7 ± 1.3%, 97.0 ± 1.3%, 90.6 ± 3.9% and 89.5 ± 3.6%,
respectively, in the 0, 2, 10 and 25-μg/kg groups, demonstrating no
signiﬁcant differences (P > 0.05; Fig. 2C). Numbers of LUFs in ovarian
tissue sections at the time of IVF were 5 ± 1.5, 3 ± 0.9, 2 ± 0.3 and
4 ± 0.9, respectively, in the 0, 2, 10 and 25-μg/kg letrozole groups.
No correlation was observed between LUFs numbers and AI dose
(P > 0.05; Fig. 2D).
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Figure 3 Experimental schedules of treatments started 2 weeks after tumor xenografting in all four groups. Group 1: no treatment; group 2: weekly
intraperitoneal injections of 7 IU/mouse of pregnant mare serum gonadotropin, followed by intraperitoneal injections of 7 IU/mouse hCG 2 days later;
Group 3: ovarian stimulation with daily oral administration of 25 μg/kg of the aromatase inhibitor; and Group 4: ovariectomy and ovarian stimulation 2
weeks after xenograft placement.
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Figure 4 Tumor growth after xenografting. Endometrial cancer cells (Ishikawa 3-H-12) were xenografted subcutaneously in the back of nude mice,
as described in Fig. 3. Tumor sizes were measured weekly. *A signiﬁcant difference between the ovarian stimulation group and each of three other
groups (marked by †) for the same weeks (P < 0.05).

the development of cancer is a long-term process in which mutations accumulate in genes such as tumor suppressor genes and mismatch repair genes while endometrial cells repeat cell divisions
under stimulation by estrogen (Banno et al., 2014). On the other
hand, the increase in blood estrogen levels due to ovarian

stimulation and accompanying follicular development is usually a
temporary environmental change.
This study was undertaken to examine whether a short-term increase
in blood estrogen concentrations contributes to the proliferation of a
small number of established endometrial cancer cells, as predicted from
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Figure 5 (A) Estrogen (E2) concentrations after 6-week intervention. Blood E2 concentrations in the plasma were measured by enzyme-linked
immunosorbent assay. *P < 0.05 versus the stimulation group. (B) Expression levels of estrogen receptor (ER) α and β. mRNAs were measured by
reverse transcription real-time polymerase chain reaction. *P < 0.05 versus the stimulation group.

past xenograft experiments (Clarke and Satyaswaroop, 1985). As it is difﬁcult to reproduce residual endometrial cancer cells remaining in the
uterus after endometrial curettage and MPA therapy in animal experiments, risks of clinical recurrence were approximately evaluated by
implanting a small number of tumor cells subcutaneously in nude mouse
and observing proliferation of these tumor cells. In the present study, we
demonstrated that ovarian stimulation as a risk factor for endometrial
cancer growth or recurrence and that the AI use is beneﬁcial during ovarian stimulation against hormone-sensitive endometrial cancer growth.
Letrozole reduced the blood E2 concentration dose dependently
(Fig. 1), without apparent effects on embryo development (Fig. 2C).
However, the oocyte yield decreased at the highest dose of letrozole

in the 25 μg/kg group as compared to the control group (Fig. 2A).
Since no correlation was observed between LUF number and AI doses
(Fig. 2D), the decrease in the number of oocytes retrieved did not
appear to be due to dysfunction in ovulation; instead it appeared to be
caused by effects on the maturation process of oocytes. In clinical
practice, trigger timing by hCG or gonadotropin-releasing hormone
agonist is determined by measuring the diameter of leading follicles.
Since it was difﬁcult to measure follicle sizes in mouse experiments,
our experimental protocol, in which the same dose of hCG was administered 48 h after PMSG administration in all groups, may have
affected the number of oocytes yielded. Since no signiﬁcant decreases
in oocyte yields nor risks on embryogenesis have been reported with
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Figure 6 Histological analyses of Ishikawa 3-H-12 tumors. (A) Typical hematoxylin–eosin staining of uterine endometrial cancer seen in all groups.
Scale bars, 100 μm. (B) Ki67 positive cells in all groups.

AI administration in clinical studies (Oktay et al., 2005; Tulandi et al.,
2006; Lee and Oktay, 2012; Rodgers et al.,2017), this could be due to
the use of proliﬁc animals such as mice. Although further studies are
required for the impact of high dose AI uses on folliculogenesis, AI
appears not to have serious effects on the fertilization or embryo
development.
Based on the present study, ER α expression, was highest in the
ovarian stimulation group than in the other three groups (Fig. 5B),
which is consistent with a previous report that E2 acts on ER α, inducing c-Fos expression and thus cell proliferation (Vivacqua et al., 2006).
The proliferative and prognostic indicator Ki67 staining did not change
signiﬁcantly in the present study (Fig. 6B), although it was previously
shown to correlate with the suppression of endometrial cancer growth
by neoadjuvant anastrozole treatment (Thangavelu et al., 2013). Loci
that showed strong Ki67-staining were uneven in all tumors, indicating
complexities of tumors where proliferation and necrosis occurred
even in the same tumor mass and which could have caused Ki67 staining irrespective of proliferation rates.
Previous reports on the therapeutic effect of AI against endometrial cancer are unclear. A phase II clinical study, in which 23 patients
with recurrent uterine endometrial cancers were treated by the
administration of anastrozole (a third-generation AI) showed minimal
therapeutic effect (Rose et al.,2000). In another study of 28 postmenopausal women with advanced or recurrent uterine endometrial
cancer treated with letrozole, the overall response rate was 9.4%
and the authors concluded that letrozole was well tolerated but had
little overall activity (Ma et al., 2014). Recently, researchers reported
that AI was effective against low-grade endometrial cancer after failure with progesterone treatment in three cases (Straubhar et al.,
2017). These reports indicate that AI may have therapeutic effect

only for a limited number of ER-positive endometrial cancer cases,
suggesting the diverse developmental mechanisms of endometrial
cancer.
As our results are based on one type of endometrial cancer cell line,
we cannot conclude that the concomitant AI use is effective for fertility
preservation treatment of all endometrial cancer or hyperplasia
patients, since it is currently not possible to fully identify the nature of
the tumor in each case.
Since fertility preservation treatments for endometrial cancer or
hyperplasia with atypia involve potential major risks which cannot be
ignored, concomitant AI use during ovarian stimulation is worth considering to minimize those risks. In fact, there were cases in our institution in which endometrial cancer recurred after the ovarian
stimulation during MPA therapy, resulting in patient death, although
the causal relationship is unknown. Our research is motivated by these
difﬁcult experiences.
We focused on the ovarian stimulation in this study, but the inﬂuence of estrogen rise during pregnancy period on endometrial cancer
or hyperplasia is also controversial. Regarding this point, the rise of
progesterone and so-called healthy mother effect should be also taken
into consideration (Valachis et al., 2010).

Conclusion
Ovarian stimulation is a potential option for fertility preservation in
reproductive age women with low-grade endometrial cancer or endometrial hyperplasia. It is however associated with risks of their recurrence or growth which can be mitigated by the concomitant AI use by
decreasing serum estrogen concentrations.

- 630 -

Downloaded from https://academic.oup.com/humrep/article-abstract/33/2/303/4781342 by St.Marianna University School of Medicine Library user on 29 November 2019

Ovarian Stimulation

310

Kawahara et al.

Acknowledgements

Authors’ roles
N.S., S.T., Y.S., J.I. and N.K. designed the study. T.K., N.O., M.K.,
M.N. and A.U. conducted the experiments. T.K. wrote the article.
T.K. and A.U. performed the statistical analysis. S.T., Y.S. and N.S. participated in the critical discussion and article editing.

Funding
This work was supported by the Graduate Student Aid from the St.
Marianna University School of Medicine.

Conﬂict of interest
The authors declare no conﬂict of interest.

References
Azim A, Oktay K. Letrozole for ovulation induction and fertility preservation by embryo cryopreservation in young women with endometrial carcinoma. Fertil Steril 2007;88:657–664.
Banno K, Yanokura M, Iida M, Masuda K, Aoki D. Carcinogenic mechanisms of endometrial cancer: involvement of genetics and epigenetics.
J Obstet Gynaecol Res 2014;40:1957–1967.
Clarke C, Satyaswaroop P. Photoafﬁnity labeling of the progesterone
receptor from human endometrial carcinoma. Cancer Res 1985;45:
5417–5420.
Early Breast Cancer Trialists’ Collaborative Group. Aromatase inhibitors
versus tamoxifen in early breast cancer: patient-level meta-analysis of
the randomised trials. Lancet 2015;386:1341–1352.
Kelley RM, Baker WH. Progestational agents in the treatment of carcinoma
of the endometrium. N Engl J Med 1961;264:216–222.
Lee S, Oktay K. Does higher starting dose of FSH stimulation with letrozole
improve fertility preservation outcomes in women with breast cancer?
Fertil Steril 2012;98:961–964.
Ma BB, Oza A, Eisenhauer E, Stanimir G, Carey M, Chapman W, Latta E,
Sidhu K, Powers J, Walsh W et al. The activity of letrozole in patients
with advanced or recurrent endometrial cancer and correlation with
biological markers—a study of the National Cancer Institute of Canada
Clinical Trials Group. Int J Gynecol Cancer 2014;4:650–658.
Nishida M, Kasahara K, Oki A, Satoh T, Arai Y, Kubo T. Establishment of
eighteen clones of Ishikawa cells. Hum Cell 1996;9:109–116.
Oktay K, Buyuk E, Libertella N, Akar M, Rosenwaks Z. Fertility preservation in breast cancer patients: a prospective controlled comparison of
ovarian stimulation with tamoxifen and letrozole for embryo cryopreservation. J Clin Oncol 2005;23:4347–4353.
Oktay K, Turan V, Bedoschi G, Pacheco FS, Moy F. Fertility preservation
success subsequent to concurrent aromatase inhibitor treatment and
ovarian stimulation in women with breast cancer. J Clin Oncol 2015;33:
2424–2429.

- 631 -

Downloaded from https://academic.oup.com/humrep/article-abstract/33/2/303/4781342 by St.Marianna University School of Medicine Library user on 29 November 2019

We thank Dr Koko Murakami of New York Medical College for critically reading the article.

Reddy J, Oktay K. Ovarian stimulation and fertility preservation with the
use of aromatase inhibitors in women with breast cancer. Fertil Steril
2012;98:1363–1369.
Rodgers R, Reid G, Koch J, Deans R, Ledger W, Friedlander M, Abbott J.
The safety and efﬁcacy of controlled ovarian hyperstimulation for fertility
preservation in women with early breast cancer: a systematic review.
Hum Reprod 2017;32:1033–1045.
Rose PG, Brunetto VL, VanLe L, Bell J, Walker JL, Lee RB. A phase II trial of
anastrozole in advanced recurrent or persistent endometrial carcinoma:
a Gynecologic Oncology Group study. Gynecol Oncol 2000;78:212–216.
Rutledge F. The role of radical hysterectomy in adenocarcinoma of the
endometrium. Gynecol Oncol 1974;2:331–347.
Setiawan V, Yang H, Pike M, McCann S, Yu H, Xiang Y, Wolk A,
Wentzensen N, Weiss N, Webb P et al. Type I and II endometrial cancers: have they different risk factors? J Clin Oncol 2013;31:2607–2618.
Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin 2015 2015;
65:5–29.
Signorelli M, Lissoni AA, Cormio G, Katsaros D, Pellegrino A, Selvaggi L,
Ghezzi F, Scambia G, Zola P, Grassi R et al. Modiﬁed radical hysterectomy versus extrafascial hysterectomy in the treatment of stage I endometrial cancer: results from the ILIADE randomized study. Ann Surg
Oncol 2009;16:3431–3441.
Silva Idos S, Wark I, McCormack A, Mayer A, Overton D, Little C,
MacLean A. Ovulation-stimulation drugs and cancer risks: a long-term
follow-up of a British cohort. Br J Cancer 2009;100:1824–1831.
Straubhar A, Soisson A, Dodson M, Simons E. Successful treatment of
low-grade endometrial cancer in premenopausal women with an aromatase inhibitor after failure with oral or intrauterine progesterone. Gynecol
Oncol Rep 2017;21:10–12.
Takahashi-Shiga N, Utsunomiya H, Miki Y, Nagase S, Kobayashi R,
Matsumoto M, Niikura H, Ito K, Yaegashi N. Local biosynthesis of estrogen in human endometrial carcinoma through tumor-stromal cell interactions. Clin Cancer Res 2009;15:6028–6034.
Thangavelu A, Hewitt M, Quinton N, Duffy S. Neoadjuvant treatment of
endometrial cancer using anastrozole: a randomised pilot study. Gynecol
Oncol 2013;131:613–618.
Tulandi T, Martin J, Al-Fadhli R, Kabli N, Forman R, Hitkari J, Casper RF.
Congenital malformations among 911 newborns conceived after infertility treatment with letrozole or clomiphene citrate. Fertil Steril 2006;85:
1761–1765.
Ushijima K, Yahata H, Yoshikawa H, Konishi I, Yasugi T, Saito T, Nakanishi
T, Sasaki H, Saji F, Iwasaka T et al. Multicenter phase II study of fertilitysparing treatment with medroxyprogesterone acetate for endometrial
carcinoma and atypical hyperplasia in young women. J Clin Oncol 2007;
25:2798–2803.
Valachis A, Tsali L, Pesce LL, Polyzos NP, Dimitriadis C, Tsalis K, Mauri D.
Safety of pregnancy after primary breast carcinoma in young women: a
meta-analysis to overcome bias of healthy mother effect studies. Obstet
Gynecol Surv 2010;65:786–793.
Venn A, Watson L, Bruinsma F, Giles G, Healy D. Risk of cancer after use
of fertility drugs with in-vitro fertilisation. Lancet 1999;354:1586–1590.
Vivacqua A, Bonoﬁglio D, Recchia AG, Musti AM, Picard D, Andò S,
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Abstract
Purpose A radiofrequency identification (RFID) tag system was designed to streamline cryopreservation and thawing procedures. This study evaluated the usefulness of the RFID tag system for improving the efficiency of cryopreserving/thawing bovine
ovarian tissue by the closed vitrification protocol.
Methods Six participants carried out closed vitrification and thawing of bovine ovarian tissues procedures using either the
conventional or the new RFID tag method, and the time required to perform each step of the respective methods was measured.
After normality of data was confirmed by the Shapiro-Wilk test, the significance of differences was assessed by the unpaired t
test.
Results When closed vitrification was performed, the time required for each step showed a significant difference between the two
methods (t(4) = 2.938, p = 0.042, d = 2.40), and the total cryopreservation time was 11 min shorter using the RFID tag system.
When thawing was performed, the time required for each step also showed a significant difference between the two methods (t(4)
= 2.797, p = 0.049, d = 2.28), and the total thawing time was 2 min shorter using the RFID tag system.
Conclusion The RFID tag system tested in this study seems to be suitable for managing biological samples stored in liquid
nitrogen. Adoption of an RFID tag system by fertility centers may not only improve the efficiency of cryopreserving/thawing
reproductive tissues but could also reduce human error.
Keywords Infertility treatment . Cryopreservation . Thawing . Ovarian tissue closed vitrification . Frozen samples . RFID tag .
Storage system

Introduction
Advances in medical treatment have led to an increase of
patients surviving cancer, resulting in more healthcare providers recognizing the importance of fertility preservation
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for cancer patients. It is important to offer cancer patients the
option to preserve their reproductive tissues (oocytes, sperm,
embryos, or ovaries) before initiation of treatment since many
anticancer therapies reduce fertility [1–9]. Cryopreservation of
reproductive tissues can be performed by fertility centers until
a cancer survivor is ready to start a family, but storage time of
the reproductive tissues may be as long as decades in the case
of children with cancer [10]. Accordingly, meticulous management of the stored reproductive tissues from many patients
over a prolonged period is required and this is a challenge for
every fertility centers.
Conventional methods for managing cryopreserved tissues
have several flaws. Since most steps in the cryopreservation
process are carried out manually, human error can be a significant problem, as emphasized by several reported cases
(Kagawa, Japan, in 2008, Singapore in 2010, and Rome,
Italy, in 2013). In recent years, two-dimensional barcode
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systems marketed by Merk or Oligio have improved the efficiency of managing cryopreserved tissues by minimizing
manual data entry, but practical use of such systems is challenging for samples stored in liquid nitrogen (LN2) because
frost forms on cryogenic vials and interferes with readability.
Therefore, it is necessary to wipe the label dry before reading
it with a reader, which leads to a risk of damaging the sample
if its temperature rises to about − 135 °C. In addition, the
current design of storage systems contributes to low efficiency
in tracking and retrieving patient samples. The need for an
efficient storage system that allows easy tracking/retrieval of
cryopreserved tissues and reduces manual data entry has never
been stronger in the fertility preservation field. We have designed a new storage system and a new device for preserving
ovarian tissues that combines the use of two-dimensional
barcode labels with radiofrequency identification (RFID) tags.
The major advantages of using RFID tags are to eliminate
manual data entry and allow readability when samples are
stored in LN2. Patient information is transferred to the RFID
tag from a computer, and by using an RFID reader, the same
information can then be retrieved from the tag attached to
sample devices that are stored in LN2. The new storage system has many sub-compartments for samples to maximize
storage space in the LN2 tank. In the present study, we evaluated the influence of this RFID tag system on the efficiency
of closed vitrification and thawing of bovine ovarian tissue.

Materials and methods

3. RFID reader (Fig. 1D)
The RFID reader uses radiofrequency waves to read information stored in the RFID tags. In our new RFID system, the
antenna of the reader was modified to increase sensitivity for
reading data from tags that had been stored in LN2. The modifications included lengthening the antenna, using copper
wire, and increasing the magnetic field density by narrowing
the antenna edge.
4. Device box (Fig. 1E)

In total, 6 participants were asked to carry out the procedures
of closed vitrification and thawing of bovine ovaries by either
the conventional or the RFID tag method. Three participants
were randomly selected by computer to perform the conventional method while the other 3 participants perform the RFID
tagged method. Each participant processed 1 bovine ovary.
The conventional method involved manual processing, while
the RFID tag method employed a combination of twodimensional barcode labels and RFID tag technology.
The following eight components were used in the RFID tag
method:
1. Two-dimensional barcode label (Fig. 1A)

Both vertical and horizontal matrices are used in the
barcode label, making it possible to read more information
than provided by the original Universal Product Code. The
code also has an error correction function that restores data
if part of the code is missing.
2. RFID tags (Fig. 1B and C)

RFID uses electromagnetic radiation to wirelessly read and
capture information stored in tags attached to objects. While a
laser bar code scanner can only scan bar codes within direct
view, an RFID reader can read multiple tags up to several feet
away and does not need direct line-of-sight access to the tags.
Another advantage of RFID is that it can identify tags in soiled
or non-translucent bags. Each RFID tag stores data in the
embedded IC chip and transmits data at a frequency of
13.56 MHz. We designed a round RFID tag (16 mm in diameter and 1 mm in thickness) for ovarian tissue cryopreservation devices by taking the size of the device and the data
storage limit into consideration (Fig. 1B). Each device holds
one ovarian tissue sample and the round RFID tag attached to
the device can function after being stored in LN2 (− 196 °C).
To prevent the slowing of the electrical circuit at low temperatures, which sometimes causes RFID tags to become unresponsive, we redesigned the circuit and improved the sensitivity of the tag. The RFID tag thus obtained was more sensitive and functioned better after storage in LN2 (Fig. 1C).

The device box was made from SUS304 stainless steel
containing chromium and nickel, with the metal inert gas
welding method being used to seal any gaps so that the samples remained in LN2 after being taken out of the storage tank.
Each cuboidal device box was designed to store up to 20
ovarian tissue cryopreservation devices from one patient,
since an average of approximately 17 ovarian tissue samples
are harvested per patient.
5. Storage box (Fig. 1F)
The storage box was also made from SUS304 stainless
steel by spot welding and was large enough to contain 6 device boxes (120 cryopreservation devices with ovarian tissue
samples from 6 patients).
6. Canister (Fig. 1G)
The cylindrical canister was used for the conventional
method. Each canister could store samples from 4 patients.
In the RFID tag system, each cuboidal canister had an
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Fig. 1 The RFID tag system. (A) A two-dimensional barcode label. (B)
An ovarian tissue cryopreservation device with a round RFID tag. (C)
RFID tag for the device box. Tags of different colors are available for easy
identification. (D) RFID reader (top). The reader shows patient

information in the monitor (bottom). (E) Device box. Each device box
holds 20 cryopreservation devices. (F) Storage box. Each storage box
holds 6 device boxes. (G) Cuboidal canister. Each canister holds 3
storage boxes. (H) LN2 tank. Each tank holds 10 canisters

RFID tag attached to the handle and held 3 storage boxes,
which could store up to 360 cryopreservation devices with
ovarian tissues from 18 patients.

Conventional method (cryopreservation of bovine ovarian
tissue; Fig. 2):
Step 1.The patient’s hospital card was swiped through a
card reader to obtain patient information. Then the patient
information sheet (name, date of birth, hospital ID number,
diagnosis, date of operation) was filled in manually.
Step 2.The resected ovary was placed in a cup filled with
PBS and the cup was labeled (patient’s name, hospital ID
number, and date of birth).
Step 3.The same patient information was written on a Petri
dish.
Step 4.The ovary was transferred from the cup to the Petri
dish and cut into small pieces.
Step 5.Each ovarian tissue piece was assigned a number
and photographed with the number.
Step 6.Patient information was written on 3 dishes containing graduated concentrations of cryoprotectant and the ovarian tissue samples were processed through the dishes.
Step 7.Each ovarian tissue sample was placed in a cryopreservation device (one per device). Then each device was
placed in a plastic pouch and patient information (name, hospital ID number, date of birth, and ovarian tissue sample number) was written on the pouch.
Step 8.The labeled device was placed in a metal holder and
successively into a canister and LN2 tank.
RFID tag method (cryopreservation of bovine ovarian
tissue; Fig. 2):
Step 1.The patient’s hospital card was swiped through a card
reader to print out two-dimensional barcode labels with patient
information (name, hospital ID number, and date of birth).

7. LN2 tank (Fig. 1H)
The tanks used in this study were the HC35 (Taylor
Wharton) and KD32-10 LN2 (Kitazato). Each LN2 tank held
10 canisters storing samples from 40 patients (conventional
method) or 180 patients (RFID tag method).
8. Computer
A computer was used to manage storage efficiently, with
the computer screen showing the location of each RFID tag
and indicating empty space in the tank.
9. Pretest
The Uchida-Kraepelin (U-K) test is a questionnaire
that requires intense concentration by the participants
and is used to assess mental agility, long-term attention,
and recovery from fatigue. Each participant was asked
to perform the U-K test prior to carry out the closed
vitrification and thawing procedures. All participants
achieved similar U-K test scores, indicating a similar
ability to follow instructions irrespective of their professional background.
10. Steps in closed vitrification procedure
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Fig. 2 Conventional and RFID tag methods for cryopreservation of ovarian tissue samples

Step 2.The resected ovary was placed in a cup filled with
PBS and a barcode label was attached to the cup.
Step 3.A barcode label was attached to a Petri dish.
Step 4.The ovary was transferred from the cup to the Petri
dish and cut it into small pieces.
Step 5.Each ovarian tissue piece was assigned a number
and a single photograph was taken of that included all of the
numbered tissue pieces. The camera was linked to a computer,
allowing automatic recognition of the numbered tissues.
Step 6.Labels were attached to 3 dishes containing graduated concentrations of cryoprotectant and the ovarian tissue
samples were processed through the dishes.
Step 7.Each ovarian tissue sample was placed in a cryopreservation device with an RFID tag, which stored patient
information (name, hospital ID number, date of birth, and
ovarian tissue sample number).
Step 8.The cryopreservation device was placed in a device
box with an RFID tag and then successively in a storage box,
canister, and LN2 tank.

11. Steps in thawing procedure
Conventional method (thawing bovine ovarian tissue; Fig.
3):
Step 1.The patient’s information sheet was identified in a
ledger.
Step 2.The ovarian tissue sample number and location in
the LN2 tank were obtained from the patient information
sheet.
Step 3.The cryopreservation device containing the ovarian
tissue sample of interest was retrieved from the LN2 tank and
compared with the handwritten information in the ledger.
Step 4.Patient information was written on a Petri dish.
RFID tag method (thawing bovine ovarian tissue; Fig. 3):
Step 1.Patient information was retrieved on a computer by
swiping the patient’s hospital card through a card reader and
two-dimensional barcode labels were printed.
Step 2.The ovarian tissue sample number and location in
the LN2 tank were obtained from the computer.

Fig. 3 Conventional and RFID tag methods for thawing ovarian tissue samples
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Step 3.The cryopreservation device containing the ovarian
tissue sample of interest was retrieved from the LN2 tank and
its RFID tag was scanned with an RFID reader to confirm the
patient information stored in the tag.
Step 4.A barcode label was attached to a Petri dish.
The remaining steps were the same for both methods and
were not timed in this study.
Step 5 – The cryopreservation device with the sample of
interest was removed from the plastic pouch in LN2.
Step 6.The cryopreservation device was placed in thawing
solution 1.
Step 7.The cryopreservation device was transferred to
thawing solution 2.
Step 8.The cryopreservation device was transferred to
thawing solution 3.
Step 9.The ovarian tissue sample was removed from the
cryopreservation device.

Statistical analysis
The time required to perform each step of the two methods
was measured in seconds. Normality of data was determined
by using the Shapiro-Wilk test. After normality was confirmed, the time for each step was treated as the dependent
variable and the unpaired t test was performed without logarithmic transformation.

Results
All 6 participants underwent the Uchida-Kraepelin (U-K) test
before performing the closed vitrification and thawing procedures by either the conventional or RFID tag method. The UK test scores indicated that all participants had a similar ability
to follow instructions and none was particularly slow or fast,
irrespective of their professional background.

Performance with the two methods
When the RFID tag method was used for closed vitrification
[11], the total time required for ovarian tissue cryopreservation
was significantly shorter than that for the conventional method
(t(4) = 2.938, p = 0.042, d = 2.40). The mean time required for
cryopreservation was 1412.33 (± 130.5) seconds by the RFID
tag method versus 2073.0 (± 367.0) seconds by the conventional method, and the use of the RFID tag method reduced
the cryopreservation time by a mean of 11 min. A similar
result was obtained with the thawing procedure, and the total
time required for thawing samples was significantly shorter
with the RFID tag method than the conventional method (t(4)
= 2.797, p = 0.049, d = 2.28). The mean time required thawing
ovarian tissue samples was 260.67 (± 38.7) seconds by the
RFID tag method versus 405.0 (± 80.6) seconds by the

conventional method, and using the RFID tag method reduced
the thawing time by a mean of 2 min. The time differences
between the two methods were calculated for each step.
During closed vitrification procedure, the largest time difference was observed in step 3, where additional time was taken
to correct patient information after incorrect information was
written on the cup when performing the conventional method.
During the thawing procedure, the largest time difference was
noted when locating and retrieving the device with the target
ovarian tissue sample. In the conventional method, retrieving
the cryopreservation device took longer due to time required
to confirm the handwritten information on the device pouch
matched the patient information in the ledger. Also, when
participants were searching for the target cryopreserved device, some incorrect devices were removed from the LN2
storage. In contrast, locating and retrieving the RFID-tagged
cryopreserved device was performed efficiently, since the
computer system showed the exact location of the device
and the RFID reader was used to confirm patient information
stored in the tag before removing the device from the LN2
tank.

Discussion
In Japan, the need for cryopreservation of ovarian tissue is
increasing. The Japanese Ministry of Health, Labour and
Welfare has conducted research in this field and launched a
program to promote fertility preservation for adolescents and
young adults with cancer in 2016 [12]. To date, 201 patients
have undergone ovarian tissue cryopreservation [12]. The
Obstetrics and Gynecology Department of St. Marianna
Medical University is the one of the major fertility preservation centers in Japan and co-operates with The Ministry of
Health, Labour and Welfare to support adolescents and young
adults with cancer who require fertility preservation. In this
study, we evaluated the usefulness of the RFID tag method for
improving the efficiency of the closed vitrification protocol
because our group has achieved 3 live births using vitrified/
thawed ovarian tissues. Two of these live births have been
reported already, although the third case has not been reported
(unpublished observations) [13, 14]. Slow freezing is currently the standard method of ovarian tissue cryopreservation, but
there is ongoing debate as to which, slow freezing or vitrification, is superior [15, 16]. Automatic vitrification systems
have been developed for oocytes and embryos. However, an
automatic system has not yet been developed for vitrification
or slow freezing of ovarian tissue samples [17, 18].
Against this background, we aimed to develop a system
that could streamline the cryopreservation and thawing procedures, and we performed this study to evaluate the usefulness
of our RFID tag method in closed vitrification and thawing of
bovine ovarian tissue samples. We found that application of

- 636 -

2256

J Assist Reprod Genet (2019) 36:2251–2257

the RFID tag system improved the efficiency of both procedures, with the total time required for cryopreservation being
reduced by 11 min when using the RFID tag system and the
thawing time being reduced by 2 min.
Efficiency and control of human error are closely associated. The key advantages of utilizing an RFID tag system at
fertility centers are improved efficiency and reduced the risk
of human error. When the RFID tag system is integrated into a
hospital network, swiping the hospital ID card transfers patient information to the IC chip on an RFID tag without manual entry, thus minimizing the risk of typing or writing errors
associated with manual procedures. For tracking patient samples, the computer shows the exact location of each cryopreserved tissue sample in the LN2 tank and the RFID reader
identifies the cryopreservation device with the target sample
while it remains under LN2. The new round RFID tag that we
developed has been tested to confirm readability while under
LN2. If the IC chip in the RFID tag is damaged, the identification number etched on the surface of the device can still be
used to retrieve patient information. In the future, we hope to
focus on total elimination of human error and devising a backup system, such as cloud technology, to support this RFID tag
method.
The RFID tag method can be applied to other forms of
fertility preservation. The devices that are used for cryopreservation depend on the type of tissue being cryopreserved and
the method of cryopreservation adopted. For example, the
cryotop and the cryovial with a screw cap are usually
employed for cryopreservation of oocytes, embryos, and
sperm by vitrification, while the cryovial with metal pins attached to the screw cap is used for cryopreservation of ovarian
tissue by open vitrification and a flat metal device (Fig. 1B) is
used for cryopreservation by closed vitrification. The RFID
tag manufacturer (KRD in Japan) can modify the tag size and
sensitivity to fit the needs of each device.
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High co-expression of IL-34 and
M-CSF correlates with tumor
progression and poor survival in
lung cancers
Muhammad Baghdadi1, Hiraku Endo1,2, Atsushi Takano3,4, Kozo Ishikawa1, Yosuke Kameda1,
Haruka Wada1, Yohei Miyagi5, Tomoyuki Yokose 6, Hiroyuki Ito7, Haruhiko Nakayama7,
Yataro Daigo3,4, Nao Suzuki2 & Ken-ichiro Seino1
Despite recent advances in diagnosis and treatment of lung cancers, the 5-year survival rate remains
unsatisfactory, which necessitates the identification of novel factors that associates with disease
progression and malignant degree for improving diagnostic and therapeutic strategies. Recent progress
in cancer immunology research has unveiled critical roles for colony stimulating factor 1 receptor
(CSF1R) in multiple aspects of the tumor microenvironment. CSF1R is expressed on tumor-associated
macrophages (TAMs), and mediates important pro-tumorigenic functions. CSF1R also provides critical
autocrine signals that promote cancer cell survival and proliferation. Activation of CSF1R can be
achieved by two independent ligands; macrophage colony-stimulating factor (M-CSF) and interleukin
34 (IL-34). Accordingly, the expression of these ligands in cancer is expected to result in poor prognosis.
In this study, we show that IL-34 and M-CSF expression correlates with poor survival in a cohort of
lung cancer patients. Importantly, high co-expression of IL-34 and M-CSF associates with the poorest
survival compared to cancers that show weak or absent expression of the two ligands. Furthermore,
high expression of IL-34 and M-CSF associates with advanced stages of lung cancers. Together,
these results indicate a correlation between IL-34/M-CSF expression with poor survival and disease
progression in lung cancer patients.
Lung cancer is the leading cause of cancer death and one of the most common cancers among both men and
women worldwide1. In contrast to the steady increase in survival for most cancers, lung cancer still shows the
poorest survival with less than 18% of 5-year relative survival, which results largely from poor detection and
insufficient prediction of prognosis at early stages1. Obviously, an accurate assessment of prognosis is critical for
an effective clinical decision and survival improvement.
With an aim to identify the molecular mechanisms that control the biological process of disease progression
in cancer, several studies have focused on the genetic backgrounds of cancer cells and its relative impact on prognosis and clinical outcome of cancer therapy, such as RRM1, EGFR and KRAS mutations 2–6. However, recent
advances in cancer immunology research have unveiled a critical role for the interaction between cancer cells
and immune cells at the tumor microenvironment (TME) in tumor progression and therapeutic resistance 7–9.
Thus, tumors that express critical immune-modulators are expected to be associated with high malignancy and
thus related to poor prognosis. Indeed, patients with advanced stage cancers showed enhanced expression levels
of several immune modulators including MIF, TNFα, IL-6, IL-8, IL-10, IL-18 and TGFβ10. Accordingly, accurate
1
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prediction of prognosis in cancer patients may require the assessment of such factors in addition to the genetic
backgrounds of cancer cells.
Among several immune cells, tumor-associated macrophages (TAMs) consist the most abundant cell population in many tumors, which play crucial roles in multiple aspects of the TME, including tumor progression,
invasion, metastasis and angiogenesis11–13. Importantly, TAMs infiltration has been considered as an independent
poor prognostic factor in several cancers7–9. TAMs depend largely on CSF1R signaling for survival, proliferation
and function, which can be achieved by two independent ligands; M-CSF and IL-3414,15. M-CSF and IL-34 share
no sequence homology, but show comparable biological activities in myeloid cells16,17. Both cytokines correlate
with tumor progression, metastasis, angiogenesis and therapeutic resistance9. It has been suggested that expression of IL-34 or M-CSF is accompanied with increased infiltration of M2-polarized TAMs that show enhanced
pro-tumorigenic functions18,19. Based on these backgrounds, the expression of IL-34 and/or M-CSF at the TME
may characterize tumors with enhanced aggression and has an impact on the patient’s survival. In this regard,
previous reports have related M-CSF expression with poor survival in cancer patients20,21. However, IL-34 expression has not been evaluated in these studies, since it was discovered for the first time in 200822. In this study, we
analyze the expression of IL-34 and M-CSF in primary lung cancer tissues and its correlation with survival and
tumor progression in a cohort of lung cancer patients, providing for the first time an evidence that show the association between IL-34 and M-CSF expression with disease progression and poor survival in lung cancer patients.

Results

IL-34 or M-CSF expression correlates with poor survival in lung cancer patients.

We have
previously described a correlation between high expression of IL-34 and poor survival in a cohort of lung
cancer patients (Fig. 1a)19. The clinicopathological characteristics of this cohort were described in detail
in our previous report19. In this cohort, 45% of patients were Japanese women over 60 years without smoking history, and 77.4% of cases were diagnosed as non-small lung cancers (stage I) with 5 years of follow-up
period19. Immunohistochemical staining of IL-34, M-CSF, CSF1R and CD163 was performed on lung cancer tissues obtained from patients by surgical resection. Antibodies specificity was confirmed before staining
(Supplementary Fig. 1). Similar with IL-34, M-CSF expression was detected in lung adenocarcinomas (ADCs),
squamous cell carcinomas (SCCs) and small cell lung cancers (SCLCs) with a variety among patients (Fig. 1b).
In contrast, M-CSF was undetectable at protein level in normal lung tissues (Fig. 1b). Kaplan-Meier analysis of
overall survival in lung cancer patients showed that high expression of M-CSF correlates with poor survival of
lung cancer patients (Fig. 1c), in accordance with previous reports20,21.

High co-expression of IL-34 and M-CSF correlates with the poorest survival in lung cancer
patients. Next, we evaluated the association between IL-34 and M-CSF expression in lung cancers and the

related impact on patients’ survival. Interestingly, 91% of cancer tissues that showed strong staining of IL-34 were
accompanied with high (48%) or weak (43%) expression of M-CSF (Supplementary Table 1). Similarly, 77% of
cancer tissues that showed strong staining of M-CSF were accompanied with high (56%) or weak (21%) expression of IL-34 (Supplementary Table 1). On the other hand, the absence of IL-34 staining in cancer tissues was
frequently associated with the absence of M-CSF staining, and vice versa, (Supplementary Table 1) which may
suggest a reciprocal relationship between the expression of IL-34 and M-CSF in lung cancers. Furthermore, we
categorized patients in this cohort depending on the expression levels of M-CSF and IL-34 into 4 groups: 1) weak
or absent expression of both M-CSF and IL-34, 2) High expression of IL-34 with weak or absent expression of
M-CSF, 3) High expression of M-CSF with weak or absent expression of IL-34, 4) high expression of both M-CSF
and IL-34. Kaplan-Meier analysis of overall survival in lung cancer patients based on this classification showed
that high expression of M-CSF or IL-34 correlates with poor survival compared to groups that showed weak or
absent expression of the two ligands (Fig. 2a,b). Importantly, patients with high expression of both M-CSF and
IL-34 have the poorest survival compared to other groups (Fig. 2c). Together, these results suggest that high
co-expression of both IL-34 and M-CSF correlates with poorer survival in lung cancer patients.

CSF1R expression correlates with poor survival in lung cancers.

CSF1R is tyrosine-protein kinase
that acts as a cell-surface receptor for M-CSF and IL-3414–16. CSF1R is expressed mainly in cells of the myeloid
lineage and is a key regulator of macrophage differentiation23. However, several reports have showed that CSF1R
expression can be also detected in other cells such as endothelial cells and importantly in cancer cell lines and
primary cancer tissues24,25. Thus, we next evaluated the expression of CSF1R in lung cancer tissues. Similar with
IL-34 and M-CSF, immunohistochemical staining showed that CSF1R is expressed in lung cancer tissues with a
variety among patients (Fig. 3a). Again, high expression of CSF1R correlates with poor survival in lung cancer
patients, similar with IL-34 and M-CSF expression (Fig. 3b).

CD163 expression correlates with poor survival in lung cancers. Accumulating evidence from clinical and experimental studies indicates that TAMs play critical roles in the promotion of tumor development,
progression, metastasis and therapeutic resistance26. CD163 is a member of the scavenger family receptor, with
high specificity for monocyte/macrophage lineage27, and has been considered as a specific marker to enumerate
TAMs28. Thus, CD163 staining is expected to reflect the status of macrophage infiltration into tumors and predict
poor prognosis in cancer patients29. Immunohistochemical staining showed that CD163 expression could be
detected in lung cancer tissues with a variety among patients (Fig. 4a,b). Furthermore, Kaplan-Meier analysis of
overall survival in this cohort of lung cancer patients showed that CD163 expression correlates with poor survival,
in consistent with previous reports29 (Fig. 4c).
IL-34 and M-CSF expression correlates with CD163 expression and poor survival in lung cancers. Next, we examined the relation between M-CSF or IL-34 with CD163 expression and its impact on
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Figure 1. Correlation between IL-34 and M-CSF expression with poor survival in lung cancer patients. (A) and
(b), Immunohistochemistry staining of IL-34 (a) or M-CSF (b) in primary lung cancer tissues from patients
diagnosed with adenocarcinoma (ADC), squamous cell carcinoma (SCC) or small cell lung cancers (SCLC)
compared to normal lung tissues. (c) Kaplan-Meier analysis showing overall survival in lung cancer patients
according to M-CSF expression.
survival in this cohort of lung cancer patients. High expression of M-CSF was frequently accompanied with
high expression of CD163 (Fig. 5a; Supplementary Table 1), and the absence of CD163 staining was frequently
associated with absent or weak staining of M-CSF (Fig. 5a; Supplementary Table 1). Kaplan-Meier analysis of
overall survival in lung cancer patients based on M-CSF and CD163 expression showed that high expression
of both M-CSF and CD163 in cancer tissues correlates with poor survival compared to other groups (Fig. 5b),
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Figure 2. Correlation between M-CSF/IL-34 expression with poor survival in lung cancer patients. (a) KaplanMeier analysis showing overall survival in lung cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent
expression compared to M-CSFWeak/Absent/IL-34High group. (b) Kaplan-Meier analysis of overall survival in lung
cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent expression compared to M-CSFHigh/IL-34High group.
(c) Kaplan-Meier analysis of overall survival in lung cancer patients that show M-CSFWeak/Absent/IL-34Weak/absent
expression compared to M-CSFHigh/IL-34High group.

Figure 3. Correlation between CSF1R expression with poor survival in lung cancer patients. (a) Representative
data of immunohistochemistry staining of CSF1R in primary lung cancer tissues compared to normal lung
tissues. (b) Kaplan-Meier analysis showing overall survival in lung cancer patients according to CSF1R
expression.

consistent with previous reports28. Similarly, we evaluated the relation between IL-34 and CD163. As expected,
60% of cancer tissues that showed high expression of IL-34 were accompanied with high expression of CD163
(Fig. 5c; Supplementary Table 1), and the absence of CD163 staining was frequently associated with negative
staining of IL-34 (Fig. 5c; Supplementary Table 1), which indeed suggests a correlation between IL-34 and CD163
expression in lung cancers. Kaplan-Meier analysis of overall survival in lung cancer patients based on IL-34 and

- 642 -

Scientific REPOrtS | (2018) 8:418 | DOI:10.1038/s41598-017-18796-8

4

www.nature.com/scientificreports/

Figure 4. Correlation between CD163 expression with poor survival in lung cancer patients. (a) Representative
data of immunohistochemistry staining of CD163 in primary lung cancer tissues compared to normal lung
tissues. (b) High magnification images of CD163 staining in lung cancer tissues. (c) Kaplan-Meier analysis
showing overall survival in lung cancer patients based on CD163 expression.

CD163 expression showed that patients with high expression of both IL-34 and CD163 have the poorest survival
compared to other groups (Fig. 5d). Collectively, these results indicate a correlation between high expression of
IL-34, M-CSF, CSF1R and CD163 with poor survival, which was further confirmed in univariate analysis using
Cox’s proportional hazards model (Table 1), although multivariate analysis in this model did not reach a statistical
significance except for T and N factors (Table 1).

IL-34 and M-CSF expression is enhanced in advanced stages of lung cancers.

Finally, we evaluated the expression level of IL-34 and M-CSF according to each stage in lung cancer patients (Supplementary
Tables 2 and 3). By calculating positivity rates in each group, patients with high expression of IL-34 or M-CSF
showed increased frequencies from stage IA (17.2%, 15.3%), stage IB (25%, 22%), stage IIA (40%, 20%), stage IIB
(37.5%, 50%) to stage IIIA (44.8%, 37.9%) (Fig. 6a,b). Similarly, frequencies of patients with high co-expression
of IL-34 and M-CSF associated with stages, starting from 8.3% at stage IA, 11% at stage IB, 16.7% at stage IIA,
25% at stage IIB, to 24.13% at stage IIIA (Fig. 6c). Statistically, the expression of IL-34 (Supplementary Table 4,
P = 0.0004) or M-CSF (Supplementary Table 4, P = 0.0062) showed a tendency to be enhanced in stage II and III
compared to stage I. Similarly, high co-expression of IL-34 and M-CSF was observed more frequently in stage II
and IIIA compared to stage I (Supplementary Table 4, P = 0.0081). In a combined analysis, patients’ groups that
showed high expression of IL-34 (Table 2, P = 0.0095), M-CSF (Table 2, P = 0.00829) or high co-expression of
both IL-34 and M-CSF (Table 2, P = 0.0011) were associated with stage II and IIIA rather than stage I compared
to other groups with weak or absent expression. Together, these findings indicate an association between IL-34
and M-CSF expression with stages in lung cancers, and thus may serve as progression parameters.

Discussion

In this paper, we describe for the first time the clinicopathological relevance of M-CSF and IL-34 expression
with disease stages and poor survival in a cohort of lung cancer patients. Our data showed that single expression of M-CSF or IL-34 can be observed in primary lung cancer tissues and correlated with poor survival. High
expression of both cytokines correlates with CD163 expression, which collectively correlates with poor survival.
Additionally, high co-expression of M-CSF or IL-34 correlates with disease stages and the poorest survival compared to groups that showed weak or absent expression of the two ligands. Thus, evaluating the expression of both
M-CSF and IL-34 may help to estimate disease progression and malignant degree in lung cancer patients.
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Figure 5. Correlation between M-CSF or IL-34 with CD163 expression in lung cancers. (a) Classification
of lung cancer patients based on M-CSF and CD163 expression. M-CSF positive refers to samples that show
high or weak expression of M-CSF. (b) Kaplan-Meier analysis showing overall survival in lung cancer patients
based on M-CSF and CD163 expression. (c) Classification of lung cancer patients based on IL-34 and CD163
expression. IL-34 positive refers to samples that show high or weak expression of IL-34. (d) Kaplan-Meier
analysis showing overall survival in lung cancer patients based on IL-34 and CD163 expression.

In the cohort of lung cancer patients described in this study, IL-34 and M-CSF were naturally expressed in
cancer tissues prior to any therapeutic procedures. Oncogenic mutations in cancer cells are frequently accompanied by activation of certain signaling pathways that induce the expression of a wide range of cytokines and
chemokines, which in turn contribute to tumor progression and ultimately resistance to cancer therapy such as
chemotherapy or tyrosine kinase inhibitors30,31. In this context, it is of great interest to identify oncogenic mutations that lead to IL-34 and M-CSF production by cancer cells and its impact on the tumor microenvironment,
therapeutic resistance.
One remaining important issue is to unveil how can two ligands of the same receptor co-exist and exert
their functions at the same microenvironment. The co-expression of both IL-34 and M-CSF has been previously
observed in cancers such as giant cell tumors and malignant pleural mesothelioma32–34. In this study, we also
observed a co-expression of M-CSF and IL-34 in a sub-population of lung cancer patients, which correlates with
poorer prognosis. Under physiological conditions, M-CSF and IL-34 show tissue-restricted expression patterns
with specific functions14,15. In vitro, both cytokines exhibit comparable biological functions in myeloid cells14,15.
While expected to act as competitors, IL-34 and M-CSF can induce dual additive biological effects under certain
conditions17. Additionally, IL-34 has the potential to interact with M-CSF to form a novel heterodimer that induce
a specific activation pattern on CSF1R17. Accordingly, in tumors that naturally express both M-CSF and IL-34,
or acquired the ability to produce both cytokines under certain therapeutic conditions, IL-34 has the possibility
to act through interaction with M-CSF resulting in unique functions of CSF1R in both myeloid and cancer cells,
which should be elucidated experimentally in further basic studies. Based on these backgrounds, co-expression of
both IL-34 and M-CSF - naturally or induced under therapeutic conditions - may characterize malignancies with
enhanced aggression and has an impact on the clinical outcome of cancer therapy. Indeed, our data shown in this
study indicates an association between high expression of IL-34 and M-CSF in cancer tissues with disease stages
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Hazards
ratio

95% CI

Unfavorable/Favorable

High IL-34 expression

1.862

1.058–3.275

High/Weak and absent

0.031*

High M-CSF expression

2.445

1.390–4.303

High/Weak and absent

0.0019*

High CSF1R expression

1.774

1.023–3.077

High/Weak and absent

0.0411*

2.115

1.228–3.644

High/Weak and absent

0.0069*

Age (years)

1.624

0.910–2.899

≧ 65/< 65

0.101

Gender

1.539

0.875–2.706

Male/Female

0.1346

Histology

3.014

1.671–5.436

Non-ADC/ADC

0.0002*

T-factor

2.834

1.572–5.109

T2-3/T1

0.0005*

N-factor

3.67

2.097–6.422

N1-2/N0

<0.0001*

Smoking status

1.321

0.751–2.323

Ex or Current/Never

0.3342

High IL-34 expression

1.016

0.547–1.886

High/Weak and absent

0.9604

High M-CSF expression

1.492

0.799–2.785

High/Weak and absent

0.2089

High CSF1R expression

1.469

0.842–2.564

High/Weak and absent

0.1757

1.557

0.888–2.730

High/Weak and absent

0.1225

Histology

1.999

1.063–3.759

Non-ADC/ADC

0.0316*

T-factor

1.884

1.016–3.493

T2-3/T1

0.0445*

N-factor

2.911

1.617–5.241

N1-2/N0

0.0004*

Variables

P-value

Univariate analysis

CD163 expression in
TAM#

Multivariate analysis

CD163 expression in
TAM#

Table 1. Cox’s proportional hazards model analysis of prognostic factors in lung cancer patients. *P < 0.05
#
TAM: Tumor associated macrophage ADC: Adenocarcinoma, Non-ADC includes Squamous cell carcinoma,
Large cell carcinoma and others.
and poor survival in lung cancer patients. In conclusion, IL-34 and M-CSF may help to predict poor survival and
tumor progression in lung cancer patients, which should be further evaluated in other cohorts of lung cancer
patients and various cancers in future studies.

Materials and Methods

Clinical Samples. Primary NSCLC tissues were collected from patients who had undergone surgical lobectomy or pneumonectomy at Kanagawa Cancer Center (Yokohama, Japan) after the acquirement of informed consent. A total of 332 resected tumor specimens were preserved at Kanagawa Cancer Center Biospecimen Center
(KCC-BSC) and utilized for immunohistochemical analysis. All tumors were staged based on the pTNM pathologic classification of the UICC (International Union Against Cancer). All formalin-fixed samples of primary
NSCLCs (Gender: 151 female and 181 male patients; Age: median age of 68 with a range of 35–90 years; Smoking
history: 138 with no history of smoking, 192 ex- or current smokers and 2 unknown; Tissue type: 277 adenocarcinomas (ADC), 32 squamous cell carcinomas (SCC), 5 large cell carcinoma (LCC), and 18 other types of
histological cancer; Stage: 157 pstage IA, 100 pstage IB, 30 pstage IIA, 16 pstage IIB, and 29 pstage IIIA cases) had
been obtained earlier along with clinicopathologic data from KCC-BSC. A median follow-up period was 118.0
months for living patients (range, 8.0–138.9 months). The primary endpoint was overall survival as measured
from the date of surgery to the time of death. Written informed consent was obtained from all patients, and the
use of related clinical materials was approved by institutional ethics committees of Hokkaido University Hospital,
Institute for Genetic Medicine and Kanagawa Cancer Center, and all experiments were performed in accordance
with all guidelines and regulations indicated by these committees.
TMA Construction. Tumor tissue microarrays were constructed with 332 formalin-fixed primary lung can-

cers, each of which had been obtained with an identical protocol to collect, fix, and preserve the tissues after
resection. The tissue area for sampling was selected based on visual alignment with the corresponding hematoxylin and eosin (H&E)-stained section on a slide. Three to five tissue cores (diameter, 0.6 mm; depth, 3–4 mm)
taken from a donor tumor block were placed into a recipient paraffin block with a tissue microarray (Beecher
Instruments). A core of normal tissue was punched from each case, and 5-μm sections of the resulting microarray
block were used for immunohistochemical analysis.

Immunohistochemical analysis. To investigate the expression levels of IL-34, M-CSF, CSF1R and CD163
protein in clinical samples from lung cancer patients, tissue sections were stained the in the following manner.
TMA slides were immersed in antigen retrieval solution (pH 9.0) (Nichirei, Tokyo, Japan) and boiled for 15 min
in an autoclave. Endogenous peroxidase activity was blocked by incubation in 0.3% H2O2 in methanol for 15 min.
After protein blocking (Catalog No. X0909, Abcam), TMA slides were incubated with a mouse anti-IL-34 antibody (Catalog No. ab101443), a rabbit anti-M-CSF antibody (Catalog No. ab52864, Abcam) in 1:100 dilution, a
rabbit anti-CSF1R antibody (Catalog No. HPA012323, SIGMA) in 1:100 dilution or a mouse anti-CD163 antibody
in 1:100 dilution (Catalog No. MCA1853, Bio-Rad) in Antibody Diluent (Catalog No. S0809, DakoCytomation)
for 30 min at room temperature in a moist chamber. The sections were incubated with HRP-labeled polymer
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Figure 6. Association between IL-34/M-CSF expression with advanced stages in lung cancers. Bar graph
analysis resembles the association between M-CSF or IL-34 expression with disease stages in lung cancer
patients. Positivity rates of IL-34 (a), M-CSF (b) or both IL-34 and M-CSF (c) were calculated in each group
according to disease stage.

Correlation between high IL-34 expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34High/M-CSFW/A

n = 261

n = 218

n = 43

IA

133

119

14

IB

78

64

14

IIA

24

17

7

P-value

Stage

IIB

8

6

2

IIIA

18

12

6

0.0095*,#

Correlation between high M-CSF expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34W/A/M-CSFHigh

n = 249

n = 218

n = 31

IA

130

119

11

IB

75

64

11

IIA

18

17

1

IIB

10

6

4

IIIA

16

12

4

P-value

Stage

0.00829*,#

Correlation between high IL-34 and M-CSF co-expression and disease stages
Total

IL-34W/A/M-CSFW/A

IL-34High/M-CSFHigh

n = 258

n = 218

n = 40

IA

132

119

13

IB

75

64

11

IIA

22

17

5

IIB

10

6

4

IIIA

19

12

7

P-value

Stage

0.0011*,#

Table 2. Correlation between IL-34/M-CSF expression and disease stages in lung cancer patients. *P < 0.05
(Fisher’s exact test) #stage I vs stage II-IIIA W/A: Weak or Absent.
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anti-mouse (Catalog No. K4007, DakoCytomation) or anti-rabbit IgG (Catalog No. K4002, DakoCytomation) as
the secondary antibody for 30 min at room temperature in a moist chamber. Substrate-chromogen was added,
and the specimens were counterstained with hematoxylin.

Evaluation of Immunohistochemical Staining and Statistical analysis. Two independent investigators semiquantitatively assessed IL-34, M-CSF, CSF1R and CD163 positivity without prior knowledge of clinicopathologic data. Since the staining intensities of IL-34 and M-CSF were mostly homogenous in cytoplasm of
cancer cells, they were semiquantitatively scored as high, weak or absent. As CSF1R staining was detected in cytoplasm and membrane, they were semiquantitatively scored as high, weak or absent. CD163 staining was mainly
detected in cytoplasm of stromal macrophage. CD163+ macrophage infiltration in stroma was semiquantitatively
scored as high, weak or absent, (high: many infiltrating CD163+ macrophages, weak: some infiltrating CD163+
macrophages and absent: no or few infiltrating CD163+ macrophages)35. If there is a discrepancy among them, a
consensus was reached using simultaneous examination by two investigators.
Statistics.

Statistical analysis was done using the StatView software. Tumor-specific survival curves were
calculated from the date of surgery to the time of death related to NSCLC or to the last follow-up observation.
Kaplan–Meier curves were calculated for each relevant variable and for IL-34, M-CSF, CSF1R or CD163 expression; differences in survival times among patient subgroups were analyzed using the log-rank test.
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Glycan proﬁling using formalin-ﬁxed, parafﬁn-embedded
tissues: Hippeastrum hybrid lectin is a sensitive biomarker for
squamous cell carcinoma of the uterine cervix
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Abstract
Aim: Glycosylation of proteins is altered in cancer cells and distinctive glycan structures are associated with
speciﬁc cancers, but little is known about the complete glycan proﬁle of particular tumors. In this study, glycomic
analysis of squamous cell carcinoma (SCC) of the uterine cervix was performed to search for useful markers.
Methods: A lectin microarray containing 45 lectins with different binding preferences that covered N- and
O-linked glycans was coupled with evanescent ﬁeld-activated ﬂuorescent detection for glycomic analysis of
SCC and normal squamous epithelium (NSE) of the cervix. Formalin-ﬁxed, parafﬁn-embedded tissue specimens
were obtained from 16 patients with uterine cervical cancer. Sections that included both tumor and non-tumor
tissues were examined to detect alterations of glycans based on the lectin-binding pattern.
Results: Hippeastrum hybrid lectin was found to be a sensitive marker for distinguishing SCC of the cervix from
NSE. It was the best lectin for discriminating SCC from other tissues according to receiver–operator curve
analysis, as it showed a high sensitivity (81.8%), a high speciﬁcity (70.1%), and a large area under the curve
(0.8182). Histochemistry conﬁrmed speciﬁc cytoplasmic staining of SCC cells by Hippeastrum hybrid lectin, while
there was little staining of cervical intraepithelial neoplasia and no staining of NSE.
Conclusion: The present lectin microarray technique could be applied for tissue-based glycomic analysis of
various tumors and for discovery of glycan-related biomarkers.
Key words: glycan, lectin, squamous cell carcinoma, uterine cervical cancer.

Introduction
The human glycome is of particular interest in cancer
research because aberrant glycans, such as β1–6
branched N-glycans and the truncated O-glycan known
as Tn antigen, are found in a wide variety of cancers.1–6
Since glycans are synthesized by the cooperative action
of multiple genes, each glycan molecule reﬂects a variety
of genetic anomalies. While progress in exploiting the
human glycome as a source of disease markers has
generally been slow due to the complexity of the glycans

themselves and lack of suitable methods for
investigating their structures, technical developments
have allowed the analysis of glycans in cancer cells4
and tissues.7
Glycosylation of proteins plays an important role in
various cellular events, including differentiation,
adhesion, proliferation, and maintenance of immunity.8
Cell differentiation and proliferation are associated with
changes of glycosylation, and there seems to be
signiﬁcant variation of the glycosylation machinery
among different types of cells.9,10
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In order to proﬁle glycans, complex mixtures of these
molecules must be resolved accurately enough to
determine quantitative differences, so a highly sensitive
method of detection is required. A useful test would assess
the quantity of a target glycan and would not depend on
detecting certain glycan structures. Capillary electrophoresis, liquid chromatography, and mass spectrometry
are commonly used for glycome proﬁling.11 However,
these techniques are not well suited to screening a large
number of samples for differences because they are timeconsuming, low-throughput methods that are sensitive
to sample contamination, require expensive equipment,
and generate complex data. In 2005, several research
groups independently reported the development of lectin
arrays for rapid multiplex analysis of protein glycosylation. Since then, lectin arrays have been used to
analyze the glycomes of bacteria,12 viruses,13 and
mammals.14 An evanescent ﬁeld is a ﬁeld that cannot
propagate, so its amplitude decreases as a function of
distance. Evanescent ﬁeld ﬂuorescence-assisted lectin
microarray technology15 has been adopted for glycome
proﬁling using formalin-ﬁxed, parafﬁn-embedded tissue
specimens.16 In the present study, a microarray containing
45 lectins with deﬁned binding preferences covering
N- and O-linked glycans was coupled with evanescent
ﬁeld activated ﬂuorescent detection to perform
glycomic analysis of specimens of primary cervical
cancer and normal cervical epithelium in order to
identify speciﬁc lectin-binding patterns associated with
squamous cell carcinoma (SCC) of the cervix.

Methods
Specimens
We investigated formalin-ﬁxed, parafﬁn-embedded
uterine cervical tissue specimens obtained by radical
hysterectomy between 2007 and 2011 that were stored
in the surgical pathology archives of the Department of
Pathology at St. Marianna University School of
Medicine, Kawasaki, Japan. Specimens of SCC and
normal squamous epithelium were obtained from 16
patients with a mean age of 49.7 ± 3.6 years, and tissue
sections 1.5 mm in diameter and 10 μm thick were cut
for microarray analysis.
We also retrieved formalin-ﬁxed, parafﬁn-embedded
cervical tissue specimens obtained by punch biopsy,
cone biopsy, or hysterectomy between 2002 and 2010
from the surgical pathology archives of the Department
of Pathology at St. Marianna University School of
Medicine, for histochemical analysis. Specimens of
cervical intraepithelial neoplasia (CIN; mild to severe

dysplasia/carcinoma in situ) were obtained from 63
patients, including 26 patients with CIN1 (mean age:
35.2 ± 8.8 years), 17 patients with CIN2 (mean age:
33.9 ± 5.5 years), and 20 patients with CIN3 (mean age:
35.6 ± 8.3 years). These samples had been ﬁxed in 10%
buffered formalin for 24–48 h and then embedded in
parafﬁn.
This study was approved by the Human Ethics
Review Committee of St. Marianna University School
of Medicine.

Extraction of proteins from tissue sections
Each section was deparafﬁnized and removed from the
glass slide by using a 21-G needle under a microscope,
after which the tissue fragments were collected into a
1.5-mL microtube containing 200 μL of 10 mM citrate
buffer (pH 6.0) and incubated for 5 min at 95°C for
antigen retrieval. After washing with phosphatebuffered saline (PBS; Seikagaku Kogyo Co.) by
centrifugation, the pellet was solubilized with 20 μL of
PBS containing 0.5% Nonidet P40 and gently sonicated.
The resulting tissue suspension was incubated on ice
for 60 min and then was centrifuged at 20 000 g for
5 min at 4°C to obtain the supernatant (detergentsolubilized glycoprotein extract).

Lectin microarray analysis
Aliquots (20 μL) of the glycoprotein extract were
incubated with 100 μg of Cy3 Mono-Reactive dye (GE
Healthcare) for 60 min at room temperature in the dark
and the reaction products were loaded onto a Zeba Spin
Desalting Column (Thermo Scientiﬁc) to remove the
excess ﬂuorescent reagent. After centrifugation, the
solution was adjusted to 300 μL with probe buffer (Trisbuffered saline, pH 7.5, containing 1.0% Triton X-100 and
500 mM glycine). After washing three times with
probinding solution, 80 μL of Cy3-labeled glycoprotein
solution was added to a LecChip (GP BioScience) in each
well of the glass slide, and incubation was done
overnight at 20°C in a humidiﬁed chamber. Then a
ﬂuorescent image of the array was acquired by using a
GlycoStation Reader 1200 evanescent ﬁeld ﬂuorescence
scanner (GP Bioscience). Data were analyzed with
GlycoStation Tools Pro Suite 1.5 software (GP
Bioscience), and values were normalized by the average
signal for all lectins.

Lectin staining of cervical tissues
Lectin staining of the tissue sections was performed by
using Histoﬁne Simple Stain MAX-PO (Nichirei Co.).

1327

© 2017 Japan Society of Obstetrics and Gynecology

- 650 -

A. Tozawa-Ono et al.

After deparafﬁnization, tissue arrays on glass slides
were placed in 10-mM citrate buffer (pH 6.0) and
autoclaved for 10 min at 121°C to enhance lectin
reactivity. After cooling to room temperature, the
arrays were incubated for 10 min in methanol
containing 0.3% hydrogen peroxide to deplete
endogenous peroxidases. Then washing was done
three times with PBS and the arrays were incubated
with PBS containing 1% bovine serum albumin for
10 min at room temperature in a humidiﬁed chamber.
This was followed by incubation with 5 μg/mL of
biotinylated lectin dissolved in PBS for 1 h at room
temperature. After washing three times with PBS,
streptavidin–peroxidase reagent was applied for
5 min at room temperature. Finally, reaction products
were visualized by incubation with 3,3-diaminobenzidine tetrahydrochloride and the sections were
counterstained with hematoxylin.
The percentage of Hippeastrum hybrid lectin
(HHL)-stained cells was calculated from the stained
area relative to the total area of epithelial cells and
a staining score was assigned as follows: 0 (0%), 1
(1–5%), 2 (6–50%), and 3 (51–100%). All parts of the
section were evaluated at 200× magniﬁcation under
a light microscope and all of the entire epithelial cell
areas were assessed for staining.

Statistical analysis
Lectin microarray data are presented as the
mean ± standard error (SEM). A two-sided χ 2-test was
used for comparison of clinicopathological variables
between groups.
Receiver–operator curve (ROC) analysis was
performed to evaluate differences between SCC and
normal squamous epithelium by calculating the
sensitivity and speciﬁcity at various cut-off values. The
area under the ROC (AUC) was calculated, with an
AUC of 1.0 indicating perfect discrimination, whereas
an AUC of 0.5 indicated that the test was no better than
random chance at discriminating epithelium from SCC.
For comparison of the lectin staining scores between
normal epithelium, CIN, and SCC, Steel’s multiple
comparison method of Dwass was employed (Statcel4,
version 4.0). A P-value < 0.05 was considered signiﬁcant
in all analyses.

Results
Lectin microarray analysis
To identify the lectin that was most speciﬁc for SCC,
we performed differential glycan proﬁling using

parafﬁn-embedded, formalin-ﬁxed tissue sections. This
analysis revealed signiﬁcant differences for four of the
45 lectins tested, with the signal intensities of four
α2–3Sia-binding lectins (Agrocybe Cylindracea galectin
[ACG], Maackia amurensis lectin [MAL], HHL that
binds to1,6-branched mannose, and Maclura pomifera
agglutinin [MPA]) being either signiﬁcantly higher or
lower (all P < 0.05) in SCC tissues than in normal
squamous epithelium. Among the four lectins, HHL
staining showed the largest difference of intensity
between SCC and normal squamous epithelium from
the same patient (P < 0.05; Fig. 1). HHL and ACG
were both useful for discriminating SCC from other
tissues according to ROC analysis, as HHL and ACG
showed a high sensitivity (81.8% and 74.9%,
respectively), a high speciﬁcity (70.1% and 84.9%),
and a large AUC (0.8182 and 0.849; Fig. 2). However,
there was a difference in the SCC /normal epithelium
signal intensity ratio (tumor tissue/normal tissue ratio
[T/N ratio]) between these two lectins, with it being
0.8 for ACG and 2.1 for HHL (Table 1). These results
suggested that strong binding of HHL to SCC tissues
was related to changes of glycosylation that were
speciﬁc for this malignancy.

Histochemical analysis of HHL-reactive glycans
To conﬁrm the above results, we employed
histochemistry with biotinylated HHL to visualize
the expression of HHL-reactive glycans in specimens
of SCC, CIN, and normal squamous epithelium.
CIN tissues and normal squamous epithelium
showed little or no staining by HHL (Fig. 3a-d). In
contrast, SCC tissues were stained by HHL, especially
at the sites of tumor inﬁltration. HHL was strongly
expressed in the interstitial regions of SCC,
suggesting a correlation of this lectin with inﬁltration
(Fig. 3e-f). The results of histochemical analysis are
summarized in Table 2. SCC showed a very high rate
of staining by HHL (14/16 tumors: 87.5%), while
there was little staining of CIN (7/26 (26.9%) for
CIN1, 5/19 (26.3%) for CIN2, and 2/20 (10.0%) for
CIN3 and no staining of normal squamous
epithelium (0/16; 0%). These results also suggested
that HHL-reactive glycans were speciﬁcally expressed
by SCC.
The HHL staining score was signiﬁcantly higher for
SCC than for either normal squamous epithelium or
CIN (P < 0.05, Fig. 4), while there was no signiﬁcant
difference of HHL expression between normal
epithelium and CIN (Fig. 4).
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Discussion

Figure 1 Glycan analysis of normal squamous epithelium
(NSE) and squamous cell carcinoma (SCC). Graphs
display normalized intensity data for the four lectins that
showed signiﬁcant differences between NSE and SCC
(by the two-sided χ 2-test using normalized lectin data).
(a) Agrocybe Cylindracea galectin (ACG). (b) Maackia
amurensis lectin (MAL). (c) Hippeastrum hybrid lectin
(HHL). (d) Maclura pomifera agglutinin (MPA). Cases 1–
16: SCC. Cases 20–36: NSE.

Treating cervical cancer at an early stage does not reduce
the incidence of invasive cancer, and tumors that relapse
are often refractory with a high mortality rate.17
Therefore, an accurate biomarker is needed for this
cancer, as cytological diagnosis of cervical cancer is a
subjective process. In the present study, we investigated
potential glycoprotein biomarkers by performing
glycoproteomic analysis of cervical tissue sections
containing both normal squamous epithelium and
SCC.18,19 We found that ACG,20 MAL, HHL,21 and
MPA22 showed marked differences of binding to SCC
tissues compared with normal epithelium.
Lectin microarray analysis is a highly sensitive
technique for multiplex analysis of small tissue sections
(approximately 500 cells), using 45 lectins to investigate
the N- and O-glycans attached to glycoproteins. This
method has already been employed to identify lectinbinding patterns associated with a poor prognosis of
colon cancer by Matsuda et al., who performed glycan
analysis of adenocarcinoma tissues and normal colon
epithelium to reveal that staining with Wisteria ﬂoribunda
agglutinin clearly differentiated cancer from normal
epithelium.16 Their ﬁndings agreed well with those of a
subsequent histochemical study using biotinylated
Wisteria ﬂoribunda agglutinin.16 Thus, it seems
reasonable to employ lectin microarray analysis for
investigation of glycan-related tumor biomarkers.
In the present study, lectin microarray analysis
demonstrated several differences of the lectin-binding
pattern between SCC and normal squamous epithelium,
with stronger binding of HHL and MPA to SCC tissues
along with weaker binding of MAL and ACG. ROC
analysis revealed that HHL was the best of these four
lectins for discriminating between normal squamous
epithelium and SCC (P < 0.05). In addition, the T/N
ratio of HHL showed the largest difference between
normal squamous epithelium and SCC (Table 1). These
ﬁndings suggested that HHL was the best lectin marker
for SCC among those investigated in the present study.
The evanescent ﬁeld ﬂuorescence-assisted method of
lectin microarray analysis used in this study allows
high-throughput, rapid, and sensitive glycome proﬁling
of clinical samples. The greatest advantage of a lectin
microarray over alternative methods of glycan proﬁling
is that simultaneous quantitative analysis of N- and Olinked glycans can be performed in intact biological
structures after minimal preparation of samples without
the need for extraction of glycans. The 45 lectins in the
microarray we used cover the majority of known human
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Figure 2 Results of receiver–operator curve (ROC) analysis for (a) Agrocybe Cylindracea galectin (ACG), (b) Maackia amurensis
lectin (MAL), (c) Hippeastrum hybrid lectin (HHL), and (d) Maclura pomifera agglutinin (MPA). (•) Best-ﬁt ROC obtained with
the Metz system and (•) actual data were compared for differentiating normal squamous epithelium (NSE) from squamous
cell carcinoma (SCC). The area under the ROC (AUC) was larger for ACG and HHL than for MAL and MPA. ACG and
HHL showed a higher sensitivity (74.6% and 70.1%) and higher AUC values (0.85 and 0.82) than MAL or MPA. Data were
normalized by the average value for all lectins tested. (a) ACG: AUC = 0.849; false-positive fraction (FPF) = 0.415 at truepositive fraction (TPF) = 0.85; TPF = 0.746 at FPF = 0.15; sensitivity = 74.6%; speciﬁcity = 84.9%. (b) MAL: AUC = 0.6785;
FPF = 0.596 at TPF = 0.85; TPF = 0.294 at FPF = 0.15; sensitivity = 29.4%; speciﬁcity = 67.8%. (c) HHL: AUC = 0.8182; FPF = 0.534
at TPF = 0.85; TPF = 0.701 at FPF = 0.15; sensitivity = 70.1%; speciﬁcity = 81.8%. (d) MPA: AUC = 0.7857; FPF = 0.451 at
TPF = 0.85; TPF = 0.517 at FPF = 0.15; sensitivity = 51.7%; speciﬁcity = 78.5%.

oligosaccharides, allowing the detection of subtle
differences.18,19 Although the patient population
investigated in this study was too small to conﬁdently
deﬁne the lectin-binding pattern of cervical cancer, we

still identiﬁed differences of glycosylation between
neoplastic and non-neoplastic cervical tissues. The
lectins that showed differences between SCC and normal
epithelium in this study may be good candidates for
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Table 1 Results of microarray analysis of 45 lectins in normal squamous epithelium and SCC of the cervix
Lectin

Normal epithelium (SEM)

LTL
PSA
LCA
UEA_I
AOL
AAL
MAL_I
SNA
SSA
TJA-I
PHA(L)
ECA
RCA120
PHA(E)
DSA
GSL-II
NPA
ConA
GNA
HHL
ACG
TxLC_I
BPL
TJA-II
EEL
ABA
LEL
STL
UDA
PWM
Jacalin
PNA
WFA
ACA
MPA
HPA
VVA
DBA
SBA
Calsepa
PTL_I
MAH
WGA
GSL_I_A4
GSL_I_B4

46.2
94.5
117.9
27.1
196.5
172.8
40.4
177.9
174.1
285.1
14.4
27.1
67.8
93.2
331.8
11.5
121.3
155.4
64.7
15.0
279.5
18.6
21.3
72.6
15.8
115.8
372.8
340.2
300.2
19.4
124.4
7.6
30.2
88.5
30.9
97.8
9.3
25.8
9.9
65.5
7.3
33.4
162.8
11.4
4.3

Tumor tissue (SEM)

(8.9)
(8.3)
(7.0)
(5.2)
(21.6)
(18.7)
(4.4)
(11.2)
(13.0)
(17.0)
(3.0)
(4.7)
(5.7)
(4.4)
(15.2)
(2.6)
(12.8)
(8.1)
(7.4)
(2.1)
(10.8)
(2.9)
(4.1)
(13.4)
(6.1)
(11.1)
(11.6)
(16.7)
(12.2)
(3.2)
(6.8)
(3.5)
(4.9)
(9.4)
(3.9)
(24.6)
(2.2)
(7.8)
(3.1)
(4.5)
(3.3)
(5.4)
(8.8)
(2.9)
(1.5)

†+++ = T/N > 1.9; ++ = T/N 1.5–1.9; + = T/N 1.2–1.5; +/
tissue/normal tissue ratio.

44.7
83.5
100.2
31.2
182.1
154.9
31.0
180.6
185.6
278.2
21.4
27.1
85.4
76.3
278.6
8.5
148.6
195.4
97.9
32.2
221.7
20.7
34.2
64.3
12.2
108.8
348.7
325.0
344.6
32.7
134.7
9.5
36.5
91.4
48.8
53.8
16.0
24.9
16.1
90.5
7.6
33.5
157.2
14.8
8.4

(3.1)
(4.7)
(4.8)
(5.1)
(18.3)
(15.7)
(3.2)
(11.3)
(13.6)
(16.5)
(2.7)
(4.3)
(6.6)
(5.7)
(11.1)
(1.6)
(14.7)
(12.9)
(8.7)
(3.8)
(14.4)
(3.5)
(5.3)
(5.5)
(2.4)
(5.0)
(18.8)
(23.2)
(22.7)
(4.5)
(7.1)
(3.0)
(4.4)
(7.3)
(4.3)
(12.7)
(3.7)
(4.7)
(3.5)
(8.5)
(3.1)
(4.2)
(7.9)
(3.1)
(3.2)

T/N ratio
1.0
0.9
0.9
1.2
0.9
0.9
0.8
1.0
1.1
1.0
1.5
1.0
1.3
0.8
0.8
0.7
1.2
1.3
1.5
2.1
0.8
1.1
1.6
0.9
0.8
0.9
0.9
1.0
1.1
1.7
1.1
1.3
1.2
1.0
1.6
0.5
1.7
1.0
1.6
1.4
1.0
1.0
1.0
1.3
1.9

Staining†
+/
+/
+/
+
+/
+/
+/
+/
+/
++
+/
+

+
+
++
+++
+/
++
+/
+/
+/
+/
+/
++
+/
+
+
+/
++
++
+/
++
+
+/
+/
+/
+
++

= T/N 0.9–1.1, – = T/N < 0.9. SEM, standard error of the mean; T/N ratio, tumor

isolating glycoprotein subsets before performing
proteomic and glycomic analyses to identify novel
biomarkers.
While lectin microarray technology can demonstrate
the lectin-binding patterns associated with cervical
cancer, identifying speciﬁc disease-associated glycans is
impossible by this method because the structures of the

glycan molecules can only be inferred from lectinbinding data.
To conﬁrm our ﬁndings, we performed histochemistry
with biotin-labeled HHL, which revealed cytoplasmic
staining of cancer cells in nearly all SCC specimens
(Fig. 3e,f). On the other hand, there was little HHL
staining of cells in CIN1 and CIN2 tissues (Fig. 3b–d),
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Figure 3 Staining of cervical tissues for Hippeastrum hybrid lectin (HHL). (a) Normal squamous epithelium (score = 0). (b)
Cervical intraepithelial neoplasia (CIN)1 (score = 1). (c) CIN2 (score = 1). (d) CIN3 (score = 0). (e,f) Squamous cell carcinoma
(SCC) (score = 3). (f) (▶) Basement membrane. (▷) Site of inﬁltration.

Table 2 Summary of histochemistry with HHL
Tissue specimens
NSE (n = 16)
CIN1 (n = 26)
CIN2 (n = 19)
CIN3 (n = 20)
SCC (n = 16)

HHL staining score
0
16
19
14
18
4

1
0
7
5
2
6

2
0
0
0
0
3

3
0
0
0
0
3

HHL staining score: 0 (0%), 1 (1%–5%), 2 (6%–50%), or 3 (51%–
100%). CIN, cervical intraepithelial neoplasia; HHL, Hippeastrum
hybrid lectin; NSE, normal squamous epithelium; SCC, squamous
cell carcinoma.

and no staining of normal squamous epithelium (Fig. 3a).
The reason why HHL preferentially stains cancer cells is
unclear, but may possibly be related to the mechanism of
tumor inﬁltration. A recent lectin microarray analysis of
non-small cell lung cancer examined whether lectins can
be used to estimate the lung cancer tissue type based on

examination of lung cancer specimens and cultured cells.
It was an effective study of a disease such as lung cancer
for which tissue diagnosis is difﬁcult before treatment.23
In addition, lectins have been studied as predictors of
recurrence and the prognosis.24 However, the actual
roles of lectins and their binding glycoproteins have
not been clariﬁed in any research. In this study, our
results suggested that HHL might be associated with
inﬁltration of SCC, which means it could become a
marker of the prognosis or relapse in the future. To
clarify the signiﬁcance of the staining pattern of HHL,
we will also analyze the binding glycoprotein and
related genes in the future. After identiﬁcation and
structural analysis of its target glycoprotein has been
performed by glycoproﬁling, HHL might become a
useful biomarker for identiﬁcation of SCC of the uterine
cervix.
The present lectin microarray method was effective for
analyzing glycans in glycoproteins without the need to
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Abstract
Purpose A device for closed vitrification was designed to reduce the risk of contamination and investigated on its efficacy for
ovarian function recovery after cryopreservation and heterotopic transplantation.
Methods Ovarian tissues from green fluorescence protein transgenic mice (10 GFP mice) were vitrified using the device, and
warmed ovarian tissues were transplanted into the ovarian bursa region in wild-type female mice (6 mice). Fresh ovarian tissues
were similarly transplanted as a control. After recovery of the estrous cycle, mice were mated with male mice. Ovarian tissues
from six cynomolgus monkeys were vitrified and warmed with the device for autologous, heterotopic transplantation. Fresh
tissue transplantation was not performed for the control. Ovarian function was examined by recovery of the hormonal cycle.
Histological examination was conducted.
Results The number of live pups per recipient mouse was not significantly different after transplantation of fresh or vitrifiedwarmed ovarian tissue, although the pregnancy rate was reduced with vitrified tissues. The hormonal cycle was restored in 5/6
monkeys after heterotopic transplantation of vitrified-warmed ovarian tissue. Follicles were harvested at eight sites in the
omentum and 13 sites in the mesosalpinx. In vitro maturation (IVM)/IVF produced embryo but did not develop.
Conclusions Resumption of the hormonal cycles, follicle development, and oocyte retrieval from vitrified-warmed ovarian tissue
transplants may indicate that the use of vitrification for ovarian tissue in a closed system has a potential of clinical application
without the risk of contaminations. More detailed analyses of the effects of vitrification on ovarian tissue, such as gene expression
patterns in oocytes and granulosa cells, may be needed for establishing a standard procedure for cryopreservation of ovarian
tissues in human.
Keywords Ovarian tissue cryopreservation . Vitrification . Closed device . Cynomolgus monkey . Fertility preservation .
Autologous transplantation
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Medical and technical advances have given women better
chances to preserve fertility and to have children at a later
time, including the cryopreservation of embryos, oocytes,
and ovarian tissue. Ovarian tissue cryopreservation benefits
women more broadly, since ovarian tissue contains steroidogenesis and gametogenesis activities and a large number of
primordial follicles and can be harvested irrespective of the
stage of the menstrual cycle or be applied to pre-pubertal girls.
Since the first successful transplantation of frozen–thawed
ovarian tissues was reported by Oktay and Karlikaya in
2000 [1], about 130 live births have been reported after
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transplantation of cryopreserved ovarian tissue around the
world [2], and the FertiPROTEKT network registry has listed
more than 1000 ovarian tissue cryopreservation procedures
[3]. Nonetheless, no validated standard protocol has been
established for cryopreservation of ovarian tissue [4].
Some studies comparing slow freezing and vitrification by
rapid freezing have shown that vitrification is superior for
cryopreservation of ovarian tissue with respect to follicle density, cell proliferation, stromal cell preservation, and cell viability [5–8]. Recently, several protocols for vitrification have
been reported [5, 6, 9–11], and at least one vitrification system
is currently available for clinical use. Cryopreservation by
vitrification is achieved by elevating the cooling rate and concentration of cryoprotectants and forming a glassy, vitrified
state by extreme elevation of viscosity during cooling [12].
There are two main challenges to improving vitrification techniques: (i) high concentrations of cryoprotectant, which may
be toxic to oocytes, embryos, and ovaries, are required and (ii)
intracellular ice may develop if the cooling or warming rates
are incorrect [13, 14]. Several methods have been developed
to overcome these problems. The logical way to make cooling
more rapid is to use the smallest possible volume of cryoprotectant around the sample and to directly expose it to liquid
nitrogen without any insulation. It is a process known as open
vitrification [13]. Successful open vitrification of ovarian tissues has been achieved in mice [5, 15, 16], cattle [9], monkeys
[10, 11], and humans [6]. Two healthy babies have been born
from vitrified ovarian tissues preserved by open vitrification
[17, 18]. However, there is concern about the sterility of liquid
nitrogen and the risk of cross-contamination during long-term
storage [19, 20]. Because ovaries are larger than oocytes or
embryos, the risk of cross-contamination is increased with
ovarian cryopreservation by direct contact between solution
containing ovarian tissue and liquid nitrogen. To avoid the risk
of contamination, a closed vitrification method was developed
and used in vitro for development of preantral follicles from
the macaque ovarian cortex [21]. However, in vivo tissue
transplantation studies are needed to confirm long-term function and fertility of vitrified-warmed ovarian tissues.
In the present study, we developed a new closed vitrification
protocol. The efficacy of the protocol was assessed using ovarian
tissues of mice and cynomolgus monkeys for long-term functions of vitrified-warmed ovarian tissues after transplantation.

the experimental facilities of St. Marianna University School of
Medicine (Kanagawa, Japan), Kinki University (Wakayama,
Japan), and Eve Bioscience Ltd. (Wakayama, Japan).

Studies in mice
Animal care and management
Female and male C57BL/6J mice and green fluorescence protein (GFP)-transgenic [C57BL/6J-Tg (CAG-EGFP)] mice
were purchased from SLC Japan Inc. (Tokyo, Japan). Mice
were housed under a 12-h light/12-h dark cycle at 22 °C with
55% humidity and received food and water ad libitum.
Collection, cryopreservation, and thawing of donor mouse
ovaries
Donor ovaries were collected from 4-week-old C57BL/6J-Tg
(CAG-EGFP) mice and placed into disposable Petri dishes
containing Dulbecco’s modified Eagle’s medium/Ham’s F12 [1:1 (v/v)]. Then, each ovary was cut in half for cryopreservation using the new closed device. After 1–2 months, the
cryopreserved ovarian tissues were warmed and stored in
H199 supplemented with 20% (V/V) SSS medium until
transplantation.
Transplantation of mouse ovaries
Orthotopic transplantation of vitrified-warmed half ovaries
was performed in 6-week-old female C57BL/6J mice, while
fresh ovaries harvested from 4-week-old CAG-EGFP female
mice were cut in half and used as control grafts. Orthotopic
transplantation was done as described previously [15] with
some modifications. In brief, anesthesia was induced by intraperitoneal injection of pentobarbital sodium salt (7.5 g/kg
body weight). A midline longitudinal skin incision was made
in the lower back, followed by small bilateral incisions in the
fascia and muscles immediately above each ovary through
which the recipient’s reproductive tract was lifted out. Then,
a small slit was made in each ovarian bursa, and the recipient’s
ovary was removed under an operating microscope and was
replaced with a fresh or thawed half ovary. Subsequently, the
bursal membrane was sutured, the reproductive tract was replaced inside the body, and the skin incision was sutured.

Materials and methods

Mating of mice

This investigation of closed vitrification process was based on
previous research into open vitrification by Suzuki et al. [11]. The
study protocol was approved by the ethics committee of St.
Marianna University School of Medicine (Kanagawa, Japan)
and IVF Namba Clinic (Osaka, Japan). This study was performed in accordance with the guidelines for use of animals at

One recipient mouse was paired for 1 day with one male
C57BL/6J mice 10 days after transplantation to allow recruitment of primordial follicles before mating. When mating was
confirmed by the presence of a vaginal plug, pregnant females
were moved to separate cages. The number of pups (both dead
and alive) was recorded.
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Monkey experiments

Seprafilm® (Kaken Pharmaceutical Co., Ltd. Tokyo, Japan)
was used during closure of the abdomen.

Animal care and management
Stimulation of ovarian tissue
Six cynomolgus monkeys (4 years old and weighing 3.0–
3.5 kg) imported from Vietnam by Eve Bioscience
(Wakayama, Japan) were used in this study. After importation,
the monkeys were quarantined for 1 month and were examined for pathogenic bacteria and changes of appearance and/or
behavior. Monkeys were housed individually in special cages
(550 mm × 72 mm × 780 mm) in an animal room with a temperature of 25–38 °C, ventilation 5 times/h, and a 12-h light/
12-h dark cycle (07:00–19:00). Food (AS; Oriental Yeast Co.,
Ltd., Tokyo, Japan) was supplied every morning, and drinking
water (municipal tap water of Hashimoto City, Wakayama,
Japan) was provided ad libitum. The estrous cycle was confirmed in each female by monitoring vaginal bleeding.
Anesthesia and surgery
Laparotomy was performed after induction of anesthesia by intramuscular injection of a 2:1 mixture of ketamine (20 mg/kg
Ketalar 50; Sankyo Yell Pharmaceutical, Tokyo, Japan) and
xylazine (1 mg/kg Celactal Bayer Yakuhin, Osaka, Japan).
During surgery, additional doses of these anesthetics were administered as appropriate to maintain the depth of anesthesia. After
resection of the bilateral ovaries, adherent tissues were removed,
and the organs washed twice in modified Human Tubal Fluid
(m-HTF, Kitazato BioPharma Co., Ltd., Shizuoka, Japan). Then,
the cortical tissue was removed from each pair of ovaries and
placed in m-HTF. Monkeys were recovered from anesthesia following suture. Relaparotomy for transplantation was performed
generally after about 5 h, including 1 h for tissue preparation, 3 h
of soaking in liquid nitrogen, and 1 h for warming.
Ovarian tissue cryopreservation and transplantation
The monkey ovarian tissue was cut into strips (10 mm × 10 mm ×
1 mm) for vitrification, and cryopreservation was performed
using the closed device by the same procedure as that for mice
(Fig. 1d, e). Tissue strips were maintained in liquid nitrogen for at
least 3 h. Laparotomy was performed for transplantation of
vitrified-thawed ovarian tissue, with a minced graft (cut into
20~25 pieces measuring 1 mm × 1 mm × 1 mm) on the right side
and an intact strip (10 mm × 10 mm × 1 mm) on the left side of
the omentum or the mesosalpinx. Altogether, four tissue grafts,
two preparations each for strips and minces, were transplanted in
each monkey, one graft each on each side of two sites, the omentum, and the mesosalpinx. For omental transplantation, the graft
was wrapped in the omentum that was sutured to form a bag. For
transplantation into the mesosalpinx, an incision was made in the
right side of the mesosalpinx to create a pocket, into which graft
was placed and incision was sutured. To prevent adhesions,

Ovarian stimulation was conducted after down-regulation
with a gonadotropin-releasing hormone (GnRH) agonist
(1.88 mg of Leuplin injection 3.75; Takeda Pharmaceutical,
Osaka, Japan). Six female monkeys were administered various doses of recombinant human follicle-stimulating hormone
(rhFSH; Follistim®; MSD, Osaka, Japan) after downregulation in three trials, as described below. On the evening
of the final day of rhFSH injection, 400 IU/kg of human chorionic gonadotrophin (hCG; Puberogen; Nippon Yakkyoku,
Tokyo, Japan) was administered, and ova were collected
40 h later. In the first trial, 25 IU/kg of rhFSH was administered once daily in the morning on days 1 to 9 (initiation of
FSH injection = day 0). The second and third trials were initiated 6 months and 1 year after transplantation. In the second
trial, 50 IU/kg of rhFSH was administered once daily in the
morning on days 1 to 9, after which 100 IU/kg of rhFSH was
administered twice daily in the morning and evening on days
10 and 11. In third trial, 50 IU/kg of rhFSH was administered
once daily in the morning on days 1 to 4, 75 IU/kg of rhFSH
was administered twice daily in the morning and evening on
days 5 to 11, and 100 IU/kg of rhFSH was administered twice
daily in the morning and evening on day 12. Ovarian stimulation was initiated 2 weeks after estradiol elevation in the trial
1 and between estradiol elevations 6 months and 1 year after
transplantation in the trials 2 and 3, respectively. All three
trials were performed on all monkeys, except the monkey 6
which was subjected to only the trials 2 and 3.
Oocyte collection and transportation
Laparotomy was performed under general anesthesia as described above. After confirming mature follicle development,
oocytes were aspirated, and a small piece of ovarian tissue containing the follicle growth area was excised and placed in the
culture medium. Oocytes were collected by puncturing the follicle in a culture dish to avoid loss of oocytes. Aspiration of mature
follicles was performed by using a 2.5-ml syringe with a 21-G
needle that contained a small amount of HEPES-Tyrode’s albumin with lactate and pyruvate (HEPES-TALP, pH 7.4) and 0.3%
bovine serum albumin, after pre-washing the needle and syringe
with heparin sodium (Ajinomoto Pharmaceutical, Tokyo, Japan).
The retrieved ova were transferred to HEPES-TALP in a dish on
a warming plate maintained at 38 °C and maturation was examined by stereomicroscopy (×80). Then, the collected ova were
placed into HEPES-TALP in a sealed round-bottom tube (2058,
Becton Dickinson Labware, NJ, USA) kept in warm water
(38 °C). The ovarian tissue was placed in 15-ml tubes
(Polypropylene Conical Centrifuge Tube, BD Falcon, Bedford,
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Fig. 1 Devices for vitrification. a
Ova Cryo Device Type M (open
device [11]). b Closed device. c
Closed device in the pouch. d The
sealed pouch. e Vitrified ovarian
tissue
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MA, USA) containing the same culture medium. The specimens
were transferred from Eve Bioscience to Namba IVF Clinic
(Namba, Osaka, Japan) within 2 h.
In vitro maturation of immature monkey oocytes
In the first and second trials, we examined whether oocytes
obtained at the germinal vesicle (GV) stage or metaphase I
(MI) stage could reach metaphase II (MII). The oocytes were
incubated at 37 °C for 24–72 h under an atmosphere of 5% O2,
5% CO2, and 90% N2 in TALP medium containing L-glutamine, lactic acid, pyruvic acid, and 20% (v/v) fetal bovine
serum. In the third trial, 20 ng/ml of epidermal growth factor
(EGF; Sigma-Aldrich Chemical Co., St. Louis, MO, USA)
was added to the abovementioned TALP medium, and the
oocytes were cultured for 24–72 h.
Intracytoplasmic sperm injection: fertilization of monkey
oocytes
Semen was obtained from a male monkey under anesthesia with
ketamine HCl (10 mg /kg) by electrical induction of ejaculation.
The methods used for freezing and thawing sperm were described previously [21]. Intracytoplasmic injection (ICSI) of
cryopreserved sperm was performed as reported previously [11]
with minor modifications. Briefly, cumulus cell-oocyte complexes were treated with 0.01% (w/v) hyaluronidase (H3757;

Sigma-Aldrich) dissolved in HEPES-TALP, and then oocytes
were denuded by pipetting at room temperature. After maturation
of the denuded oocytes was evaluated, culture was performed at
37 °C under an atmosphere of 5% O2, 5% CO2, and 90% N2 in
TALP until the time of ICSI. The sperm suspension and oocytes
were placed in HEPES-TALP and covered with mineral oil
(M8410; Sigma-Aldrich). A single sperm with normal morphology was captured by an injection pipette (MIC-SI-30-NTP;
Humagen Fertility Diagnostics, Charlottesville, VA, USA) and
then was washed and immobilized in an injection pipette containing 10% polyvinylpyrrolidone (PVP360; Sigma-Aldrich) dissolved in HEPES-TALP. The immobilized sperm was injected
into a mature oocyte in HEPES-TALP. After injection, culture
was done for 24 h at 37 °C under an atmosphere of 5% O2, 5%
CO2, and 90% N2 in TALP. Fertilization was evaluated on basis
of detecting two pronuclei and two polar bodies at 18 h after
sperm injection, and cleavage was confirmed at 24 h after sperm
injection. Then, the embryos were cultured for 144 h in CMRL1066 medium (11530-037; Life Technologies, Carlsbad, CA,
USA) containing L-glutamine, lactic acid, pyruvate, and 20%
(v/v) fetal bovine serum under the same atmosphere.
Morphological investigation of monkey ovarian tissue
Monkey ovarian tissues were fixed overnight at 4 °C in
Bouin’s fixative (Polysciences, Warrington, PA, USA),
embedded in paraffin, and cut into 1–5-μm-thick

- 661 -

J Assist Reprod Genet (2018) 35:2037–2048

2041

a

Temperature [

]

Ova Cryo Device TypeM
Closed device
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Ova Cryo Device TypeM
Closed device

Time[s]
Fig. 2 Cooling and warming rates of vitrification devices. a Cooling rate
of the open (black) and closed (pink) devices. The cooling rates of the
open devise and the closed devise were − 19,500 and − 12,000 °C/min,

respectively. b Warming rates of the open and closed devices were identical and shown in red. The warming rate was 42,000 °C/min

sections. Sections were stained with toluidine blue
(Certistain® Toluidine blue O (C.I.52040), Millipore,
MA, USA) and hematoxylin-eosin (Sakura Finetek
Japan, Tokyo, Japan), followed by observation under a
microscope. Follicular development stages were defined
as follows: primordial follicles were in a single layer of
flattened pre-granulosa cells, primary follicles were follicles with only one granulosa cell layer, early secondary follicles had two to four granulosa cell layers without an antrum, late secondary follicles had more than
four granulosa cell layers without an antrum, and antral
follicles had multiple layers of cuboidal granulosa cells
with an antrum [22].

ovarian tissue. This procedure was performed in the same
manner as reported previously [11].

Hormone assays
Estradiol (E2) and progesterone (P4) were measured by SRL
Inc. (SRL, Tokyo, Japan) to confirm the hormone cycle of the
monkeys before ovarian tissue cryopreservation and approximately every 2 weeks after transplantation of vitrified-thawed

Open vs. closed vitrification
Loading with cryoprotectant
Cryopreservation of ovarian tissues using an open device was
performed as described previously with some modifications
[10, 11]. Strips of ovarian tissue were first equilibrated in
HEPES-buffered 199 (H199, Invitrogen, Carlsbad, CA,
USA) supplemented with 20% (V/V) SSS (Irvine Scientific,
Santa Ana, CA, USA) and 1.61 mol/l ethylene glycol for
5 min, followed by equilibration in H199 supplemented with
20% (V/V) SSS and 3.22 mol/l ethylene glycol for 5 min.
Subsequently, the ovarian strips were transferred into H199
supplemented with 20% (V/V) SSS, 5.64 mol/l ethylene glycol, 5% (w/v) polyvinylpyrrolidone (Sigma-Aldrich, St.
Louis, Mo, USA), and 0.5 mol/l sucrose EMPROVE®bio
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Fig. 3 Orthotopic ovarian tissue transplantation in mice. Fresh and
vitrified/warmed ovarian tissues were transplanted for functional evaluation. Graph shows the mean with the standard deviation for 6 mice (fresh
tissue) and 10 mice (vitrified/warmed tissue). *p < 0.05. a Days required

before the initial increase of estradiol. b Rates of pregnancy. c Number of
live pups per pregnancy. d Pups from transplants of fresh (a) or cryopreserved GFP mouse ovaries (b)

(EMD Millipore, Billerica, MA, USA). All steps were performed at 26 °C.

extra step for inserting vitrified tissue in a bag took only
10~30 s; thus, we did not feel there was any difference between open and closed device in the effect of cryoprotectants.
The polypropylene material used for the film cover and bag
was demonstrated to be safe by a cytotoxicity test before this
study (Fig. 1b–e).

Vitrification procedure
Open device Within 25 min, the strips were loaded into an
ovarian storage device (Ova Cryo Device TypeM®; Kitazato
BioPharma Co., Shizuoka, Japan; Fig. 1a) and the device was
immersed vertically into liquid nitrogen. Then the frozen
strips were individually placed into cryogenic vials and were
stored in liquid nitrogen until further use.
Closed device The device was made from titanium (500 and
800 μm in thickness) for excellent thermal conductivity
(CDT × 10, titanium, Kitazato BioPharma Co., Ltd.,
Shizuoka, Japan). Two sizes of thickness (500 and 800 μm)
were tested in consideration of conductance and structural
stability. However, the similar stability and conductance were
obtained with both thicknesses. The 500-μm thickness was
used in mice. The 800-μm one was used only for one monkey
as comparison after testing both thicknesses. For vitrification,
a piece of ovarian tissue equilibrated with vitrification solution
was placed on the titanium plate and covered with polypropylene film (Kitazato BioPharma Co., Ltd., Shizuoka, Japan).
To prevent viral contamination, the device was placed in a bag
made from the same polypropylene material as the film cover,
which was heat-sealed and immersed in liquid nitrogen. This

Warming procedure
For thawing, pouch is cut open and the device is directly
placed into the thawing solution. The vitrified samples were
thawed in 20 ml of H199 containing 20% (V/V) SSS and
0.8 mol/l sucrose, which had been warmed at 37 °C for
1 min in a water bath, followed by dilution in H199 containing
20% (V/V) SSS and 0.4 mol/l sucrose for 3 min at room temperature, and then dilution twice in H199 containing 20% (V/
V) SSS for 5 min at room temperature. After removal of the
cryoprotectant, the ovarian sections were placed in H199 containing 20% (V/V) SSS. No devitrification was observed in
any tissue preparation.

Heat conduction rate
Cooling was assessed by measuring the heat conduction rate
using a K-type thermocouple and a data logger GL900-4
(Graphtec Inc., Kanagawa, Japan), with the mean of 10 temperature measurements being plotted to generate a graph (Kitazato
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Fig. 4 Hormonal cycles in monkeys. Estradiol (blue line) and progesterone (red line) in blood after ovarian transplantation. Number in green square:
days required before hormone detection in blood. IVF cycles are indicated by arrows: GnRH (blue), FSH (red), and hCG (green)

BioPharma Co., Ltd., Shizuoka, Japan). The heat conduction rate
was compared between the open device (Ova Cryo Device
TypeM®) and the closed device (CDT × 10; Fig. 2a, b).

Statistical analysis
All statistical analyses were performed by using EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).

Results
Thermal conductivity
The cooling rates of the open and closed vitrification devices
were − 19,500 and − 12,000 °C/min, respectively (Fig. 2a),
while the warming rate of both devices was 42,000 °C/min

(Fig. 2b). There were no differences of thermal conductivity,
especially the cooling speed, between devices with a thickness
of 500 or 800 μm.

Fertility of mice after transplantation
of vitrified-warmed ovarian tissues
Six mice received transplantation of fresh ovarian tissue as
controls. Vitrified-warmed ovarian tissue was transplanted into 10 mice. The estrous cycle was recovered in all recipients.
Estradiol increased at 5–11 days after transplantation of fresh
ovarian grafts and after 7–14 days in mice receiving vitrifiedwarmed grafts. There were no significant differences in the
time required until recovery of the estrous cycle between mice
receiving fresh grafts (8.2 ± 0.9 days) and vitrified-warmed
grafts (8.1 ± 0.9 days) (Fig. 3a). Recipient mice were kept
for 3 weeks after transplantation to allow recruitment of primordial follicles before mating. The delivery rate was significantly lower for mice with vitrified-warmed ovarian grafts
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Fig. 5 Laparotomy for oocyte
retrieval in monkey no. 4.
Follicles are evident in the left
mesosalpinx (a) and omentum (b)
on the post-transplantation day
252. A pre-ovulatory follicle
dissected from the omentum,
shown in b, is shown in an
enlarged scale (c)
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(60%) than for mice with fresh grafts (83%) (Fig. 3b).
However, the number of live pups delivered per recipient
was not significantly different between the two groups
(Fig. 3c, d).

Hormonal cycle in monkeys
Transplantation of vitrified-warmed ovarian tissues was
performed in six cynomolgus monkeys. No monkey received fresh ovarian tissue as control due to the cost of
each monkey. Five monkeys received ovarian tissue that
had been vitrified using 500-μm closed device, and one
monkey (no. 3) received tissue vitrified using 800-μm
closed device. Follicle development was assessed by
estradiol measurements every 2 weeks. Harvesting of
ova was successful in five monkeys, while it failed in
monkey no. 4. Resumption of the hormonal cycle was
confirmed at 111 days (27–192 days) after transplantation (Fig. 4). The five monkeys used for egg collection
exhibited periodic hormonal cycles by 367 days after
transplantation. Oocyte collection was performed via
laparotomy, with a small piece of tissue around the site
of follicle formation being excised carefully while
avoiding rupture of the follicle (Fig. 5). It was found
that transplanted ovarian tissue had been incorporated
into the omentum and the mesosalpinx, and minimal
resection was required for oocyte harvesting. Three
monkeys (no. 1, no. 3, and no. 6) were still alive at
the time of writing, and their hormonal cycles had continued for > 1240 days.

Follicle development
Follicle development was found at eight graft sites in the
omentum and 13 sites in the mesosalpinx. In addition, it was
detected at 10 sites after transplantation of minced grafts (1mm cubes) and at 11 sites after transplantation of strip grafts
(10 mm × 10 mm × 1 mm), while the number of oocytes recovered was eight and nine, respectively. There were no significant differences of follicle development between transplantation into the omentum or the mesosalpinx, between
transplantation of strips or minced grafts, and between cryopreservation with the 500- or 800-μm devices.

IVM and IVF
Seventeen oocytes were retrieved from five monkeys. To perform in vitro maturation (IVM), EGF was not used in the first
and second trials in case immature oocytes were collected. A
total of seven GV-stage oocytes, one MI oocyte, and two MII
oocytes were obtained by the initial two egg collections.
When the eight GV-stage oocytes were cultured for up to
72 h, only three reached MI stage but did not progress further.
ICSI was performed with the two MII oocytes, and fertilization was confirmed by detection of two pronuclei, but development did not proceed beyond the one-cell stage. A total of
six oocytes were obtained at the third egg collection, including
four GV-stage oocytes, one MII oocyte, and one degenerated
embryo. IVM was performed with four GV-stage oocytes by
adding EGF at 20 ng/ml. One of these oocytes reached MII
stage but failed to fertilize by ICSI (Table 1).
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Fig. 6 Post-transplantation
histological analyses. a Ovarian
tissue adjacent to pre-ovulatory
follicles excised for oocyte
harvest from the omentum on the
post-transplantation day 258 that
yielded a MI oocyte (monkey no.
4). b The omentum which yielded
GV oocytes (monkey no. 2). A
Toluidine blue staining. b H&E
staining. Scale bar = 50 μm

Histological findings
After collection of oocytes, the residual tissues were fixed for
histological examination. At a site of ovarian tissue transplantation into the omentum, two primary follicles and one early
secondary follicle were detected. Also, at another omental
transplantation site, there were primordial follicles, primary
follicles, and late secondary follicles, having the potential to
develop for oocyte collection (Fig. 6a, b).

Discussion
A closed vitrification devise was developed using a titanium
plate for housing ovarian tissue which is sealed inside a polypropylene pouch to avoid viral contamination during exposure
to liquid nitrogen. Due to the excellent thermal conductivity of
titanium, similar cooling and warming rates, which are important for maintaining the structural integrity of tissue, were
observed by closed vitrification method to those by the standard open one.
The in vivo function was examined by transplanting ovarian tissues after cryopreservation by the closed vitrification
devise on mice and cynomolgus monkeys. The number of live
pups per litter was similar with both tissues in mice (Fig. 4a).
However, the birth rate by cryopreserved tissue with the
closed vitrification method was lower than that from fresh
ovarian tissue in mice (Fig. 4b). Using similar vitrification
conditions to the one used in the present study, follicle counts
were similar to fresh tissue transplants, and pregnancy rates
were higher than those of transplants from slow freezing or
conventional vitrification and similar to the fresh tissue transplants [5, 16]. These studies may indicate that vitrification
conditions influence the integrity and potentials of follicles.
The lower birth rates observed in the current study could indicate interferences on follicle maturation by vitrification
method utilized here, for which further studies may be needed
for improvement of vitrification protocol.
In monkeys, vitrified-warmed ovarian tissues were
transplanted into the mesosalpinx and the omentum which

were shown to be suitable sites for engraftment in our previous
study [11]. Heterotopic transplantation was conducted with
minced or strip grafts, but the type of graft did not affect
oocyte collection. Grafts were wrapped with the omentum
tissue, while they were put into a pouch by incision made in
the mesosalpinx. These procedures made harvesting easier.
Six follicles formed in grafts transplanted to the mesosalpinx
and eight follicles were obtained after transplantation to the
omentum (with no difference in follicle formation between the
two sites). The ovarian cycle was restored after transplantation
in most animals, while there were developments of preovulatory follicles and mature oocytes which could fertilize
after ICSI. Our study thus demonstrated the mesosalpinx and
the omentum as viable options for transplantation of cryopreserved ovarian tissues which would be clinically available for
those patients with bilateral ovariectomy or pelvic irradiation.
Multiple follicles were observed in both transplantation
sites of the mesosalpinx and the omentum. Some are more
mature or immature than others among these follicles.
Therefore, the mechanism for selection of a dominant follicle
could have been lost by the vitrification process. On the other
hand, since the present study was performed by the IVF cycle,
it is not apparent if the dominant follicle selection mechanism
is preserved. Even in clinics, oocytes can be obtained from
smaller follicles rather than the dominant follicle. As many
follicles develop at one transplantation site due to ovarian
stimulation by FSH, we tried to harvest as many oocytes as
can be identified, thus resulting in the harvest of more immature oocytes. Thus, the number of follicles which could yield
competent oocytes could have been very limited, even in the
presence of cyclic steroid hormone production.
When oocytes were retrieved from transplanted vitrifiedwarmed ovarian tissues of monkeys after the return of the hormonal cycle, embryos did not develop after fertilization in vitro.
Could the failure of embryogenesis be caused by injuries/
damages during cryopreservation process? When murine ovarian
tissues were processed for cryopreservation by different vitrification methods, transmission electron microscopy demonstrated
varying degrees of damages in subcellular structures even in
the presence of apparently normal delivery of pups [16]. Using
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both murine and human tissues, changes in follicle morphology,
particularly in granulosa and stromal cells, were seen after cryopreservation [5]. In ovarian tissue cryopreservation, stromal cells
were demonstrated to be more vulnerable to cryoinjuries than
primordial follicles [23, 24]. The ovary includes heterogenous
cellular and structural components with different properties,
and their interactions are needed for follicle maturation and embryogenesis [25]. Apparent structural integrity of ovarian tissue
after cryopreservation does not appear to guaranty the quality and
function of follicles. It might be informative to analyze effects of
cryopreservation on gene expression pattern of oocytes, stromal
cells, etc. during maturation for establishing a standard procedure
of ovarian tissue cryopreservation.
One of the six monkeys monitored for more than 1 year
after transplantation showed a weak response to ovarian stimulation, but its estradiol level was still restored. It is possible
that engraftment of ovarian tissue might have been poor in this
animal. Among the monkeys monitored for less than 1 year
after transplantation, one did not show stable recovery of the
hormonal cycle by 8 months after transplantation, although it
is possible that the hormonal cycle would have resumed if the
follow-up period had been extended. Recovery of the hormonal cycle was confirmed in five of six monkeys, with menstruation returning between 50 and 90 days after transplantation.
The time required for recovery of menstruation was shorter
than that expected for growth of primordial follicles, indicating the presence of primary and secondary follicles in vitrified
ovarian tissues as well as primordial follicles. In three of these
monkeys, the hormonal cycle has persisted for over 1200 days
since resumption after transplantation.
In conclusion, a closed vitrification procedure was developed
to improve the efficacy for ovarian cryopreservation and to avoid
the risk of cross-contamination during storage in liquid nitrogen.
Live birth was achieved in mice, but our results were unsatisfactory in terms of fertilization and embryo development in primates. This outcome may have occurred because follicle development was only monitored by blood tests and might not have
been fully matured. On the other hand, vitrification procedure
may have caused damages to cellular structures and genetic activities interfering developmental processes in primates. As we
confirmed persistence of the hormonal cycle for longer than
1 year, we are confident that heterotopic engraftment of ovarian
tissue was successful. We hope that our closed device will help
advance the vitrification technology for clinical application.
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Evaluation of pain incidence due to venous malformation
based on data from 85 institutions in Japan
Naoaki Rikihisa, MD, PhD,a Sadanori Akita, MD, PhD,b Keigo Osuga, MD, PhD,c Hidefumi Mimura, MD, PhD,d
Shunsuke Yuzuriha, MD, PhD,e and Satoru Sasaki, MD, PhD,f Ichihara, Fukuoka, Suita, Kawasaki, Matsumoto, and
Sapporo, Japan

ABSTRACT
Background: Depending on the size and site of the venous malformation (VM), patients with VM often experience pain
and swelling. VMs in the head and neck typically have lower pain rates due to complications than VMs in the limbs and
trunk. We evaluated the heuristics on VM pain by statistically analyzing data of patients with VM from a multicenter
database in Japan.
Methods: We collected data on age, sex, pain, lesion site, lesion depth, and lesion size for 2199 clinical cases with common
VMs. We created categories for lesion depth and size and excluded multiple lesion cases that overlapped in these categories. Next, we constructed cross-tabulation tables to analyze the factors that contributed to pain. Finally, we evaluated
the risk of pain in patients with VM by performing binomial logistic regression analysis based on age, sex, lesion site, lesion
depth, and lesion size.
Results: For patients with limb and trunk VMs, the most frequent site of pain was the muscle, tendon, and bone, with an
incidence of 79%, followed by the skin and subcutis, with an incidence of 43%. For patients with head and neck VMs, the
most frequent site of pain was the muscle, tendon, and bone, with an incidence of 28%, followed by the skin and
subcutis, with an incidence of 11% (P < .01). For pain incidence by lesion size, pain most frequently occurred in lesions
>10 cm (67%), followed by lesions between 5 cm and 10 cm (56%) and lesions <5 cm (29%).
Conclusions: Our study indicated a clear order of factors that contributed to pain: lesion site > lesion depth > lesion size.
Age was also an important factor. Infants and children had low pain complication frequencies with limb and trunk VMs.
As the patients aged, the pain frequency became higher, reaching 50% at almost 7 years of age. (J Vasc Surg: Venous and
Lym Dis 2020;8:244-50.)
Keywords: Pain; Venous malformation; Epidemiologic survey; Site; Depth

Venous malformations (VMs) are the most common
vascular anomalies seen in clinical practice. VMs can be
superﬁcial, affecting the dermis and subcutis, or deeper,
involving the muscle or bone. They can occur throughout
the body, including visceral locations.1
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Common VMs that bring pain, stiffness, swelling, infection, and bleeding are deeply troubling for patients.
Depending on the lesion size and site, patients often
experience pain and swelling. Stiffness and pain on
walking are common in patients with VMs in the
extremities.2
VMs in the head and neck are likely to have lower pain
complication rates than those in the limbs and trunk.
Among the various complications of VM, we chose to
focus on pain in this study and evaluated VM pain heuristics by statistically analyzing data of patients with VM
from a multicenter database in Japan.
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METHODS
Epidemiologic study of vascular malformations in
Japan. A large epidemiologic survey on vascular malformation was conducted in Japan between July 2013 and
February 2014. Eighty-ﬁve institutions that were certiﬁed
facilities of the Japan Society of Plastic and Reconstructive
Surgery and the Japanese Society of Interventional Radiology restarted a web system for the survey. Clinical data
were collected from 3695 cases that included venous,
lymphatic, arteriovenous, or mixed malformations treated
at these 85 institutions between January 2009 and
December 2011.
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Table I. Summary of patients with common venous malformations (VMs) in the head and neck and the limbs and
trunk

ARTICLE HIGHLIGHTS
d

Head and neck Limbs and trunk
No. of cases

878

1265

Male/female

334/544

481/784

d

Age at ﬁrst visit, years
Average

31

24

Median

27

20

20%

63%

Pain incidence at ﬁrst visit

Before grouping, we excluded multiple lesion cases that belonged to
both groups from 2199 cases.
d

This study was performed after ethical approval was
received from the university ethical review committees
of Kawasaki Medical School, Nagasaki University, Chiba
University, and Osaka University. This ethical approval
included discussions about the acquisition of informed
consent and personal information management.
Common VM data. Common VM data were extracted
from the database. Data included lesion size, lesion
depth, lesion site, sex, birth year and month, year and
month of the ﬁrst visit, and major complaints at the ﬁrst
visit.
We calculated the sex ratio, average age at ﬁrst visit,
median age at ﬁrst visit, and pain incidence from the
common VM data. Patients with VM were divided into
two groups by affected site: head and neck or limbs
and trunk. To simplify the epidemiologic survey, we did
not include the pain site as a survey item. For example,
in a case with VMs in the neck and upper arm with
pain, it is not clear which part is causing the pain. Thus,
we excluded patients with multiple VM lesions that
belonged to both groups. We also calculated the sex
ratio, average age at ﬁrst visit, median age at ﬁrst visit,
and pain incidence for both groups.

Head & Neck
80

Number of cases

70
60
50
40

Pain(-)

30

Pain(+)

20
10
0
1

9 17 25 33 41 49 57 65 73 81 89 97

Fig 1. Cross-sectional analysis of patients’ age and pain at
ﬁrst visit for patients with head and neck venous malformations (VMs).

Type of Research: Multicenter, retrospective, crosssectional study
Key Findings: For limb and trunk venous malformations (VMs), the pain incidence was 79% in muscle,
tendon, and bone and 43% in the skin and subcutis.
For head and neck VMs, the pain incidence was 28%
in muscle, tendon, and bone and 11% in the skin and
subcutis. The pain incidence in accordance with
lesion size was 67% for >10 cm, 56% for 5 to 10 cm,
and 29% for <5 cm.
Take Home Message: The order of factors contributing to the occurrence of pain due to VM was lesion
site > depth > size. Age was also an important factor,
with younger patients experiencing less pain than
older patients.

Analysis of factors that contributed to pain. We summarized the ages of patients with or without pain at
their ﬁrst visit by a cross-sectional approach in the
head and neck group and the limbs and trunk group.
We evaluated differences in pain incidence by the
patient’s sex and age at ﬁrst visit using the same
approach.
The two groups were further categorized by lesion
depth (ie, in the skin and subcutis vs in the muscle,
tendon, or bone). We excluded multiple lesion cases
that belonged to both subgroups and compared the
pain incidence between the four subgroups.
We also calculated the pain incidence during treatment (excluding pain at the ﬁrst visit) by lesion size
(lesion diameter <5 cm, lesion diameter $5 cm and
#10 cm, or lesion diameter $10 cm). We excluded multiple lesion cases that overlapped in these categories and
summarized patient age and lesion size during treatment using a cross-sectional approach.
Finally, we constructed a cross-tabulation table for
lesion size, lesion depth, and pain for the head and
neck group and the limbs and trunk group.
Statistical analysis. The c2 tests were performed for the
cross-tabulation table analysis of the site, depth, and size
of the lesion.
We evaluated the risk of pain in patients with VM by
binomial logistic regression analysis (forward selection
method, likelihood ratio) based on age at ﬁrst visit to
the physician, sex, lesion site, lesion depth, and lesion
size. The signiﬁcance level in the analysis was set
at <5%, and Excel Tokei 2012 (Social Survey Research Information Co, Ltd, Tokyo, Japan) was used for the statistical analysis. Pain was scored as 0 (no pain) or 1 (pain)
and was set as the objective variable. We coded the
explanatory variables as follows: sex, 0 (male) or 1
(female); lesion site, 0 (head and neck) or 1 (limbs and
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Limbs & Trunk
70

Number of cases

60
50
40

Pain(-)

30

Pain(+)

20
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0
1

9 17 25 33 41 49 57 65 73 81 89 97

Fig 2. Cross-sectional analysis of patients’ age and pain at
ﬁrst visit for patients with limb and trunk venous malformations (VMs).

trunk); lesion depth, 0 (skin and subcutis) or 1 (muscle,
tendon, and bone); and lesion size, 0 (<5 cm in diameter), 1 ($5 cm but #10 cm in diameter), or 2 (>10 cm
in diameter).

RESULTS
We obtained 3681 cases that included venous,
lymphatic, arteriovenous, and mixed malformations
from patient data collected from 85 hospitals in an
epidemiologic survey conducted in Japan. Of these
patients, there were 2199 with common VMs. The sex
distribution (male/female) was 839/1360. The average
age at ﬁrst visit was 27 years, and the median age at ﬁrst
visit was 22 years.
Of these cases, 878 were head and neck VMs; 1265 were
limb and trunk VMs (Table I). In the head and neck group,
the male to female ratio was 334/544. Fig 1 shows the age
distribution at ﬁrst visit in the head and neck group; the
average age at ﬁrst visit was 31 years, and the median age
at ﬁrst visit was 27 years (Table I). In the limbs and trunk
group, the male to female ratio was 481/784. Fig 2 shows
the age distribution at ﬁrst visit in the limbs and trunk
group; the average age at ﬁrst visit was 24 years, and
the median age at ﬁrst visit was 20 years (Table I). The
c2 test showed no signiﬁcant differences in sex distribution between the head and neck group and the limbs

and trunk group; however, both the lesion depth and
age distribution at ﬁrst visit signiﬁcantly differed between
the head and neck group and the limbs and trunk group
(P < .01).
In the skin and subcutis subgroup of the head and
neck group, 11% of patients reported pain at their ﬁrst
visit. In the muscle, tendon, and bone subgroup of the
head and neck group, 28% of patients reported pain
at their ﬁrst visit. In the skin and subcutis subgroup of
the limbs and trunk group, 43% of patients reported
pain at their ﬁrst visit. In the muscle, tendon, and
bone subgroup of the limbs and trunk group, 79% of
patients reported pain at their ﬁrst visit. The c2 test
showed that the pain incidence signiﬁcantly differed
between the four subgroups for lesion site and depth
(P < .01; Table II).
In the head and neck group, 20% of patients reported
pain at their ﬁrst visit. In the limbs and trunk group,
63% of patients reported pain at their ﬁrst visit (Table I).
Figs 1 and 2 show the ages of patients who reported
pain at their ﬁrst visit. Interestingly, the numbers of
patients with or without pain reversed at around 7 years
of age in the limbs and trunk group (Fig 2). The presence
of pain and the age at ﬁrst visit did not signiﬁcantly differ
between men and women (Table III).
Pain at the ﬁrst visit was reported by 29% of patients
with lesions <5 cm in diameter, 56% of patients with
lesions $5 cm but #10 cm in diameter, and 67% of
patients with lesions >10 cm in diameter. Pain incidence
signiﬁcantly differed between the three lesion sizes
(P < .01; Table IV). Fig 3 shows a cross-sectional analysis
of the maximum lesion size during treatment in the
limbs and trunk group.
Finally, we analyzed the pain incidence for VMs in the
head and neck and in the limbs and trunk. For each
group, we listed the lesion size, lesion depth, pain, and
pain incidence and constructed cross-tabulation tables
(Tables V and VI).
Binomial logistic regression analysis regarding pain
associated with VM was performed using the forward
selection method and likelihood ratio. The regression
equation and its variables are shown in Table VII. The
sample size was large enough to appropriately perform

Table II. Pain incidence and lesion site and depth at ﬁrst visit
Site
Head and neck

Limbs and trunk

Depth

Cases without pain

Cases with pain

Pain incidence, %

Skin, subcutis

388

50

11

Muscle, tendon, bone

298

116

28

Skin, subcutis

308

230

43

Muscle, tendon, bone

144

541

79

Signiﬁcant differencea

Before subgrouping, we excluded multiple lesion cases that belonged to both the head and neck and the limbs and trunk groups.
a
The c2 test, P < .01.
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Table III. Comparison of pain incidence at ﬁrst visit between men and women
Cases
Cases
without pain with pain

Pain incidence, %

VMs in skin and
subcutis
Men

283

51

15

Women

421

123

23

VMs in muscle, bone,
and tendon
Men

188

294

61

Women

282

503

64

Summation of data
Men

471

345

42

Women

703

626

47

VMs, Venous malformations.

binomial logistic regression analysis with ﬁve variables.
Assessment of the linearity of the objective variable
and the logit of the explanatory variable showed that
there were no linearly coupled variables. A signiﬁcant
regression equation was found (the model had a likelihood ratio of 676.1006, ﬁve degrees of freedom, and
P < .0000 with an R2 of 0.2354 and Nagelkerke’s R2 of
0.03703). The percentage of correct classiﬁcations was
74.93%.

DISCUSSION
We showed that patients with limb and trunk VMs
experienced higher rates of pain than patients with
head and neck VMs. For patients with limb and trunk
VMs, the most frequent site of pain was the muscle,
tendon, and bone, with an incidence of 79%, followed
by the skin and subcutis, with an incidence of 43%. For
patients with head and neck VMs, the most frequent
site of pain was the muscle, tendon, and bone, with an
incidence of 28%, followed by the skin and subcutis,
with an incidence of 11%.
VMs are traditionally thought to be most prevalent in
the head and neck.3,4 However, this was not reﬂected in
our sample population. Although VM in the head and

neck is treated by plastic surgeons and otolaryngologists
in Japan, the epidemiologic survey was completed only
by plastic surgeons and interventional radiology physicians. Thus, the data from patients who were undergoing
otolaryngology treatment are missing. Even considering
this departmental bias, the number of cases of VM in
the head and neck is smaller than expected.
Another contradiction is that although there is traditionally thought to be no sex predilection for VM,5 there
seems to be a higher prevalence of VM in women than
in men in this sample population. Although there was
no sex difference in the entire data set of the epidemiologic survey that included VMs, arteriovenous malformations, and lymphatic malformations, the sex difference
appeared when patients with VM were extracted from
the original data. Compared with arteriovenous and
lymphatic malformations, VMs are more likely to cause
aesthetic problems that decrease quality of life, which
may cause a relatively greater psychological burden on
women compared with men. Moreover, plastic surgeons
who treat aesthetic problems provided a large amount
of clinical data to the survey. These factors may explain
the unexpectedly higher proportion of women in the
sample population.
VMs that affect the skeletal muscle are more common
in the head and neck, followed by the lower and upper
extremities and the thorax.3,4 However, in this survey,
VMs affecting the skeletal muscle were more common
in the limbs and trunk; this lesion type had the highest
pain incidence (80%) among all subgroups. Based on
clinical data from 115 subjects, Vogel et al6 reported
that the incidence of pain in those with VMs limited to
the skin or subcutis (60%) was signiﬁcantly less than in
those with VMs restricted to the intramuscular compartment (79%).
Of the patients with limb and trunk VMs, infants and
children had a low pain complication frequency. As the
patients aged, the frequency increased until it reached
50% at almost 7 years of age. After the age of 7 years,
the pain frequency reached 60% to 80%. Similarly, of
the patients with head and neck VMs, infants and children had a low pain complication frequency. As the
patients aged, the pain incidence increased until around

Table IV. Pain incidence and lesion size during treatment
Maximum size (diameter)

Cases without pain

Cases with pain

Pain incidence, %

<5 cm

716

290

29

>5 cm and <10 cm

237

274

56

>10 cm

185

373

67

Before subgrouping by lesion size, we excluded multiple lesion cases that overlapped in these categories.
a
The c2 test, P < .01.
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Number of cases

40
35

over 10 cm

30

between 5 and
10 cm

25

less than 5 cm

20
15
10
5
0
1

7 13 19 25 31 37 43 49 55 61 67 73 79 85 91 97

Fig 3. Cross-sectional analysis of maximum lesion size (diameter) during treatment in patients with limb and
trunk venous malformations (VMs).

the lesion size ratio was 1:1:1 (<5 cm:5-10 cm:>10 cm). As
the lesion size increased, the pain incidence increased.
Patients with VM experience severe pain that often
leads to walking dysfunction and may cause them to
temporarily miss school. Although the mechanism of
VM pain is unclear, compression of the affected limbs
with elastic stockings often relieves pain in the clinical
setting. Elastic stockings prevent dilation of the affected
veins and congestion of blood ﬂow. The main state of
VM probably involves stagnation of blood that may
induce intralesional thrombosis or localized intravascular
coagulation.7 Avoidance of blood stasis is expected to

13 years of age. However, the upper limit of this pain
incidence was approximately 50%. We examined the differences in pain complications between male and
female patients and in age at ﬁrst visit for patients with
limb and trunk VMs and found no differences between
the sexes.
Both the VM pain incidence and the lesion size
increased as the patients’ ages increased. Thus, we
analyzed the relationship between lesion size, pain incidence, and age in patients with limb and trunk VMs.
The lesion size in infants was small, usually <5 cm, and
increased with age. At approximately 12 years of age,

Table V. Summary of pain incidence with head and neck venous malformations (VMs) by lesion site and depth during
treatment
Skin and subcutis
Maximum size
(diameter)
<5 cm

Cases without
pain

Cases with
pain

Muscle, tendon, and bone

Pain incidence,
%

Cases without
pain

Cases with
pain

Pain incidence,
%
Total, %

338

30

8

134

29

18

11

>5 cm and <10 cm

38

13

25

101

48

32

30

>10 cm

12

7

37

63

39

38

38

388

50

11

298

116

28

19

Total

Before subgrouping by lesion size and site, we excluded multiple lesion cases that overlapped in these categories.
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Table VI. Summary of pain incidence with limb and trunk venous malformations (VMs) by site and depth during treatment
Skin and subcutis
Maximum size
(diameter)
<5 cm

Muscle, tendon, and bone

Cases without
pain

Cases with
pain

Pain incidence,
%

Cases without
pain

Cases with
pain

198

125

39

46

106

Pain incidence,
%
Total, %
70

49
68

>5 cm and <10 cm

69

61

46

29

152

84

>10 cm

41

44

51

69

283

80

75

308

230

43

144

541

79

63

Total

Before subgrouping by lesion size and site, we excluded multiple lesion cases that overlapped in these categories.

indirectly or directly reduce pain. These positive effects
have already been established in treatment of varicose
veins.8 Although many patients younger than 5 years
dislike wearing the elastic stockings because of their
tight ﬁt, most patients older than 5 years understand
the effects of the stockings and will wear them.9 These
stockings can be custom-made to ﬁt babies’ and children’s affected limbs, thus reaping the beneﬁts of industry advancement. However, there are some controversies
about compression therapy. Although compression therapy is commonly used to treat low-ﬂow vascular malformations, the available literature provides no high-quality
evidence to validate its use.10 The appropriate time to
begin using elastic stockings, the appropriate limb
compression pressure, the time of day, and the effectiveness of elastic stockings in preventing or postponing the
ﬁrst severe pain attack in the limbs of patients with VM
are also unclear.

CONCLUSIONS
The results of our binomial logistic regression analysis
based on age, sex, lesion site, lesion depth, and lesion
size and our cross-tabulation table analysis of lesion
site, depth, and size indicated a clear order of factors
that contribute to pain: site > depth > size. Age was
also an important factor, whereas sex was not. These
results may be fundamental for further surveys on preventing and treating VM pain. For example, elastic
stockings are expected to be more effective on the
basis of lesion site and depth rather than lesion size
and patient age. As pain often impairs the patient’s
quality of life, the ﬁndings of our epidemiologic survey
may be used for individual clinical practice and basic
medical research studies based on the principle “think
globally, act locally.” It is important for physicians and
patients to share short-term expectations when setting
up treatment strategies. Furthermore, these ﬁndings

Table VII. Result of binomial logistic regression analysis

Explanatory
variable

Wald test
Standard for the parPartial
partial
tial regresregression Standard regression
sion
coefﬁcient
error
coefﬁcient coefﬁcient

Degrees of
freedom for
the partial
regression
coefﬁcient

P value for 95% Conﬁdence
the partial intervals of the
regression partial regres- Odds
coefﬁcient sion coefﬁcient ratio

95% Conﬁdence intervals of the
odds ratio

Age

0.0124

0.0025

0.2732

25.1463

1

.0000a

0.0075-0.0172

1.0124 1.0076-1.0173

Sex

0.2027

0.1077

0.0985

3.5444

1

.0597

0.0083 to
0.4138

1.2247 0.9117-1.5125

Lesion site

2.0553

0.1179

1.0108

303.7818

1

.0000a

1.8242-2.2864

7.8092 6.1977-9.8397

Lesion depth

1.2303

0.1151

0.6140

114.2484

1

.0000a

1.0047-1.4559

3.4224 2.7312-4.2885

35.1336

1

a

.0000

0.2687-0.5341

312.4961

1

.0000a

3.2686 to
2.6162

Lesion size

0.4014

0.0677

Constant
term

2.9424

0.1664

a

0.3374

P < .001.
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reconﬁrmed the need to investigate the cause of VM
pain and to explore its solutions, including oral treatment, sclerotherapy, surgery, and compression therapy
with elastic stockings.
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ABSTRACT
The objective was to prepare guidelines to perform the current optimum treatment by organizing effective and
efficient treatments of hemangiomas and vascular malformations, confirming the safety and systematizing treatment, employing evidence-based medicine techniques and aimed at improvement of the outcomes. Clinical questions (CQ) were decided based on the important clinical issues. For document retrieval, key words for published
work searches were set for each CQ, and work published from 1980 to the end of September 2014 was searched
in PubMed, Cochrane Library and Japana Centra Revuo Medicina databases. The strengths of evidence and recommendations acquired by systematic reviews were determined following the Medical Information Network
Distribution System technique. A total of 33 CQ were used to compile recommendations and the subjects
included efficacy of resection, sclerotherapy/embolization, drug therapy, laser therapy, radiotherapy and other
conservative treatment, differences in appropriate treatment due to the location of lesions and among symptoms,
appropriate timing of treatment and tests, and pathological diagnosis deciding the diagnosis. Thus, the Japanese
Clinical Practice Guidelines for Vascular Anomalies 2017 have been prepared as the evidence-based guidelines
for the management of vascular anomalies.

Key words:

clinical practice, guidelines, hemangioma, vascular anomalies, vascular malformation.

INTRODUCTION
The etiology of vascular anomalies on the body surface and in
soft tissue are mostly unclear and no fundamental treatment
methods have been established. Many patients visit many
medical institutions seeking an expert, being a disadvantage in
treatment. Hemangiomas and vascular malformations are frequently termed “hemangioma”, but these are different diseases
in the classification proposed by the International Society for
Study of Vascular Anomalies (ISSVA),1,2 and this classification
has been internationally standardized.
The Clinical Practice Guidelines for Vascular Anomalies 2013
(1st edition)3 target general practitioners and the general public, and were prepared aiming at organizing effective and efficient treatments for hemangiomas/vascular malformations,
confirming the safety and systematizing treatment using evidence-based medicine (EBM) techniques. The organization
responsible for preparation was the Health, Labor and Welfare
Sciences Research Grants (Research on Measures for Intractable Diseases), Research Committee for “Intractable Vascular
Anomalies”, and the main committee members were selected
from academic societies of plastic surgery and radiology
mainly treating hemangiomas and vascular malformations: the
Japanese Society of Plastic and Reconstructive Surgery and
Japanese Society of Interventional Radiology, and the guidelines were prepared by them.
The Clinical Practice Guidelines for Vascular Anomalies 2017
were prepared as a revised edition of the Clinical Practice
Guidelines for Vascular Anomalies 2013. The organization
responsible for preparation was the Health, Labor and Welfare
Sciences Research Grants (Research on Policy Planning and
Evaluation for Rare and Intractable Diseases), Research Committee for Intractable Vascular Anomalies, and the differences
from the previous guidelines are setting the objective of summarizing opinions from related academic societies by inviting
many committee members from dermatologists, pediatric surgeons, pediatricians, radiologists (diagnostic radiology), and

2

basic researchers including the pathology, molecular biology
and epidemiology fields, in addition to plastic surgeons and
radiologists (interventional radiology). Because the guidelines
were prepared following the reformed Minds Handbook for
Clinical Practice Guideline Development 20144 and Minds Manual for Clinical Practice Guideline Development Ver. 1.0–2.0,5,6
it was fully revised.
The original text of the guidelines (Japanese version) is comprised of reviews and clinical questions (CQ), but only CQ are
presented in this report.

PURPOSE OF THE GUIDELINES
The objective was to prepare guidelines to perform the current
optimum treatment by organizing effective and efficient treatments of hemangiomas and vascular malformations, confirming
the safety and systematizing treatment, employing the EBM
techniques and aimed at improvement of the following outcomes: pain, swelling, esthetic impairment and functional disorder.

METHODS
Organization
For the Guidelines Executive Committee members, representatives of the plastic surgery, dermatology, radiology, pediatric
surgery and basic science fields were selected. The guidelines
preparation group and systematic review (SR) team for preparation of CQ and recommendations were comprised of four
groups: (i) groups in charge of arteriovenous malformation
(AVM), venous malformation (VM), combined type and syndrome; (ii) in charge of capillary malformation (CM) and infantile hemangioma; (iii) in charge of the lymphatic malformation
(lymphangioma) (LM); and (iv) in charge of the basic field. To
the group in charge of AVM, VM, combined type and syndrome, plastic surgeons and radiologists were mainly
assigned. To the group in charge of CM and infantile
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hemangioma, plastic surgeons and dermatologists were
mainly assigned. To the group in charge of the lymphatic system, pediatric surgeons, plastic surgeons and pediatricians
were mainly assigned. The reviews of the guidelines were also
prepared by those selected from each group. Pathologists
and molecular biologists were in charge of the reviews of the
basic fields.

Preparation process
The guidelines were revised following the Minds Handbook
for Clinical Practice Guideline Development 2014 and Minds
Manual for Clinical Practice Guideline Development Ver. 1.0–
2.0.
Clinical questions were decided based on the following
important clinical issues: (i) efficacy of resection; (ii) efficacy of
sclerotherapy/embolization; (iii) efficacy of drug therapy, laser
therapy, radiotherapy and other conservative treatment; (iv) differences in appropriate treatment due to the location of
lesions; (v) differences in appropriate treatment among symptoms; (vi) appropriate timing of treatment and tests; and (vii)
pathological diagnosis deciding the diagnosis.
For document retrieval, key words for published work
searches were set for each CQ and work published from 1980
to the end of September 2014 was searched in PubMed,
Cochrane Library and Japana Centra Revuo Medicina (JCRM)
databases. A published work search was requested from the
Japan Medical Library Association. For decisions on CQ and
recommendations lacking evidence or having weak evidence,
discussion and agreement in the preparation group were
reflected.
The strengths of evidence and recommendations acquired
by SR were determined following the Minds technique as
described below and this follows the GRADE guidelines preparation method.7,8
Determination of the strength of evidence of the body of evidence (Table 1)
The strength of evidence of the body of evidence was determined according to the Minds Handbook for Clinical Practice
Guideline Development 2014.
In the case of RCTs [randomized controlled trials], the score
“A (strong)” is given at the start of evaluation, and the final
score might be downgraded to B, C, or D, according to the

Table 1. Recommendation grade and definition of the strength
of body of evidence in evaluation of systematic review
Recommendation grade
1: strongly recommended
2: weakly recommended (suggested)
Definition of the Strength of Body of Evidence in Evaluation of
Systematic Review
A (strong): strongly confident of the estimate of effect
B (moderate): moderately confident of the estimate of effect
C (weak): limited confidence of the estimate of effect
D (very weak): very little confident of the estimate of effect

results of evaluation of five items, including risk of bias,
inconsistency in results, indirectness of evidence, data
imprecision and high possibility of publication bias. In the
case of observational studies, the score “C (weak)” is given
at the start of evaluation, and five items lowering the
strength are evaluated similarly as for RCTs. In addition,
three items, including large effect with no confounding factors, dose–response gradient, and possible confounding
factors, are weaker than actual effects increasing the
strength are evaluated as well. . .

Presentation of the strength of recommendations
The strength of recommendation was also determined according to the Minds Handbook for Clinical Practice Guideline
Development 2014 (Table 1).
The strength of recommendations is usually presented in
two ways: “1”: strongly recommended, and “2”: weakly recommended (suggested). If the strength of recommendations
cannot be determined by any means, it is occasionally presented as “no definite recommendation can be made.”
Recommendations will be entered as follows by indicating
the strength of evidence (A, B, C, D) with the strength of
recommendations “1”: strong or “2”: weak.

Finalization
Preparation of the draft guidelines was completed in December 2016 and review was requested from the Japanese Society of Plastic and Reconstructive Surgery, Japanese
Dermatological Association, Japan Radiology Society, Japanese Society of Interventional Radiology, Japanese Society of
Pediatric Surgeons and Japanese Society of Pathology
between December 2016 and January 2017, and corrections
were made based on the results of the reviews. In addition,
from December 2016 to January 2017, the guidelines were
disclosed on the home page of the Research Committee for
“Intractable Vascular Anomalies” and public comments were
collected. The draft guidelines were presented to two related
patient organizations, the Patients Association of Vascular
Anomalies and the Patients Association of Combined Vascular
Malformations, and comments were received. Based on
these, the draft guidelines were revised and CQ, recommendations and explanations were completed. It was finalized in
March 2017.

RESULTS
CQ and recommendations
CQ1: What are the guidelines for the time to begin
treatment for AVM?
Recommendation: It is necessary to judge the time to begin
endovascular or surgical treatment for AVM individually by
evaluating the stage of symptoms and lesion extent and in
consideration of the risk of complications.
Strength of recommendation: 2 (weak).
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Evidence: D (very weak).
Comments: As a result of primary screening, 92, three and
27 papers were extracted from PubMed, JCRM and Cochrane
Library, respectively, and, as a result of secondary screening,
37 and three papers were extracted from PubMed and JCRM,
respectively. However, as all of these references were observational or case series studies, the strength of evidence is rated
as D (very weak).
There has been no report in which time to begin treatment
for AVM in itself was the end-point, and only some reports
described the view on the time to begin treatment in the discussion. Therefore, as it is difficult to objectively evaluate the
validity of the time to begin treatment, we determined whether
guidelines can be derived from the patient age, lesion site,
symptoms, clinical stage, effectiveness of treatment and frequency of complications in each report.
In the two reports on the treatment for AVM,9,10 symptomatic AVM is primarily addressed, and treatment can be suspended (follow up) while the lesion remains asymptomatic.
However, as AVM often progresses when left untreated, it is
considered important to begin the treatment at an appropriate
time depending on the stage of symptoms. In addition, as
there is the tendency that the response rate decreases, and
the complication rate increases, with progression of symptoms,
some reports from particular pediatric institutions where
patients are concentrated recommend early therapeutic intervention in relatively “early” or “mild” stages without waiting for
progression of the disease.
Localized lesions may be radically treated by early intervention.11 Among endovascular procedures, the response
(cure) rate tends to be high by ethanol embolization, but
the complication rate is also high.12,13 By surgery, localized
lesions are unlikely to recur if they are completely resected,
although adverse events, such as postoperative cicatrization/deformation or functional impairment, have been seldom discussed.10 On the other hand, in diffuse lesions,
limitations of effectiveness, such as recurrence and persistence and the risk of treatment, are higher by both
endovascular treatment and surgery, with the risks
outweighing the benefits.13 It should also be considered
that children, in particular, are not mentally ready to accept
such invasive treatments.14
As discussed above, it is difficult to give guidelines for the
time to begin treatment for AVM at present, and individual
judgment is necessary depending on the symptom stage and
lesion extent in consideration of the complication risk.

CQ2: Is recurrence (regrowth) after resection of
AVM more frequent by wound closure with a skin
graft than by reconstruction using a flap?
Recommendation: Whether recurrence (regrowth) is more frequent by wound closure with a skin graft compared with
reconstruction using a flap is unclear.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: The number of references retrieved by searches
using key words was 40 from JCRM, 75 from PubMed and

4

zero from Cochrane, and 39 were extracted by secondary
screening. For AVM of a certain size, reconstruction is necessary after resection, and wound closure by skin grafting or
reconstruction using a flap is performed according to common
reconstruction methods for tissue defects. The reports discussing reconstruction after resection of AVM that we could
retrieve were all descriptive studies (case reports or case series studies). Therefore, the evidence level of all of these references is D (very weak).
The concept of a regulating flap,15,16 that reconstruction
using a free flap controls the recurrence or regrowth after
resection of AVM, has been proposed. However, no report has
and
other
flap
evaluated
whether
free
flaps16–37
17,19,25,28,38–49
types
clearly prevent the recurrence or regrowth
compared with skin grafts.21,23,50–52
According to the present knowledge on the recurrence or
regrowth after resection of AVM,15,16,39,53 whether AVM can be
completely resected is important, and, concerning cases in
which complete resection is difficult, it has been reported that
the hemodynamics in the residual lesions contribute to the
recurrence and regrowth, and that they can be controlled by a
flap with rich blood flow.

CQ3: Is proximal ligation/coil embolization of the
feeding artery of AVM effective?
Recommendation: The therapeutic effect of ligation/coil
embolization of the feeding artery on the proximal side may be
poor, and the possibility of recurrence may be high. In addition, in the event of recurrence, treatment may become difficult
due to the development of collateral vessels. Therefore, these
procedures are recommended to be avoided, in principle.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: As a result of secondary screening, one and 14
papers were extracted from PubMed and JCRM, respectively,
and were reviewed. As a result, all of these papers were case
reports. In addition, six papers retrieved by manual searches
were also reviewed, but they were all case series studies at
the maximum. Therefore, the strength of evidence as a collection of published work concerning this CQ is D (very weak).
To summarize the evaluation of this collection of papers,
AVM was treated by proximal ligation/coil embolization of the
feeding artery, but as there have been reports of recurrence
following the development of collateral channels (reports of
cases of the occurrence of unfavorable situations), the treatment is recommended to be avoided, but the evidence level of
this recommendation is low as mentioned above.
The objective of embolization for AVM is obliteration of the
nidus, and embolization at or near the nidus is necessary as
much as possible. If ligation/coil embolization of the feeding
artery is performed on the proximal/central side, the nidus is
not obliterated, and the development of several collateral channels is promoted. In many cases, the collateral channels are
thin, complicated and markedly tortuous, and transcatheter
treatment is often difficult.
Wu et al.14 performed proximal ligation in nine of 29 patients
treated for AVM of the auricle but the condition was
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exacerbated in all patients with eight requiring auricular resection and one requiring additional treatment. They excluded
proximal ligation from treatment options for AVM, because it
makes subsequent transcatheter treatments difficult.
Slaba et al.54 evaluated 25 patients with AVM of the tongue
and reported that three of the 12 symptomatic patients who
underwent ipsilateral external carotid artery ligation at another
facility showed marked development of collateral channels.
Other reports include those of a case in which a large number of collateral channels developed as a result of ligation of
the feeding artery for AVM of the shoulder with serious complications including high-output heart failure;55 three cases in
which proximal ligation/embolization was performed for AVM of
the limbs and pelvis, collateral vessels developed, but the condition was controlled by multidisciplinary treatment consisting
of transcatheter treatment and direct puncture sclerotherapy;56
and several cases in which external carotid artery ligation was
performed for AVM of the head and neck, but the subsequent
treatment was difficult.
Suyama et al.35 reported a case in which AVM of the auricle, treated by proximal embolization using coils and gelatin
sponge, recurred and was treated again by ligation at a proximal part of the artery, but the lesion recurred again. Also,
Aikawa et al.57 reported a case of intrapelvic AVM that underwent coil embolization of the left ovarian artery and left internal
iliac artery but showed little change in the area of the nidus or
the state of arterial or venous dilatation. In addition, Yamamoto
et al.58 reported a case in which transarterial embolization
(TAE) was performed for AVM of the mandible through the
maxillary artery, facial artery, lingual artery and ocular artery,
but was not effective due to the development of collateral
channels from the internal carotid artery and vertebral artery.
As observed above, it is recommended not to select proximal/central ligation/coil embolization as a treatment for AVM.
However, AV fistulas with direct connection of a large artery
and a vessel may be treated by coil embolization if the shunt
area is directly accessible with a catheter. Proximal coil
embolization may also be accepted as preoperative embolization, but careful evaluation of its indications is necessary, and
embolization at a site near the shunt is necessary to leave
room for catheter insertion in the event of future recurrence.

CQ4: What is the appropriate timing
embolization before resection of AVM?

for

Recommendation: It is recommended to perform resection
within 3 days (72 h) after embolization. If the interval is prolonged, the risk of massive intraoperative hemorrhage may
increase due to recanalization of the embolized vessel and
development of collateral channels. In addition, surgery has
been reported to be made difficult by enlargement of the lesion
after embolization.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: While it is difficult to generalize the therapeutic
approach as it varies with the affected area and extent of the
lesion, there were a few reports that preoperative embolization
was useful for the treatment of AVM of the head and neck region.

As a result of secondary screening, 10 and three papers
from PubMed and JCRM, respectively, were reviewed. All of
the papers selected by this screening procedure were case
reports or case series, and the strength of evidence is D (very
weak). Mentions about the timing of preoperative embolization
and volume of hemorrhage also varied among the papers.
Although it is difficult to draw a conclusion, among the papers
that mentioned specific timing of preoperative embolization
and volume of hemorrhage, Deng et al.59 performed embolization within 48–72 h before surgery in 16 patients with maxillofacial AVM and reported that the volume of hemorrhage was
200 mL or less in all patients and that there were no complications. Erdmann et al.60 performed embolization within 24 h
before surgery in four patients with head and neck AVM, and
the lesion was resected with hemorrhage of 100 mL or less in
three. It is recommended to perform resection within 72 h to
prevent increases in difficulty of resection due to inflammation
after embolization.
There have also been reports that embolization was performed intraoperatively or within a few days before surgery,
resulting in decreases in the volume of hemorrhage or favorable long-term outcomes. Most papers reported no or only
mild complications, but as for relatively severe complications,
Goldberg et al.61 reported temporary visual impairment in two
of the three patients with orbital AVM.
Factors that affect the appropriate timing of preoperative
embolization include recanalization of the target vessel, development of collateral channels, and swelling and reactive
changes after embolization, which make surgery difficult. To
avoid the effects of these phenomena, many papers supported
relatively early resection, namely within 72 h after embolization.
Clinically, also, there is no benefit in taking a long interval, and
it is considered valid to recommend resection within 72 h of
embolization.
In conclusion, adequate control of hemorrhage may be
achieved with fewer complications by performing vascular
embolization within a few days before surgery, but no sufficient
evidence that supports this view has been provided.

CQ5: What treatments
maxillomandibular AVM?

are

appropriate

for

Recommendation: Although surgery alone is not recommended, a combination of surgery with endovascular
embolization (including sclerotherapy) can be recommended
depending on the case.
Radiotherapy is not recommended.
Endovascular embolization (including sclerotherapy) alone or
as a preoperative treatment can be recommended.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: AVM of the maxilla and mandible is a rare disorder. Most of the published works are reports of a small number
of cases except a few case series reported from some special
institutions. Only five reports62–66 of a series of 10 or more
cases were retrieved by the search of PubMed. Because there
is no cohort study or randomized trial comparing various treatments, strong evidence regarding the best treatment is lacking.
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Maxillomandibular AVM may involve the maxilla, mandible
or both, and it often presents with massive oral hemorrhage
around the age of 10 years when milk teeth are lost, but may
also be detected due to swelling of the soft tissue.
According to Persky et al.,62 embolization alone resulted in
cure in 42%, improvement in 16% and stabilization of symptoms in 23% of the 26 patients with a maxillomandibular AVM.
Liu et al.63 treated 25 patients by transarterial or transvenous
embolization alone or in combination with curettage and
reported anatomical cure in 14 and clinical cure in 21. Chen
et al.65 treated 15 patients by bone wax packing (BWP) alone
in four, TAE + BWP in three, TAE + resection in four and
TAE + radiotherapy + resection in four, and reported clinical
cure in 14.
The following are considered as treatment options for AVM
of the maxilla and mandible:
1. A: Surgical treatment
a.
b.
c.

A-1: Resection and reconstruction
A-2: Curettage
A-3: BWP

2. B: Endovascular embolization (including sclerotherapy)
a.
b.
c.

B-1: TAE
B-2: Transvenous embolization
B-3: Embolization by direct puncture

3. C: Combination of A and B
4. D: Radiotherapy
The published work is mostly about B, namely endovascular
embolization (including sclerotherapy) alone, or surgical treatment after B. There was no report of case series of surgical
treatment alone, but there was only one report65 of case series
of surgery + radiotherapy. Surgery alone and radiotherapy are
generally not recommended. Endovascular embolization is performed by various approaches including transarterial and
transvenous routes and direct puncture, sometimes in combination. Concerning embolic agents, polyvinyl alcohol and
Gelfoamâ (Pfizer, New York, NY, USA) are used for embolization as an adjuvant therapy immediately before surgery as they
allow recanalization. Cyanoacrylate liquid embolic agents are
considered effective for embolization performed preoperatively
or alone in expectation of a long-term occlusive effect.64,67,68
Coils are often used for transvenous embolization. Recently,
there have been reports69,70 that favorable outcomes were
obtained by TAE using Onyxâ (Medtronic, Irvine, CA, USA), a
non-adhesive liquid embolic agent. Concerning sclerotherapy,
there is a case series study of ethanol sclerotherapy alone,
reporting relatively favorable outcomes.71 Infection and bone
necrosis are frequent complications of embolization, and they
may occur when an embolic agent, a foreign body, is injected
into lesions that were in contact with the external environment
due to direct puncture or hemorrhage. Surgical treatments as
listed above are performed primarily after endovascular
embolization. Invasive radical resection and reconstruction
should be avoided at least as the initial treatment, because

6

many lesions can now be controlled by endovascular embolization alone with the advancement of endovascular technique.
As mentioned above, endovascular embolization is performed using various approaches and embolic agents selected
depending on the facility and patient. There are also a wide
variety of surgical treatment options. Because the treatment
may be performed by combining these options, AVM of the
maxilla and mandible should be treated at the institutions
where multidisciplinary treatment can be performed by experienced physicians.

CQ6: What treatments are appropriate for AVM of
the fingers?
Recommendation: Although embolization or sclerotherapy are
effective because they alleviate symptoms, such as pain, sufficient evaluation is necessary because of the risk of finger
necrosis and nerve damage. In surgical resection, total resection is recommended, because partial resection is likely to
result in enlargement of the lesion. Occasionally, the disorder
results in finger amputation.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: As a result of primary screening, 38, 16 and 35
papers were retrieved from PubMed, Cochrane Library and
JCRM, respectively. However, during secondary screening,
many reports concerned AV shunts in dialysis patients and
AVM at sites other than the fingers. Eventually, only 10 papers
comprising three case series and seven case reports remained
as references, and the evidence level is extremely low (D: very
weak).
Arteriovenous malformation of the fingers is often difficult to
treat, and treatments are likely to be ineffective, particularly
when the lesion extends from the fingers to the palm. In addition,
when AVM is localized in the fingers, complications are likely to
occur after treatment.72 It is recommended to conduct treatment
by a team from several departments including plastic surgery,
vascular surgery and radiology.73 3-D computed tomography
(CT) angiography is useful for preoperative examination.74
Because complete cure is difficult to obtain by embolization
therapy, it is recommended to be performed for alleviation of
symptoms such as pain only in symptomatic areas.75 In addition,
as there is the possibility of re-enlargement after embolization, it
is recommended to periodically follow up the condition and
repeatedly perform embolization each time symptoms appear.73
Surgical resection is necessary for permanent cure, and total
resection is recommended as there is the possibility of re-enlargement after partial resection.76–78 Reconstruction is occasionally necessary, but treatment may end in finger amputation.
In this event, preoperative embolization or sclerotherapy is effective.79 The present review has fallen short of clarifying situations
in which preoperative embolization is useful in fingers to which a
tourniquet can be applied.

CQ7: What treatments are effective for painful VM?
Recommendation: Sclerotherapy and surgical resection, as
well as conservative treatments, such as compression, oral
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aspirin and low-molecular-weight heparin, are reported to be
effective depending on the site and size of the lesion and
symptoms. Endovascular laser treatment, percutaneous
cryotherapy and photodynamic therapy have also been suggested to be effective.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: As a result of the published work search, 54
reports in English and four in Japanese were retrieved by primary screening. Of these reports, 39 in English and four in
Japanese were extracted by secondary screening. Many
options were reported as treatments for pain associated with
VM, but all of these documents were case series or case
reports without comparison of treatments. Therefore, the evidence level was rated as very weak and the recommendation
level as weak.
Pain is one of the major symptoms of VM. It may respond
to conservative treatments that are relatively easy to manage,
such as compression and oral aspirin, depending on the site
and size of the lesion and symptoms. Particularly when pain is
localized, surgery should also be considered. Relatively novel
treatments, such as endovascular laser therapy, percutaneous
cryotherapy and photodynamic therapy, have been reported to
be effective for controlling local VM, and they have also been
reported to be effective for the control of pain. Limb lesions
accompanied by localized intravascular coagulopathy may be
indications for low-molecular-weight heparin. Reports on various treatments are mentioned below.
1. Compression
Although there has been no report of comparative evaluation, compression is reportedly effective according to reviews
by specialized medical facilities.80–82
2. Oral aspirin
The published work is also limited, but the treatment has
been mentioned in reviews.80–82 Nguyen et al.83 reported that
pain was alleviated in 17 (77%) of 22 patients in whom oral
aspirin therapy was initiated for pain.
3. Sclerotherapy
Sclerotherapy has often been performed using ethanol or
polidocanol. The published work concerning other sclerosing
agents is scarce, and their effectiveness remains largely
unclear.
Each sclerosing agent is commented on below.
(i) Ethanol
Shireman et al.84 reported remission in six of 12 patients,
and Rimon et al.85 reported alleviation or remission in 14
patients with painful VM (including eight with lower limb
lesions) except in four of those with lower limb lesions. Marrocco-Trischitta et al.86 reported that pain was resolved in both
(100%) of two women with external genital lesions.
Concerning the use of ethanol, Suh et al.87 reported alleviation to 50% or less of the pretreatment state according to a
VAS in 12 (71%) of 17 patients who underwent sclerotherapy

using its mixture with lipiodol, and Dompmartin et al.88
reported 37 patients who underwent sclerotherapy using its
mixture with ethylcellulose. According to Schumacher et al.,89
also, 77 patients underwent sclerotherapy using ethylcellulose
ethanol in a multicenter study, and significant improvement
compared with the pretreatment state was observed in all
patients.
(ii) Polidocanol (including foam sclerotherapy)
Mimura et al.90 reported remission in six, alleviation in four
and no change in one of 11 patients with painful VM, and
remission in 12 (41%), alleviation in 14 (48%), no change in
two (7%) and exacerbation in one (3%) of 29 patients in
another study.91 Cabrera et al.92 treated 50 patients (including 15 with Klippel–Trenaunay syndrome) using a foamed
sclerosing agent and reported remission in 25 (50%) and
alleviation in 14 (28%). Marrocco-Trischitta et al.86 reported
resolution of pain in all three women with external genital
lesions.
(iii) Ethanolamine oleate
Ozaki et al.93 reported remission in two (20%) and alleviation in eight (80%) of 10 patients.
(iv) Sodium tetradecyl sulfate (STS)
Krokidis et al.94 reported alleviation of pain in four of five
women with external genital lesions.
4. Surgical resection
Enjolras et al.95 performed surgical resection in seven of 13
patients with VM involving a wide area including the knee joint
and reported alleviation of pain in five (71%). Steiner et al.96
reported alleviation to 50% or less of the pretreatment state by
a VAS in 24 (89%) of 27 patients with background pain and 12
(92%) of 13 patients with acute episodic pain. In addition, Noel
et al.97 performed surgical resection and compression therapy
for VM of the lower extremities in 20 patients with Klippel–Trenaunay syndrome and reported disappearance of pain in 18
(90%) (mean follow-up period, 63 months).
5. Endovascular laser therapy
Sidhu et al.98 and Lu et al.99 reported alleviation of pain in all
eight and 51 lesions in six and 33 patients, respectively. Liu
et al.100 also reported marked responses in 46 (35%), responses
in 84 (63%) and no change in three (2%) of 133 patients.
6. Low-molecular-weight heparin
According to Mazoyer et al.,101 only low-molecular-weight
heparin was effective when VM were complicated by localized
intravascular coagulation, resulting in disappearance of pain.
7. Percutaneous cryotherapy
Cornelis et al.102,103 reported remission of pain in a report of
one case (observation period, 2 months) and a report of four
cases (observation period, 6 months).
8. Photodynamic therapy
Betz et al.104 reported remission in two and alleviation in
one of three patients.
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CQ8: Is laser therapy effective for VM?

treatment and benefits and harms derived from treatment (decrease in size of the lesion, alleviation of symptoms, complications).
In the facial skin, pigmentation and scar formation after irradiation can be serious treatment-related complications compared with unexposed areas. In the airway and digestive tract,
the mass effect of the lesion and chronic bleeding from the
lesion can be causes of serious symptoms. Thus, as the goal
to achieve varies with the anatomical site of the lesion, we
reviewed the published work by the anatomical site (the neurosurgery field was excluded). For this reason, we also extracted
benefits and harms of treatment from the text of the reports of
less than 30 cases. The relevant departments surveyed
included ear, nose and throat, dental and oral surgery, gastrointestinal surgery, ophthalmology, plastic surgery and dermatology, and secondary screening overviewed laser therapy
for VM and vasodilatory lesions.
When a new laser instrument is developed and put into use,
reports of therapeutic results using the equipment are presented. The types of laser used for treatment varied widely.
The types of laser that have been reported are summarized
chronologically in a graph (Fig. 1). While the type of laser with
more reports is not necessarily more effective, the graph is

Recommendation: With appropriate selection of the type of
laser according to the site, size and symptoms of the lesion,
laser therapy can be effective for the treatment of VM. It is recommended to evaluate whether the net benefit by laser therapy is worth the cost and resources by comparison with other
treatments such as sclerotherapy and surgical resection.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
Comments: VM is a lesion that has been called cavernous
hemangioma, and it causes pain, functional impairment and
cosmetic defect depending on the affected site. In addition to
conventional resection of the lesion, sclerotherapy has been
widely performed in recent years. While reports of laser therapy for VM have increased, there have not been prospective
studies (PS) comparing the results of laser therapy with those
of surgery or sclerotherapy, among types of laser equipment
different in wavelength, or using the same equipment type
but changing the irradiation method or parameter setting. We
analyzed 134 papers extracted by primary screening and 98
papers extracted by secondary screening. Concerning more
than 30 cases, the answer to the CQ was based primarily on
seven reports summarizing the methods and sites of
16
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Figure 1. Reports of laser therapy for hemangiomas/vascular malformations (primarily venous) in various periods and types of laser
used in the reports (CQ8). CO2: 10 of 11 reports recommend the use for surgical resection. Argon: there are four reports of mixed
treatments for CM and VM. Neodymium:yttrium–aluminum–garnet (Nd:YAG): there are 12 reports of its use in combination therapy
with surgery, sclerotherapy or other lasers. Alexandrite: there is only one report summarizing cases treated with alexandrite in combination therapy with other lasers. CQ, clinical question; Er:YAG, erbium:yttrium–aluminum–garnet; Ho:YAG, holmium:yttrium–aluminum–garnet; KTP, potassium titanyl phosphate laser; YAG, yttrium–aluminum–garnet.

8

This article has been co-published with the permission of The Journal of Dermatology, Pediatrics International and
Japanese Journal of Radiology. All rights reserved. © 2020 The Authors. The articles are identical except for minor
stylistic and spelling differences in keeping with each journal’s style. Either citation can be used when citing this article.

- 720 -

Guidelines for vascular anomalies 2017

considered to reflect tendencies of laser types that are established and gain favorable appraisal or no longer in use.
Because dye laser used for the treatment of port-wine stain
(wavelength, 595 nm) uses hemoglobin as the observer/heater,
photothermal conversion occurs efficiently in the blood vessel,
and the thermal energy reaches endothelial cells.105 However,
its optical penetration depth is shallow, being approximately
1 mm in both the skin and mucosa.105 However, in an erbium:
yttrium–aluminum–garnet (Er:YAG) laser with a longer wavelength (1064 nm), the optical penetration depth is approximately 3 mm in the skin and approximately 6 mm in the
mucosa.105 Although an neodymium:yttrium–aluminum–garnet
(Nd:YAG) laser is advantageous compared with dye laser for
the treatment of deep lesions, heat is generated also in
perivascular tissues, because light is converted to heat as it is
absorbed by water contained in the skin and mucosa.
The target of laser treatment for VM is the endothelium of
morbidly dilated blood vessels. There is no light that is specifically absorbed by endothelial cells and emits heat. Satisfactory
therapeutic results cannot be expected unless treatment is
performed by selecting the laser type and modifying the irradiation method based on the understanding of such principles
and limitations of phototherapy.
Concerning small VM of the mucosa, tongue, lips and glans
penis, in which scar formation after treatment poses no serious
problem, there are a number of reports106–108 that lesions were
resolved by treatment using Nd:YAG laser. There have also been
cases in which favorable results were obtained by treatment of
anemia due to gastrointestinal bleeding109 and of symptoms, such
as airway obstruction, due to the mass effect of the lesion.110
While transient purpura and swelling after treatment are unavoidable, they often resolve rapidly.99 Modifications of the irradiation
setting and method are necessary to obtain satisfactory results
and avoid serious complications, such as peroneal neuropathy100
and pigmentation and scar formation of the facial skin,106,108 and
we must learn from the experience of experts.
Neodymium:yttrium–aluminum–garnet laser irradiation by
insertion into the lesion under ultrasound guidance has begun
to be performed as a treatment to avoid damaging important
organs and nerves,98–100 therapeutic experience using this
technique has been accumulated, and detailed records and
reports have been presented. At present, the results have been
satisfactory in terms of safety and efficacy, and standardization
of the procedure is anticipated.

CQ9: Is sclerotherapy effective for VM?
Recommendation: Sclerotherapy for VM is effective for alleviating symptoms and reducing the size of the lesion and is recommended.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: VM is a lesion that used to be called cavernous
hemangioma or intramuscular hemangioma and differs from
infantile hemangioma. VM poses problems, such as pain, swelling and functional impairment, and has been treated conventionally by surgical resection. In Western countries,
percutaneous sclerotherapy has a long history. In 1989, Yakes

et al.111 reported ethanol sclerotherapy for VM, and the treatment has since been performed worldwide. Recently, sclerotherapy, which is mildly invasive, permits functional and
morphological preservation, and can be performed repeatedly,
has become widely used. However, as of 2016, sclerotherapy
is not covered by medical insurance in Japan. In addition,
there has been no RCT on the usefulness of sclerotherapy for
VM compared with surgery or placebo.
As a result of secondary screening, 76, three and three
papers were extracted from PubMed, Cochrane and JCRM,
respectively. They include three semi-RCT, but randomization
and blinding were insufficient, and their quality as an RCT was
low. Also, the theme evaluated by all these RCT was “comparison of sclerosing agents in sclerotherapy”, and none compared sclerotherapy with other treatments. Therefore, control
groups related to this CQ were not established, and their contribution as a whole is weak. The other published work was all
case reports or case series, and the evidence level is D (very
weak). As mentioned above, while the evidence level is low,
most of the studies reported alleviation of symptoms and
regression of lesions in a high percentage (70–90%) of the
patients, suggesting the usefulness of sclerotherapy.
The sclerosing agents used included absolute ethanol, polidocanol, ethanolamine oleate, STS and bleomycin. Polidocanol
is approved as a sclerosing agent for lower limb varices and
esophageal varices, and ethanolamine oleate as a sclerosing
agent for esophageal varices. STS is not marketed in Japan.
Each sclerosing agent has characteristic complications.
Recently, injection of polidocanol, STS, as a foam by mixing
with CO2 or air has been increasingly performed. Sclerotherapy
using ethanol is often performed under general anesthesia, but
sclerotherapy using polidocanol or ethanolamine oleate can be
performed under local anesthesia.
Three RCT have been reported as studies that evaluated differences in therapeutic effect according to the sclerosing
agent. However, randomization and blinding are insufficient,
and their quality as an RCT is low. In addition, the theme evaluated in these RCT was “comparison of sclerosing agents in
sclerotherapy” rather than comparison with other treatments.
Although the evidence level is low, there have been a few
case series that reported the usefulness of sclerotherapy, and
a wide variety of sclerosing agents including ethanol, polidocanol, ethanolamine oleate, STS and bleomycin were used.
Among studies with a relatively large number of patients, there
is a report112 that sclerotherapy using ethanol in 87 patients
with craniofacial VM resulted in a 75% or more decrease in
size in 23 (32%) and a 25–75% decrease in size in 37 (52%).
The results of sclerotherapy using polidocanol in 50 patients
with VM were excellent in 19, good in 16, moderate improvement in 13 and unchanged or worse in two.92 The results of
sclerotherapy using ethanolamine oleate performed in 83
patients, who were mostly children, were complete remission
of symptoms in 79 lesions and significant alleviation in six
lesions.113 Sclerotherapy using STS resulted in subjective
improvements in 174 (85.3%) of 204 patients.114 The results of
sclerotherapy using bleomycin were complete cure in 185 of
260 patients, marked improvement in 44 and some
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improvement or no change in 31.115 In addition, regarding the
size of the lesion, a very satisfactory decrease was achieved in
104, and a satisfactory decrease was achieved in 10 of 120
patients.116
Papers that evaluated the types of VM that are likely to
respond to sclerotherapy include those by Goyal et al.,117 Yun
et al.,118 Mimura et al.,91 Rautio et al.,119 Lee et al.,112 Yamaki
et al.120 and Nagao et al.121 Types of lesions that were likely to
be sclerosed were reported to be well-defined small (≤5 cm)
lesions by Goyal et al.;117 those in females, lesions showing no
or delayed delineation of the draining vein and lesions well-defined on magnetic resonance imaging (MRI) by Yun et al.;118
small lesions, well-defined lesions and lesions that show prolonged drug retention by Mimura et al.;91 localized lesions by
Lee et al.112 and Yamaki et al.;120 and slow flow type lesions by
Nagao et al.121 Nomura et al.122 evaluated the therapeutic effect
according to the degrees of functional and gross improvements
and reported that the therapeutic effect was greater in head and
neck and trunk lesions than in the upper or lower limb lesions.
Moreover, Rautio et al.119 reported that the treatment-related
improvement in the quality of life was higher when the lesion did
not involve the muscle or was 5 cm or less in size.
Various complications ranging from mild complications,
such as transient neuropathy and local inflammation, to serious ones, such as myopathy, skin necrosis and deep venous
thrombosis/pulmonary embolism, have been reported. In sclerotherapy using ethanol or polidocanol, particularly serious
life-threatening complications have been reported. Qiu
et al.123 reviewed the published work concerning sclerotherapy for VM and reported that shock and pulmonary embolism
occurred in 0.19% each of 522 patients who underwent sclerotherapy using ethanol and that ethanol was used at 1 mL/
kg in those who developed shock. They also reported that a
decrease in blood pressure/bradycardia was noted in 0.61%
of 163 patients who underwent sclerotherapy using polidocanol but that its differentiation from vagus nerve reflex was
clinically difficult. Wong et al.124 reported a case of shock
after sclerotherapy using 0.86 g/kg ethanol but could be
saved. Tachibana et al.125 reported that two patients (1.1%)
developed pulmonary embolism and that the amounts of
ethanol used were 0.71 and 0.16 mL/kg. Concerning sclerotherapy using polidocanol, also, cardiac arrest in children
has been reported by authors including Marrocco-Trischitta
et al.126 and Shimo et al.,127 who used 4 mL of 1% polidocanol (bodyweight, 20 kg) and 10 mL of 3% polidocanol
(15.6 kg), respectively.
In conclusion, sclerotherapy is generally considered effective
for VM, but its problems are that the evidence level is low and
that the procedure has not been standardized. In addition, serious complications that are rare but life-threatening have been
reported, and caution is needed in deciding the dose of the
sclerosing agent.

CQ10: Are clotting abnormalities due to VM an
indication for radiotherapy?
Recommendation: Radiotherapy should not be performed without careful evaluation because malignant neoplasm, growth

10

disorders and functional impairment have been reported as late
complications.
Many reports included both VM and vascular tumors in the
subjects, which make it difficult to assess the therapeutic
effects of radiotherapy.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: As a result of primary screening, six and two
documents were retrieved from PubMed and JCRM. However,
as a result of secondary screening, liver hemangioma was
excluded, and 10 papers including the references from the previous guideline were reviewed. The reviewed papers were case
series or case reports, and the evidence level of the published
work as a whole is D (very weak).
While there have been reports that radiotherapy was performed for the treatment of vascular tumors and vascular malformations, it is difficult to judge whether the treatment was
performed by determining the disorders.
According to many reports,128–132 radiotherapy has been
performed to treat Kasabach–Merritt phenomenon. However,
while there is no mention of Kasabach–Merritt phenomenon,
there is a report133 of five cases in which giant hemangiomas
accompanied by clotting disorders, thrombocytopenia, heart
failure and bleeding were controlled by multidisciplinary treatment including radiotherapy.
Vascular tumors that cause Kasabach–Merritt phenomenon
are considered to be kaposiform hemangioendothelioma or
tufted angioma rather than infantile hemangioma.134 Because
VM and infantile hemangiomas are included in other vascular
tumors in the lesions described in these reports, they are not
considered to be indications of radiotherapy for VM or infantile
hemangiomas.
Schild et al.128 reported 13 cases of symptomatic hemangioma (11 of which were pathologically diagnosed as cavernous hemangioma, but as the report is old, vascular tumors
and vascular malformations were not distinguished and were
probably included). Radiotherapy at 6.25–40 Gy was carried
out in these 13 cases. The lesions were located in the limbs in
five, face in two, vertebral bodies in three, pituitary fossa in
one, sacrum in one and bladder in one. Note that organs that
should be excluded in this CQ were included.
Of these patients, two (one each with a limb and facial
lesion) exhibited Kasabach–Merritt phenomenon and showed
normalization of clotting disorder (evaluated according to the
platelet count and fibrinogen level) after treatment. However,
they were aged 3 years and 5 months, and the lesions might
not have been VM.
When the subjects were limited to patients with limb or
facial lesions, complete response (CR) was observed in two,
partial response (PR) in four and no response in one in terms
of decrease in the lesion size, and CR was observed in four,
PR in one and no response in two in terms of the control of
symptoms.
A serious treatment‐related complication, which was unilateral visual impairment, was noted in one (14 Gy/8 fr).128 These
problems have been recognized as late complications of radiotherapy for vascular tumors or vascular malformations;
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malignant neoplasms, such as breast cancer,135 thyroid cancer136 and vascular sarcoma,137 visual impairment mentioned
above,128 and shortening of the lower limb and restriction of
the joint motion range.131
According to Coldwell et al.,137 late complications of radiotherapy for hemangiomas in infancy include bruise and Stewart–Treves syndrome after the patients reach adulthood.
Angiosarcoma is also observed. They reported that the median
survival period was 24 months, and the 5-year survival rate
was approximately 10%, in those who developed angiosarcoma.
As observed above, the diagnosis was not confirmed in the
reports that have suggested the effectiveness of radiotherapy,
and its indications have not been specified. In addition, there
have been a considerable number of reports of late complications due to radiotherapy. Thus radiotherapy should not be
performed without careful evaluation.

CQ11: Is there difference in the effectiveness of dye
laser treatment for CM according to the site of the
body?
Recommendation: Dye laser treatment for CM is likely more
effective in the face and neck region compared with other
sites, and it is more likely to cause complications such as pigmentation in the limbs.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
Comments: As a result of published work searches, 176
papers consisting of 139 from PubMed and 37 from JCRM were
extracted. They included a few reports that were allegedly RCT
but were not actual RCT. Therefore, a total of 26 papers consisting of 15 from PubMed and 11 from JCRM including case series
with a large number (≥100) of relevant cases were selected by
secondary screening. In addition, a total of 17 papers were
adopted as references for the comments in the guidelines by
adding three papers in English extracted by manual search to six
from PubMed and eight from JCRM considered to be relevant or
closely related to the CQ among those selected by secondary
screening. Because there was no RCT, the evidence as a whole
was rated as C (weak).
Concerning the effect of dye laser treatment for CM, most
of the reports were about the effects for hemangioma simplex
or port-wine hemangioma in Japan and port-wine stain
abroad.
There have been a few papers138–152 that evaluated the
therapeutic results of dye laser treatment according to the site
in a small to relatively large number of patients. The laser
equipment used varies from early dye laser to pulsed-dye laser
with adjustable pulse duration with a cooling system, and
reports limited to variable-pulse pulsed-dye laser with a cooling
system, which is widely used today, are extremely few.
According to many reports,138–149 the response rate is
higher in the face and neck region than in the trunk and limbs.
In the face, it has been reported that the response rate is
higher in the palpebral, forehead and temporal, and lateral buccal regions but is significantly lower in the territory of the

second division of the trigeminal nerve (dermatome V2), and
that the number of irradiations tends to increase in the midline
region, frequently resulting in persistence of redness.150 There
is a report151 that the response rate did not differ significantly
among regions in the lower limb. While the number of patients
was small, it has been reported that treatment of the foot
involves stronger pain but was less effective than in the face
but that the degree of patient satisfaction was relatively
high.152
The incidence of complications of dye laser (bleb formation,
depigmentation, pigmentation, scar formation) is reported to
be low, being 1.7% in adults, 0.6% in children and approximately 1.4% in all patients even when all sites of the body are
included, and no significant difference has been reported in
the age at the beginning of treatment, Fitzpatrick skin type,153
site, number of treatments or irradiation energy between those
who developed complications and those who did not, but
complications may occur more frequently in the lower limbs.154
Moreover, there is a report152 that complications, such as pigmentation, depigmentation and atrophic scar, were observed
more frequently in the lower limbs.

CQ12: Do CM recur after dye laser treatment?
Recommendation: Although the effectiveness of dye laser
treatment for CM is established, the recurrence rate may
increase with time after treatment.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
Comments: As a result of published work searches, a total
of 211 papers consisting of 149 from PubMed, 53 from
Cochrane and nine from JCRM were retrieved. They did not
include RCT, and a total of 30 papers consisting of 23 from
PubMed and seven from Cochrane, which were mostly case
reports and case series studies, were extracted by secondary
screening. In addition, a total of 10 papers that were relevant
and closely related to the CQ (including eight case series) consisting of seven from PubMed, two from Cochrane and one in
English retrieved by manual search were adopted as references for the guidelines. Because there was no RCT, the
strength of evidence of the group of published work concerning this CQ is C (weak).
Concerning papers that referred to “whether CM recur after
dye laser treatment”, there are four retrospective studies155–158
after treatment by pulsed‐dye laser (wavelength, 585 nm) with
a cooling system, and the recurrence rate was 15.9–35%. Also,
there is a report155 that the recurrence rate increased with time
after treatment and was 3.1% after 1 year, 20.8% after
2 years, 40% after 3 years and 50% after 4 years. Therefore, it
is necessary to treat CM with the recurrence after dye laser
treatment in mind.
It is difficult to strictly distinguish whether the recurrence is
generation of new dilated vessels after laser therapy or regeneration of blood vessels damaged due to treatment or re-proliferation of remaining vessels. However, there have been
reports that, in an experiment using mice, angiogenesis
occurred in the process of wound healing at the site of
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irradiation in early recurrence159 and that, in an experiment
using hamsters, complete treatment was difficult, and morbid
vessels persisted, because coagulation was difficult to induce
by dye laser irradiation in vessels ranging 2 lm or less
to16 lm in diameter.160 While there is a report161 that genes
affected by dye laser therapy early after treatment were identified, further evaluation is necessary to clarify their relationships
with the recurrence.
Concerning the prevention of recurrence, there is a report162
that the recurrence-free period was long in the patients treated
with a variable-pulse pulsed-dye laser with a cooling system
(wavelength, 595 nm), which is widely used today, and they were
treated within 6 months after birth. In addition, there have been
reports of animal experiments using rapamycin, which inhibits
angiogenesis after laser irradiation,159,163 and of prospective
RCT using imiquimod,164,165 and these treatments were considered effective for the prevention of recurrence. However, careful
evaluation by large-scale investigations, including the assessment of the safety concerning drugs, is considered necessary.

CQ13: Is dye laser irradiation for CM more effective
as it is initiated at a younger age?
Recommendation: Laser therapy before the age of 1 year may
be effective, and the earliest possible initiation of treatment is
recommended as an option.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: Concerning the timing of treatment for CM,
there is the opinion that early initiation of treatment is recommended because in young children the skin is thinner, so the
depth of penetration is larger, the vascular wall is also immature, cure after laser irradiation is better, pigmentation is less
and the irradiation area is small, so the treatment efficiency is
higher. However, there is still controversy. As a result of secondary screening of past reports, six and one were extracted
from PubMed and JCRM, respectively. While the papers
selected by these screening procedures include two papers on
PS as described below, their conclusions differed, and the evidence level is considered to decline when these references are
reviewed together.
Oguri et al.138 performed a non-RCT by dividing children
into those aged 0–12 months, 13–24 months and 25–
36 months, and observed significant differences in the
response rate combining “markedly effective” and “effective”
among the groups. They also compared the response rate
according to the age in months at the beginning of treatment
in the 0-year-old group and reported that the response rate
was higher as the treatment was initiated earlier. Furthermore,
Nguyen et al.166 divided their patients into those aged less
than 1 year, those aged 1–6 years and those aged 6 or more
years, and investigated the correlation between treatment
response and age. They reported that those aged less than
1 year and lesions with a size of less than 20 cm2 located in
the center of the face showed the best treatment response.
Among reports suggesting no difference in the therapeutic
effect according to the age at the beginning of treatment, van
der Horst et al.167 studied 100 patients with untreated CM of

12

the head and neck region prospectively and concluded from
the results of colorimetry and clinical evaluation that there was
no significant difference in the therapeutic effect of pulsed-dye
laser among the four groups in which the treatment was
started at the age of 0–5, 6–11, 12–17 and 18–31 years. In the
retrospective study of Katugampola et al.,140 also, comparison
of four groups in which treatment was started at the age of 0–
5, 6–12, 13–50 and 50 years or more showed no significant difference in the therapeutic effect.
Among the above reports, those that did not affirm the usefulness of early laser treatment were relatively old. Also, reports
of Oguri et al.138 and Nguyen et al.166 indicated that laser therapy may be more effective in those aged less than 1 year. In
addition, the effectiveness of laser clearly declines when the
lesion is elevated or thickens with time. In consideration of
“benefits” of early laser treatment and “harms”, which include
the occasional necessity of general anesthesia for laser treatment around the eye in small children, the recommendation
level was rated as 2D based on the consensus of this guidelines drafting committee.

CQ14: Is propranolol safe and effective for infantile
hemangiomas?
Recommendation: If administrated under careful monitoring,
oral propranolol therapy may be the first choice for the treatment of infantile hemangioma.
Strength of recommendation: 1 (strong).
Evidence: A (strong).
Comments:
1. Effectiveness
There was the serendipity that regression of hemangioma
was induced in a child under steroid therapy with a giant infantile hemangioma by propranolol administrated for obstructive
hypertrophic cardiomyopathy in 2008.168 Based on this report,
oral propranolol therapy began to be used for the treatment of
infantile hemangioma, and its high efficacy against alarming
hemangioma/life-threatening hemangioma in the proliferating
phase and in patients with cosmetic problems, such as giant
lesions in the face, those with ulcerated and hemorrhagic
lesions and those who may develop functional impairment, has
been demonstrated, resulting in its use (Hemangiolâ, Pierre
Fabre Dermatologie, Boulogne, France) as the first choice in
Western countries. In addition, its effectiveness for the treatment of hemangiomas after the proliferating phase was also
described. Moreover, a group of physicians used propranolol
earlier due to cosmetic significance and at the request of the
family even in cases of small or localized lesions, and it is also
effective in such cases.
A total of 131 papers consisting of 25 from JCRM, 106 from
PubMed and zero from Cochrane were extracted as related to
the CQ, “Is propranolol safe and effective for infantile hemangioma?”, and they were subjected to primary and secondary
screenings with reduction of hemangioma (effectiveness of
propranolol) and treatment-related complications (adverse
effects) as outcomes. Twenty-six papers,169–194 most of which
were RCT or observational studies, were adopted.
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For example, Hogeling et al.180 administrated placebo or
propranolol at 2 mg/kg per day for 6 months with randomization to 40 patients aged 9 weeks to 5 years with infantile
hemangiomas in the face or sites with the potential for disfigurement. They reported significant improvements in size, redness and elevation in the propranolol group. Elevated lesions
disappeared in four of the 19 patients in the propranolol group
but none of the 18 patients in the placebo group. As for adverse
events, the trial was interrupted in one patient due to upper respiratory tract infection (URTI), and conditions including bronchiolitis, gastroenteritis, streptococcal infection, cool extremities,
dental caries and sleep disturbance were observed.
Zaher et al.181 observed 45 patients by randomly dividing
them into 15 each treated by p.o. administration, topical application and intralesional injection of propranolol. Responses
were observed in 60% in the oral group, 20% in the topical
ointment group and 13.3% in the injection group. No major
adverse events were noted, and the trial was discontinued in
one in the oral group and three in the injection group due to
inconvenience or pain of the treatment.
Malik et al.182 randomly allotted 30 patients aged 1 week to
8 months to propranolol alone, prednisolone alone or both propranolol and prednisolone. They found that the mean initial
response times were lower in the propranolol group than in the
prednisolone group but that there was no clear difference
between the propranolol + prednisolone group and propranolol
alone group. All 10 patients in the propranolol group and nine
patients in the corticosteroid group responded to the 3-month
treatment. However, adverse events were observed in two of
the 10 patients in the propranolol group (asymptomatic hypoglycemia, insomnia) and nine of the 10 patients in the steroid
group (cushingoid appearance, gastrointestinal upset), and
were more frequent in the latter group.
Bauman et al.183 performed a phase 2, investigator-blinded,
multicenter RCT in 44 patients aged 2 weeks to 6 months.
Propranolol or prednisolone (2 mg/kg per day) was administrated p.o. until halted due to toxic effects or clinical response.
During 4 months of treatment, no significant difference was
observed between the two groups, for example, with regression of five of the six tumors in the corticosteroid group and
nine of the 10 tumors in the propranolol group. For long-term
analyses, the effect of prednisolone appeared earlier. While the
incidence of adverse events as a whole did not differ between
the two groups, severe adverse events were observed in one
of the 11 patients in the propranolol group but five of the seven
patients in the prednisolone group, being significantly more frequently in the latter group.
aute
-Labre
ze et al.184 carried out an RCT in patients aged
Le
less than 4 months by comparing seven administrated and seven
not administrated propranolol. Because color changes and softening were observed within 24 h, and the thickness and size of
the lesions decreased within 4 weeks in the propranolol group,
the treatment was considered useful for the prevention of scarring. No serious adverse effect was observed except asymptomatic mild decreases in heart rate and diastolic blood pressure.
There have also been comparisons between atenolol and
propranolol
and
between
laser
and
laser + topical

propranolol.185,186 In 2015, the largest RCT was published in
the New England Journal of Medicine, also reporting that propranolol was significantly effective for hemangioma compared
with placebo.187 Hemangioma showed complete or nearly
complete resolution after 6 months of treatment in two (4%) of
55 patients in the placebo group and 61 (60%) of 101 patients
in the 3 mg/kg per day propranolol group.
Furthermore, there have also been a few SR and meta-analyses primarily of observational studies. Menezes et al.188
reviewed 49 English-language papers published between June
2008 and September 2010, and summarized six studies with 10
or more patients administrated propranolol (154 patients in total).
Propranolol was administrated to infants with a mean age of
4.5 months at a dose of 2 mg/kg per day in 65% and 3 mg/kg
per day in 25.3%. Two-thirds of the patients were treated with
propranolol alone. Recurrence was observed in 21% after treatment for a mean of 4.3 months, and adverse events including
hypotension, somnolence, wheezing, insomnia, agitation, nightmare, cool hands, night sweat, gastroesophageal reflux disease
and psoriasiform rash appeared in 18.1%.
Marqueling et al.189 reviewed the therapeutic results in 1264
patients (including 806 girls) in 41 reports published from 2008 to
2012 retrieved from Medline and Cochrane. The treatment was
initiated at a mean age of 6.6 months at 2.1 mg/kg per day and
continued for a mean of 6.4 months. The overall response rate
was 98%, and the treatment was also effective in clinically problematic areas such as the face (100%), airway (100%), periorbital
(98%), head and neck region (97%), and parotid gland (82%).
However, recurrence was observed in 17% after treatment.
Adverse effects were noted in 371 of 1189 patients. Changes in
sleep (136 patients) and acrocyanosis (n = 61) were the most
frequent among them, and hypotension was observed in 44,
bradycardia in nine and hypoglycemia in four as serious complications. In conclusion, the grade of recommendation was 1,
quality of evidence is A and propranolol was recommended as
the first-line drug for complicated infantile hemangiomas.
Regarding adverse effects, the grade of recommendation was 1,
and the quality of evidence was A or B. While serious adverse
effects may be observed, their frequency is low, and they can be
usually avoided by proper monitoring at initiation of treatment.
Xu et al.,190 on the other hand, evaluated volume changes,
improvement in overall appearance, visual function and adverse
effects using 15 online databases. The data of 419 cases were
analyzed, but meta-analysis was not performed because of the
wide differences among studies. Some studies showed superiority of propranolol compared with corticosteroid in reducing
volume and improving the overall appearance. No marked difference was noted in adverse effects or visual function.
In addition, in a meta-analysis of 16 studies (2629 cases)
and 25 studies (795 cases) published in 1965–2012, 69% of
the patients responded to 12-month corticosteroid therapy, but
the response rate to propranolol was 97% with a significant
difference.191
In periorbital hemangiomas, the response rate to propranolol
was found to be significantly higher than that to corticosteroid
by meta-analysis of papers published before 2013,192 and propranolol showed the strongest effect against airway
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hemangiomas compared with steroid, CO2 laser and vincristine
on meta-analysis.193,194
From these observations, we concluded that propranolol
was significantly more effective than placebo and to be similarly effective compared with corticosteroid. Concerning the
safety, propranolol is considered to have significantly fewer
adverse effects than corticosteroid. Because there have been
several RCT and SR or meta-analyses directly related to this
CQ, the evidence level is considered to be extremely high.
2. Meta-analysis
Regarding the effectiveness and adverse effects of propranolol, a large number of SR and meta-analyses based on
observational studies are already present in the above 26
papers. We, therefore, used only four reports180,182,183,187 on
interventional studies for meta-analysis.
As a result of meta-analysis, regarding “tumor reduction”, it
was found that propranolol had significantly stronger reducing
effects than placebo and that it had a stronger reducing effect,
which, however, was not significant, compared with corticosteroid. Concerning “complications”, propranolol was compared
with steroid and was shown by two RCT to have significantly
fewer adverse events than corticosteroid. Because this metaanalysis found significantly stronger reducing effect of propranolol compared with placebo and in fewer complications compared with steroid, and because our results were similar to
those of SR of many existing observational studies considered
to have high-quality evidence, we considered that there was a
major tendency in this CQ and judged the evidence level as A.
3. Estimated action mechanism
Beta-blockers have a wide range of actions on the blood vessels
and vascular endothelium, and have diverse actions on cell proliferation and vascular remodeling. Thus, the mechanism of action of
propranolol on infantile hemangiomas is still unclear. In vascular
endothelial cells, propranolol is considered to induce vascular contraction by suppressing NO production, inhibit renin production,
control angiogenesis by regulating the expression of vascular
endothelial growth factorbasic fibroblast growth factormatrix
metallopeptidase (MMP)2/MMP9, and induce apoptosis, but it
may also affect pericytes and hemangioma stem cells.195–197
4. Adverse events associated with propranolol in children
In conducting propranolol therapy, it is necessary to have
knowledge of possible adverse effects, their symptoms and
their management. In addition, as there are also preventive
measures for, and points of attention about, adverse effects
and the timing for discontinuation of propranolol, sufficient
explanation to the patients and their families is essential.
Adverse events that have been reported include sleep disorders, peripheral cyanosis, hypotension (symptomatic, asymptomatic),
bradycardia
(symptomatic,
asymptomatic),
hypoglycemia, respiratory disorders, gastrointestinal disorders
and mental disorders. Severe cases that require interruption of
treatment are few, but particular caution is needed regarding
the following points.189,196–200
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1. Because there is the risk of hypoglycemia, the patient
should be fed before and after propranolol administration. If
the patient cannot be fed, or is vomiting, for some reason,
the administration should be suspended.
2. Because propranolol has cardiovascular adverse effects,
such as hypotension and bradycardia, interviewing for the
past history and familial history, examination and electrocardiography are recommended before treatment. Even if
no abnormality is noted on these examinations, hypotension and bradycardia may occur during treatment. In such
cases, interruption of the administration is necessary.
3. Propranolol is contraindicated for bronchial asthma as it
causes bronchial contraction due to its b2-blocking action.
Caution is also necessary in patients who have been suspected to have bronchial asthma.

CQ15: What treatments are effective for ulcer
formation in infantile hemangioma?
1. Propranolol
Recommendation: The administration of propranolol is recommended for ulcer formation.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
2. Topical administration of antibiotics
Recommendation: Topical and systemic administration of
antibiotics is recommended for ulcer formation.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
3. Dressings
Recommendation: The use of dressings is recommended for
ulcer formation.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
4. Laser therapy
Recommendation: Although laser therapy may be effective
in some patients with ulcer formation, the evidence is not considered sufficient at present.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
5. Systemic administration of steroid
Recommendation: Systemic administration of steroid is recommended not to be performed for ulcer formation.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
6. Platelet-derived growth factor preparations
Recommendation: The accumulation of cases is insufficient
for the judgment of the recommendability of the use of platelet-derived growth factor preparations for ulcer formation.
Strength of recommendation: No recommendation.
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Evidence: D (very weak).
Comments: Concerning this CQ, 42 papers in Japanese and
156 in English were retrieved. As a result of their primary
screening, 47 papers were submitted to secondary screening
for this CQ. None of them were about studies with a high level
of evidence, such as RCT, and they were all retrospective
studies, case series or case reports.
As a result, 15 papers in English were adopted, and the evidence level was C for propranolol alone, because of the presence of a prospective controlled trial, but D for other
treatments, because the related papers were case reports or
case series.
According to cross-sectional analysis in a multicenter
prospective cohort study in 1096 cases of infantile hemangioma by Chamlin et al.,201 it was complicated by ulcer, which
was or was not bleeding, in 173 (15.8%), the median age of
the patients was 4.0 months (standard deviation, 8.5; mean,
6.6 months), and the age at the first examination was significantly lower in patients with ulcerated hemangioma (median,
3.5 months; mean, 3.98 months) than in those with non-ulcerated hemangioma.
By the site, ulcer formation was observed in 21 (30%) of 71
patients in the lower lip, 25 (25%) of 100 patients in the neck
and 46 (50%) of 93 patients in the perianal/perigenital area,
and the frequency was statistically lowest in the upper eyelid
(P = 0.0140).
Ulcer formation was observed more frequently in mixed or
segmental hemangiomas. Bleeding was noted in 78 lesions
(41%) and was mild in 56 (29%), moderate in 11 (6%) and severe in four (2%). Severe bleeding occurred in three lesions in
the limbs and one lesion in the face, and bleeding occurred in
two cases at home. Two cases required blood transfusion by
hospitalization, because they showed symptoms due to serious
bleeding. Of the ulcerated hemangiomas, 67 (35%) were in the
proliferating phase.
Ulcerated hemangiomas required treatment (odds ratio [OR],
6.86; 95% CI, 3.70–12.71; P < 0.0001), and non-ulcerated
hemangiomas were observed (OR, 19.01; 95% CI, 11.23–
28.88; P < 0.0001). Ulcerated hemangiomas tended to be treated by conventional wound care and pulsed-dye laser (OR,
2.03; 95% CI, 1.19–3.46; P < 0.0091), and non-ulcerated
hemangiomas were treated by topical glucocorticoid administration (OR, 2.57; 95% CI, 1.49–4.43; P < 0.0007) and surgical
resection (OR, 2.04; 95% CI, 1.08–3.86; P < 0.0286).
However, propranolol has recently been suggested to be
effective regardless of the presence or absence of ulcer formation, and as it has few adverse effects, it is expected to
become the first choice treatment in the future.
Treatments
1. Oral propranolol
Hermans et al.172 treated 20 previously treated patients
with ulcerated infantile hemangioma using propranolol and
compared them with 36 patients treated without propranolol. The administration was initiated by hospitalization,
and the dose was increased from 0.7–1.0 to 2.0–2.5 mg/kg

per day in three divided doses at an interval of at least
3 days. The blood pressure, heart rate and blood sugar
level were monitored during the initial administration period,
and the administration was continued on an outpatient
basis until the age of 1 year. The mean age at the beginning of propranolol administration was 3.5 months, and the
mean duration of administration was 9.1 months. Not only
the color and elevation of the lesion but also pain was
reduced from early after the beginning of administration.
The administration was concluded before the age of 1 year
in 19 patients, and no recurrence of ulcer was noted in any
of these patients except that some reactivation (enlargement) of hemangioma was observed after the discontinuation in four of these patients.
The mean time until complete cure of ulcer was 8.7 weeks,
and those in whom the administration was initiated later
(>3.5 months) tended to require a longer time until cure than
those in whom the administration was initiated earlier
(P = 0.025). Also, analysis using Student’s t-test showed a significant difference in the time until disappearance of the tumor,
which was 8.7 and 22.4 weeks (t = 2.6, d.f. = 38, P = 0.012;
95% CI, 3.2–24.2) in the treated and control groups, respectively. Temporary sleepiness/malaise was observed in six
patients, irritability before falling asleep in two patients, coldness of the limbs in six patients, anorexia in two patients and
gastrointestinal disorders (diarrhea, vomiting) in one patient,
but no adverse event was noted in nine patients.
Vercellino et al.,202 who started the administration at 1 mg/
kg per day and increased to 2 mg/kg per day, and Sadykov
et al.,203 who started the administration at 2 mg/kg per day,
also reported that propranolol was effective.
2. Topical and/or systemic administration of antibiotics
Kim et al.204 topically administrated antibiotics in 40 patients
with ulcerated hemangioma and reported that the results were
better in 37 patients (92.5%), worse in none and no change in
three patients (7.5%). They also systemically administrated
antibiotics in 26 patients and reported that the results were
better in 24 patients (92.3%), worse in two patients (7.7%) and
no change in zero patients.
Wananukul et al.205 topically and/or systemically administrated antibiotics in 41 patients with ulcerated hemangioma
and reported improvement in 19 patients (46%).
Pandey et al.206 treated 608 patients showing ulcer formation
with an ointment containing an antibiotic (mupirocin, sodium fusidate, sisomicin or metronidazole) combined with systemic administration of an antibiotic (amoxiclav at 20–40 mg/kg per day) in
those with ulcers with an area of more than 10 cm2 and examined
the effectiveness of treatment according to the time until cure.
The time until cure was 32.63  13.06 days in superficial lesions,
42.89  19.89 days in mixed lesions and 57.03  16.12 days in
extensive lesions, with a mean of 40.09  19.41 days in all
lesions combined, showing significant differences among the
three groups (P < 0.05). They also reported that the time until cure
was significantly longer in larger (>10 cm2) than smaller ulcers
(P < 0.05).
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3. Dressings
Kim et al.204 treated 25 patients using dressings and reported
that the results were better in 23 patients (92%) and no change
in two patients (8%). Oranje et al.207 applied polyurethane film
and reported rapid relief of pain and cure of ulcer in 1–2 months.
In addition, Bauland et al.208 treated 41 patients using a non-adhering dressing containing an antibiotic and reported that the
results were good in 26 patients (63.4%), moderate in five
patients (12.2%) and little change in 10 patients (24.4%).
4. Laser therapy
In the 1980s–1990s, there were reports209,210 of argon, Nd:
YAG and potassium titanyl phosphate laser, but recent
reports211,212 are primarily about treatment using dye laser.
Morelli et al.209 treated 37 patients with ulcerated hemangioma
by dye laser irradiation (SPTL1bâ [Candela Corporation,
Wyland, MA, USA]; wavelength, 585 nm; spot size, 5–7 mm;
irradiation power, 5–6.8 J/cm2; pulse width, 0.45 ms) and
reported that the number of irradiations until cure was one in
26 patients (68%) and two in eight patients (21%), and that the
mean period from the first treatment until cure of ulcer was
2.84  0.22 weeks. Lacour et al.210 irradiated eight patients
with ulcerated hemangioma that resisted conventional treatments using the same equipment and reported acceleration of
cure. David et al.211 performed dye laser irradiation (PhotoGenica Vâ [Cynosure, Westford, MA, USA]; wavelength, 585 nm;
spot size, 5–7 mm; irradiation power, 5–6.8 J/cm2; pulse width,
0.3–0.5 ms) in 78 patients and reported the effectiveness of
laser therapy alone in 72 (92.3%). Also, Michel212 performed
one or two irradiations using Dermobeam 2000â (Deka MELA,
Calenzano, Italy) with a cooling system 595 nm (two pulsed
irradiations with a 10% overlap; spot size, 7 mm; irradiation
power, 4–8 J/cm2) and reported resolution of pain in 10 of the
12 patients. Moreover, Di Maio et al.213 performed laser treatment in 65 patients with hemangioma with ulcer and reported
that the effect was excellent and that no clear adverse events
were observed, because scarring, which was noted in a few
patients, did not differ markedly compared with scarring that
occurs after conventional treatments.
However, Kim et al.204 treated 22 patients with pulsed-dye
laser and reported that the results were better in 11 patients
(50%), worse in one patient (4.5%) and no change in four
patients (18.2%), but warned that five patients in the proliferating phase showed ulcer formation after irradiation.
As observed above, although there have been several reports
of the effectiveness of laser therapy against ulcer as factors of
“benefit”, many reports are relatively old and lack controls, and
the evidence is not considered sufficient. Further accumulation of
cases is necessary. Laser may be effective in limited patients, but
as there is the risk of ulcer formation as an adverse effect of laser
irradiation of infantile non-ulcerated hemangioma, greater caution
is needed in treating already ulcerated lesions.
5. Steroids
There have been few reports on steroid therapy focusing on
ulcer. Kim et al.204 treated seven patients by local steroid
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injections and reported that the results were better in four
patients (57.1%), worse in one patient (14.3%) and no change
in one patient (14.3%). They also systemically administrated
steroid to 22 patients and reported that the results were better
in 16 patients (72.7%), worse in one patient (4.5%) and no
change in five patients (22.7%). Based on these results, they
considered that the treatment was effective for reducing the
lesion size, and there are few other reports suggesting the
effectiveness of steroid. Considering that the patients are
infants and that there are other treatment options, steroid cannot be recommended at present.
6. Topical preparations of recombinant human platelet-derived
growth factor
Becaplermin 0.01% (Regranexâ, Ortho-McNeil Pharmaceutical, Raritan, NJ, USA) is a preparation for diabetic foot ulcer
approved by the US Food and Drug Administration in 1997.
Sugarman et al.214 and Metz et al.215 reported its effectiveness
for the treatment of ulcerated hemangioma in one and eight
patients, respectively, but its effectiveness cannot be
appraised at present because of the small number of cases.

CQ16: Is intralesional corticosteroid injection more
effective than systemic administration for infantile
hemangioma?
Recommendation: Treatment using corticosteroid is effective for
inducing early regression of hemangioma. While no significant difference is observed in the effectiveness between intralesional
injection and systemic administration, attention to complications
including those at the administration site, such as the periocular
region, on local injection and those, such as hypertension and
growth retardation, on systemic administration is necessary.
Strength of recommendation: 2 (weak).
Evidence: B (moderate).
Comments: As a result of primary screening, 99, nine and
35 papers were extracted from PubMed, Cochrane and JCRM,
respectively, and four papers in English were subjected to secondary screening for this CQ. There was one report of an RCT,
but the other reports were about case series while they evaluated a large number of cases. In addition, two papers on complications considered important in relation to intralesional
corticosteroid injection for periocular lesions were added by
manual search. Because there is a report of an RCT, and
because other case series studies with a large number of subjects presented the results that there was no significant
difference in the effectiveness of corticosteroid depending on
the administration method, the strength of evidence was rated
as B.
There was one report216 of an RCT focusing on “Is intralesional corticosteroid injection more effective than systemic
administration for infantile hemangioma?”. In this trial, the subjects were divided into control, p.o. administration (prednisolone at 2 mg/kg per day every other day for 6 weeks) and
intralesional injection (triamcinolone at 1–5 mg/kg with a maximum of 30 mg once a month for 6 months) groups, and the
lesion size was significantly reduced in the treated groups
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compared with the control group. While no significant difference was noted between the p.o. administration and the
intralesional injection groups, the reduction rate tended to be
larger in the local injection group, and local injection was concluded to be slightly superior.216
There were reports217,218 of case series with more than 1000
subjects, but the findings were not statistically analyzed.
Although both intralesional injection and p.o. administration were
effective, there was also a mixed group of intralesional injection
and p.o. administration, the condition of patients varied among
the three groups (intralesional injection, p.o. administration,
mixed), and the effectiveness according to the administration
method was not shown. Regarding complications, systemic
symptoms, such as hypertension, retarded bodyweight gains
and cushingoid appearance, were reported to be more frequent
on p.o. administration than intralesional injection.217,218 Moreover, concerning complications, in one report,219 periocular
lesions were excluded from the targets of intralesional injection
to avoid its effect on visual function. Indeed, there have also
been case reports220,221 that visual impairment was caused by
occlusion of the retinal artery after intralesional corticosteroid
injection for periocular hemangiomas. Currently, in Japan,
intralesional corticosteroid injection is a treatment unapproved
by the national health insurance system.

CQ17: Is topical therapy effective for infantile
hemangioma?
Recommendation: Although it must be noted that there are no
reports of comparison with placebo and that the degree of
improvement is smaller compared with systemically administrated drugs, topical medication can be an option for the treatment of infantile hemangioma with no risk of complications if
drugs with milder adverse effects are selected.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
Comments: As a result of published work searches, a total
of 111 papers consisting of 70, seven and 34 papers from
PubMed, Cochrane and JCRM, respectively, were extracted.
They included one RCT study. Including this RCT, 48 papers
were extracted by secondary screening. In addition to the
papers selected by secondary screening as closely related to
the CQ, a total of 47 papers obtained by manual search were
adopted as reference for the preparation of guidelines. There
was one RCT, and comparative studies of therapeutic results
by topical therapy and case series studies with a relatively
large number of subjects were adopted as papers of relatively
high quality, the strength of evidence was rated as C (weak).
In the reports related to the CQ:
1. Drug type: The drugs were classified as imiquimod, timolol,
propranolol, corticosteroid and others.215,222–225
2. Drug concentration and dosage form: Imiquimod was used
as a 5% cream,222,226–233 timolol as 0.5% ophthalmic solution or gel,222,223,232,234–243 propranolol as 1% ointment,181,234,241,244,245 and corticosteroid were often used as
ointments of agents ranked as relatively strong such as

3.

4.

5.

6.

clobetasol propionate, halobetasol propionate and
betamethasone dipropionate.246,247
Methods for topical application: Frequent administration
methods were once a day every other day for imiquimod,
two times a day every day at 1–2 drops each time for timolol, two times a day every day for propranolol and two
times a day every day for corticosteroid.
Methods for efficacy evaluation: Comparison of gross findings and photographs were adopted in all papers. The area
was compared using photographs in one report.227 There
was also a report228 of half-side test for a control.
Adverse effects: No systemic adverse effect was reported,
and most adverse effects were local. Imiquimod caused
pain, flare and erosion relatively frequently.231,233 Few local
adverse effects were reported for timolol and propranolol.232,234,241,242,245 No local adverse effects were
reported also by corticosteroid.246,247
Relative advantages of drugs: Imiquimod has been reported
to have usefulness comparable with that of topical betablockers, but it is not considered superior in terms of
adverse effects.226,228,230,232

Corticosteroid was not shown to be superior in efficacy
compared with beta-blockers.
There was also one RCT study181 concerning the CQ, which
is related to topical propranolol concerning drugs. In this RCT,
15 each of a total of 45 subjects were allotted to oral (propranolol
at 2 mg/kg per day, two times a day), topical (1% propranolol
water soluble ointment, applied two times a day) and local injection (1 mg/1 mL, 0.2 mL/1 cm in diameter, 1 mL/injection at the
maximum, one time a week) groups. Ten patients (66.7%) in the
topical group responded, but they were fewer than 13 (86.7%) in
the oral group. The time until the appearance of the effect and
time until complete cure were also longer in the topical group
than in the oral group. Concerning complications, none were
observed in the topical group, but one patient in the oral group
showed unexplained syncope as an adverse effect and was
excluded. While decreases in the heart rate and blood pressure
were observed in three in the oral group, they did not necessitate interruption of the study. In the local injection group, eight
(53.3%) responded, but three were lost due to pain. From
these results, the study concluded that topical therapy is an
option to be evaluated for patients with a risk of adverse reactions to oral medication. While there were no reports of comparison under the same conditions, comparative studies of
therapeutic results by topical therapy and case series studies
with a relatively large number were adopted as relatively highquality papers. In all these reports, topical therapy of betablockers (propranolol, timolol) was effective to an extent with
no serious complications.
Thus, topical therapy, particularly of beta-blockers is considered generally useful, but there has not been a report of its
comparison with placebo, and further accumulation of cases is
necessary.
Research by comparison between dye laser treatment and
topical beta-blocker therapy is considered to be necessary.
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CQ18: Is compression therapy effective for infantile
hemangioma?
Recommendation: Although an appropriate compression
method must be performed for individual patients, compression therapy may be regarded as an option on condition that
the therapy is carried out by a skilled physician. Sufficient
attention to skin abnormalities and local/neighboring growth
disturbance due to the compression are needed.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: While 23, one and 14 papers were extracted from
PubMed, Cochrane and JCRM, respectively, only three case reports
remained to be reviewed as a result of primary and secondary
screening. Thus, the evidence level is very low at D (very weak).
According to a case report of ulcerated infantile hemangiomas of the limbs by Kaplan et al.,248 the ulcers of most
patients showed rapid improvements and cure within 2 weeks
by compression therapy using the self-adherent wrap Cobanâ
(3M, St. Paul, MN, USA) combined with topical treatment with
an antibiotic ointment (or early systemic antibiotic administration when secondary infection was apparent). They concluded
that, compared with antibiotic ointment alone, its combination
with compression therapy was more effective, and is a safe
and easy treatment that promotes regression of hemangiomas.
Ochi et al.249 reported 12 cases of infantile hemangioma
(nine girls and three boys with a mean age of 8.4 months; sites
of the lesion were limbs in six, head and neck in five and trunk
in one). By treatment using elastic bandages (five patients),
Presnetâ (ALCARE, Tokyo, Japan) (four), supporter (one), or
Elatexâ (ALCARE, Tokyo, Japan) and cryotherapy (two), the
hemangiomas disappeared or decreased in size in 11 of the 12
patients, with only one (head and neck) showing no improvement. The time until the disappearance of the lesion in the 11
responders was 2 months to 3 years (mean, 19.5 months), no
complications associated with compression therapy were
noted, and the authors recommended early initiation of compression therapy if the site of the lesion can be compressed.
Totsuka et al.250 treated three girls with parotid gland
hemangiomas (mean age, 4.3 months) by splinting using a
resin plate and compression using a handmade cap. The mean
duration of treatment was 13 months (8–16 months), and the
patients were followed up until a mean age of 4.6 years (2–
7 years), resulting in clinical and echographic disappearance of
hemangioma in all three. Because infantile hemangiomas often
regress spontaneously, it is impossible to conclude that they
regressed due to compression therapy, but they reported the
therapy to be safe and effective.
Thus, concerning factors related to “benefits” of compression
therapy, there are reports that suggest the effectiveness of compression methods appropriate for sites (elastic bandages, Presnet, splinting with a resin plate). However, it must be noted that
they are all old reports. Concerning factors related to “harm”,
while compression is a relatively safe and simple method without
reports of serious complications, the occurrence of dermatitis
and growth disturbance at the site of compression or surrounding areas is considered possible. The recommendation level was
set at 2D with consensus of the present guidelines preparation
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committee on condition that the treatment is performed carefully
by a skilled physician in consideration of these points. The present guidelines do not exclude compression therapy, but it is
necessary to consider oral propranolol, p.o. administration or
local injection of steroid, and laser therapy first for infantile
hemangiomas that need treatment.

CQ19:
Is
glucose
transporter
1
(GLUT-1)
immunostaining useful for the diagnosis of infantile
hemangioma?
Recommendation: Immunostaining for GLUT-1 is positive in
the proliferating, involuting and involuted phases, shows high
sensitivity and specificity, and is useful for the diagnosis of
infantile hemangiomas if the clinical diagnosis is difficult.
Strength of recommendation: 2 (weak).
Evidence: C (weak).
Comments: To evaluate whether GLUT-1 immunostaining is
useful for the diagnosis of infantile hemangiomas, the published work was searched first for the following key words:
infantile OR juvenile AND hemangioma AND marker AND
immunohistochemistry.
The search of JCRM resulted in 26 hits, but none of them
performed analysis of GLUT‐1 or evaluated its usefulness by
comparing infantile hemangioma with other hemangiomas/vascular malformations even if GLUT‐1 was analyzed. The search
of PubMed resulted in 182 hits. From these papers, those that
deserved detailed analysis were selected according to the following criteria:
1. Those in which GLUT‐1 immunostaining was performed for
infantile hemangioma or other hemangiomas/vascular malformations.
2. Those that were retrospective epidemiological studies
rather than reports of one case.
Fifteen research papers selected by these criteria were analyzed in detail.
In seven of these reports,251–257 infantile hemangiomas were
stained using GLUT‐1 simultaneously with other hemangiomas/
vascular malformations, and differences in positive/negative
results were evaluated. Of all cases reported in the seven
papers, GLUT-1 was positive in 268 of the 273 cases of infantile hemangioma and negative in 244 of the 247 cases of
lesions other than infantile hemangioma. There were also four
papers258–261 in which GLUT-1 staining was performed for clinically typical infantile hemangiomas and hemangiomas that
need to be differentiated from infantile hemangioma although
they were not simultaneously stained in the same paper. When
the four papers were combined, GLUT-1 was positive in all
eight cases of infantile hemangioma and negative in all 49
cases of non-infantile hemangioma. When the above cases are
totaled, GLUT-1 was positive in 276 of the 281 cases of infantile hemangioma and negative in 293 of the 296 cases of noninfantile hemangioma, and the sensitivity and specificity of
GLUT-1 positivity for infantile hemangioma were 98.2% and
99.0%, respectively.
The usefulness of GLUT-1 staining has also been confirmed by re-evaluation of cases that were initially examined
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by hematoxylin–eosin
been four papers in
GLUT-1 staining, and
was impossible by
cases.262

(HE) staining alone.262–265 There have
which cases were re-evaluated using
one paper reported that the diagnosis
HE staining alone in 18% of the

CQ20: What gastrointestinal examinations are useful
for children suspected to have blue rubber bleb
nevus syndrome? When should the examinations be
started?
Recommendation: It is recommended to start screening by
examinations including blood tests and fecal occult blood test
as early as possible. In children suspected to have gastrointestinal bleeding, the usefulness of endoscopic examination,
red blood cell scintigraphy (technetium-99m [99mTc]-labeled
red blood cells), and single photon emission CT–CT (SPECTCT) has been reported for the identification of the source of
bleeding. If no abnormality is detected by screening, and
search for gastrointestinal lesions needs to be performed to
diagnose this disease or evaluate the future risk of bleeding,
there is no standard for its timing. Among the examinations
that led to the detection of gastrointestinal lesions in past
reports, CT and MRI can be performed with relatively mild
invasion and from an early stage.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: Gastrointestinal lesions of blue rubber bleb
nevus syndrome (bean syndrome) are observed in the entire
digestive tract, but they frequently appear, particularly in the
small intestine. Because it is an extremely rare disease, the
published work is primarily case reports and reviews, and there
have been no reports of clinical studies of many cases that are
relevant for the CQ. Therefore, we investigated examinations
that were useful for the detection of gastrointestinal lesions in
reports, primarily of child cases. Lesions in the small intestine
are difficult to observe by conventional endoscopy, but techniques such as double-balloon endoscopy, capsule endoscopy, CT enterography, CT and MRI as well as upper and
lower gastrointestinal endoscopy have been reported to be
useful.266–276
As a result of database searching, 11 papers in English were
adopted through primary and secondary screening. All papers
selected by these screening processes were case reports or
case series, and the strength of evidence is D (very weak).
There is no clear standard as to when the examinations
should be initiated. However, neonates who developed gastrointestinal bleeding shortly after birth have been reported,270
and the earliest possible examinations are necessary if this disease is suspected. Invasive examinations are difficult to perform in small children, but blood tests (presence or absence of
anemia or consumption coagulopathy) and fecal occult blood
tests can be performed. If gastrointestinal bleeding is suspected, procedures such as endoscopy, particularly doubleballoon endoscopy and capsule endoscopy, 99mTc-labeled red
blood cell scintigraphy and 99mTc-labeled red blood cell
SPECT-CT have been reported to be useful for the determination of the source of bleeding.266,268,271,275

If no abnormality has been detected by screening tests, and
if a search for gastrointestinal lesions needs to be performed
non-emergently to diagnose this disease or evaluate the future
risk of bleeding, there is no standard for the timing, which may
vary among facilities. Among the above examinations, CT and
MRI can be performed earlier and with relatively milder invasion, and are worth attempting if this disease is suspected.
The necessity of the other examinations for the gastrointestinal
lesions mentioned above should be considered when the
patient reaches the age that tolerates the examinations.

CQ21: How are limb overgrowths to be managed in
vascular malformations and syndromes?
Recommendation: If leg-length inequality is insignificant, shoe
lift is recommended. As significant inequality causes gait disturbance complicated with scoliosis, surgical treatment aimed
to arrest epiphyseal growth is performed in the growth period.
Shortening of the femur or tibia may be performed as an additional treatment. Bone elongation of the intact side is considered effective for the correction of leg-length inequality.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments: As a result of published work searches, 40
papers in English and four papers in Japanese were retrieved
by primary screening. Of these papers, 17 in English and four
in Japanese were extracted by secondary screening. As for the
control of overgrowth of limbs, measures against leg-length
inequality and soft tissue hypertrophy are separately discussed
and regarded as effective, but these papers were all classified
either as case reports or as general discussions. Therefore, the
evidence level is rated as “very weak”, and the recommendation level as “weak”.
In vascular malformations, typical disorders with hypertrophy of the affected limbs are Klippel–Trenaunay syndrome and
Parkes Weber syndrome, and most of the papers refer to the
management of limb overgrowth due to vascular malformations
were written about these disorders. The published work
regarding lesions at different sites is commented on below.
Lower limbs: In most reports, treatment for the overgrowth
of the lower limbs were aimed to prevent physical disorders
caused by leg-length inequality. Some reports particularly mentioned treatment for foot lesions.
1. Correction of leg-length inequality
If the leg-length inequality is less than 2 cm, the management of leg length difference and accompanying scoliosis is
considered possible by the use of shoe lift.277–281 If the leglength inequality is 2 cm or more, significant gait disturbance,
postural abnormalities and compensatory changes in the contralateral limb are likely to develop, and before consequent
unphysiological gait leads to irreversible impairment, surgical
treatment to correct the leg-length inequality should be considered.277–281 Long-leg radiography is useful for determining the
best time for surgery,282 and the measurement of the leg
length by long-leg radiography or CT is reported to be effective.278 Surgical treatment reported in the papers are as follows:
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Treatment for overgrown limbs affected by vascular malformations: Jacob et al.277 performed epiphysiodesis in 41
patients with a leg-length inequality of 2 cm or more among
252 patients with Klippel–Trenaunay syndrome and reported
improvement in more than 90% of the patients. The effectiveness of this surgery is also confirmed by other review articles.277–281 The effectiveness of shortening of the femur and
tibia was reported in the review by Capraro et al.278 The fixation period is considered to be shortened as a whole by simultaneously performing femoral or tibial shortening in addition to
epiphysiodesis. Redondo et al.280 recommended endoscopic
growth control of the epiphyseal plate in the distal end of the
femur for patients with a leg-length inequality of 2 cm or more.
Capraro et al.278 did not recommend growth control with the
epiphyseal stapling because of the unpredictability of the
results and high frequency of complications. The appropriate
time for surgical intervention on affected limbs is reported to
be around the age of 11 years.280
Elongation of the intact leg: Tanaka et al.283 performed bone
elongation of the intact limbs using an external fixator in adult
patients with mild structural scoliosis and reported that the
procedure was effective for correcting the leg-length inequality
and scoliosis. Jacob et al.277 also recommended bone elongation of the intact limb using Ilizarov external fixation apparatus
in their review.
Popliteal vein ligation: Servelle284 hypothesized that elongation of the affected limbs was due to a high venous pressure
and performed ligation of the popliteal vein of the intact limb in
48 children, and they reported significant improvement in leglength inequality. However, there are also negative views, saying its effectiveness is uncertain.278
2. Foot lesions
Redondo et al.280 recommended resection of the toes (ray
resection) and debulking for wearing shoes and cosmetic
improvement. Gates et al.285 notably reported that compared
with ray resection, wound healing of the stumps was poor after
major resection.
Upper limbs: Asymmetry due to hypertrophy of the upper
limb less frequently causes impairment of activities of daily living than that of the lower limb. In one article, resection in
patients with functional impairment due to marked finger deformities is reported,282 but articles reporting treatment for upper
limb overgrowth are very few. While debulking has been
reported to be advantageous from the cosmetic viewpoint,279 it
has also been reported to induce or exacerbate edema of the
affected limb,284 causing complications including cicatricial
contracture, recurrence of the lesion and refractory ulcer,278
and sufficient caution is necessary.

CQ22: Is surgical resection
tissue/superficial LM?

effective

for

soft

Recommendation: Although surgical resection is an effective
treatment, it should be performed after comprehensive evaluation of cosmetic aspects, prognosis, functional prognosis,
resectability and possibility of recurrence/complications.
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Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Surgical resection is one of the major treatment options performed for LM. Although LM can be cured by total resection,
the objective of treatment is not necessarily total resection,
because the disease is not malignant, and surgical resection is
often carried out for cosmetic, functional and symptomatic
improvements. Cosmetic problems are considered to be particularly serious if the lesion is located in superficial areas such
as the body surface and soft tissue. However, surgical resection has been known to cause complications including hemorrhage, infection, deformation and nerve paralysis.
In evaluating whether resection is effective, the balance
between its positive aspects and negative aspects, such as
complications, is important. For soft tissue/superficial LM, in
which cosmetic improvement is important, problems including
in what situations resection can be performed, whether there
are criteria for the selection of resection and, as there are differences in the incidence of complications, cure rate and recurrence rate depending on the circumstances, whether its
indications should be evaluated under different conditions are
unclear. Therefore, the CQ, “Is surgical resection effective for
soft tissue/superficial LM effective?”, was formulated, and the
current knowledge was summarized.
Published work search and screening
As a result of the published work search, 105 papers in
Japanese and 348 papers in English were subjected to primary
screening. Of these papers, five in Japanese and 42 in English
were subjected to secondary screening concerning this CQ.
They did not include papers with a high level of evidence, such
as an SR and RCT, and all of them were case series or case
reports. As a result, in the evaluation of this CQ, the results
and discussion in each case series were integrated.
Review of observational studies (case series)
The effectiveness of resection of LM was evaluated from the
following five viewpoints: (i) effectiveness regarding the prognosis (mortality); (ii) resection rate of the lesions (resectability);
(iii) functional outcome after resection (function); (iv) recurrence
rate (recurrence); and (v) complications.
Results of review: Generally, the rate of successful surgical
resection is high, and 90% or more resection is reported to be
possible in 60% or more of the patients.286–288 This also
applies to the head and neck region, which is the frequent site
of the lesion.286 However, the percentage of resectable lesions
decreases from the cystic to mixed and to cavernous type.286
Because many LM are distributed diffusely in the skin and subcutaneous adipose tissue and around structures including
muscles, blood vessels and nerves, resection of the lesion
involves resection of normal tissues in varying degrees. In
lesions that show complicated distribution in the head and
neck region, complications after surgical resection are
observed relatively frequently. Serious complications including
nerve paralysis, hematoma, local necrosis, sepsis, deformation,
salivary fistula, hoarseness, airway obstruction and malocclusion have been reported,286,287,289–297 and facial nerve
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paralysis is likely to result from resection, particularly of LM
infiltrating the parotid region.289 By the site, the incidence of
complications increases as the area of involvement widens
from unilateral to bilateral, from below to above the lingual
bone, both sides, and both above and below the lingual
bone.293,296 Postoperative death may occur in patients with a
severe neck lesion, but the extent of the effect of surgical
resection is unclear.287,288,298 Postoperative recurrence is closely related to the resectability of the lesion depending on its
distribution, and lesions that are difficult to resect due to a
wide area of involvement and a strong tendency of infiltration
have been reported to be associated with recurrence.296
Limitations: Indications for surgical resection vary among
papers, and differences in the patient background must be
considered in the evaluation of the effectiveness of resection.
While there were many reports that surgical resection was performed in combination with sclerotherapy, and resection is
considered to have been performed when more favorable
results were expected from resection rather than sclerotherapy,
criteria for their selection are unclear. Therefore, there is certainly the large bias of individual variation in the circumstances,
and it was clearly impossible to conclude that resection is uniformly effective.

SUMMARY
While the effectiveness of surgical resection for soft tissue/superficial LM was evaluated, there was no published work with
a high level of evidence. One of the major reasons is the diversity of the lesion type (cystic or cavernous), area of involvement and history of other treatments. Because of this diversity,
the condition of patients is considered to show an extremely
wide variation, and their generalization is impossible. However,
if conditions, such as the type of the lesion (cystic or cavernous), site of origin and relationship with other treatments
are restricted, tendencies were observed in functional
prognosis, recurrence rate, and contents and incidence of
complications.
While the resection rate of lesions by surgical treatment was
suggested to be generally high, selection criteria for resection
were unclear. Therefore, it is speculated that resection was
performed for patients clinically judged to be treated more
effectively by surgery. However, because there were some
serious complications of surgical resection that persist as
sequelae, their possibility should be evaluated carefully in performing surgical resection. The risk of resection has been suggested to vary with conditions of the lesion. The functional
outcome is poor, and the recurrence rate and incidence of
complications after resection are high, in those that occupy a
wide area and those that are accompanied by symptoms such
as airway obstruction.
From these observations, we propose at present, “While
surgical resection is often effective, it must be selected in consideration of cosmetic aspects, prognosis, functional prognosis, resectability, and possibility of recurrence and
complications”, despite limited scientific grounds. If complete
resection of the lesion is possible, surgical resection may be

performed as the first-line treatment, but the possibility of other
treatments including sclerotherapy in particular, should be
evaluated according to the diverse conditions of individual
patients, and surgical resection should be performed when
other treatments are ineffective or when surgical resection is
considered clearly superior.

CQ23: What is the optimal timing of surgery for soft
tissue/superficial LM?
Recommendation: It is impossible to recommend optimal timing of surgery, and judgments according to the condition of
each case are necessary.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Soft tissue/superficial LM are not malignant lesions. Emergent treatment may be necessitated by life-threatening symptoms, such as airway obstruction, but the initiation of treatment
immediately after the diagnosis is generally considered unnecessary. The natural course of the disease differs considerably
among individuals, particularly in infancy, and the lesions may
show a tendency of spontaneous regression but may also
cause various functional problems due to rapid enlargement.
Moreover, there are cosmetic problems characteristic of this
disease in addition to functional problems, and early therapeutic effects are necessary to make social life comfortable. For
these reasons, the selection of optimal timing of treatment,
surgery in particular, is a major issue.
For the selection of the timing of surgical resection, conditions to obtain the best results as well as indications for resection must be evaluated, and sufficient consideration of the
balance between merits and demerits depending on the timing
of resection is necessary. Therefore, in this CQ, we attempted
to summarize the presently available knowledge about “What
is the optimal timing of surgery for soft tissue/superficial
lesions?”.
Published work search and screening
As a result of a published work search, 67 papers in Japanese and 231 papers in English were subjected to primary
screening. Of these papers, five in Japanese and 42 in English
were subjected to secondary screening for this CQ. They
included none with a high level of evidence, such as an SR
and RCT, and all papers were case series or case reports.
Therefore, the results and discussion in each case series were
integrated in the evaluation of this CQ.
Review of observational studies (case series)
Defining “the optimal timing of surgery” mentioned in the
CQ as “the timing of surgery at which good results can be
obtained”, we aimed to evaluate the timing of surgery at which
resection is effective, problems, such as complications are
few, and namely “the best results” can be obtained as a whole.
Conditions must be evaluated on the basis of the timing in
addition to the effectiveness of surgery, but objective judgments were considered difficult in this evaluation. However, as
it was considered possible to obtain information about the age
and time of surgery from the published work reviewed in the
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previous CQ concerning the effectiveness, papers that evaluated the age at surgery were searched.
Results of review: Despite a careful review of the published
work by secondary screening, there was no paper that analyzed cases from the viewpoint of optimal timing of surgery.
There was information concerning the age at surgery, but its
appropriateness was not evaluated. Papers that mentioned the
timing of surgery are shown below.
Concerning the timing (age) of surgery, unless the size of
the lesion is small or there are symptoms that require urgent
treatment, such as respiratory disturbance, it is recommended
to delay surgery until the age of 3 years by expecting spontaneous regression or for the ease of identification of surrounding
structures during surgery, ease of control of bleeding and less
problems with postoperative management.294 There was also a
paper295 that suggested the necessity of the determination of
the time of surgery in consideration of problems that change
with age including the priority of securing the airway and
appropriate nutritional management in neonates with head and
neck and giant lesions, control of hemorrhage and infection
and measures to prevent dysarthria and dental problems in
infants, and skeletal and cosmetic problems in school-age children, although it did not mention the optimal timing of surgery.
However, there was no paper that positively recommended
resection without considering the time after the diagnosis or
grounds for such a recommendation.

made, and consensus regarding the methods or frequency of
their administration has not been reached, improvements are
observed after sclerotherapy in various symptomatic, functional
and cosmetic (esthetic) aspects. However, complications
including functional impairment have also been reported.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Published work search and screening
Concerning this CQ, 35 papers in Japanese and 92 papers
in English (60 from PubMed, 32 from Cochrane) were retrieved.
After their primary screening, six in Japanese and 18 in English
were subjected to secondary screening concerning this CQ.
Although they included three RCT, many of the other papers
were case series or case reports. Therefore, in the evaluation
of the draft recommendation concerning this CQ, the results
and discussion in each RCT and case series were integrated.
While the evidence is scarce, the papers judged to be useful
for the preparation of the draft recommendation are presented
as review data.
Review of case series
As a result of published work screening, it was found that
the effectiveness of sclerotherapy for facial microcystic LM has
been evaluated from the following viewpoints:
1. Treatment responses
a.
b.
c.
d.

SUMMARY
As a result of the published work search for evaluating the CQ,
“What is the optimal timing of surgery for soft tissue/superficial
LM?”, there were papers that mentioned the timing of surgery,
but none of them objectively evaluated its appropriateness.
Therefore, no suggestion about the appropriate timing of surgery was obtained from the published work available at present, but there were a few papers suggesting that the decision
to perform surgery should be made carefully.
Similar to the previous CQ, soft tissue/superficial LM of
which the background vary in individual cases, and it is difficult
to uniformly evaluate the effectiveness of resection. In clinical
practice, in addition to medical reasons, social reasons including school attendance are considered to largely influence the
decision of the time of resection. The results of RCT are necessary to obtain objective data, but it is practically very difficult
to arrange an RCT fulfilling the above conditions.
While this CQ is a very important issue for patients and families as well as clinicians, there has not been objective evaluation of the optimal timing of surgery in the past. Presently, as
quick decisions to perform surgery should be avoided, this
guideline proposes, “The optimal timing of surgery cannot be
decided in general, and judgments according to the condition
of each case are necessary”.

Size
Symptoms
Functions
Cosmetics

2. Complications
The contents of the accounts concerning the effectiveness of
sclerotherapy are summarized according to these viewpoints.
However, there were few reports that exclusively analyzed
facial (and microcystic) LM, and lesions of the neck and other
regions as well as the face were evaluated or different types of
LM, such as cystic and mixed types, were reported together.
In addition, the definition of the cavernous type and standard
procedure of sclerotherapy (method and number of administrations) varied among reports, and these differences in background should be considered in the evaluation of the
effectiveness of sclerotherapy.
The sclerosing agents used for the published work search
ranged widely from OK-432, bleomycin, ethanol, doxycycline
to STS. However, as none of the papers reviewed for the
preparation of these guidelines evaluated differences in the
effectiveness for facial microcystic lesions among drugs or the
method or number of administrations of each drug, these evaluation items were excluded in discussing this CQ.
1. Responses

CQ24: Is sclerotherapy effective for facial
microcystic LM?
Recommendation: A wide range of drugs are used for sclerotherapy. Although comparison among drugs has not been

22

A. Size: Many of the papers that referred to the regression rate
of the lesion classified the responses into (i) excellent or complete
(regression rate ≥90%); (ii) good or substantial (regression rate
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≥50% and <90%); (iii) fair or intermediate (regression rate ≥20%
and <50%); and (iv) poor or none (regression rate <20%).
Although there was no paper that collected cases of facial
lesions alone, Yang et al.299 reported that the regression rate after
sclerotherapy was 90% or more in 19 (63%) of the 30 patients
with head and neck lesions and 50% or more in 10 (33%). In addition, the regression rate was reported to be 50% or more in 18
(85.7%) of the 21 patients with head and neck lesions by Alomari
et al.,300 and in 30 of the 31 patients to be 50% or more, who
included those with mixed type lesions, by Chaudry et al.301
Smith et al.302 reported that none showed a response (complete or substantial) in 17 patients who underwent sclerotherapy, some of whom had mediastinal lesions. Giguere et al.303
also reported that all five patients with head and neck lesions
showed no response (poor) to the therapy. While these studies
were RCT evaluating the time of sclerotherapy, the results suggest that sclerotherapy is not effective for microcystic lesions
regardless of the time of treatment.
There was no paper that compared sclerotherapy and
resection for facial microcystic LM.
B. Symptoms: There is no published work that evaluated
this item based on objective data, and few reports referred to
symptoms themselves. The information was limited to the
report by Chaudry et al.301 that symptoms disappeared after
sclerotherapy using bleomycin in 75% of the patients who
complained of pain and a few case reports304,305 that symptoms, such as hemorrhage and respiratory impairment, were
relieved after sclerotherapy.
C. Functions: Ravindranathan et al.306 performed sclerotherapy in three patients with diffuse microcystic lesions extending
from the face to the tongue and pharynx and reported that respiratory impairment and swallowing disorder due to airway
obstruction observed before treatment were mitigated. Poonyathalang et al.307 administrated STS to a patient with orbital
lesions primarily complaining of visual defect and reduced
visual acuity due to retrobulbar hemorrhage and reported alleviation of the symptoms, but relevant published work similar to
that concerning symptoms was scarce.
D. Cosmetic aspects: Cosmetic improvements are difficult to
evaluate objectively. Poonyathalang et al.307 administrated STS
to three patients with orbital lesions with exophthalmos as the primary symptom and reported improvement by measuring the
degree of protrusion before and after the treatment. There have
also been reports of objective assessment based on the degree
of satisfaction in the patients’ families. According to Chaudry
et al.,301 all patients with head and neck lesions (nine with microcystic lesions, 22 with mixed lesions) and their families reported
improvements in the size and appearance of the lesions. In addition, Alomari et al.300 treated 32 patients with mostly microcystic
but including some cystic LM of the head and neck region by sclerotherapy and reported improvements compared with the condition before treatment by the families of 26 patients (81.3%).
2. Complications
As complications in the facial region, there are a large number of reports299,301,307–312 of transient complications

associated with sclerotherapy, such as fever, local swelling
and pain, intracystic hemorrhage and infection, although the
lesions were poorly characterized in some reports. In addition,
complications considered to have been caused by the effect of
treatment, such as ulcer of the oral mucosa and tongue, facial
nerve paralysis, leakage of saliva and respiratory insufficiency
due to airway obstruction, have been occasionally
reported.303,306,307 There have also been reports307,313,314 of an
elevation of the intraorbital pressure, exophthalmos, intraorbital
hemorrhage, corneal damage and external ocular muscle
paralysis due to enlargement of the mass after sclerotherapy
for ocular LM. There was also no published work showing the
incidence of complications in facial microcystic LM.
As complications caused by sclerosing agents, skin ulcer
and necrosis and nerve damage due to ethanol leakage,
hypotension during anhydrous ethanol injection and epidermal
detachment due to doxycycline have been reported.300,315
However, there was no report of serious complications due to
OK-432. Pulmonary fibrosis is widely known to be a complication of bleomycin, but, according to Chaudry et al.301 and Yang
et al.,299 impairment of respiratory function does not occur at a
dose routinely employed for sclerotherapy.

SUMMARY
In evaluating the CQ, “Is sclerotherapy effective for facial
microcystic LM?”, analysis was performed from the viewpoints
of responses to the treatment in terms of symptoms, functions
and cosmetic (esthetic) aspects and complications, but few
papers with a high level of evidence were found. While the
degree of regression of the lesions by sclerotherapy varied
widely, the size-reducing effect of the therapy was consistently
small unlike that in cystic lesions. Some papers referred to
symptoms, functional outcome and cosmetic improvement, but
they were insufficient for general discussion of sclerotherapy
for facial microcystic LM. As complications characteristic of
sclerotherapy, serious impairment may be caused by leakage
of the sclerosing agent (ethanol in particular), and this
point needs attention. Based on the above observations, it is
difficult at present to evaluate indications for sclerotherapy
against microcystic LM by formulating criteria. Therefore, for
the future, it is considered necessary to evaluate the usefulness of sclerotherapy addressed by this CQ by designs such
as RCT.

CQ25: Is sclerotherapy effective for intra-abdominal
LM?
Recommendation: Although there are many reports that sclerotherapy is useful, there is the risk of complications, and careful judgments about matters including the resectability of the
lesion and selection of the sclerosing agent are necessary.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Lymphangioma is the most frequent lymphatic vessel disorder of the abdomen. Intra-abdominal lesions are estimated to
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account for 10–20% of all LM, and the selection of treatment
is difficult depending on the site of the lesion. While surgical
resection is expected to be effective, less invasive treatments
are considered necessary in view of stress to the patient and
the possibility of severe complications such as lymphatic fluid
leakage and bowel obstruction. Sclerotherapy, which is a
major treatment for LM, is considered to be less invasive than
surgery. Although positive therapeutic effects are expected,
sclerotherapy is known to induce marked inflammation.
Whether it can be performed safely without negative effects
including complications and its long-term effects are major
clinical concerns. In addition, what therapeutic effects are
expected or what complications should be anticipated after
sclerotherapy for the intra-abdominal lesion is also unclear.
Therefore, the CQ, “Is sclerotherapy effective for intra-abdominal LM?”, was formulated, and knowledge available at present
was compiled.
Published work search and screening
As a result of the published work search, 19 papers in Japanese and 38 papers in English (32 from PubMed, six from
Cochrane) were subjected to primary screening. Of these
papers, two in Japanese and nine in English were subjected to
secondary screening concerning this CQ. They included no
papers with a high level of evidence, such as SR and RCT,
and all were case series or case reports. Consequently, the
results and discussion in each case series were integrated in
the evaluation of this CQ.
Review of observational studies (case series)
The published work concerning the effectiveness of sclerotherapy for intra-abdominal LM was reviewed from the viewpoints of: (i) therapeutic effects (decrease in lesion size,
symptoms); and (ii) complications.
The drugs used for sclerotherapy ranged widely from OK432 to bleomycin, ethanol, doxycycline, STS, acetic acid, steroid/tetracycline and 50% glucose solution. According to our
review, there was no paper that evaluated the differences in
effectiveness of sclerotherapy in the abdomen according to the
drug type or administration method or number of administrations of each drug.
Results of review:
1. Therapeutic effects
A. Regression rate of the lesion: Regression of lesions of
intra-abdominal LM by sclerotherapy was mentioned in five
papers.288,316–319 According to the report by Chaudry et al.,316
the reduction rate was 90% or more in seven and 20% or
more in one of the 10 patients with LM of the mesentery and
retroperitoneum treated with doxycycline, and evaluation using
imaging examination was not performed in two cases. The
patient who showed a low regression rate had a mixed type of
cystic and cavernous lymphangiomas, and the other patients
had cystic lesions. Oliveira et al.317 reported that the lesion
regressed by 70% in one of the two patients with cystic lymphangiomas treated with OK-432. Won et al.318 reported one
patient who showed complete disappearance of cystic
retroperitoneal lesions after sclerotherapy using acetic acid.

24

Shiels et al.319 reported that cystic lesions responded to sclerotherapy using STS and ethanol in two patients, but there was
no mention of the reduction rate. However, according to Alqahtani et al.,288 no effect was observed in 10 patients who underwent sclerotherapy using steroid/tetracycline or 50% glucose
solution.
B. Symptoms: There were three papers that referred to
symptoms of patients treated by sclerotherapy for intra-abdominal LM.316,317
According to Chaudry et al.,316 of the 10 patients who
underwent sclerotherapy, three had chronic abdominal pain,
three had acute abdominal pain, one had fever/chill, one had
anemia and two had palpable masses, but the symptoms were
alleviated by treatment in all patients, and no recurrence was
noted.
Oliveira et al.317 reported that sclerotherapy was performed
in a patient with a palpable mass and in one with a palpable
mass, abdominal compartment syndrome and a poor general
condition. While the condition was alleviated in the patient who
only showed a palpable mass after two courses of OK-432
sclerotherapy, the treatment was changed to surgery in the
patient who had abdominal compartment syndrome because
of enlargement of the mass due to intracystic hemorrhage.
2. Complications
Three papers specifically mentioned complications of sclerotherapy for intra-abdominal LM. There was no report of
deaths due to treatment-related complications. Oliveira et al.317
treated three patients by sclerotherapy using OK-432 and
reported that one of them developed sub-bowel obstruction
after the treatment and another required emergency surgery
due to exacerbation of abdominal compartment syndrome
induced by intracystic hemorrhage. Chaudry et al.316 reported
that doxycycline used for sclerotherapy leaked into the
retroperitoneal space in one of the 10 patients but that the
lesion regressed without any particular problem. Won et al.318
performed sclerotherapy using acetic acid in one patient with
retroperitoneal cystic lymphangioma. Although pain and hematuria were observed, they concluded that the relationship of
hematuria with the therapy was unclear, because it was
observed during menstruation.
Limitations: Sclerotherapy was often performed before, after
or during surgical resection, and papers that reported the
results of sclerotherapy alone were few. There was no paper
that directly compared observation without treatment, sclerotherapy and surgical resection. Few papers analyzed intraabdominal lesions alone, and many papers included lesions in
other areas or evaluated lesions in different intra-abdominal
regions including the mesentery, retroperitoneum and viscera
collectively.
Moreover, differences in properties of LM, such as cystic,
cavernous and mixed types, their definitions, criteria for the
selection of sclerotherapy (combination with surgery, types of
sclerosing agents and methods of their use, number of administrations) varied among papers, and few papers evaluated
these matters separately.
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Such differences in the patient background and contents of
treatment must be considered in evaluating the effectiveness
of sclerotherapy. In evaluating this CQ, particularly differences
in morphology of LM and sclerosing agents were excluded.

SUMMARY
The CQ, “Is sclerotherapy effective for intra-abdominal LM?”
was evaluated from the viewpoints of therapeutic effect, symptoms/functions and complications, but no paper with a high level
of evidence was found. While sufficient regression of the lesion
and alleviation of symptoms were achieved by sclerotherapy in
some patients, the response rate varied among reports, and
information was insufficient for general discussion of sclerotherapy. Concerning treatment-related complications, there have
been reports of bowel obstruction associated with sclerotherapy, and attention to this condition as well as intracystic hemorrhage is considered necessary. However, there was no report of
chylorrhea, which was reportedly caused by surgery.
Based on the above observations, it is presently difficult to
determine indications for sclerotherapy in intra-abdominal LM
by setting up criteria, but as there was no published work that
strongly ruled out intra-abdominal LM as indications of sclerotherapy, these guidelines propose, “Although there are many
reports that sclerotherapy is useful, there is the risk of complications, and careful judgments about matters including the
resectability of the lesion and selection of the sclerosing agent
are necessary”. For the future evaluation of this CQ, validation
by a design with a high level of evidence, such as RCT, is considered necessary.

CQ26: Are patients with scarcely symptomatic intraabdominal LM candidates for treatment?
Recommendation: Because there is risk of treatment-related
complications, it is proposed to consider therapeutic intervention when the lesion tends to enlarge or has become symptomatic.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Intra-abdominal LM occasionally presents with severe
symptoms, such as abdominal pain, giant mass and bowel
obstruction, but may also be asymptomatic and detected incidentally. Lesions may gradually enlarge and cause serious
symptoms due to infection and intraluminal hemorrhage.
Under such circumstances, whether patients with nearly
asymptomatic intra-abdominal LM should be aggressively treated, or when intervention should be optimally performed during
their long follow-up period, are major problems that pose a
clinical dilemma. Therefore, the CQ, “Are patients with scarcely
symptomatic intra-abdominal LM candidates for treatment?”,
was formulated, and knowledge available at present was summarized.
Published work search and screening
As a result of the published work search, 206 papers in
Japanese and 237 papers in English (230 from PubMed, seven

from Cochrane) were subjected to primary screening. Of
these papers, six in Japanese and nine in English were subjected to secondary screening concerning CQ26. They
included no papers with a high level of evidence, such as an
SR or RCT, and many of them were case series or case
reports. Because seven papers among them described asymptomatic LM, their results and discussions were integrated to
answer the CQ.
Review of observational studies (case series)
Seven papers316,317,320–324 among reviewed published work
described asymptomatic LM. Fifteen cases reported in these
papers were considered to have actually presented few symptoms (including asymptomatic patients who were incidentally
detected by imaging studies to have intra-abdominal masses
at the sites as greater omentum, mesentery and retroperitoneum).
The published work was screened, and papers addressing
issues concerning therapeutic intervention for scarcely symptomatic intra-abdominal LM including, “What symptoms they
may present with if they are left untreated?”, “By what studies
and how often should they be examined?” and “What other
treatments are available and how serious are complications or
risk of each treatment?” were reviewed.
Results of review: From the published work reviewed, symptoms of intra-abdominal LM (abdominal pain, bowel obstruction, torsion, infection, hemorrhage, vomiting/sucking difficulty,
frequent urination and abdominal mass)320–326 are considered
to be dependent on factors such as site, size and age. It is
necessary to determine risk factors by stratification of these
factors in the future.320,322,325
Reported complications in treated cases include recurrence
that required re-treatment,321 bowel obstruction,317,323,324 chylous ascites,324,326 embolism,317 hemorrhage317 and wound
infection. Embolism of the inferior vena cava after surgery317
and abdominal compartment syndrome after adhesion therapy317 were reported as severe complications. It deserves special attention that, if surgical resection is performed for
mesenteric LM, the intestine may have to be resected with the
lesion.326
While there have been reports320,322 that intra-abdominal
LM with few clinical symptoms regressed during follow up,
they may become symptomatic later (as observed in many
case reports). For that reason, the opinion that intervention
should not been chosen during the follow up until the lesion
enlarges or new symptoms appear was frequently described.
Limitations: It should be noted that many asymptomatic
cases may be left unreported and some asymptomatic lesions
that had been detected were treated. There is no study with a
high level of evidence indicating explicit criteria concerning the
age, site or situation about whether intervention should be
made for asymptomatic intra-abdominal LM.

SUMMARY
The necessity of treatment of a patient with intra-abdominal LM
with few symptoms should be determined after evaluating the
balance between the risk of treatment and non-treatment
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considering its site and size as well as patient age. However,
because research on indications for treatments has been insufficient so far and serious complications after treatment have been
reported, deliberate evaluation for each patient is mandatory.
When observation is selected, periodic imaging studies are recommended to optimize therapeutic intervention by detecting
enlargement of the lesion. Also, if any symptom has developed
during follow up, intervention should be considered. For these
reasons, the recommendation, “Because there is risk of treatment-related complications, it is proposed to consider therapeutic intervention when the lesion tends to enlarge or has become
symptomatic” was adopted.

CQ27: What treatments are effective for refractory
chylous ascites?
Recommendation: Conservative treatments, such as fasting,
high-calorie infusion and medium chain triglyceride (MCT),
should be performed first, but, if they are ineffective, drug
treatment, sclerotherapy and surgery may also be considered.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Refractory chylous ascites causes loss of large amounts of
protein and lymphocytes, decreases in the blood lipid levels, and
abdominal pain, unpleasantness and dyspnea due to abdominal
distention and markedly reduces quality of life. The cause of
ascites often remains unknown. Treatment of chylous ascites
may require drainage to avoid abdominal distention. It is a very
important point for clinicians to make proper judgments by
understanding treatments and their effects and demerits. Therefore, it is considered beneficial to collect information about chylous ascites over a long period and compile guidelines. For this
purpose, the presently available knowledge was collected by formulating the CQ, “What treatments are effective for refractory
chylous ascites?”.
Published work search and screening
As a result of the search, 161 papers in Japanese and 728
papers in English (564 from PubMed, 164 from Cochrane) were
subjected to primary screening. Of these papers, 15 in Japanese
and 12 in English were subjected to secondary screening for
CQ27. They included none with a high level of evidence, such as
SR and RCT, and consisted of one multicenter and two singlecenter case series and case reports. Consequently, we used the
results and discussion of 27 papers judged for the preparation of
the draft recommendation were integrated, although evidence
was insufficient for the evaluation of this CQ.
Review of observational studies (case series)
As for causes of chylous ascites, congenital chylous
ascites,327–342 idiopathic chylous ascites,328 chylous ascites
protein-losing
enteropathy,345
after
laparotomy,343–346
347,348
349,350
LM,
lymphangiectasis,
lymphangiomatosis351,352
353
and lymphatic dysplasia
were reported. None of the papers
evaluated treatments according to the cause.
When treatments are categorized, conservative treatments
(fasting, high-calorie infusion, MCT), drug treatments, sclerotherapy and surgical treatment were performed.

26

Results of review: The results of review are presented below
according to the treatment.
1. Conservative treatments
Whether the amount of ascites changes by fasting should
be checked first.
High-calorie infusion is often used with fasting, and because
there was no report that ascites increased under the effect of
high-calorie infusion according to our review, it is recommended for nutritional support during fasting. In the multicenter
case series reported by Bellini et al.,327 high-calorie infusion/total parenteral nutrition was performed in 15 patients without
adverse effects.
Medium chain triglyceride was used before, after and during
treatment.327,328,330–335,337,339–341,343,345,346,348–352 In the multicenter case series by Bellini et al.,327 MCT was reportedly performed in 14 patients without adverse effects.
2. Drug treatments
In drug therapy for chylous ascites, primarily octreotide (a
long-acting somatostatin analog) was used, and no report that
discussed the effectiveness of other drug therapies was found
by the present published work search.
In the multicenter case series by Bellini et al.,327 octreotide
was administrated to six of the 16 patients with chylous ascites
for 8–38 days, and a decrease in chylous ascites was reported
in all of them. In the single-center case series by Huang
et al.,344 two of the four patients with chylous ascites treated
by high-calorie infusion and octreotide administration were
reported to have shown a decrease in ascites within 10 days.
However, there has been a report330 that no effect was
observed despite the administration of octreotide for 3 weeks.
Concerning the dose of octreotide, it was administrated at
1 lg/kg per h,327 at 3 lg/kg per h,332 began to be administrated at 0.5 lg/kg per h and increased to 10 lg/kg per h by
1 lg/kg per h,329 administrated by continuous i.v. infusion at
0.5–2.0 lg/kg per h,333 and began to be administrated by s.c.
injection at 2.5 lg/kg two times a day and increased every
2 days to 8 lg/kg two times a day.330 Regarding the time of
the beginning of administration, the administration was started
as no improvement was observed in chylous ascites after conservative treatments for 2 weeks,330,334 and as chylous ascites
was alleviated by conservative treatments but was exacerbated
again.333 No adverse effects of octreotide administration were
noted in the present review of the published work. Thus, no
control study that evaluated the effect of octreotide on chylous
ascites was found by the present published work search, and
the level of evidence concerning the efficacy is low, but as
there are case series and many case reports that chylous
ascites was reduced by octreotide administration, it appears
reasonable to consider drug treatment using octreotide for chylous ascites that does not respond to conservative treatments.
3. Sclerotherapy
Sclerotherapy was performed in six patients in five case
reports.339,347,349,351,352 The sclerosing agent was OK‐432 in
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five of the six patients and was Beta-isodonaâ (Mundipharma
GmbH, Cambridge, UK) solution in one.349 OK‐432 was locally
injected into the lesion in four,347,351,352 administrated i.p. in
one352 and administrated through the drain in two.347,352 Concerning sclerotherapy, the number of reported cases that were
reviewed was limited, and further accumulation of cases is
considered necessary to establish its usefulness.
4. Abdominal drainage, abdominal puncture and surgical
treatment
Abdominal drainage and abdominal puncture are performed
when organ compression symptoms (compartment syndrome
and respiratory insufficiency) due to abdominal distention are
present or possible, or when the drain is inserted postoperatively. However, drainage itself cannot improve chylous ascites,
and treatments, such as infusion, blood preparations and
blood transfusion, are necessary to supplement the ascites lost
due to drainage.327,330–333,337–340,343,345–347,349,351,352
Surgical treatment is reported to be frequently performed
after conservative or drug treatments. According to the singlecenter case series by Zeidan et al.,343 surgical treatment was
performed in patients who responded poorly to conservative
treatments for over a mean of 25.3 days. In other reports, surgical treatment was performed after conservative treatments
for 1–3 months328,329 and in patients with congenital chylous
ascites 1–4 months after birth.330,334,350 Because it is often
impossible to identify the leakage site of chylous ascites,330
there have been attempts to identify the leakage site by p.o.
administration of a lipophilic dye (Sudan black, Sudan III)
before operation.328,329,336,343 When the leakage site can be
identified, ligation, suturing, clipping and cauterization have
been performed.328,334,336,343,350 In addition to reports of the
usefulness of techniques to stop leakage, such as applying or
sprinkling fibrin glue at the leakage site of chylous ascites or
over the surrounding retroperitoneum,329,331,343,350 and applying a patch of oxidized cellulose/resorbable local hemostatic
agent,331,343 there have also been reports of peritoneovenous
shunting349,353 and peritoneoamniotic shunting for fetal
cases.338
There was no large clinical study in the past published work.
Therefore, although the level of evidence is low, we consider
that surgical treatment is recommendable for chylous ascites
that does not respond to conservative or drug treatments,
because it has been performed in case series and case reports
for chylous ascites that did not respond to conservative or
drug treatments for over approximately 1 month. Although
techniques to enhance the response rate of surgical treatment,
such as identifying the leakage site by using a lipophilic dye
and applying fibrin glue or a patch of oxidized cellulose/resorbable local hemostatic agent, have been attempted, there
are only case series and case reports, and none of the papers
retrieved by the present published work search evaluated their
usefulness.
Limitations: There was no published work that defined refractory chylous ascites based on the duration of illness or treatment
responses. Therefore, we extracted and summarized factors that

were considered to contribute to clinical refractoriness, such as
the duration of illness and treatment responses, in each paper
related to the treatment for chylous ascites. Also, as the cause
of chylous ascites varies widely, the therapeutic effect is
expected to differ depending on the cause, but no paper that
was reviewed evaluated treatments according to the cause.
Therefore, in the present evaluation, the statements are limited
to treatments and their effects regardless of the cause.

SUMMARY
It was difficult to comprehensively discuss treatments, because
its cause varied widely, and treatments for various causes
were performed. Therefore, treatments were classified into
conservative treatments (fasting, high-calorie infusion, MCT),
drug treatments (octreotide), sclerotherapy, abdominal drainage, abdominal puncture and surgical treatment, and the
effects of each treatment were evaluated.
Treatments effective for refractory chylous ascites can be
summarized as follows with the understanding that they may
depend on the cause and that the level of evidence of the
available reports concerning treatments and their effects is
low. Conservative treatments, such as fasting, high-calorie
infusion and MCT, should be performed first because of the
rareness of adverse effects. In patients who respond insufficiently to conservative treatments, drug treatments using
octreotide can be considered as there have been case series
and many case reports. Concerning sclerotherapy, the number
of reported cases is small, and further large clinical studies will
be needed to confirm its usefulness. Abdominal paracentesis
and surgical treatments may be considered for chylous ascites
that does not response to conservative or drug treatments for
approximately 1 month.
Thus, the draft recommendation is “Conservative treatments,
such as fasting, high-calorie infusion and MCT, should be performed first, and, if they are ineffective, drug treatments, sclerotherapy and surgical treatments may be considered”.
However, evaluation of this CQ by a design with a higher level
of evidence, such as RCT, is considered necessary for the
future.

CQ28: What kinds of complications are associated
with treatments for intra-abdominal LM?
Recommendation: Complications associated with sclerotherapy
for intra-abdominal LM include bowel obstruction, hemorrhage,
pain, hematuria and chylous ascites. Surgical treatment of the
disease can be associated with serious complications such as
occlusion of the inferior vena cava and massive resection of
the intestine as well as more common, wound infection, bowel
obstruction, hemorrhage and chylous ascites.
Strength of recommendation: No recommendation.
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Patients with intra-abdominal LM are treated with various
modalities from non-surgical therapy to surgical procedures.
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Treatment modality is selected depending on the patient’s
state. Therefore, it is necessary for the clinician, patient and
family to share information concerning complications that may
be associated with treatments for implementing them
smoothly. However, there are no resources that give a clear
answer to this problem, and both clinicians and patients may
become disconcerted. Therefore, the CQ “What kinds of complications are associated with treatments for intra-abdominal
LM?” was formulated, and information available at present was
accumulated and integrated for the answer.
Published work search and screening
As a result of the published work search, 203 papers in
Japanese and 602 papers in English (593 from PubMed, nine
from Cochrane) were subjected to primary screening. Of these
papers, 23 in Japanese and 27 in English were subjected to
secondary screening concerning this CQ. They included no
papers with a high level of evidence, such as SR or RCT, and
all of them were case series or case reports. To answer CQ28,
the results and discussion in each case series were integrated.
Review of observational studies (case series)
Complications in the CQ were evaluated by defining them
as those encountered when patients with intra-abdominal LM
were treated, and reports on sclerotherapy and surgery were
reviewed.
Results of review:
1. Complications associated with sclerotherapy
Sclerotherapy using OK-432 was reported to be associated
with bowel obstruction and hemorrhage for mesenteric LM,317
and chylous ascites for retroperitoneal LM.326 Sclerotherapy
using acetic acid was reported to be associated with pain and
hematuria in patients with retroperitoneal LM.318
2. Complications associated with surgical procedures
Complete resection of both mesenteric and retroperitoneal LM by laparotomy was reported to be associated
with wound infection324,354 and bowel obstruction323,354,355
as common complications. There were reports of serious
complications such as occlusion of the inferior vena cava317
and massive resection of the intestine was necessary due
to diffuse infiltration of the LM tissue to the intestinal
wall.356
In a report about complications associated with complete
laparoscopic resection of intra-abdominal LM by Tran et al.,357
resection was attempted in 47 patients, and conversion to
laparotomy was necessary in three (6.4%) due to tight adhesion in two and intraoperative hemorrhage in one.
Partial resection by laparotomy was reported to be associated with persistent ascites over a long period that was refractory to the treatment.355
Limitations: Patients with intra-abdominal LM are treated
with various modalities including sclerotherapy and surgical
procedures. Modalities were combined in many cases, and
complications are often reported as those of entire treatment
without more detailed information about those associated with
individual treatment.

28

SUMMARY
For answering the CQ, “What kinds of complications are associated with treatments for intra-abdominal LM?”, no published
work with a high level of evidence was found, but foreseeable
complications were listed from many case reports. Bowel
obstruction, hemorrhage, pain, hematuria and chylous ascites
were reported as complications of sclerotherapy. Serious conditions, such as occlusion of the inferior vena cava and massive resection of the intestine, as well as common
complications, such as wound infection, bowel obstruction,
hemorrhage and chylous ascites were reported as complications after surgical procedures.
Although the incidences and differences in complications in
respect of the site and histological type are not shown in the
published work, each patient with intra-abdominal LM should
be treated with sufficient evaluation of the site, size and symptoms. In addition, treatment must be implemented with sufficient understanding of the possible complications.
Thus, we propose “Complications associated with sclerotherapy for intra-abdominal LM include bowel obstruction,
hemorrhage, pain, hematuria and chylous ascites. Surgical
treatment of the disease can be associated with serious complications such as occlusion of the inferior vena cava and massive resection of the intestine as well as more common, wound
infection, bowel obstruction, hemorrhage and chylous ascites”
as a recommendation draft.

CQ29: What treatments are effective for LM causing
airway obstruction in the mediastinum?
Recommendation: Sclerotherapy is effective for macrocystic
lesions, and surgical resection is effective for microcystic
lesions. However, as the complication rate is relatively high,
treatments should be selected according to the condition of
each case.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Among LM, those that may cause airway obstruction due to
their sites are life-threatening. Lesions in the mediastinum
cause respiratory disorders if they physically compress the trachea or bronchi and obstruct the airway or markedly protrude
into the thoracic cavity and narrow it.
In such situations, aggressive and effective treatment is necessary, but the therapeutic approach must be selected carefully in consideration of the relationship of the lesion with the
important organs around it such as the large cardiac vessels,
mediastinal nerve and thoracic duct. However, the judgment is
often difficult in clinical settings.
Therefore, the CQ, “What treatments are effective for LM
causing airway obstruction in the mediastinum?” was formulated, and the presently available knowledge concerning matters including the risk of complications and prognosis of
treatments, such as surgical resection and sclerotherapy, was
summarized.
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Published work search and screening
As a result of the published work search, 134 papers in
Japanese and 227 in English (226 from PubMed, one from
Cochrane) were subjected to primary screening. Of these
papers, five in Japanese and 16 in English were subjected to
secondary screening concerning this CQ. Because they
included none with a high level of evidence, such as an SR or
RCT, and all were case series or case reports, the results and
discussion in each case series were integrated.
Review of observational studies (case series)
By screening of the published work, the following
approaches were found for the treatment of LM in the mediastinum.
Therapeutic options are surgical resection, puncture and
drainage, sclerotherapy (OK-432, bleomycin, Ethiblock [Ethicon, Hamburg, Germany], anhydrous ethanol), drug treatments
(Chinese herbal medicines such as eppikajutsuto and ogikenchuto) and no treatment. Of these approaches, surgical
resection and sclerotherapy using OK-432 have been evaluated in a relatively large number of cases, and reports of other
therapy had an extremely limited number of cases, for example, reports of only one case.
Results of review: Boardman et al.358 reported that, of the
97 patients with LM of the head and neck region, surgical
treatments were necessary in six of the 12 patients with mediastinal lesions, that complications of surgery occurred in four
of the six patients, and that long-term nerve damage was
observed in three of them. In addition, they reported that management by tracheotomy was necessary in 15% of all patients.
Complete or nearly complete remission was observed in 92%
of the patients, but they suggested that surgical treatments
should be indicated only when there is airway obstruction or
there is the risk of it, because surgical treatment of mediastinal
lesions frequently causes complications.
Park et al.359 reported that they surgically resected mediastinal LM in 12 patients. Seven of them had dyspnea and
three were asymptomatic, but they were all judged to have
indications for surgery due to symptoms or the tendency of the
lesions to enlarge. A total of five recurrences were observed in
four patients (33%) during a mean period of 3.6 years after the
initial surgery, and all underwent by re-resection. No perioperative death was observed, and, in a total of 25 cases including
past cases, the overall survival was not different compared
with that in healthy individuals over a follow-up period of
11.5 years.
Smith et al.302 performed local injection of OK-432 in 16
patients with mediastinal LM and reported 60% or more
regression of the lesion in 13 (81%). They also mentioned
treatment responses according to the histological types and,
by reporting responses (complete or nearly complete remission) in 94% of those with macrocystic lesions, 63% of those
with mixed lesions, but 0% in those with microcystic lesions,
suggested a macrocystic lesion to be a good indication for
sclerotherapy using OK-432. Although not from the viewpoint
of airway obstruction, they reported that treatment using OK432 was more effective than surgical resection and less frequently caused serious complications.

Limitations: There have been no papers that directly analyzed treatments effective for mediastinal lesions expected to
cause airway obstruction, and many papers reported cases of
mediastinal lesions that responded to treatments. Therefore,
we simply extracted matters relevant to this CQ from these
reports.

SUMMARY
There was no published work with a high level of evidence
concerning effective treatments for LM in the mediastinum
causing airway obstruction. A few case reports that referred to
the effects of surgery and sclerotherapy were observed, but it
was difficult to present objective and specific figures concerning their effectiveness or safety. However, according to the
available information, it should be noted that favorable
responses have been obtained by OK-432 local injection in
macrocystic lesions and that complications due to surgical
resection are likely to occur relatively frequently.
From these observations, we consider the following to be a
therapeutic approach that can be proposed: “Sclerotherapy,
such as that by local injection of OK-432, should be considered for macrocystic lesions, and, for lesions that are technically difficult to treat by sclerotherapy or microcystic lesions,
surgical resection should be considered with attention to complications. In addition, it is necessary to pay attention to the
appearance of respiratory disturbances before and after these
treatments and to constantly evaluate indications for securing
the airway by intratracheal intubation or tracheostomy.” Therefore, at present, we recommend, “Sclerotherapy is effective for
macrocystic lesions, and surgical resection is effective for
microcystic lesions. However, as the complication rate is relatively high, treatments should be selected according to the
condition of each case.”

CQ30: Should sclerotherapy be performed in infancy
for a patient with head and neck LM affecting the
airway?
Recommendation: In a patient with LM around the airway,
there is risk of respiratory distress in infancy, while airway
obstruction is likely to be exacerbated by sclerotherapy. Particularly when risk of airway obstruction is judged to be high or
when the patient has already presented symptoms, it is proposed to perform sclerotherapy with sufficient preparations
including airway management.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparing recommendation
Lymphangiomas of the neck, which are located in an
exposed part of the body, may cause cosmetic problems that
are important, but airway obstruction can be a particularly serious problem in some cases.
Sclerotherapy, which is one of the major treatment modalities, is most effective in patients with cystic LM, but swelling of
the treated portion after the therapy may cause or exacerbate
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airway obstruction symptoms, especially in neonates. The
upper airway will become less vulnerable to obstruction
because it becomes less frail and wider as patients grow and
respiratory distress tends to be unlikely. Therefore, it is
occasionally difficult to determine how a patient who does not
present any obstructive symptoms should be treated in
infancy.
Thus, we evaluated this problem by formulating the CQ,
“Should sclerotherapy be performed in infancy for a patient
with the neck LM affecting airway?”.
Published work search and screening
As a result of search, 86 papers in Japanese and 135
papers in English (130 from PubMed, five from Cochrane) were
subjected to primary screening. Of these papers, six in Japanese and 20 in English were subjected to secondary screening
concerning this CQ. They included one SR, one RCT, two PS
and one retrospective cohort study, but all the others were
case series or case reports. Therefore, the results and discussion, primarily, in these SR, RCT, PS and retrospective cohort
study, but also in other case series were integrated.
Review of observational studies
The published work concerning the effectiveness of sclerotherapy for head and neck LM in infancy was reviewed from
the viewpoints of responses (prognosis [survival rate or
mortality], size, symptoms and cosmetic improvement) and
complications.
Sclerosing agents used as key words for the present published work search varied widely and included OK-432, bleomycin, ethanol, doxycycline, STS and fibrin glue. No paper
evaluated differences in effectiveness of various agents due to
their methods of administration for lesions around the neck
affecting the airway. Therefore, differences among agents were
excluded from the evaluation of this CQ.

Results of Review:
1. Responses
A. Prognosis (survival rate or mortality): According to the SR
by Adams et al.,360 the mortality was 4.7% in 277 cases with
head and neck LM. Because lesions around the airway were
not the only target, and because sclerotherapy was not the
only treatment modality, the paper has not quite rightly
answered the CQ. However, because patients who died were
all younger than 1 year of age and their causes of death are
considered to have been mostly airway problems, such as airway obstruction and aspiration due to vocal cord paralysis in
eight, and as at least one patient is judged to have died due to
complications of invasive treatment, the paper is considered to
indicate the risk of this disorder during infancy.
B. Size: Many of the papers that referred to the size regression evaluated it by four categories: (i) excellent or complete
(≥90% regression); (ii) good or substantial (≥50% and <90%
regression); (iii) fair or intermediate (≥20% and <50% regression); and (iv) poor or none (≤20% regression).
Ravindranathan et al.306 treated five patients (aged 4–
19 months) with cervicofacial LM by sclerotherapy using OK‐
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432 (in addition to Fibroveinâ [STD Pharmaceutical Products
Ltd, Hereford, UK] in two) and reported that the responses were
good in one (20%) (cystic), partial in one (20%) (cavernous) and
poor in three (60%) (two with cavernous lesions that required
tracheotomy and one with cystic lesions in whom the condition
improved to good after surgical resection). However, they did
not mention the evaluation criteria for good, partial and poor.
According to the report of eight cases with head and neck
LM by Leung et al.,361 all patients underwent sclerotherapy
and 50% or more regression was observed in all patients, with
complete regression in two. However, the patient age varied
from 2 months to 11 years, and the types of LM were not
mentioned.
Ogawa et al.362 reported nine patients (including five
preschoolers and toddlers, two school children and two adults)
who underwent OK-432 sclerotherapy for the neck LM and
evaluated it to be markedly effective in eight, in whom the
lesions mostly disappeared, and effective in one, who showed
a 50% or more regression. Eight patients in whom the treatment was markedly effective consisted of one with mixed and
seven with cystic lesions, and the one in whom the treatment
was effective had a mixed type.
Cahill et al.315 reported doxycycline sclerotherapy in 17
patients with head and neck LM (cystic in 10, mixed in seven
[three required tracheotomy]), and its size regression was
reported to be more than 90% in seven (41.2%) (cystic in six,
mixed in one), 75–89% in four (23.5%) (cystic in two, mixed in
two), 51–74% in four (23.5%) (cystic in one, mixed in three)
and 25–50% in two (11.8%) (mixed in two).
Nehra et al.311 reported doxycycline sclerotherapy in 11
patients with head and neck LM (cystic in seven, mixed in four;
aged 2 days to 21 months) (later combined with surgical resection in three). The treatment results were excellent in five
(45.5% of all patients) and satisfactory in two (18.2% of all
patients) among seven patients with cystic lesions but poor in
all four patients with mixed type lesions (36.4% of all patients).
Particularly, three of the four patients with mixed type lesions
required tracheal intubation shortly after birth and underwent
sclerotherapy while intubated, but the effects were poor in all
of them. Surgical resection was added in one and was under
consideration in another.
C. Symptoms: According to Ravindranathan et al.,306 who
reported five patients with cervicofacial LM (aged 4–
19 months) treated with sclerotherapy using OK-432 (in addition to Fibrovein in two), four exhibited symptoms of airway
obstruction before treatment. Symptoms included dysphagia in
two and dyspnea (including croup-like symptoms) in four (some
both). Symptoms were alleviated by sclerotherapy in two out
of four (cystic one, cavernous one), but tracheotomy was necessary in the remaining two (cavernous in both) without
improvement.
In the report of eight patients with head and neck LM and five
patients with VM (aged 2 months to 11 years) by Leung et al.,361
their symptoms noted before treatment were mass or swelling
(10 patients [77%]), pain after hemorrhage (two patients [15%]),
skin discoloration (blue) (one patient [8%]), obstructive airway
symptoms (six patients [46%]) and swallowing difficulty (one
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patient [8%]). All symptoms were alleviated by sclerotherapy
(doxycycline for LM, STS foam for VM).
Arimoto et al.363 reported a patient with cystic LM in the
neck presenting 3 months after birth. The patient presented
with respiratory distress at the age of 10 months due to
enlargement of the LM following upper respiratory infection.
While left vocal cord fixation due to the mass was confirmed
by ultrasonography before treatment, aspiration of the cyst and
steroid administration resulted in opening of the glottic area
and regression of the mass with relief of wheezing and distress. Because they underwent sclerotherapy 2 months after
the disappearance of symptoms, aspiration of internal fluid and
steroid administration rather than sclerotherapy were directly
effective for the alleviation of symptoms.
Kitagawa et al.364 reported a patient with giant LM of the
neck which had been prenatally diagnosed and was treated
under ex utero intrapartum treatment by tracheal intubation
after aspiration of the cyst. The lesion was reported to be
refractive to subsequent sclerotherapy and tracheotomy was
eventually needed.
Nehra et al.311 reported that, among 11 patients with head and
neck LM (cystic type in seven and mixed type of cystic + cavernous in four; aged 2 days to 21 months), three out of four with
mixed LM presented respiratory distress soon after birth and
were managed by intubation, but that all were extubated after
sclerotherapy using doxycycline (1–3 times; median, 1.6 times).
D. Cosmetic improvements: No paper has reported cosmetic results in detail. Only sporadically they mentioned surgery for redundant skin after regression of cystic lesions by
sclerotherapy.
2. Complications
Complications associated with treatment for LM around the
airway have been reported in many papers. They include temporary conditions caused by sclerotherapy such as
fever,292,303,312,362,365–371 local swelling,303,312,365,367,368,370,371
pain,288,312,362,367,370–372 hemorrhage into the cyst288,303,312,368
and infection.288,292,303,310,312,360,365,372 The effects of treatment
for head and neck lesions, such as respiratory distress due to
airway obstruction292,303,306,312,362,365,366 as well as nerve
palsy,288,292,312,360,365 have also been reported.
According to an SR about head and neck LM by Adams
et al.,360 both nerve damage due to sclerotherapy and posttherapeutic infection were reported in one (0.8%) out of 123
patients. Because nerve damage and infection after surgery
were observed in 12 (10.2%) and seven (5.9%) out of 118
patients, respectively, the complication rate would be lower by
sclerotherapy than by surgery.
Ogawa et al.362 reported a patient aged 1 year and 5 months
who developed airway edema after OK-432 sclerotherapy for a
cystic neck LM necessitating tracheal intubation for 3 days, and
cautioned against sclerotherapy for LM around the airway in
young children (particularly those <2 years old).
Kudo et al.369 also reported two patients aged 11 months
and 1 year and 11 months who were treated with OK-432 sclerotherapy intubated in advance for fear of airway obstruction
due to post-therapeutic swelling. Tomemori et al.373 also

cautioned against sclerotherapy for LM in children aged less
than 2 years as in the report by Ogawa et al.362
On the other hand, Kudo et al.369 reported two cases whose
neck LM having been enlarged rapidly after suffering from
measles or URTI. Arimoto et al.363 also reported a patient with
cystic LM of the neck 3 months after birth, who developed
dyspnea due to enlargement of the lesion after URTI at
10 months and was about to be intubated.
Regarding complications due to sclerosing agents, Cahill
et al.315 reported those by doxycycline, STS and absolute
ethanol. They reported delayed complications, such as Horner’s syndrome, transient left lip weakness, right facial nerve
palsy and transient left hemidiaphragm paralysis, in addition to
periprocedural complications such as hemolytic anemia after
doxycycline injection in two patients, hypoglycemic and metabolic acidosis in three neonates, transient hypotension during
absolute alcohol instillation and self-limiting skin excoriation
secondary to pericatheter leakage of doxycycline. Other
reported complications include permanent vocal cord paralysis
after local ethanol injection,374 serious complications after OK432 injection such as death due to pulmonary embolism,375
deaths due to pulmonary complications after treatment using
bleomycin376,377 and leukocytopenia due to bleomycin.368
Limitations: There are few papers that solely analyzed LM
around the cervical airway. Most papers included lesions
involving not only the neck but also the craniofacial and other
parts of the body and reported LM with different properties
such as cystic and mixed types. In addition, definition of
cavernous lesions and methods of sclerotherapy (injection techniques, number of injections) were not similar among papers,
and differences in these backgrounds must be taken into consideration to evaluate the effectiveness of sclerotherapy.

SUMMARY
The CQ, “Should sclerotherapy be performed in infancy for a
patient with head and neck LM affecting the airway?”, was evaluated from the viewpoints of responses (prognosis [survival rate
or mortality], decrease in size, symptoms, cosmetic improvements) and complications. Because there have been some
reports on the risk of respiratory distress due to LM around the
airway in infants, and therapeutic intervention is necessary even
in infants when the risk is high or they have already developed
symptoms. Such intervention is made by sclerotherapy or surgery, and as surgical resection is associated with the risk of
more serious complications than sclerotherapy, intervention by
less invasive sclerotherapy is recommended. Sclerotherapy is
considered to be very effective because of the high regression
rate of the lesion and symptom/function-improving effect. However, its effect varies depending on the disease type, being
somewhat less effective in the cavernous and mixed types than
in the cystic type. Furthermore, when it is performed for the
lesions around the airway, it may be associated with the risk of
exacerbation of airway obstruction symptoms due to reactive
enlargement of the lesion. Thus, we formulated the recommendation, “In LM around the airway, there is the risk of respiratory
disturbances from infancy, but airway obstruction is likely to be
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exacerbated by sclerotherapy. Particularly when the risk of airway obstruction is judged to be high or when symptoms have
appeared, it is proposed to perform sclerotherapy with sufficient
preparations including securing the airway.”

CQ31: Is surgical resection effective for LM of the
tongue?
Recommendation: Surgical resection is effective for reducing
the size of the lesion and alleviating symptoms and functional
impairment. However, total resection is often difficult, and
careful decision-making is required in consideration of the possibility of complications and recurrence.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
While the tongue is one of the frequent sites of LM, the
lesion is often distributed widely over the neck rather than
localized in the tongue. LM of the tongue not only cause cosmetic problems, such as protrusion from the mouth and bleeding, but also readily occupy the oropharyngeal cavity and
cause functional problems such as disorder of mouth closing,
difficulty in speaking, respiratory disturbances and impairment
of oral food intake. These conditions are treated at departments including plastic surgery, oral surgery, otorhinolaryngology and pediatric surgery. LM of the tongue are treated by
surgical resection or sclerotherapy, but comprehensive evaluation of the condition of individual cases including the distribution of the lesion in the tongue, involvement of other areas and
cyst components, and vascular distribution in addition to general information, such as the risk of complications and recurrence in each treatment, is necessary.
Therefore, the CQ, “Is surgical resection effective for LM of
the tongue?” was formulated, and the present knowledge
about the effectiveness of surgical resection of the lesion, particularly by partial glossectomy was summarized.
Published work search and screening
As a result of the published work search, 29 papers in Japanese and 76 papers in English (75 from PubMed, one from
Cochrane) were subjected to primary screening. Of these
papers, two in Japanese and 10 in English were subjected to
secondary screening concerning this CQ. They included one
retrospective cohort study, but most other papers were case
series or case reports. Consequently, in the evaluation of this
CQ, the results and discussion of the cohort study and each
case series were integrated.
Review of observational studies (case series)
The effectiveness of surgical resection of LM of the tongue
was evaluated from the viewpoints of resectability of the lesion,
symptoms, function and cosmetic improvements as elements
of responses as well as complications and recurrence.

Results of Review:
1. Responses
A. Resectability of the lesion: Twenty-four cases of tongue
lesions treated by surgical resection alone were reported in
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four papers. Catalfamo et al.378 performed surgical resection of
localized masses including normal structures with a margin of
1 cm in the horizontal direction and reported that the size of
tongue lesions was reduced in eight (88.9%) of the nine
patients.
Concerning large lesions impossible to resect totally, Boardman et al.358 reported 13 cases of partial surgical resection,
but several operations were often necessary to reduce lesion
size. A total of two case have been reported,379,380 and the
lesion size was reduced in both. Although differences were
observed in re-enlargement after surgery, they are discussed
in detail in “(2) Complications”.
In one case report, sclerotherapy was performed 15 times,
but the lesion size could not be reduced, and surgical resection was performed, eventually resulting in a favorable outcome
without recurrence.381
According to a report of 89 cases of head and neck LM by
Lei et al.,291 the outcome was excellent in 73 (82%) and good
in 16 (18%) although it was not a report of cases of tongue
lesions alone. They included 43 cases of tongue lesions.
In addition, a few papers382–385 that suggested the effectiveness of combinations of surgical resection with sclerotherapy
and laser therapy were observed. Wiegand et al.383 classified
the disease into four stages according to the area of involvement and reported that the stage can be a prognostic factor.
Surgery was effective, and complications were rare, when the
lesion was localized in the superficial layer and part of the
muscle layer. Surgical resection can also be effective, but
complete resection is difficult, when the lesion extends over
the entire muscle layer or to the tongue base and neck. Therefore, partial resection is often repeated and combined with
laser therapy and sclerotherapy, but the recurrence is
observed very frequently, and the results did not contradict the
reports mentioned below in the section of the recurrence
rate.291,358
B. Symptoms: A wide variety of symptoms have been
reported depending on the site of the mass, and they include
tongue discomfort, bleeding, pain and difficulty in oral feeding.386 Roy et al.387 reported that bleeding from the tongue surface, pain and eating difficulty were alleviated by cauterization.
C. Functions: In most patients who exhibited functional
impairment, the lesions were so extended that they were no
longer indications for one-time surgical resection. Large
masses located at sites such as the tongue base cause respiratory disturbances, swallowing disorders and difficulty in
speech. According to the report by Azizkhan et al.,385 oral
intake of normally cooked food became possible in 14, and
normal vocalization became possible in eight, of the 21
patients with tongue base lesions. In addition, five of the 17
patients who needed tracheotomy were weaned.
D. Cosmetic improvements: Objective evaluation of cosmetic effects is also difficult.
Azizkhan et al.385 reported that, of the 20 patients, excluding
one with severe deformity who died, deformity of structures
around the tongue, such as the mandible and maxilla, was mild
in six, moderate in five and severe in nine. There have been a
few reports that cosmetic improvements were also observed in
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patients who showed a reduction of the tongue size by surgical
resection, but objective evaluation is insufficient.
2. Complications
Although the properties of the lesions are unclear in some
papers, facial nerve paralysis, vagus nerve paralysis, infection,
hematoma, seroma, salivary leakage, ruptured suture and skin
flap necrosis have been reported as complications of the facial
region. There have also been reports of temporary complications such as pain and hemorrhage.
3. Recurrence
There have been a few postoperative evaluations reporting
that no reactivation that clinically required treatment was
observed. Lei et al.291 reported greater details: recurrence was
observed in 21 (23.6%) of 89 patients and was more frequent
in those aged less than 1 year, those with lesions in the oral
cavity/face, those with lesions at three or more sites and those
with microcystic lesions. According to Boardman et al.,358 LM
of the tongue recurred in 12 (48%) of 28 patients, more often
than other head and neck lesions. As factors related to this
more frequent recurrence of lingual LM, more frequent involvement of other regions, such as the floor of the mouth, and a
high percentage of microcystic lesions (70%) have been suggested. Of the two patients treated by surgical resection alone,
one who underwent resection of the middle part of the tongue
showed no re-enlargement for 1 year or longer after surgery,379
but surgery was repeated three times in the one who underwent marginal resection.380 This patient who underwent
repeated resections also showed no re-enlargement, although
the time of the last resection is unclear.
Limitations: In some papers, surgical resection was
combined with other treatments,381–385,387 lesions in other
areas such as the neck were included291 and the lesion types
were unknown. The lack of standardization of subjects and
uniformity of the definition or time of recurrence must be
considered in the evaluation of the effectiveness of surgical
resection.

SUMMARY
Many papers suggest that surgical resection is effective for
reducing the size of lingual LM. However, in patients with large
lesions, lesions extending to structures other than the tongue,
and microcystic lesions, several resections or combination of
resection with other treatments such as sclerotherapy and
laser therapy were necessary, and the recurrence rate tended
to be higher. While a few papers referred to symptoms, functional outcome and cosmetic improvements, none showed a
high level of evidence, and the evidence was insufficient for
general discussion of the effectiveness of surgical resection.
Therefore, concerning the effectiveness of surgical resection
for LM of the tongue, “Surgical resection is effective for reducing the size of the lesion and alleviating symptoms and functional impairment. However, total resection is often difficult
depending on the distribution of the lesion, and careful decision-making is required in consideration of the possibility of

complications and recurrence”, was proposed as a draft recommendation.

CQ32: Is aggressive surgical intervention effective
for chylous pleural effusion in the neonatal period?
Recommendation: For chylous pleural effusion refractory to
conservative treatments, surgical procedures, such as pleurodesis, ligation of the thoracic duct and pleuroperitoneal
shunting, may be effective.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of determining recommendation
Primary chylous pleural effusion during the neonatal period
is often refractory and can be fatal. Thoracic drainage is performed for respiratory insufficiency due to accumulation of
pleural effusion, followed by conservative treatments, such as
nutritional therapy, steroid and octreotide therapy, conducted
primarily by a neonatologist until resolution of chylous pleural
effusion.
In refractory cases that do not respond to these conservative therapies, surgical intervention, such as ligation of the thoracic duct and pleurodesis, may be performed. However, no
sufficient consensus has been obtained concerning their
effects. To evaluate problems, such as at what point surgical
intervention should be made and whether aggressive surgical
intervention is effective for such a condition, the CQ, “Is
aggressive surgical intervention effective for chylous pleural
effusion in the neonatal period?”, was formulated, and the
knowledge available at present was summarized.
Published work search and screening
As a result of the published work search, 98 papers in Japanese and 264 papers in English (262 from PubMed, two from
Cochrane) were subjected to primary screening. Of these
papers, eight in Japanese and nine in English were subjected
to secondary screening concerning this CQ. They included
none with a high level of evidence, such as an SR or RCT that
evaluated surgical treatment, and all papers were case series
or case reports. Consequently, the results and discussion in
each of the case series judged to be useful for the preparation
of the draft recommendation were integrated although they
were weak as the evidence for the evaluation of this CQ.
Review of observational studies (case series)
The published work concerning the effectiveness of surgical treatment for chylous pleural effusion in the neonatal period
was reviewed from the viewpoints of responses and complications.

Results of Review:
1. Responses
Surgical treatment for neonatal chylothorax is performed
in patients who respond insufficiently even to thoracic drainage
in addition to nutritional therapy using MCT milk or total
parenteral nutrition or drug treatment such as octreotide administration.
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The methods for surgical intervention found by the present
published work review included ligation of the thoracic duct
and pleuroperitoneal shunting as well as pleurodesis with OK432 administration, intrathoracic infusion of fibrin and povidone-iodine administration, and some patients diagnosed in
utero underwent pleuro-amniotic shunting. Cases in which
mildly invasive treatments, such as thoracoscopic ligation of
the thoracic duct and intrathoracic fibrin application, have been
reported in addition to those who underwent thoracic duct ligation by thoracotomy.
Treatments that were performed before surgery and their periods were not uniform. In addition, because there are cases that
developed chylous pleural effusion after surgery and those of
congenital chylothorax, the diversity of the patient background
must be taken into consideration in the efficacy evaluation.
Among the surgically treated cases, those in whom chylous
plural effusion disappeared, respiratory symptoms were alleviated and weaning from the respirator became possible have
been reported.388,389 In addition, the absence of recurrence or
reactivation is considered to be a point.388–391 There were
reports that chylous pleural effusion after thoracic surgery was
resolved by drainage alone. Cleveland et al.392 considered conservative treatments, such as total parenteral nutrition, octreotide and diuretic administration, to be the best and, observing
that, of the poor responders, the mortality was 80% in five who
continued to be managed by conservative treatments but 0% in
four who underwent additional surgery, reporting that surgical
treatment contributed to the reduction of the mortality. According to the guidelines for the treatment of chylous thoracic effusion by Buttiker et al.,393 conservative treatment should be
continuing for approximately 3 weeks but should be abandoned
thereafter because of the risk of nutritional disturbance, and
increased susceptibility to infection and liver disorders. However, Kaji et al.394 reported that it is difficult to set a clear period
of conservative therapy, because the effectiveness and success
rate of surgical treatment are unclear.
2. Complications
As complications due to sclerosing agents, fever and
increased inflammatory reaction due to the administration of
OK-432 as well as pulmonary abscess and temporary flaccidity
and protrusion of the upper abdominal region considered to
have been due to intercostal nerve damage have been
reported. While chyle leakage in the abdominal cavity was
noted in a patient who underwent pleuroperitoneal shunting,
there were no reports of fatal complications.
Limitations: Surgical treatment was performed in most
reported cases when responses to conservative therapy were
not obtained. Therefore, it must be assumed that the results of
evaluation of this CQ are based on data concerning the effectiveness of surgery performed with conservative therapy.

SUMMARY
The published work was reviewed concerning the effectiveness
of aggressive surgical intervention for neonatal chylous

34

thoracic effusion from the viewpoints of responses and complications, but no objective study with a high level of evidence
was found. In most reported cases, surgical treatment was
performed when responses to conservative treatments were
poor. Therefore, it is difficult to compare surgery with other
therapies, and the evaluation of the period of conservative
treatment before surgery remains insufficient. However, there
was a paper that proposed surgical intervention after attempting conservative treatments for 3 weeks as a standard.
Thus, surgical intervention for neonatal chylous pleural effusion is characterized at present as an approach that may be
effective but should be evaluated when the condition is not
improved by other treatments, and “Surgical procedures, such
as pleurodesis, ligation of the thoracic duct, and pleuroperitoneal shunting, may be effective for chylous pleural effusion
refractory to conservative treatments” is proposed as a draft
recommendation.

CQ33: What treatments are effective for refractory
chylous pleural, and pericardial effusion and
respiratory disturbances of the patients with
generalized lymphatic anomaly (GLA) and Gorham–
Stout disease (GSD)?
Recommendation: While treatments including surgery, sclerotherapy, radiotherapy, nutritional therapy and drug therapy
are conducted, there is presently no effective treatment with a
high level of evidence. Treatments should be selected in consideration of complications and adverse effects according to
individual symptoms.
Strength of recommendation: 2 (weak).
Evidence: D (very weak).
Comments:
Process of preparation of recommendation
Generalized lymphatic anomaly and GSD are refractory diseases that cause a wide variety of symptoms in the entire body
and are difficult to diagnose and treat. The investigation by the
Health and Labour Sciences Research group (Ozeki group)
carried out by 2013 showed that the mortality is particularly
high when the patients had thoracic lesions.
Among the thoracic symptoms, chylous pleural effusion/
pericardial effusion are often refractory and occasionally fatal.
While information about the disease is extremely limited
because of its rareness, case reports are being globally accumulated as chronic cases are managed on an outpatient basis,
and as severe cases are treated intensively.
Presently, no radical treatment for these refractory diseases
is known, but the CQ, “What treatments are effective for
refractory chylous pleural, and pericardial effusion and respiratory disturbances of the patients with GLA and GSD?” was formulated to compile the knowledge about what treatments are
effective as it is a problem of clinical importance.
Published work search and screening
As a result of the published work search, 208 papers in
Japanese and 617 papers in English (598 from PubMed, 19
from Cochrane) were subjected to primary screening. Of these
papers, two in Japanese and 25 in English were subjected to
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secondary screening concerning CQ37. They included no
studies with a high level of evidence, such as an SR and
RCT, and all were reports of 1–2 cases. Therefore, the evaluation of this CQ was performed by integrating the results and
discussion in case series judged to be useful for the preparation of the draft recommendation despite the lack of evidence.
Review of observational studies (case series)
The effectiveness of various treatments for refractory GLA
and GSD was evaluated according to the prognosis and the
presence or absence of improvement in imaging findings,
improvement in symptoms, improvement in airway obstruction,
enlargement of the lesion, regression, treatment-related complications, recurrence and reactivation.
Conditions of patients: The cause of chylous pleural and
pericardial effusion is lymphorrhea from lymphatic vessel tissue
lesions that have primarily invaded the mediastinum and
pleura, and lymphorrhea from osteolytic lesions of the ribs and
vertebrae was also observed. Respiratory disturbances were
caused by pleural effusion, chylous pleural effusion, pericardial
effusion, and direct invasion of the mediastinum and lungs.
Results of review: As surgical treatments for chylous pleural
effusion, procedures, such as thoracentesis, thoracic drainage,
ligation of the thoracic duct and pleural decortication, have
been performed, and local lesions were surgically resected. In
most cases, thoracentesis and thoracic drainage were performed, but chyle leakage was not resolved. As for complications, there were patients who developed hypovolemic shock
and required blood transfusion and catecholamine administration or supplementation of albumin, immunoglobulin and clotting factors.395–397 While chylous pleural effusion was
controlled in some patients who underwent ligation of the thoracic duct,397–408 the treatment was performed in combination
with other surgical procedure or radiotherapy in all
cases.400,402,408 There was one case that showed improvement
in respiratory disturbance.406 As complications of ligation of
the thoracic duct, splenomegaly and lymphorrhea405 and leftsided pleural effusion397,405 have been reported. In the patients
who showed marked improvements in chylous pleural effusion395,405,408 after pleural decortication,395,396,401,403–405,408,409
the procedure was performed in combination with other surgical treatments or sclerotherapy, and there was no mention of
complications. There were cases that showed marked
improvements in chylous pleural effusion396,400,405,408 among
those who underwent surgical resection of local lesions including splenectomy,396,397,400,405,408,410–412 but the procedure was
performed in combination with other surgical treatments in
most of them. Hemorrhage was reported as a complication.410
Among other treatments, pleuroperitoneal shunting403 and lung
transplantation413 were performed, and alleviation of respiratory disturbance was noted in the patient who underwent lung
transplantation.
As a surgical treatment for pericardial effusion, pericardiocentesis was performed,396,414–416 and pericardial fenestration
was performed when pericardial effusion could not be controlled by pericardiocentesis.396,416 There was no mention of
complications.

As sclerotherapy, pleurodesis was performed using OK-432,
talc and minocycline.395,397–399,404,408,411,416–418 There were
patients who responded markedly to sclerotherapy alone and
sclerotherapy combined with surgical procedures such as
pleural decortication or local radiotherapy. There was no mention of complications of sclerotherapy.
There have also been reports399,400,402–404,410–412,415,416,418–
420
on local (e.g. lesion area, thoracic duct region) and thoracic
radiotherapy for chylous pleural effusion and local lesions, and
marked responses of chylous pleural effusion and responses of
respiratory symptoms were noted, but other treatments were
performed concomitantly in some patients. Radiation pneumonitis has been reported as a complication.416
Concerning nutritional therapy, fasting, high-calorie infusion
and MCT diet have been performed alone or in combinations,
but few cases that showed alleviation of chylous pleural effusion were observed.395,396,398–400,403,405,408,421
For drug therapy against chylous pleural effusion, drugs
including interferon (IFN)-a, propranolol, anticancer agents (e.g.
vincristine), bisphosphonate, octreotide, steroid, sirolimus and
low-molecular-weight heparin were used. IFN-a was used most
frequently,395–398,400,401,403,415,421 and marked improvement in
chylothorax was reported in five cases. Of these cases, IFN-a
was used with propranolol in one395 and with low-molecularweight heparin and local radiotherapy (15 Gy) in one.400 As for
complications of drug therapy using IFN-a, there were reports of
fever, nausea and headache,421 and thrombocytopenia and hepatic toxicity.397 There was no report of improvement in chylous
pleural effusion by the use of steroid395,399,403,415 or octreotide395,397,398,400,403,405 alone. Concerning other drug therapies,
only a few cases have been reported with no improvement in
chylous pleural effusion. One case that showed regression of
mediastinal invasion of GLA and alleviation of respiratory disturbance by sirolimus treatment has been reported,414 and
hypertension was noted as a complication. In drug therapy for
pericardial effusion, diuretics were used for conservative therapy.400
Limitations: Although cases that responded to various therapies have been reported, treatments are often performed in
combinations, and the evaluation of the effectiveness of each
treatment alone is difficult at this point.

SUMMARY
Treatments effective for GLA and GSD presenting with refractory chylous pleural effusion, pericardial effusion and respiratory disturbances were evaluated by a review of the published
work, which was primarily case reports. Various treatments,
such as surgery, sclerotherapy, radiotherapy, nutritional therapy and drug therapy, have been performed, but there was no
study with a sufficient number of cases and a high level of evidence because of the rareness of the disease and diversity of
symptoms. Although cases that responded to various treatments have been reported, treatments are frequently performed in combinations, and the evaluation of the
effectiveness of individual therapies is difficult at present. Sirolimus (a mammalian target of rapamycin inhibitor) is considered
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promising as a drug for this disease, and some clinical trials
are currently underway in Japan and abroad.
In clinical situations, these diseases are not recognized as
indications of various drug therapies by the Japanese health
insurance system, and the therapeutic effects of other treatments
are also uncertain. Therefore, the above treatments cannot be
recommended, but we propose that treatments “should be
selected in consideration of complications and adverse effects
according to individual symptoms”. It is necessary to evaluate
the invasiveness, complications and adverse effects, and select
the treatments judged to be appropriate for each case.

4

5
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CONCLUSION
These practice guidelines for vascular anomalies have been
prepared as the EBM guidelines for the management of vascular anomalies.
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Abstract

The objective was to prepare guidelines to perform the current optimum treatment by organizing effective and efficient treatments of hemangiomas and vascular malformations, confirming the safety, and systematizing treatment,
employing evidence-based medicine (EBM) techniques and aimed at improvement of the outcomes. Clinical questions (CQs) were decided based on the important clinical issues. For document retrieval, key words for literature
searches were set for each CQ and literature published from 1980 to the end of September 2014 was searched in
Pubmed, Cochrane Library, and Japana Centra Revuo Medicina (JCRM). The strengths of evidence and recommendations acquired by systematic reviews were determined following the Medical Information Network Distribution
System (MINDS) technique. A total of 33 CQs were used to compile recommendations and the subjects included
efficacy of resection, sclerotherapy/embolization, drug therapy, laser therapy, radiotherapy, and other conservative
treatment, differences in appropriate treatment due to the location of lesions and among symptoms, appropriate timing of treatment and tests, and pathological diagnosis deciding the diagnosis. Thus, the Japanese Clinical Practice
Guidelines for Vascular Anomalies 2017 have been prepared as the evidence-based guidelines for the management
of vascular anomalies.

Key words clinical practice, guidelines, hemangioma, vascular anomalies, vascular malformation.

The etiology of vascular anomalies on the body surface and
in soft tissue are mostly unclear and no fundamental treatment methods have been established. Many patients visit
many medical institutions seeking an expert, being a disadvantage in treatment. Hemangiomas and vascular malformations are frequently termed ‘hemangioma’, but these are
different diseases in the ISSVA classification proposed by
the International Society for Study of Vascular Anomalies
(ISSVA),1,2 and this classification has been internationally
standardized.
“Clinical Practice Guidelines for Vascular Anomalies
2013” (1st edition)3 target general practitioners and the general public, and were prepared aiming at organizing effective
and efficient treatments for hemangiomas/vascular malformations, confirming the safety, and systematizing treatment using
evidence-based medicine (EBM) techniques. The organization
responsible for preparation was the Health, Labour and Welfare Sciences Research Grants (Research on Measures for
Intractable Diseases), Research Committee for “Intractable
Vascular Anomalies,” and the main committee members were
selected from academic societies of plastic surgery and radiology mainly treating hemangiomas and vascular malformations:
the Japanese Society of Plastic and Reconstructive Surgery
and Japanese Society of Interventional Radiology, and the
guidelines were prepared by them.
‘‘Clinical Practice Guidelines for Vascular Anomalies
2017” were prepared as a revised edition of the “Clinical
Practice Guidelines for Vascular Anomalies 2013.” The organization responsible for preparation was the Health, Labour
and Welfare Sciences Research Grants (Research on Policy
Planning and Evaluation for Rare and Intractable Diseases),
Research Committee for Intractable Vascular Anomalies, and
the differences from the previous guidelines are setting the
objective at summarizing opinions from related academic societies by inviting many committee members from dermatologists, pediatric surgeons, pediatricians, radiologists (diagnostic
radiology), and basic researchers including the pathology,

molecular biology, and epidemiology fields, in addition to
plastic surgeons and radiologists (interventional radiology).
Since the guidelines were prepared following the reformed
“Minds Handbook for Clinical Practice Guideline Development 2014”4 and “Minds Manual for Clinical Practice Guideline Development Ver.1.0-2.0,”5,6 it was fully revised.
The original text of the guidelines (Japanese version) is
comprised of Reviews and Clinical Questions (CQs), but only
CQs are presented in this report.

Purpose of the guidelines
The objective was to prepare guidelines to perform the current
optimum treatment by organizing effective and efficient treatments of hemangiomas and vascular malformations, confirming the safety, and systematizing treatment, employing the
EBM techniques and aimed at improvement of the following
outcomes: Pain, swelling, esthetic impairment, and functional
disorder.

Materials and methods
Organization

For the Guidelines Executive Committee members, representatives of the plastic surgery, dermatology, radiology, pediatric
surgery, and basic science fields were selected. The guidelines
preparation group and systematic review team for preparation
of CQs and recommendations were comprised of 4 groups:
groups in charge of arteriovenous malformation (AVM),
venous malformation (VM), combined type, and syndrome, in
charge of capillary malformation (CM) and infantile hemangioma, in charge of the lymphatic malformation (lymphangioma) (LM), and in charge of the basic field. To the group in
charge of AVM, VM, combined type, and syndrome, plastic
surgeons and radiologists were mainly assigned. To the group
in charge of CM and infantile hemangioma, plastic surgeons
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and dermatologists were mainly assigned. To the group in
charge of the lymphatic system, pediatric surgeons, plastic surgeons, and pediatricians were mainly assigned. The Reviews
of the guidelines were also prepared by those selected from
each group. Pathologists and molecular biologists were in
charge of the Reviews of the basic fields.
Preparation process

The guidelines were revised following the “Minds Handbook
for Clinical Practice Guideline Development 2014” and
“Minds Manual for Clinical Practice Guideline Development
Ver.1.0-2.0.”
CQs were decided based on the following important clinical issues: (i) Efficacy of resection, (ii) efficacy of sclerotherapy/embolization, (iii) efficacy of drug therapy, laser therapy,
radiotherapy, and other conservative treatment, (iv) differences
in appropriate treatment due to the location of lesions, (v) differences in appropriate treatment among symptoms, (vi)
appropriate timing of treatment and tests, and (vii) pathological diagnosis deciding the diagnosis.
For document retrieval, key words for literature searches
were set for each CQ and literature published from 1980 to
the end of September 2014 was searched in Pubmed,
Cochrane Library, and Japana Centra Revuo Medicina
(JCRM). Literature search was requested to the Japan Medical
Library Association. For decisions on CQs and recommendations lacking evidence or having weak evidence, discussion
and agreement in the preparation group were reflected.
The strengths of evidence and recommendations acquired
by systematic reviews were determined following the Minds
technique as described below and this follows the GRADE
guidelines preparation method.7,8
Determination of the strength of evidence of the body of
evidence

The Strength of Evidence of the Body of Evidence was determined according to ‘Minds Handbook for Clinical Practice
Guideline Development 2014’ (Table 1).
In the case of RCTs, the score “A (strong)” is
given at the start of evaluation, and the final
score might be downgraded to B, C, or D,
according to the results of evaluation of five
items, including risk of bias, inconsistency in
results, indirectness of evidence, data imprecision, and high possibility of publication bias. In
the case of observational studies, the score “C
(weak)” is given at the start of evaluation, and
five items lowering the strength are evaluated
similarly as for RCTs. In addition, three items,
including large effect with no confounding factors, dose–response gradient, and possible confounding factors, are weaker than actual effects
increasing the strength are evaluated as well.

Table 1 Recommendation Grade and Definition of the Strength
of Body of Evidence in Evaluation of Systematic Review
Recommendation grade
1 strongly recommended
2 weakly recommended (suggested)
Definition of the Strength of Body of Evidence in Evaluation
of Systematic Review
A (strong): strongly confident of the estimate of effect
B (moderate): moderately confident of the estimate of effect
C (weak): limited confidence of the estimate of effect
D (very weak): very little confident of the estimate of effect
Presentation of the strength of recommendations

The strength of recommendation was also determined according to “Minds Handbook for Clinical Practice Guideline
Development 2014” (Table 1).
The strength of recommendations is usually presented in two ways: “1”: strongly recommended,
and “2”: weakly recommended (suggested). If the
strength of recommendations cannot be determined
by any means, it is occasionally presented as “no
definite recommendation can be made.” Recommendations will be entered as follows by indicating the
strength of evidence (A, B, C, D) with the strength
of recommendations “1”: strong or “2”: weak.
Finalization

Preparation of the draft guidelines was completed in December 2016 and review was requested to the Japanese Society of
Plastic and Reconstructive Surgery, Japanese Dermatological
Association, Japan Radiology Society, Japanese Society of
Interventional Radiology, Japanese Society of Pediatric Surgeons, and Japanese Society of Pathology between December
2016 and January 2017, and corrections were made based on
the results of the reviews. In addition, from December 2016 to
January 2017, the guidelines were disclosed on the home page
of the Research Committee for ‘Intractable Vascular Anomalies’ and public comments were collected. The draft guidelines
were presented to two related patient organizations, ‘the
Patients Association of Vascular Anomalies’ and ‘the Patients
Association of Combined Vascular Malformations’ and comments were received. Based on these, the draft guidelines were
revised and CQs, recommendations, and explanations were
completed. It was finalized in March 2017.

Results
CQs and recommendations
CQ1: What are the guidelines for the time to begin treatment
for AVM?

Recommendation: It is necessary to judge the time to begin
endovascular or surgical treatment for AVM individually by
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evaluating the stage of symptoms and lesion extent and in
consideration of the risk of complications.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of primary screening, 92, 3, and 27
papers were extracted from PubMed, JCRM, and Cochrane
Library, respectively, and, as a result of secondary screening,
37 and 3 papers were extracted from PubMed and JCRM,
respectively. However, as all these references were observational or case series studies, the strength of evidence is rated
as “D (very weak).”
There has been no report in which the time to begin treatment for AVM in itself was the endpoint, and only some
reports described the view on the time to begin treatment in
the discussion. Therefore, as it is difficult to objectively evaluate the validity of the time to begin treatment, we determined
whether guidelines can be derived from the patient age, lesion
site, symptoms, clinical stage, effectiveness of treatment, frequency of complications in each report.
In the reports9,10 on the treatment for AVM, symptomatic
AVM is primarily addressed, and treatment can be suspended
(follow-up) while the lesion remains asymptomatic. However,
as AVM often progresses when left untreated, it is considered
important to begin the treatment at an appropriate time depending on the stage of symptoms. In addition, as there is the tendency that the response rate decreases, and the complication
rate increases, with progression of symptoms, some reports from
particular pediatric institutions where patients are concentrated
recommend early therapeutic intervention in relatively “early”
or “mild” stages without waiting for progression of the disease.
Localized lesions may be radically treated by early intervention.11 Among endovascular procedures, the response
(cure) rate tends to be high by ethanol embolization, but as
the complication rate is also high.12,13 By surgery, localized
lesions are unlikely to recur if they are completely resected,
although adverse events, such as postoperative cicatrization/
deformation or functional impairment, have been seldom discussed.10 On the other hand, in diffuse lesions, limitations of
effectiveness, such as recurrence and persistence and the risk
of treatment, are higher by both endovascular treatment and
surgery, with the risks outweighing benefits.13 It should also
be considered that children, in particular, are not mentally
ready to accept such invasive treatments.14
As discussed above, it is difficult to give guidelines for the
time to begin treatment for AVM at present, and individual
judgment is necessary depending on the symptom stage and
lesion extent in consideration of the complication risk.
CQ2: Is recurrence (regrowth) after resection of AVM more
frequent by wound closure with a skin graft than by
reconstruction using a flap?

Recommendation: Whether recurrence (regrowth) is more frequent by wound closure with a skin graft compared with
reconstruction using a flap is unclear.
Strength of recommendation: 2 (weak)

Evidence: D (very weak)
Comments: The number of references retrieved by searches
using keywords was 40 from JCRM, 75 from PubMed, and 0
from Cochrane, and 39 were extracted by secondary screening.
For AVM of a certain size, reconstruction is necessary after
resection, and wound closure by skin grafting or reconstruction
using a flap is performed according to common reconstruction
methods for tissue defects. The reports discussing reconstruction
after resection of AVM that we could retrieve were all descriptive studies (case reports or case series studies). Therefore, the
evidence level of all these references is D (very weak).
The concept of regulating flap,15,16 that reconstruction
using a free flap controls the recurrence or regrowth after
resection of AVM, has been proposed. However, no report has
evaluated whether free flaps16–37 and other flap
types17,19,25,28,38–49 clearly prevent the recurrence or regrowth
compared with skin grafts.21,23,50–52
According to the present knowledge about the recurrence
or regrowth after resection of AVM,15,16,39,53 whether AVM
can be completely resected is important, and, concerning cases
in which complete resection is difficult, it has been reported
that the hemodynamics in the residual lesions contributes to
the recurrence and regrowth, and that it can be controlled by a
flap with rich blood flow.
CQ3: Is proximal ligation/coil embolization of the feeding
artery of AVM effective?

Recommendation: The therapeutic effect of ligation/coil
embolization of the feeding artery on the proximal side may be
poor, and the possibility of recurrence may be high. In addition,
in the event of recurrence, treatment may become difficult due
to the development of collateral vessels. Therefore, these procedures are recommended to be avoided, in principle.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of secondary screening, 1 and 14
papers were extracted from PubMed and JCRM, respectively,
and were reviewed. As a result, all these papers were case
reports. In addition, 6 papers retrieved by manual searches
were also reviewed, but they were all case series studies at the
maximum. Therefore, the strength of evidence as a collection
of literature concerning this CQ is D (very weak).
To summarize the evaluation of this collection of papers,
AVM was treated by proximal ligation/coil embolization of
the feeding artery, but as there have been reports of recurrence
following the development of collateral channels (reports of
cases of the occurrence of unfavorable situations), the treatment is recommended to be avoided, but the evidence level of
this recommendation is low as mentioned above.
The objective of embolization for AVM is obliteration of
the nidus, and embolization at or near the nidus is necessary
as much as possible. If ligation/coil embolization of the feeding artery is performed on the proximal/central side, the nidus
is not obliterated, and the development of several collateral
channels is promoted. In many cases, the collateral channels
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are thin, complicated, and markedly tortuous, and trans-catheter treatment is often difficult.
Wu et al.14 performed proximal ligation in 9 of 29 patients
treated for AVM of the auricle but that the condition was
exacerbated in all patients with 8 requiring auricular resection
and 1 requiring additional treatment. They excluded proximal
ligation from treatment options for AVM, because it makes
subsequent trans-catheter treatments difficult.
Slaba et al.54 evaluated 25 patients with AVM of the tongue and reported that 3 of the 12 symptomatic patients who
underwent ipsilateral external carotid artery ligation at another
facility showed marked development of collateral channels.
Other reports include those of a case in which a large number of collateral channels developed as a result of ligation of
the feeding artery for AVM of the shoulder with serious complications including high-output heart failure,55 3 cases in
which proximal ligation/embolization was performed for AVM
of the limbs and pelvis, collateral vessels developed, but the
condition was controlled by multidisciplinary treatment consisting of trans-catheter treatment and direct puncture sclerotherapy,56 and several cases in which external carotid artery
ligation was performed for AVM of the head and neck, but
the subsequent treatment was difficult.
Suyama et al.35 reported a case in which AVM of the auricle, treated by proximal embolization using coils and gelatin
sponge, recurred and was treated again by ligation at a proximal part of the artery, but the lesion recurred again. Also,
Aikawa et al.57 reported a case of intrapelvic AVM that
underwent coil embolization of the left ovarian artery and left
internal iliac artery but showed little change in the area of the
nidus or the state of arterial or venous dilatation. In addition,
Yamamoto et al.58 reported a case in which TAE was performed for AVM of the mandible via the maxillary artery,
facial artery, lingual artery, and ocular artery but was not
effective due to the development of collateral channels from
the internal carotid artery and vertebral artery.
As observed above, it is recommended not to select proximal/central ligation/coil embolization as a treatment for AVM.
However, AV fistulas with direct connection of a large artery
and a vessel may be treated by coil embolization if the shunt
area is directly accessible with a catheter. Proximal coil
embolization may also be accepted as preoperative embolization, but careful evaluation of its indications is necessary, and
embolization at a site near the shunt is necessary to leave the
room for catheter insertion in the event of future recurrence.
CQ4: What is the appropriate timing for embolization before
resection of AVM?

Recommendation: It is recommended to perform resection
within 3 days (72 h) after embolization. If the interval prolongs, the risk of massive intraoperative hemorrhage may
increase due to recanalization of the embolized vessel and
development of collateral channels. In addition, surgery has
been reported to be made difficult by enlargement of the
lesion after embolization.

Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: While it is difficult to generalize the therapeutic
approach as it varies with the affected area and extent of the
lesion, there were a few reports that preoperative embolization
was useful for the treatment of AVM of the head and neck region.
As a result of secondary screening, 10 and 3 papers from
PubMed and JCRM, respectively, were reviewed. All the
papers selected by this screening procedure were case reports
or case series, and the strength of evidence is “D (very weak).”
Mentions about the timing of preoperative embolization and
volume of hemorrhage also varied among the papers. Although
it is difficult to draw a conclusion, among the papers that mentioned specific timing of preoperative embolization and volume
of hemorrhage, Deng et al.59 performed embolization within
48–72 h before surgery in 16 patients with maxillofacial AVM
and reported that the volume of hemorrhage was ≤200 mL in
all patients and that there were no complications. Erdmann
et al.60 performed embolization within 24 h before surgery in 4
patients with head and neck AVM, and the lesion was resected
with hemorrhage of ≤100 mL in 3. It is recommended to perform resection within 72 h to prevent increases in difficulty of
resection due to inflammation after embolization.
There have also been reports that embolization was performed intraoperatively or within a few days before surgery,
resulting in decreases in the volume of hemorrhage or favorable long-term outcomes. Most papers reported no or only
mild complications, but as for relatively severe complications,
Goldberg et al.61 reported temporary visual impairment in 2 of
the 3 patients with orbital AVM.
Factors that affect the appropriate timing of preoperative
embolization include recanalization of the target vessel, development of collateral channels, and swelling and reactive
changes after embolization, which make surgery difficult. To
avoid the effects of these phenomena, many papers supported
relatively early resection, i.e., within 72 h after embolization.
Clinically, also, there is no benefit in taking a long interval,
and it is considered valid to recommend resection within 72 h
after embolization.
In conclusion, adequate control of hemorrhage may be
achieved with fewer complications by performing vascular
embolization within a few days before surgery, but no sufficient evidence that support this view has been provided.
CQ5: What treatments are appropriate for the maxillomandibular AVM?

Recommendation: Although surgery alone is not recommended, a combination of surgery with endovascular
embolization (including sclerotherapy) can be recommended
depending on the case.
Radiotherapy is not recommended.
Endovascular embolization (including sclerotherapy) alone
or as a preoperative treatment can be recommended.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
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Comments: AVM of the maxilla and mandible is a rare disorder. Most of the literature is reports of a small number of
cases except a few case series reported from some special
institutions. Only 5 reports62–66 of a series of 10 or more cases
were retrieved by the search of PubMed. Because there is no
cohort study or randomized trial comparing various treatments,
strong evidence regarding the best treatment is lacking.
Maxillo-mandibular AVM may involve the maxilla, mandible, or both, and it often presents with massive oral hemorrhage around the age of 10 years when milk teeth are lost, but
may also be detected due to swelling of the soft tissue.
According to Persky et al.,62 embolization alone resulted in
cure in 42%, improvement in 16%, and stabilization of symptoms in 23% of the 26 patients with a maxillo-mandibular
AVM. Liu et al.63 treated 25 patients by transarterial or
transvenous embolization alone or in combination with curettage and reported anatomical cure in 14 and clinical cure in
21. Chen et al.65 treated 15 patients by bone wax packing
(BWP) alone in 4, transarterial embolization (TAE) + BWP in
3, TAE + resection in 4, and TAE + radiotherapy + resection
in 4 and reported clinical cure in 14.
The following are considered as treatment options for
AVM of the maxilla and mandible.
A: Surgical treatment
A-1: Resection and reconstruction
A-2: Curettage
A-3: Bone wax packing
B: Endovascular embolization (including sclerotherapy)
B-1: Transarterial embolization
B-2: Transvenous embolization
B-3: Embolization by direct puncture
C: Combination of A and B
D: Radiotherapy
The literature is mostly about B, i.e., endovascular
embolization (including sclerotherapy) alone, or surgical treatment after B. There was no report of case series of surgical
treatment alone, but there was only 1 report65 of case series of
surgery + radiotherapy. Surgery alone and radiotherapy are
generally not recommended. Endovascular embolization is performed by various approaches including transarterial and
transvenous routes and direct puncture, sometimes, in combination. Concerning embolic agents, PVA and Gelfoamâ
(Pfizer, New York, NY, USA) are used for embolization as an
adjuvant therapy immediately before surgery as they allow
recanalization. Cyanoacrylate liquid embolic agents are considered effective for embolization performed preoperatively or
alone in expectation of a long-term occlusive effect.64,67,68
Coils are often used for transvenous embolization. Recently,
there have been reports69,70 that favorable outcomes were
obtained by TAE using Onyxâ (Medtronic, Irvine, CA, USA)
a non-adhesive liquid embolic agent. Concerning sclerotherapy,
there is a case series study of ethanol sclerotherapy alone,

reporting relatively favorable outcomes.71 Infection and bone
necrosis are frequent complications of embolization, and they
may occur, when an embolic agent, a foreign body, is injected
into lesions that were in contact with the external environment
due to direct puncture or hemorrhage. Surgical treatments as
listed above are performed primarily after endovascular
embolization. Invasive radical resection and reconstruction
should be avoided at least as the initial treatment, because
many lesions can now be controlled by endovascular embolization alone with the advancement of endovascular technique.
As mentioned above, endovascular embolization is performed using various approaches and embolic agents selected
depending on the facility and patient. There are also a wide variety of surgical treatment options. Since the treatment may be
performed by combining these options, AVM of the maxilla and
mandible should be treated at the institutions where multidisciplinary treatment can be performed by experienced physicians.
CQ6: What treatments are appropriate for AVM of the
fingers?

Recommendation: Although embolization or sclerotherapy is
effective as it alleviates symptoms, such as pain, sufficient evaluation is necessary because of the risk of finger necrosis and nerve
damage. In surgical resection, total resection is recommended,
because partial resection is likely to result in enlargement of the
lesion. Occasionally, the disorder results in finger amputation.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of primary screening, 38, 16, and 35
papers were retrieved from PubMed, Cochrane Library, and
JCRM, respectively. However, during secondary screening,
many reports concerned AV shunts in dialysis patients and
AVM at sites other than the fingers. Eventually, only 10 papers
consisting of 3 case series and 7 case reports remained as references, and the evidence level is extremely low (D: very weak).
AVM of the fingers is often difficult to treat, and treatments are likely to be ineffective, particularly, when the lesion
extends from the fingers to the palm. In addition, when AVM
is localized in the fingers, complications are likely to occur
after treatment.72 It is recommended to conduct treatment by a
team from several departments including the plastic surgery,
vascular surgery, and radiology departments.73 3D-CTA is
useful for preoperative examination.74 Since complete cure is
difficult to obtain by embolization therapy, it is recommended
to be performed for alleviation of symptoms such as pain only
in symptomatic areas.75 In addition, as there is the possibility
of re-enlargement after embolization, it is recommended to
periodically follow-up the condition and repeatedly perform
embolization each time symptoms appear.73 Surgical resection
is necessary for permanent cure, and total resection is recommended as there is the possibility of re-enlargement after partial resection.76–78 Reconstruction is occasionally necessary,
but treatment may end in finger amputation. In this event, preoperative embolization or sclerotherapy is effective.79 The present review has fallen short of clarifying situations in which
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preoperative embolization is useful in fingers to which a
tourniquet can be applied.
CQ7: What treatments are effective for painful VM?

Recommendation: Sclerotherapy and surgical resection, as well
as conservative treatments, such as compression, oral aspirin,
and low-molecular-weight heparin, are reported to be effective
depending on the site and size of the lesion and symptoms.
Endovascular laser treatment, percutaneous cryotherapy, and
photodynamic therapy have also been suggested to be effective.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of literature search, 54 reports in
English and 4 in Japanese were retrieved by primary screening. Of these reports, 39 in English and 4 in Japanese were
extracted by secondary screening. Many options were reported
as treatments for pain associated with VM, but all these documents were case series or case reports without comparison of
treatments. Therefore, the evidence level was rated as “very
weak,” and the recommendation level as “weak.”
Pain is one of the major symptoms of VM. It may respond
to conservative treatments that are relatively easy to manage,
such as compression and oral aspirin, depending on the site
and size of the lesion and symptoms. Particularly, when pain
is localized, surgery should also be considered. Relatively
novel treatments, such as endovascular laser therapy, percutaneous cryotherapy, and photodynamic therapy, have been
reported to be effective for controlling local VM, and they
have also been reported to be effective for the control of pain.
Limb lesions accompanied by localized intravascular coagulopathy may be indications for low-molecular-weight heparin.
Reports on various treatments are mentioned below.
1.

Compression

Although there has been no report of comparative evaluation, compression is reportedly effective according to reviews
by specialized medical facilities.80–82
2.

Oral aspirin

The literature is also limited, but the treatment has been
mentioned in reviews.80–82 Nguyen et al.83 reported that pain
was alleviated in 17 (77%) of 22 patients in whom oral aspirin
therapy was initiated for pain.
3.

Sclerotherapy

Sclerotherapy has often been performed using ethanol or
polidocanol. The literature concerning other sclerosing agents
is scarce, and their effectiveness remains largely unclear.
Each sclerosing agent is commented below.
(i) Ethanol
Shireman et al.84 reported remission in 6 of 12 patients,
and Rimon et al.85 reported alleviation or remission in 14

patients with painful VM (including 8 with lower limb lesions)
except in 4 of those with lower limb lesions. MarroccoTrischitta et al.86 reported that pain was resolved in both
(100%) of 2 women with external genital lesions.
Concerning the use of ethanol, Suh et al.87 reported alleviation to 50% or less of the pre-treatment state according to a
VAS in 12 (71%) of 17 patients who underwent sclerotherapy
using its mixture with lipiodol, and Dompmartin et al.88
reported 37 patients who underwent sclerotherapy using its mixture with ethylcellulose. According to Schumacher et al.,89 also,
77 patients underwent sclerotherapy using ethylcellulose-ethanol in a multicenter study, and significant improvement compared with the pre-treatment state was observed in all patients.
(ii) Polidocanol (including foam sclerotherapy)
Mimura et al.90 reported remission in 6, alleviation in 4,
and no change in 1 of 11 patients with painful VM, and remission in 12 (41%), alleviation in 14 (48%), no change in 2
(7%), and exacerbation in 1 (3%) of 29 patients in another
study.91 Cabrera et al.92 treated 50 patients (including 15 with
Klippel-Trenaunay syndrome) using a foamed sclerosing agent
and reported remission in 25 (50%) and alleviation in 14
(28%). Marrocco-Trischitta et al.86 reported resolution of pain
in all 3 women with external genital lesions.
(iii) Ethanolamine oleate
Ozaki et al.93 reported remission in 2 (20%) and alleviation
in 8 (80%) of 10 patients.
(iv) Sodium tetradecyl sulfate
Krokidis et al.94 reported alleviation of pain in 4 of 5
women with external genital lesions.
4.

Surgical resection

Enjolras et al.95 performed surgical resection in 7 of 13
patients with VM involving a wide area including the knee joint
and reported alleviation of pain in 5 (71%). Steiner et al.96
reported alleviation to 50% or less of the pre-treatment state by
a VAS in 24 (89%) of 27 patients with background pain and 12
(92%) of 13 patients with acute episodic pain. In addition, Noel
et al.97 performed surgical resection and compression therapy
for VM of the lower extremities in 20 patients with KlippelTrenaunay syndrome and reported disappearance of pain in 18
(90%) (mean follow-up period: 63 months).
5.

Endovascular laser therapy

Sidhu et al.98 and Lu et al.99 reported alleviation of pain in
all 8 and 51 lesions in 6 and 33 patients, respectively. Liu
et al.100 also reported marked responses in 46 (35%), responses
in 84 (63%), and no change in 3 (2%) of 133 patients.
6.

Low-molecular-weight heparin

According to Mazoyer et al.,101 only low-molecularweight heparin was effective when VM are complicated by
localized intravascular coagulation, resulting in disappearance
of pain.
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7.

Percutaneous cryotherapy

Cornelis et al.102,103 reported remission of pain in a report
of 1 case (observation period: 2 months) and a report of 4
cases (observation period: 6 months).
8.

Photodynamic therapy

Betz et al.104 reported remission in 2 and alleviation in 1
of 3 patients.
CQ8: Is laser therapy effective for VM?

Recommendation: With appropriate selection of the type of
laser according to the site, size, and symptoms of the lesion,
laser therapy can be effective for the treatment of VM. It is
recommended to evaluate whether the net benefit by laser
therapy is worth the cost and resources by comparison with
other treatments such as sclerotherapy and surgical resection.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
Comments: VM is a lesion that has been called cavernous
hemangioma, and it causes pain, functional impairment, and
cosmetic defect depending on the affected site. In addition to
conventional resection of the lesion, sclerotherapy has been
widely performed in recent years. While reports of laser therapy for VM have increased, there have not been prospective
studies comparing the results of laser therapy with those of
surgery or sclerotherapy, among types of laser equipment different in wavelength, or using the same equipment type but
changing the irradiation method or parameter setting. We analyzed 134 papers extracted by primary screening and 98
papers extracted by secondary screening. Concerning more
than 30 cases, the answer to the CQ was based primarily on 7
reports summarizing the methods and sites of treatment and
benefits and harms derived from treatment (decrease in size of
the lesion, alleviation of symptoms, complications).
In the facial skin, pigmentation and scar formation after
irradiation can be serious treatment-related complications compared with unexposed areas. In the airway and digestive tract,
the mass effect of the lesion and chronic bleeding from the
lesion can be causes of serious symptoms. Thus, as the goal to
achieve varies with the anatomical site of the lesion, we
reviewed the literature by the anatomical site (the neurosurgery field was excluded). For this reason, we also extracted
benefits and harms of treatment from the text of the reports of
less than 30 cases. The relevant departments surveyed
included ENT, dental and oral surgery, gastrointestinal surgery, ophthalmology, plastic surgery, and dermatology, and
secondary screening overviewed laser therapy for VM and
vasodilatory lesions.
When a new laser instrument is developed and put into
use, reports of therapeutic results using the equipment are presented. The types of laser used for treatment varied widely.
The types of laser that have been reported are summarized
chronologically in a graph (Fig. 1). While the type of laser

with more reports is not necessarily more effective, the graph
is considered to reflect tendencies of laser types that are established and gain favorable appraisal or no longer in use.
Since dye laser used for the treatment of port wine stain
(wavelength: 595 nm) uses hemoglobin as the observer/heater,
photothermal conversion occurs efficiently in the blood vessel,
and the thermal energy reaches endothelial cells.105 However,
its optical penetration depth is shallow, being about 1 mm in
both the skin and mucosa.105 However, in Nd:YAG laser with
a longer wavelength (1,064 nm), the optical penetration depth
is about 3 mm in the skin and about 6 mm in the mucosa.105
Although Nd:YAG laser is advantageous compared with dye
laser for the treatment of deep lesions, heat is generated also
in perivascular tissues, because light is converted to heat as it
is absorbed by water contained in the skin and mucosa.
The target of laser treatment for VM is the endothelium of
morbidly dilated blood vessels. There is no light that is specifically absorbed by endothelial cells and emits heat. Satisfactory therapeutic results cannot be expected unless treatment is
performed by selecting the laser type and modifying the irradiation method based on the understanding of such principles
and limitations of phototherapy.
Concerning small VM of the mucosa, tongue, lips, and
glans penis, in which scar formation after treatment poses no
serious problem, there are a number of reports106–108 that
lesions were resolved by treatment using Nd:YAG laser. There
have also been cases in which favorable results were obtained
by treatment of anemia due to gastrointestinal bleeding109 and
of symptoms, such as airway obstruction, due to the mass
effect of the lesion.110 While transient purpura and swelling
after treatment are unavoidable, they often resolve rapidly.99
Modifications of the irradiation setting and method are necessary to obtain satisfactory results and avoid serious complications, such as peroneal neuropathy100 and pigmentation and
scar formation of the facial skin,106,108 and we must learn
from the experience of experts.
Nd:YAG laser irradiation by insertion into the lesion under
ultrasound guidance has begun to be performed as a treatment
to avoid damage of important organs and nerves,98–100 therapeutic experience using this technique has been accumulated,
and detailed records and reports have been presented. At present, the results have been satisfactory in terms of safety and
efficacy, and standardization of the procedure is anticipated.
CQ9: Is sclerotherapy effective for VM?

Recommendation: Sclerotherapy for VM is effective for alleviating symptoms and reducing the size of the lesion and is recommended.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: VM is lesion that used to be called cavernous
hemangioma or intramuscular hemangioma and differ from
infantile hemangioma. VM poses problems, such as pain,
swelling, and functional impairment, and has been treated
conventionally by surgical resection. In Western countries,
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Fig. 1 Reports of laser therapy for hemangiomas/vascular malformations (primarily venous) in various periods and types of laser used
in the reports (CQ8). Notes: CO2; 10 of 11 reports recommend the use for surgical resection. Argon; There are 4 reports of mixed treatments for CM and VM. Nd:YAG; There are 12 reports of its use in combination therapy with surgery, sclerotherapy, or other lasers.
Alexandrite; There is only 1 report summarizing cases treated with alexandrite in combination therapy with other lasers.

percutaneous sclerotherapy has a long history. In 1989,
Yakes et al.111 reported ethanol sclerotherapy for VM, and
the treatment has since been performed worldwide. Recently,
sclerotherapy, which is mildly invasive, permits functional
and morphological preservation, and can be performed
repeatedly, is widely used. However, as of 2016, sclerotherapy is not covered by medical insurance in Japan. In addition, there has been no randomized controlled trial (RCT) on
the usefulness of sclerotherapy for VM compared with surgery or placebo.
As a result of secondary screening, 76, 3, and 3 papers
were extracted from PubMed, Cochrane, and JCRM, respectively. They include 3 semi-RCTs, but randomization and
blinding were insufficient, and their quality as an RCT was
low. Also, the theme evaluated by all these RCTs was “comparison of sclerosing agents in sclerotherapy,” and none compared sclerotherapy with other treatments. Therefore, control
groups related to this CQ were not established, and their contribution as a whole is weak. The other literature was all case
reports or case series, and the evidence level is D (very weak).
As mentioned above, while the evidence level is low, most of
the studies reported alleviation of symptoms and regression of
lesions in a high percentage (70–90%) of the patients, suggesting the usefulness of sclerotherapy.

The sclerosing agents used included absolute ethanol, polidocanol, ethanolamine oleate, sodium tetradecyl sulfate (STS),
and bleomycin. Polidocanol is approved as a sclerosing agent
for lower limb varices and esophageal varices, and ethanolamine oleate as a sclerosing agent for esophageal varices. STS
is not marketed in Japan. Each sclerosing agent has characteristic complications. Recently, injection of polidocanol, STS, as
a foam by mixing with CO2 or air has been increasingly performed. Sclerotherapy using ethanol is often performed under
general anesthesia, but sclerotherapy using polidocanol or
ethanolamine oleate can be performed under local anesthesia.
Three RCTs have been reported as studies that evaluated
differences in therapeutic effect according to the sclerosing
agent. However, randomization and blinding are insufficient,
and their quality as an RCT is low. In addition, the theme
evaluated in these RCTs was “comparison of sclerosing agents
in sclerotherapy” rather than comparison with other treatments.
Although the evidence level is low, there have been a few
case series that reported the usefulness of sclerotherapy, and a
wide variety of sclerosing agents including ethanol, polidocanol, ethanolamine oleate, STS, and bleomycin were used.
Among studies with a relatively large number of patients,
there is a report112 that sclerotherapy using ethanol in 87
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patients with craniofacial VM resulted in a ≥75% decrease in
size in 23 (32%) and a 25–75% decrease in size in 37 (52%).
The results of sclerotherapy using polidocanol in 50 patients
with VM were excellent in 19, good in 16, moderate improvement in 13, and unchanged or worse in 2.92 The results of
sclerotherapy using ethanolamine oleate performed in 83
patients, who were mostly children, were complete remission
of symptoms in 79 lesions and significant alleviation in 6
lesions.113 Sclerotherapy using STS resulted in subjective
improvements in 174 (85.3%) of 204 patients.114 The results
of sclerotherapy using bleomycin were complete cure in 185
of 260 patients, marked improvement in 44, and some
improvement or no change in 31.115 In addition, regarding the
size of the lesion, a very satisfactory decrease was achieved in
104, and a satisfactory decrease was achieved in 10, of 120
patients.116
Papers that evaluated the types of VM that are likely to
respond to sclerotherapy include those by Goyal et al.,117 Yun
et al.,118 Mimura et al.,91 Rautio et al.,119 Lee et al.,112
Yamaki et al.,120 and Nagao et al.121 Types of lesions that
were likely to be sclerosed were reported to be well-defined
small (≤5 cm) lesions by Goyal et al.,117 females, lesions
showing no or delayed delineation of the draining vein, and
lesions well-defined on MRI by Yun et al.,118 small lesions,
well-defined lesions, and lesions that show prolonged drug
retention by Mimura et al.,91 localized lesions by Lee et al.112
and Yamaki et al.,120 and slow flow type lesions by Nagao
et al.121 Nomura et al.122 evaluated the therapeutic effect
according to the degrees of functional and gross improvements
and reported that the therapeutic effect was greater in head
and neck and trunk lesions than in the upper or lower limb
lesions. Moreover, Rautio et al.119 reported that the treatmentrelated improvement in the quality of life was higher when the
lesion did not involve the muscle or was ≤5 cm in size.
Various complications ranging from mild complications,
such as transient neuropathy and local inflammation, to serious
ones, such as myopathy, skin necrosis, and deep venous
thrombosis/pulmonary embolism, have been reported. In sclerotherapy using ethanol or polidocanol, particularly serious
life-threatening complications have been reported. Qiu
et al.123 reviewed the literature concerning sclerotherapy for
VM and reported that shock and pulmonary embolism
occurred in 0.19% each of 522 patients who underwent sclerotherapy using ethanol and that ethanol was used at 1 mL/kg
in those who developed shock. They also reported that a
decrease in blood pressure/bradycardia was noted in 0.61% of
163 patients who underwent sclerotherapy using polidocanol
but that its differentiation from vagus nerve reflex was clinically difficult. Wong et al.124 reported a case of shock after
sclerotherapy using 0.86 g/kg ethanol but could be saved.
Tachibana et al.125 reported that 2 patients (1.1%) developed
pulmonary embolism and that the amounts of ethanol used
were 0.71 and 0.16 mL/kg. Concerning sclerotherapy using
polidocanol, also, cardiac arrest in children has been reported
by authors including Marrocco-Trischitta et al.126 and Shimo

et al.,127 who used 4 mL of 1% polidocanol (body weight:
20 kg) and 10 mL of 3% polidocanol (15.6 kg), respectively.
In conclusion, sclerotherapy is generally considered effective for VM, but its problems are that the evidence level is
low and that the procedure has not been standardized. In addition, serious complications that are rare but life-threatening
have been reported, and caution is needed in deciding the dose
of the sclerosing agent.
CQ10: Are clotting abnormalities due to VM an indication for
radiotherapy?

Recommendation: Radiotherapy should not be performed without careful evaluation because malignant neoplasm, growth
disorders, and functional impairment have been reported as
late complications.
Many reports included both VM and vascular tumors in the
subjects, which make it difficult to assess the therapeutic
effects of radiotherapy.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of primary screening, 6 and 2 documents were retrieved from PubMed and JCRM. However, as a
result of secondary screening, liver hemangioma was
excluded, and 10 papers including the references from the previous guideline were reviewed. The reviewed papers were case
series or case reports, and the evidence level of the literature
as a whole is D “very weak.”
While there have been reports that radiotherapy was performed for the treatment of vascular tumors and vascular malformations, it is difficult to judge whether the treatment was
performed by determining the disorders.
According to many reports,128–132 radiotherapy has been
performed to treat Kasabach-Merritt phenomenon. However,
while there is no mention about Kasabach-Merritt phenomenon, there is a report133 of 5 cases in which giant hemangiomas accompanied by clotting disorders, thrombocytopenia,
heart failure, and bleeding were controlled by multidisciplinary treatment including radiotherapy.
Vascular tumors that cause Kasabach-Merritt phenomenon
are considered to be kaposiform hemangioendothelioma or
tufted angioma rather than infantile hemangioma.134 Because
VM and infantile hemangiomas are included in other vascular
tumors in the lesions described in these reports, they are not
considered to be indications of radiotherapy for VM or infantile hemangiomas.
Schild et al.128 reported 13 cases of symptomatic hemangioma (11 of which were pathologically diagnosed as cavernous hemangioma, but as the report is old, vascular tumors
and vascular malformations were not distinguished and were
probably included). Radiotherapy at 6.25–40 Gy was carried
out in these 13 cases. The lesions were located in the limbs in
5, face in 2, vertebral bodies in 3, pituitary fossa in 1, sacrum
in 1, and bladder in 1. Note that organs that should be
excluded in this CQ were included.
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Of these patients, 2 (1 each with a limb and facial lesion)
exhibited Kasabach-Merritt phenomenon and showed normalization of clotting disorder (evaluated according to the platelet
count and fibrinogen level) after treatment. However, they
were aged 3 years and 5 months, and the lesions may not
have been VM.
When the subjects were limited to patients with limb or facial
lesions, CR was observed in 2, PR in 4, and no response in 1 in
terms of decrease in the lesion size, and CR was observed in 4,
PR in 1, and no response in 2 in terms of the control of symptoms.
A serious treatment-related complication, which was unilateral visual impairment, was noted in 1 (14 Gy/8 fr).128 These
problems have been recognized as late complications of radiotherapy for vascular tumors or vascular malformations; malignant neoplasms, such as breast cancer,135 thyroid cancer,136
and vascular sarcoma,137 visual impairment mentioned
above,128 shortening of the lower limb, and restriction of the
joint motion range.131
According to Coldwell et al.,137 late complications of
radiotherapy for hemangiomas in infancy include bruise and
Stewart-Treves syndrome after the patients reach adulthood.
Angiosarcoma is also observed. They reported that the median
survival period was 24 months, and the 5-year survival rate
was about 10%, in those who developed angiosarcoma.
As observed above, the diagnosis was not confirmed in the
reports that have suggested the effectiveness of radiotherapy,
and its indications have not been specified. In addition, there
have been a considerable number of reports of late complications due to radiotherapy. Thus radiotherapy should not be
performed without careful evaluation.
CQ11: Is there difference in the effectiveness of dye laser
treatment for CM according to the site of the body?

Recommendation: Dye laser treatment for CM is likely more
effective in the face and neck region compared with other
sites, and it is more likely to cause complications such as pigmentation in the limbs.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
Comments: As a result of literature searches, 176 papers
consisting of 139 from PubMed and 37 from JCRM were
extracted. They included a few reports that were allegedly
RCTs but were not actual RCTs. Therefore, a total of 26
papers consisting of 15 from PubMed and 11 from JCRM
including case series with a large number (≥100) of relevant
cases were selected by secondary screening. In addition, a
total of 17 papers were adopted as references for the comments in the guidelines by adding 3 papers in English
extracted by manual search to 6 from PubMed and 8 from
JCRM considered to be relevant or closely related to the CQ
among those selected by secondary screening. Since there was
no RCT, the evidence as a whole was rated as C (weak).
Concerning the effect of dye laser treatment for CM, most
of the reports were about the effects for hemangioma simplex
or port-wine hemangioma in Japan and port-wine stain abroad.

There have been a few papers138–152 that evaluated the
therapeutic results of dye laser treatment according to the site
in a small to relatively large number of patients. The laser
equipment used varies from early dye laser to pulsed dye laser
with adjustable pulse duration with a cooling system, and
reports limited to variable-pulse pulsed-dye laser with a cooling system, which is widely used today, are extremely few.
According to many reports,138–149 the response rate is
higher in the face and neck region than in the trunk and limbs.
In the face, it has been reported that the response rate is
higher in the palpebral, forehead and temporal, and lateral
buccal regions but is significantly lower in the territory of the
2nd division of the trigeminal nerve (dermatome V2), and that
the number of irradiations tends to increase in the midline
region, frequently resulting in persistence of redness.150 There
is a report151 that the response rate did not differ significantly
among regions in the lower limb. While the number of
patients was small, it has been reported that treatment of the
foot involves stronger pain but was less effective than in the
face but that the degree of patient satisfaction was relatively
high.152
The incidence of complications of dye laser (bleb formation, depigmentation, pigmentation, scar formation) is reported
to be low, being 1.7% in adults, 0.6% in children, and about
1.4% in all patients even when all sites of the body are
included, and no significant difference has been reported in
the age at the beginning of treatment, Fitzpatrick skin type,153
site, number of treatments, or irradiation energy between those
who developed complications and those who did not, but complications may occur more frequently in the lower limbs.154
Moreover, there is a report152 that complications, such as pigmentation, depigmentation, and atrophic scar, were observed
more frequently in the lower limbs.
CQ12: Do CM recur after dye laser treatment?

Recommendation: Although the effectiveness of dye laser
treatment for CM is established, the recurrence rate may
increase with time after treatment.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
Comments: As a result of literature searches, a total of 211
papers consisting of 149 from PubMed, 53 from Cochrane,
and 9 from JCRM were retrieved. They did not include RCTs,
and a total of 30 papers consisting of 23 from PubMed and 7
from Cochrane, which were mostly case reports and case series studies, were extracted by secondary screening. In addition,
a total of 10 papers that were relevant and closely related to
the CQ (including 8 case series) consisting of 7 from PubMed,
2 from Cochrane, and 1 in English retrieved by manual search
were adopted as references for the guidelines. Since there was
no RCT, the strength of evidence of the group of literature
concerning this CQ is C “weak”.
Concerning papers that referred to “whether CM recur after
dye laser treatment,” there are 4 retrospective studies155–158 after
treatment by pulsed dye laser (wavelength: 585 nm) with a
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cooling system, and the recurrence rate was 15.9–35%. Also,
there is a report155 that the recurrence rate increased with time
after treatment and was 3.1% after 1 year, 20.8% after 2 years,
40% after 3 years, and 50% after 4 years. Therefore, it is necessary to treat CM with the recurrence after dye laser treatment in
mind.
It is difficult to strictly distinguish whether the recurrence
is generation of new dilated vessels after laser therapy or it is
regeneration of blood vessels damaged due to treatment or reproliferation of remaining vessels. However, there have been
reports that, in an experiment using mice, angiogenesis
occurred in the process of wound healing at the site of irradiation in early recurrence159 and that, in an experiment using
hamsters, complete treatment was difficult, and morbid vessels
persisted, because coagulation was difficult to induce by dye
laser irradiation in vessels ≤2–16 lm in diameter.160 While
there is a report161 that genes affected by dye laser therapy
early after treatment were identified, further evaluation is necessary to clarify their relationships with the recurrence.
Concerning the prevention of recurrence, there is a
report162 that the recurrence-free period was long in the
patients treated with a variable-pulse pulsed-dye laser with a
cooling system (wavelength: 595 nm), which is widely used
today, and they were treated within 6 months after birth. In
addition, there have been reports of animal experiments using
Rapamycin, which inhibits angiogenesis after laser irradiation,159,163 and of prospective RCT using imiquimod,164,165
and these treatments were considered effective for the prevention of recurrence. However, careful evaluation by large-scale
investigations, including the assessment of the safety concerning drugs, is considered necessary.
CQ13: Is dye laser irradiation for CM more effective as it is
initiated at a younger age?

Recommendation: Laser therapy before the age of 1 year may
be effective, and the earliest possible initiation of treatment is
recommended as an option.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: Concerning the timing of treatment for CM,
there is the opinion that early initiation of treatment is recommended, because, in young children, the skin is thinner, so the
depth of penetration is larger, the vascular wall is also immature, cure after laser irradiation is better, pigmentation is less,
and the irradiation area is small, so the treatment efficiency is
higher. However, there is still controversy. As a result of secondary screening of past reports, 6 and 1 were extracted from
PubMed and JCRM, respectively. While the papers selected
by these screening procedures include 2 papers on prospective
studies as described below, their conclusions differed, and the
evidence level is considered to decline when these references
are reviewed together.
Oguri et al.138 performed a non-randomized controlled trial
by dividing children into those aged 0–12, 13–24, and 25–
36 months and observed significant differences in the response

rate combining “markedly effective” and “effective” among
the groups. They also compared the response rate according to
the age in months at the beginning of treatment in the 0-yearold group and reported that the response rate was higher as
the treatment was initiated earlier. Furthermore, Nguyen
et al.166 divided their patients into those aged less than 1 year,
those aged 1–6 years, and those aged 6 or more years and
investigated the correlation between treatment response and
age. They reported that those aged less than 1 year and lesions
with a size of <20 cm2 located in the center of the face
showed the best treatment response.
Among reports suggesting no difference in the therapeutic
effect according to the age at the beginning of treatment, van
der Horst et al.167 studied 100 patients with untreated CM of
the head and neck region prospectively and concluded from
the results of colorimetry and clinical evaluation that there
was no significant difference in the therapeutic effect of
pulsed dye laser among the 4 groups in which the treatment
was started at the age of 0–5, 6–11, 12–17, and 18–31 years.
In the retrospective study of Katugampola et al.,140 also, comparison of 4 groups in which treatment was started at the age
of 0–5, 6–12, 13–50, and 50+ years showed no significant difference in the therapeutic effect.
Among the above reports, those did not affirm the usefulness of early laser treatment were relatively old. Also, reports
of Oguri et al.138 and Nguyen et al.166 indicated laser therapy
may be more effective in those aged <1 year. In addition, the
effectiveness of laser clearly declines when the lesion is elevated or thickens with time. In consideration of “benefits” of
early laser treatment and “harms,” which include the occasional necessity of general anesthesia for laser treatment
around the eye in small children, the recommendation level
was rated as 2D based on the consensus of this guidelines
drafting committee.
CQ14: Is propranolol safe and effective for infantile
hemangiomas?

Recommendation: If administered under careful monitoring,
oral propranolol therapy may be the first choice for the treatment of infantile hemangioma.
Strength of recommendation: 1 (strong)
Evidence: A (strong)
Comments:
(1) Effectiveness: There was the serendipity that regression
of hemangioma was induced in a child under steroid therapy
with a giant infantile hemangioma by propranolol administered
for obstructive hypertrophic cardiomyopathy in 2008.168 Based
on this report, oral propranolol therapy began to be used for
the treatment of infantile hemangioma, and its high efficacy
against alarming hemangioma/life-threatening hemangioma in
the proliferating phase and in patients with cosmetic problems,
such as giant lesions in the face, those with ulcerated and
hemorrhagic lesions, and those who may develop functional
impairment, has been demonstrated, resulting in its use
(Hemangiolâ, Pierre Fabre Dermatologie, Boulogne, France)
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as the first choice in Western countries. In addition, its effectiveness for the treatment of hemangiomas after the proliferating phase was also described. Moreover, a group of physicians
used propranolol earlier due to cosmetic significance and at
the request of the family even in cases of small or localized
lesions, and it is also effective in such cases.
A total of 131 papers consisting of 25 from JCRM, 106
from PubMed, and 0 from Cochrane Library were extracted as
related to the CQ, “Is propranolol safe and effective for infantile hemangioma?,” and they were subjected to primary and
secondary screenings with reduction of hemangioma (effectiveness of propranolol) and treatment-related complications
(adverse effects) as outcomes. Twenty-six papers,169–194 most
of which were RCTs or observational studies, were adopted.
For example, Hogeling et al.180 administered placebo or
propranolol at 2 mg/kg/day for 6 months with randomization
to 40 patients aged 9 weeks to 5 years with infantile hemangiomas in the face or sites with the potential for disfigurement. They reported significant improvements in size, redness,
and elevation in the propranolol group. Elevated lesions disappeared in 4 of the 19 patients in the propranolol group but
none of the 18 patients in the placebo group. As for adverse
events, the trial was interrupted in 1 patient due to upper respiratory tract infection, and conditions including bronchiolitis,
gastroenteritis, streptococcal infection, cool extremities, dental
caries, and sleep disturbance were observed.
Zaher et al.181 observed 45 patients by randomly dividing
them into 15 each treated by oral administration, topical application, and intralesional injection of propranolol. Responses
were observed in 60% in the oral group, 20% in the topical
ointment group, and 13.3% in the injection group. No major
adverse events were noted, and the trial was discontinued in 1
in the oral group and 3 in the injection group due to inconvenience or pain of the treatment.
Malik et al.182 randomly allotted 30 patients aged 1 week
to 8 months to propranolol alone, prednisolone alone, or both
propranolol and prednisolone. They found that the mean initial
response times were lower in the propranolol group than in
the prednisolone group but that there was no clear difference
between the propranolol + prednisolone group and propranolol
alone group. All 10 patients in the propranolol group and 9
patients in the corticosteroid group responded to the 3-month
treatment. However, adverse events were observed in 2 of the
10 patients in the propranolol group (asymptomatic hypoglycemia, insomnia) and 9 of the 10 patients in the steroid
group (cushingoid appearance, gastrointestinal upset), and
were more frequently in the latter group.
Bauman et al.183 performed a phase 2, investigator-blinded,
multi-center RCT in 44 patients aged 2 weeks to 6 months.
Propranolol or prednisolone (2 mg/kg/day) was administered
orally until halted due to toxic effects or clinical response.
During 4-months treatment, no significant difference was
observed between the two groups, for example, with regression of 5 of the 6 tumors in the corticosteroid group and 9 of
the 10 tumors in the propranolol group. For long-term analyses, the effect of prednisolone appeared earlier. While the

incidence of adverse events as a whole did not differ between
the two groups, severe adverse events were observed in 1 of
the 11 patients in the propranolol group but 5 of the 7 patients
in the prednisolone group, being significantly more frequently
in the latter group.
Leaute-Labreze et al.184 carried out an RCT in patients
aged less than 4 months by comparing 7 administered and 7
not administered propranolol. Since color changes and softening were observed within 24 h, and the thickness and size of
the lesions decreased within 4 weeks in the propranolol group,
the treatment was considered useful for the prevention of scarring. No serious adverse effect was observed except asymptomatic mild decreases in heart rate and diastolic blood
pressure.
There have also been comparisons between atenolol and
propranolol and between laser and laser plus topical propranolol.185,186 In 2015, the largest RCT was published in the
New England Journal of Medicine, also reporting that propranolol was significantly effective for hemangioma compared
with placebo.187 Hemangioma showed complete or nearly
complete resolution after 6-month treatment in 2 (4%) of 55
patients in the placebo group and 61 (60%) of 101 patients in
the 3 mg/kg/day propranolol group.
Furthermore, there have also been a few systematic
reviews and meta-analyses primarily of observational studies.
Menezes et al.188 reviewed 49 English papers published
between June 2008 and September 2010, and summarized 6
studies with 10 or more patients administered propranolol (totally 154 patients). Propranolol was administered to infants
with a mean age of 4.5 months at a dose of 2 mg/kg/day in
65% and 3 mg/kg/day in 25.3%. Two-thirds of the patients
were treated with propranolol alone. Recurrence was observed
in 21% after treatment for a mean of 4.3 months, and adverse
events including hypotension, somnolence, wheezing, insomnia, agitation, nightmare, cool hands, night sweat, gastroesophageal reflux disease, and psoriasiform rash appeared in
18.1%.
Marqueling et al.189 reviewed the therapeutic results in
1,264 patients (including 806 girls) in 41 reports published
from 2008 to 2012 retrieved from Medline and Cochrane database. The treatment was initiated at a mean age of 6.6 months
at 2.1 mg/kg/day and continued for a mean of 6.4 months.
The overall response rate was 98%, and the treatment was also
effective in clinically problematic areas such as the face
(100%), airway (100%), periorbital (98%), head and neck
region (97%), and parotid gland (82%). However, recurrence
was observed in 17% after treatment. Adverse effects were
noted in 371 of 1,189 patients. Changes in sleep (136 patients)
and acrocyanosis (61) were the most frequent among them,
and hypotension was observed in 44, bradycardia in 9, and
hypoglycemia in 4 as serious complications. In conclusion, the
grade of recommendation was 1, quality of evidence is A, and
propranolol was recommended as the first-line drug for complicated infantile hemangiomas. Regarding adverse effects, the
grade of recommendation was 1, quality of evidence was A or
B. while serious adverse effects may be observed, their
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frequency is low, and they can be usually avoided by proper
monitoring at initiation of treatment.
Xu et al.,190 on the other hand, evaluated volume changes,
improvement in overall appearance, visual function, and
adverse effects using 15 online databases. The data of 419
cases were analyzed, but meta-analysis was not performed
because of the wide differences among studies. Some studies
showed superiority of propranolol compared with corticosteroid in reducing volume and improving the overall appearance. No marked difference was noted in adverse effects or
visual function.
In addition, in meta-analysis of 16 studies (2,629 cases)
and 25 studies (795) published in 1965–2012, 69% of the
patients responded to 12-month corticosteroid therapy, but the
response rate to propranolol was 97% with a significant difference.191
In periorbital hemangiomas, the response rate to propranolol was found to be significantly higher than that to corticosteroid by meta-analysis of papers published before 2013,192
and propranolol showed the strongest effect against airway
hemangiomas compared with steroid, CO2 laser, and vincristine on meta-analysis.193,194
From these observations, we concluded that propranolol
was significantly more effective than placebo and to be similarly effective compared with corticosteroid. Concerning the
safety, propranolol is considered to have significantly fewer
adverse effects than corticosteroid. Since there have been several RCTs and systematic reviews or meta-analyses directly
related to this CQ, the evidence level is considered to be
extremely high.
(2) Meta-analysis: Regarding the effectiveness and adverse
effects of propranolol, a large number of systematic reviews
and meta-analyses based on observational studies are already
present in the above 26 papers. We, therefore, used only 4
reports180,182,183,187 on interventional studies for meta-analysis.
As a result of meta-analysis, regarding “tumor reduction,”
it was found that propranolol had significantly stronger reducing effects than placebo and that it had a stronger reducing
effect, which, however, was not significant, compared with
corticosteroid. Concerning “complications,” propranolol was
compared with steroid and was shown by 2 RCTs to have significantly fewer adverse events than corticosteroid. Since this
meta-analysis found significantly stronger reducing effect of
propranolol compared with placebo and in fewer complications compared with steroid, and since our results were similar
to those of systematic reviews of many existing observational
studies considered to have high-quality evidence, we considered that there was a major tendency in this CQ and judged
the evidence level as A.
(3) Estimated action mechanism: Beta-blockers have a
wide range of actions on the blood vessels and vascular
endothelium, and have diverse actions on cell proliferation
and vascular remodeling. Thus, the action mechanism of propranolol on infantile hemangiomas is still unclear. In vascular endothelial cells, propranolol is considered to induce
vascular contraction by suppressing NO production, inhibit

renin production, control angiogenesis by regulating the
expression of VEGF•bFGF•MMP2/MMP9, and induce apoptosis, but it may also affect pericytes and hemangioma stem
cells.195–197
(4) Adverse events associated with propranolol in children
In conducting propranolol therapy, it is necessary to have
knowledge about possible adverse effects, their symptoms, and
their management. In addition, as there are also preventive
measures for, and points of attention about, adverse effects
and the timing for discontinuation of propranolol, sufficient
explanation to the patients and their families is essential.
Adverse events that have been reported include sleep disorders, peripheral cyanosis, hypotension (symptomatic, asymptomatic),
bradycardia
(symptomatic,
asymptomatic),
hypoglycemia, respiratory disorders, gastrointestinal disorders,
and mental disorders. Severe cases that require interruption of
treatment are few, but particular caution is needed regarding
the following points.189,196–200
(a) Since there is the risk of hypoglycemia, the patient
should be fed before and after propranolol administration. If
the patient cannot be fed, or is vomiting, for some reason, the
administration should be suspended.
(b) Since propranolol has cardiovascular adverse effects,
such as hypotension and bradycardia, interviewing for the past
history and familial history, examination, and electrocardiography are recommended before treatment. Even if no abnormality is noted on these examinations, hypotension, and
bradycardia may occur during treatment. In such cases, interruption of the administration is necessary.
(c) Propranolol is contraindicated for bronchial asthma as it
causes bronchial contraction due to its b2-blocking action.
Caution is also necessary in patients who have been suspected
to have bronchial asthma.
CQ15: What treatments are effective for ulcer formation in
infantile hemangioma?

1.

Propranolol

Recommendation: The administration of propranolol is recommended for ulcer formation.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
2.

Topical administration of antibiotics

Recommendation: Topical and systemic administration of
antibiotics is recommended for ulcer formation.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
3.

Dressings

Recommendation: The use of dressings is recommended for
ulcer formation.
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Strength of recommendation: 2 (weak)
Evidence: D (very weak)
4.

Laser therapy

Recommendation: Although laser therapy may be effective
in some patients with ulcer formation, the evidence is not considered sufficient at present.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
5.

Systemic administration of steroid

Recommendation: Systemic administration of steroid is recommended not to be performed for ulcer formation.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
6.

hospitalization, because they showed symptoms due to serious
bleeding. Of the ulcerated hemangiomas, 67 (35%) were in
the proliferating phase.
Ulcerated hemangiomas required treatment (odds ratio
[OR] = 6.86, 95% CI = 3.70–12.71, P < 0.0001), and non-ulcerated hemangiomas were observed (OR = 19.01, 95%
CI = 11.23–28.88, P < 0.0001). Ulcerated hemangiomas
tended to be treated by conventional wound care and pulsed
dye lase (OR = 2.03, 95% CI = 1.19–3.46, P < 0.0091), and
non-ulcerated hemangiomas were treated by topical glucocorticoid administration (OR = 2.57, 95% CI = 1.49–4.43,
P < 0.0007) and surgical resection (OR = 2.04, 95%
CI = 1.08–3.86, P < 0.0286).
However, propranolol has recently been suggested to be
effective regardless of the presence or absence of ulcer formation, and as it has few adverse effects, it is expected to
become the first choice treatment in the future.
[Treatments]

Platelet-derived growth factor preparations
1.

Recommendation: The accumulation of cases is insufficient
for the judgment of the recommendability of the use of platelet-derived growth factor preparations for ulcer formation.
Strength of recommendation: No recommendation
Evidence: D (very weak)
Comments: Concerning this CQ, 42 papers in Japanese and
156 in English were retrieved. As a result of their primary
screening, 47 papers were submitted to secondary screening
for this CQ. None of them were about studies with a high
level of evidence, such as RCT, and they were all retrospective studies, case series, or case reports.
As a result, 15 papers in English were adopted, and the evidence level was C for propranolol alone, because of the presence of a prospective controlled trial, but D for other
treatments, because the related papers were case reports or
case series.
According to cross-sectional analysis in a multicenter
prospective cohort study in 1,096 cases of infantile hemangioma
by Chamlin et al.,201 it was complicated by ulcer, which was or
was not bleeding, in 173 (15.8%), the median age of the patients
was 4.0 months (SD = 8.5, mean = 6.6 months), and the age at
the first examination was significantly lower in patients with
ulcerated
hemangioma
(median = 3.5 months,
mean =
3.98 months) than in those with non-ulcerated hemangioma.
By the site, ulcer formation was observed in 21 (30%) of
71 patients in the lower lip, 25 (25%) of 100 patients in the
neck, and 46 (50%) of 93 patients in the perianal/perigenital
area, and the frequency was statistically lowest in the upper
eyelid (P = 0.0140).
Ulcer formation was observed more frequently in mixed or
segmental hemangiomas. Bleeding was noted in 78 lesions
(41%) and was mild in 56 (29%), moderate in 11 (6%), and
severe in 4 (2%). Severe bleeding occurred in 3 lesions in the
limbs and 1 lesion in the face, and bleeding occurred in 2
cases at home. Two cases required blood transfusion by

Oral propranolol

Hermans et al.172 treated 20 previously treated patients
with ulcerated infantile hemangioma using propranolol and
compared them with 36 patients treated without propranolol.
The administration was initiated by hospitalization, and the
dose was increased from 0.7–1.0 to 2.0–2.5 mg/kg/day in 3
divided doses at an interval of at least 3 days. The blood pressure, heart rate, and blood sugar level were monitored during
the initial administration period, and the administration was
continued on an outpatient basis until the age of 1 year. The
mean age at the beginning of propranolol administration was
3.5 months, and the mean duration of administration was
9.1 months. Not only the color and elevation of the lesion but
also pain was reduced from early after the beginning of
administration. The administration was concluded before the
age of 1 year in 19 patients, and no recurrence of ulcer was
noted in any of these patients except that some reactivation
(enlargement) of hemangioma was observed after the discontinuation in 4 of these patients.
The mean time until complete cure of ulcer was 8.7 weeks,
and those in whom the administration was initiated later
(>3.5 months) tended to require a longer time until cure than
those in whom the administration was initiated earlier
(P = 0.025). Also, analysis using the t-test showed a significant difference in the time until disappearance of the tumor,
which was 8.7 and 22.4 weeks (t = 2.6, d.f. = 38, P = 0.012,
95% CI = 3.2–24.2) in the treated and control groups, respectively. Temporary sleepiness/malaise was observed in 6
patients, irritable before falling asleep in 2 patients, coldness
of the limbs in 6 patients, anorexia in 2 patients, and gastrointestinal disorders (diarrhea, vomiting) in 1 patient, but no
adverse event was noted in 9 patients.
Vercellino et al.,202 who started the administration at 1 mg/
kg/day and increased to 2 mg/kg/day, and Sadykov et al.,203
who started the administration at 2 mg/kg/day, also reported
that propranolol was effective.
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2.

Topical and/or systemic administration of antibiotics

Kim et al.204 topically administered antibiotics in 40
patients with ulcerated hemangioma and reported that the
results were better in 37 patients (92.5%), worse in none, and
no change in 3 patients (7.5%). They also systemically administered antibiotics in 26 patients and reported that the results
were better in 24 patients (92.3%), worse in 2 patients (7.7%),
and no change in 0 patient.
Wananukul et al.205 topically and/or systemically administered antibiotics in 41 patients with ulcerated hemangioma and
reported improvement in 19 patients (46%).
Pandey et al.206 treated 608 patients showing ulcer formation with an ointment containing an antibiotic (mupirocin,
sodium fusidate, sisomicin, or metronidazole) combined with
systemic administration of an antibiotic (amoxiclav at 20–
40 mg/kg/day) in those with ulcers with an area of >10 cm2
and examined the effectiveness of treatment according to the
time until cure. The time until cure was 32.63  13.06 days
in superficial lesions, 42.89  19.89 days in mixed lesions,
and 57.03  16.12 days in extensive lesions, with a mean of
40.09  19.41 days in all lesions combined, showing significant differences among the 3 groups (P < 0.05). They also
reported that the time until cure was significantly longer in
larger (>10 cm2) than smaller ulcers (P < 0.05).
3.

Dressings

Kim et al.204 treated 25 patients using dressings and
reported that the results were better in 23 patients (92%), and
no change in 2 patients (8%). Oranje et al.207 applied polyurethane film and reported rapid relief of pain and cure of ulcer
in 1–2 months. In addition, Bauland et al.208 treated 41
patients using a non-adhering dressing containing an antibiotic
and reported that the results were good in 26 patients (63.4%),
moderate in 5 patients (12.2%), and little change in 10
patients (24.4%).
4.

in 72 (92.3%). Also, Michel212 performed 1 or 2 irradiations using
Dermobeam 2000â(Deka MELA, Calenzano, Italy) with a cooling system 595 nm (2 pulsed irradiations with a 10% overlap,
spot size: 7 mm, irradiation power: 4–8 J/cm2) and reported resolution of pain in 10 of the 12 patients. Moreover, Di Maio
et al.213 performed laser treatment in 65 patients with hemangioma with ulcer and reported that the effect was excellent and
that no clear adverse events were observed, because scarring,
which was noted in a few patients, did not differ markedly compared with scarring that occurs after conventional treatments.
However, Kim et al.204 treated 22 patients with pulsed dye
laser and reported that the results were better in 11 patients
(50%), worse in 1 patient (4.5%), and no change in 4 patients
(18.2%), but warned that 5 patients in the proliferating phase
showed ulcer formation after irradiation.
As observed above, although there have been several reports
of the effectiveness of laser therapy against ulcer as factors of
“benefit,” many reports are relatively old and lack controls, and
the evidence is not considered sufficient. Further accumulation
of cases is necessary. Laser may be effective in limited patients,
but as there is the risk of ulcer formation as an adverse effect of
laser irradiation of infantile non-ulcerated hemangioma, greater
caution is needed in treating already ulcerated lesions.
5.

Steroids

There have been few reports on steroid therapy focusing on
ulcer. Kim et al.204 treated 7 patients by local steroid injections
and reported that the results were better in 4 patients (57.1%),
worse in 1 patient (14.3%), and no change in 1 patient
(14.3%). They also systemically administered steroid to 22
patients and reported that the results were better in 16 patients
(72.7%), worse in 1 patient (4.5%), and no change in 5 patients
(22.7%). Based on these results, they considered that the treatment was effective for reducing the lesion size, and there are
few other reports suggesting the effectiveness of steroid. Considering that the patients are infants and that there are other
treatment options, steroid cannot be recommended at present.

Laser therapy
6.

In the 1980s–1990s, there were reports209,210 of argon,
NdYAG, and KTP, but recent reports211,212 are primarily about
treatment using dye laser. Morelli et al.209 treated 37 patients with
ulcerated hemangioma by dye laser irradiation (SPTL1bâ (Candela Corporation, Wyland, MA, USA), wavelength: 585 nm, spot
size: 5–7 mm, irradiation power: 5–6.8 J/cm2, pulse width:
0.45 ms) and reported that the number of irradiations until cure
was 1 in 26 patients (68%) and 2 in 8 patients (21%) and that the
mean period from the first treatment until cure of ulcer was
2.84  0.22 weeks. Lacour et al.210 irradiated 8 patients with
ulcerated hemangioma that resisted conventional treatments using
the same equipment and reported acceleration of cure. David
et al.211 performed dye laser irradiation (PhotoGenica Vâ (Cynosure, Westford, MA, USA), wavelength: 585 nm, spot size: 5–
7 mm, irradiation power: 5–6.8 J/cm2, pulse width: 0.3–0.5 ms)
in 78 patients and reported the effectiveness of laser therapy alone

Topical preparations of recombinant human plateletderived growth factor

0.01% becaplermin Regranexâ (Ortho-McNeil Pharmaceutical, Raritan, NJ, USA) is a preparation for diabetic foot ulcer
approved by the FDA in 1997. Sugarman et al.214 and Metz
et al.215 reported its effectiveness for the treatment of ulcerated hemangioma in 1 and 8 patients, respectively, but its
effectiveness cannot be appraised at present because of the
small number of cases.
CQ16: Is intralesional corticosteroid injection more effective
than systemic administration for infantile hemangioma?

Recommendation: Treatment using corticosteroid is effective
for inducing early regression of hemangioma. While no significant difference is observed in the effectiveness between
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intralesional injection and systemic administration, attention to
complications including those at the administration site, such
as the periocular region, on local injection and those, such as
hypertension and growth retardation, on systemic administration is necessary.
Strength of recommendation: 2 (wean)
Evidence: B (moderate)
Comments: As a result of primary screening, 99, 9, and 35
papers were extracted from PubMed, Cochrane, and JCRM,
respectively, and 4 papers in English were subjected to secondary screening for this CQ. There was 1 report of an RCT,
but the other reports were about case series while they evaluated a large number of cases. In addition, 2 papers on complications considered important in relation to intralesional
corticosteroid injection for periocular lesions were added by
manual search. Since there is a report of an RCT, and since
other case series studies with a large number of subjects presented the results that there was no significant difference in
the effectiveness of corticosteroid depending on the administration method, the strength of evidence was rated as “B.”
There was 1 report216 of an RCT focusing on “Is intralesional
corticosteroid injection more effective than systemic administration for infantile hemangioma?.” In this trial, the subjects were
divided into control, oral administration (prednisolone at 2 mg/
kg/day every other day for 6 weeks), and intralesional injection
(triamcinolone at 1–5 mg/kg with a maximum of 30 mg once a
month for 6 months) groups, and the lesion size was significantly reduced in the treated groups compared with the control
group. While no significant difference was noted between the
oral administration and the intralesional injection groups, the
reduction rate tended to be larger in the local injection group,
and local injection was concluded to be slightly superior.216
There were reports217,218 of case series with more than 1,000
subjects, but the findings were not statistically analyzed.
Although both intralesional injection and oral administration
were effective, there was also a mixed group of intralesional
injection and oral administration, the condition of patients varied
among the 3 groups (intralesional injection, oral administration,
mixed), and the effectiveness according to the administration
method was not shown. Regarding complications, systemic
symptoms, such as hypertension, retarded body weight gains,
and cushingoid appearance, were reported to be more frequent
on oral administration than intralesional injection.217,218 Moreover, concerning complications, in one report,219 periocular
lesions were excluded from the targets of intralesional injection
to avoid its effect on visual function. Indeed, there have also
been case reports220,221 that visual impairment was caused by
occlusion of the retinal artery after intralesional corticosteroid
injection for periocular hemangiomas. Currently, in Japan,
intralesional corticosteroid injection is a treatment unapproved
by the national health insurance system.
CQ17: Is topical therapy effective for infantile hemangioma?

Recommendation: Although it must be noted that there are no
reports of comparison with placebo and that the degree of

improvement is smaller compared with systemically administered drugs, topical medication can be an option for the treatment of infantile hemangioma with no risk of complications if
drugs with milder adverse effects are selected.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
Comments: As a result of literature searches, a total of 111
papers consisting of 70, 7, and 34 papers from PubMed,
Cochrane, and JCRM, respectively, were extracted. They
included 1 RCT study. Including this RCT, 48 papers were
extracted by secondary screening. In addition to the papers
selected by secondary screening as closely related to the CQ,
a total of 47 papers obtained by manual search were adopted
as reference for the preparation of guidelines. There was 1
RCT, and comparative studies of therapeutic results by topical
therapy and case series studies with a relatively large number
of subjects were adopted as papers of relatively high quality,
the strength of evidence was rated as C “weak.”
In the reports related to the CQ:
1.
2.

3.

4.

5.

6.

Drug type: The drugs were classified into imiquimod,
timolol, propranolol, corticosteroid, and others.215,222–225
Drug concentration and dosage form: Imiquimod was used
as a 5% cream,222,226–233 timolol as 0.5% ophthalmic
solution or gel,222,223,232,234–243 propranolol as 1% ointment,181,234,241,244,245 and corticosteroid were often used
as ointments of agents ranked as relatively strong such as
clobetasol propionate, halobetasol propionate, and
betamethasone dipropionate.246,247
Methods for topical application: Frequent administration
methods were once a day every other day for imiquimod,
2 times a day every day at 1–2 drops each time for timolol, 2 times a day every day for propranolol, and 2 times
a day every day for corticosteroid.
Methods for efficacy evaluation: Comparison of gross
findings and photographs were adopted in all papers. The
area was compared using photographs in one report.227
There was also a report228 of half-side test for a control.
Adverse effects: No systemic adverse effect was reported,
and most adverse effects were local. Imiquimod caused
pain, flare, and erosion relatively frequently.231,233 Few
local adverse effects were reported for timolol and propranolol.232,234,241,242,245 No local adverse effects were
reported also by corticosteroid.246,247
Relative advantages of drugs Imiquimod has been
reported to have usefulness comparable to that of topical
beta blockers, but it is not considered superior in terms of
adverse effects.226,228,230,232

Corticosteroid was not shown to be superior in efficacy
compared with beta blockers.
There was also one RCT study181 concerning the CQ,
which is related to topical propranolol concerning drugs. In
this RCT, 15 each of a total of 45 subjects were allotted to
oral (propranolol at 2 mg/kg/day, 2 times a day), topical (1%
propranolol water soluble ointment, applied 2 times a day),

This article has been co-published with the permission of The Journal of Dermatology, Pediatrics International and Japanese Journal of
- are
775identical
Radiology. All rights reserved. © 2020 The Authors. The articles
except for minor stylistic and spelling differences in keeping with each journal’s style. Either citation can be used when citing this article.

18 H Mimura et al.
and local injection (1 mg/1 mL, 0.2 mL/1 cm in diameter,
1 mL/injection at the maximum, 1 time/week) groups. Ten
patients (66.7%) in the topical group responded, but they were
fewer than 13 (86.7%) in the oral group. The time until the
appearance of the effect and time until complete cure were
also longer in the topical group than in the oral group. Concerning complications, none was observed in the topical
group, but 1 patient in the oral group showed unexplained
syncope as an adverse effect and was excluded. While
decreases in the heart rate and blood pressure were observed
in 3 in the oral group, they did not necessitate interruption of
the study. In the local injection group, 8 (53.3%) responded,
but 3 were lost due to pain. From these results, the study concluded that topical therapy is an option to be evaluated for
patients with a risk of adverse reactions to oral medication.
While there were no reports of comparison under the same
conditions, comparative studies of therapeutic results by topical therapy and case series studies with a relatively large number were adopted as relatively high-quality papers. In all these
reports, topical therapy of beta blockers (propranolol, timolol)
was effective to an extent with no serious complications.
Thus, topical therapy, particularly, of beta blockers is considered generally useful, but there has not been a report of its
comparison with placebo, and further accumulation of cases is
necessary.
Research by comparison between dye laser treatment and
topical beta blocker therapy is considered to be necessary.
CQ18: Is compression therapy effective for infantile
hemangioma?

Recommendation: Although appropriate compression method
must be performed for individual patients, compression therapy may be regarded as an option on condition that the therapy is carried out by a skilled physician. Sufficient attention
to skin abnormalities and local/neighboring growth disturbance
due to the compression are needed.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: While 23, 1, and 14 papers were extracted from
PubMed, Cochrane, and JCRM, respectively, only 3 case
reports remained to be reviewed as a result of primary and
secondary screening. Thus, the evidence level is very low at D
(very weak).
According to a case report of ulcerated infantile hemangiomas of the limbs by Kaplan et al.,248 the ulcers of most
patients showed rapid improvements and cured within 2 weeks
by compression therapy using the self-adherent wrap Cobanâ
(3M, St. Paul, MN, USA) combined with topical treatment with
an antibiotic ointment (or early systemic antibiotic administration when secondary infection was apparent). They concluded
that, compared with antibiotic ointment alone, its combination
with compression therapy was more effective, and is a safe and
easy treatment that promotes regression of hemangiomas.
Ochi et al.249 reported 12 cases of infantile hemangioma (9
girls and 3 boys with a mean age of 8.4 months; sites of the

lesion: limbs in 6, head and neck in 5, and trunk in 1). By
treatment using elastic bandages (5 patients), Presnetâ
(ALCARE, Tokyo, Japan) (4), supporter (1), or Elatexâ
(ALCARE, Tokyo, Japan) and cryotherapy (2), the hemangiomas disappeared or decreased in size in 11 of the 12
patients, with only 1 (head and neck) showing no improvement. The time until the disappearance of the lesion in the 11
responders was 2 months to 3 years (mean: 19.5 months), no
complications associated with compression therapy were
noted, and the authors recommended early initiation of compression therapy if the site of the lesion can be compressed.
Totsuka et al.250 treated 3 girls with parotid gland hemangiomas (mean age: 4.3 months) by splinting using a resin
plate and compression using a handmade cap. The mean duration of treatment was 13 months (8–16 months), and the
patients were followed up until a mean age of 4.6 years (2–
7 years), resulting in clinical and echographic disappearance
of hemangioma in all 3. Since infantile hemangiomas often
regress spontaneously, it is impossible to conclude that they
regressed due to compression therapy, but they reported the
therapy to be safe and effective.
Thus, concerning factors related to “benefits” of compression therapy, there are reports that suggest the effectiveness of
compression methods appropriate for sites (elastic bandages,
Presnet, splinting with a resin plate). However, it must be noted
that they are all old reports. Concerning factors related to
“harm,” while compression is a relatively safe and simple
method without reports of serious complications, the occurrence
of dermatitis and growth disturbance at the site of compression
or surrounding areas is considered possible. The recommendation level was set at 2D with consensus of the present guidelines preparation committee on condition that the treatment is
performed carefully by a skilled physician in consideration of
these points. The present guidelines do not exclude compression therapy, but it is necessary to consider oral propranolol,
oral administration or local injection of steroid, and laser therapy first for infantile hemangiomas that need treatment.
CQ19: Is glucose transporter 1 (GLUT-1) immunostaining
useful for the diagnosis of infantile hemangioma?

Recommendation: Immunostaining for GLUT-1 is positive in
the proliferating, involuting, and involuted phases, shows high
sensitivity and specificity, and is useful for the diagnosis of
infantile hemangiomas if the clinical diagnosis is difficult.
Strength of recommendation: 2 (weak)
Evidence: C (weak)
Comments: To evaluate whether GLUT-1 immunostaining
is useful for the diagnosis of infantile hemangiomas, the literature was searched first for the following key words.
Infantile OR juvenile AND hemangioma AND marker AND
immunohistochemistry
The search of JCRM resulted in 26 hits, but none of them
performed analysis of GLUT-1 or evaluated its usefulness by
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comparing infantile hemangioma with other hemangiomas/vascular malformations even if GLUT-1 was analyzed. The
search of PubMed resulted in 182 hits. From these papers,
those that deserved detailed analysis were selected according
to the following criteria.
1.

2.

Those in which GLUT-1 immunostaining was performed
for infantile hemangioma or other hemangiomas/vascular
malformations.
Those that were retrospective epidemiological studies
rather than reports of one case.

Fifteen research papers selected by these criteria were analyzed in detail.
In 7 of these reports,251–257 infantile hemangiomas were
stained using GLUT-1 simultaneously with other hemangiomas/vascular malformations, and differences in positive/
negative results were evaluated. Of all cases reported in the 7
papers, GLUT-1 was positive in 268 of the 273 cases of infantile hemangioma and negative in 244 of the 247 cases of
lesions other than infantile hemangioma. There were also 4
papers258–261 in which GLUT-1 staining was performed for
clinically typical infantile hemangiomas and hemangiomas that
need to be differentiated from infantile hemangioma although
they were not simultaneously stained in the same paper. When
the 4 papers were combined, GLUT-1 was positive in all 8
cases of infantile hemangioma and negative in all 49 cases of
non-infantile hemangioma. When the above cases are totaled,
GLUT-1 was positive in 276 of the 281 cases of infantile
hemangioma and negative in 293 of the 296 cases of non-infantile hemangioma, and the sensitivity and specificity of
GLUT-1 positivity for infantile hemangioma were 98.2% and
99.0%, respectively.
The usefulness of GLUT-1 staining has also been confirmed by re-evaluation of cases that were initially examined
by hematoxylin-eosin staining alone.262–265 There have been 4
papers in which cases were re-evaluated using GLUT-1 staining, and 1 paper reported that the diagnosis was impossible by
HE staining alone in 18% of the cases.262
CQ20: What gastrointestinal examinations are useful for
children suspected to have blue rubber bleb nevus
syndrome? When should the examinations be started?

Recommendation: It is recommended to start screening by
examinations including blood tests and fecal occult blood test
as early as possible. In children suspected to have gastrointestinal bleeding, the usefulness of endoscopic examination,
red blood cell scintigraphy (99mTc-labeled red blood cells),
and single photon emission computed tomography-CT
(SPECT-CT) has been reported for the identification of the
source of bleeding. If no abnormality is detected by screening,
and search for gastrointestinal lesions needs to be performed
to diagnose this disease or evaluate the future risk of bleeding,
there is no standard for its timing. Among the examinations
that led to the detection of gastrointestinal lesions in past

reports, CT and MRI can be performed with relatively mild
invasion and from an early stage.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: Gastrointestinal lesions of blue rubber bleb
nevus syndrome (bean syndrome) are observed in the entire
digestive tract, but they frequently appear, particularly, in the
small intestine. Since it is an extremely rare disease, the literature is primarily case reports and reviews, and there have been
no reports of clinical studies of many cases that are relevant
for the CQ. Therefore, we investigated examinations that were
useful for the detection of gastrointestinal lesions in reports,
primarily, of child cases. Lesions in the small intestine are difficult to observe by conventional endoscopy, but techniques
such as double-balloon endoscopy, capsule endoscopy, CT
enterography, CT, and MRI as well as upper and lower gastrointestinal endoscopy have been reported to be useful.266–276
As a result of database searching, 11 papers in English
were adopted through primary and secondary screening. All
papers selected by these screening processes were case reports
or case series, and the strength of evidence is “D (very
weak).”
There is no clear standard as to when the examinations
should be initiated. However, neonates who developed gastrointestinal bleeding shortly after birth have been reported,270
and the earliest possible examinations are necessary if this disease is suspected. Invasive examinations are difficult to perform in small children, but blood tests (presence or absence of
anemia or consumption coagulopathy) and fecal occult blood
tests can be performed. If gastrointestinal bleeding is suspected, procedures such as endoscopy, particularly, double-balloon endoscopy and capsule endoscopy, 99mTc-labeled red
blood cell scintigraphy, and 99mTc-labeled red blood cell
SPECT-CT have been reported to be useful for the determination of the source of bleeding.266,268,271,275
If no abnormality has been detected by screening tests, and
if search for gastrointestinal lesions needs to be performed nonemergently to diagnose this disease or evaluate the future risk
of bleeding, there is no standard for the timing, which may vary
among facilities. Among the above examinations, CT and MRI
can be performed earlier and with relatively milder invasion,
and are worth attempting if this disease is suspected. The necessity of the other examinations for the gastrointestinal lesions
mentioned above should be considered when the patient reaches
the age that tolerates the examinations.
CQ21: How are limb overgrowths to be managed in vascular
malformations and syndromes?

Recommendation: If leg-length inequality is insignificant, shoe
lift is recommended. As significant inequality causes gait disturbance complicated with scoliosis, surgical treatment aimed
to arrest epiphyseal growth is performed in the growth period.
Shortening of the femur or tibia may be performed as an additional treatment. Bone elongation of the intact side is considered effective for the correction of leg-length inequality.
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Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments: As a result of literature searches, 40 papers in
English and 4 papers in Japanese were retrieved by primary
screening. Of these papers, 17 in English and 4 in Japanese
were extracted by secondary screening. As for the control of
overgrowth of limbs, measures against leg-length inequality
and soft tissue hypertrophy are separately discussed and
regarded as effective, but these papers were all classified
either as case reports or as general discussions. Therefore, the
evidence level is rated as “very weak,” and the recommendation level as “weak.”
In vascular malformations, typical disorders with hypertrophy of the affected limbs are Klippel-Trenaunay syndrome
and Parkes Weber syndrome and most of the papers refer to
the management of limb overgrowth due to vascular malformations were written about these disorders. The literature
regarding lesions at different sites is commented on below.
Lower limbs: In most reports, treatment for the overgrowth
of the lower limbs were aimed to prevent physical disorders
caused by leg-length inequality. Some reports particularly
mentioned treatment for foot lesions.
1.

Correction of leg-length inequality

If the leg-length inequality is ≤2 cm, the management of
leg length difference and accompanying scoliosis is considered possible by the use of shoe lift.277–281 If the leg-length
inequality is ≥2 cm, significant gait disturbance, postural
abnormalities, and compensatory changes in the contralateral
limb are likely to develop, and before consequent unphysiological gait leads to irreversible impairment, surgical treatment to correct the leg-length inequality should be
considered.277–281 Long-leg radiography is useful for determining the best time for surgery,282 and the measurement of
the leg length by long-leg radiography or CT is reported to
be effective.278 Surgical treatment reported in the papers are
as follows.
Treatment for overgrown limbs affected by vascular malformations: Jacob et al.277 performed epiphysiodesis in 41
patients with a leg-length inequality of ≥2 cm among 252
patients with Klippel-Trenaunay syndrome and reported
improvement in more than 90% of the patients. The effectiveness of this surgery is also confirmed by other review articles.277–281 The effectiveness of shortening of the femur and
tibia was reported in the review by Capraro et al.278 The fixation period is considered to be shortened as a whole by simultaneously performing femoral or tibial shortening in addition
to epiphysiodesis. Redondo et al.280 recommended endoscopic
growth control of the epiphyseal plate in the distal end of the
femur for patients with a leg-length inequality of ≥2 cm.
Capraro et al.278 did not recommend growth control with the
epiphyseal stapling because of the unpredictability of the
results and high frequency of complications. The appropriate
time for surgical intervention on affected limbs is reported to
be around the age of 11 years.280

Elongation of the intact leg: Tanaka et al.283 performed
bone elongation of the intact limbs using an external fixator in
adult patients with mild structural scoliosis and reported that
the procedure was effective for correcting the leg-length
inequality and scoliosis. Jacob et al.277 also recommended
bone elongation of the intact limb using Ilizarov external fixation apparatus in their review.
Popliteal vein ligation: Servelle284 hypothesized that elongation of the affected limbs was due to a high venous pressure
and performed ligation of the popliteal vein of the intact limb
in 48 children, and they reported significant improvement in
leg-length inequality. However, there are also negative views,
saying its effectiveness is uncertain.278
2.

Foot lesions

Redondo et al.280 recommended resection of the toes (ray
resection) and debulking for wearing shoes and cosmetic
improvement. Gates et al.285 notably reported that compared
with ray resection, wound healing of the stumps was poor
after major resection.
Upper limbs: Asymmetry due to hypertrophy of the upper
limb less frequently causes impairment of ADL than that of
the lower limb. In one article, resection in patients with functional impairment due to marked finger deformities is
reported,282 but articles reporting treatment for upper limb
overgrowth are very few. While debulking has been reported
to be advantageous from the cosmetic viewpoint,279 it has also
been reported to induce exacerbate of edema of the affected
limb,284 causing complications including cicatricial contracture, recurrence of the lesion, and refractory ulcer,278 and sufficient caution is necessary.
CQ22: Is surgical resection effective for soft tissue/superficial
LM?

Recommendation: Although surgical resection is an effective
treatment, it should be performed after comprehensive evaluation of cosmetic aspects, prognosis, functional prognosis,
resectability, and possibility of recurrence/complications.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Surgical resection is one of the major treatment options
performed for LM. Although LM can be cured by total resection, the objective of treatment is not necessarily total resection, because the disease is not malignant, and surgical
resection is often carried out for cosmetic, functional, and
symptomatic improvements. Cosmetic problems are considered
to be particularly serious if the lesion is located in superficial
areas such as the body surface and soft tissue. However, surgical resection has been known to cause complications including
hemorrhage, infection, deformation, and nerve paralysis.
In evaluating whether resection is effective, the balance
between its positive aspects and negative aspects, such as
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complications, is important. For soft tissue/superficial LM, in
which cosmetic improvement is important, problems including
in what situations resection can be performed, whether there
are criteria for the selection of resection, and, as there are differences in the incidence of complications, cure rate, and
recurrence rate depending on the circumstances, whether its
indications should be evaluated under different conditions are
unclear. Therefore, the CQ, “Is surgical resection effective for
soft tissue/superficial LM effective?,” was formulated, and the
current knowledge was summarized.
<Literature search and screening>
As a result of literature search, 105 papers in Japanese and
348 papers in English were subjected to primary screening. Of
these papers, 5 in Japanese and 42 in English were subjected
to secondary screening concerning this CQ. They did not
include papers with a high level of evidence, such as a systematic review and RCT, and all of them were case series or
case reports. As a result, in the evaluation of this CQ, the
results and discussion in each case series were integrated.
<Review of observational studies (case series)>
The effectiveness of resection of LM was evaluated from
the following 5 viewpoints: (1) Effectiveness regarding the
prognosis (mortality), (2) resection rate of the lesions (resectability), (3) functional outcome after resection (function),
(4) recurrence rate (recurrence), and (5) complications.
Results of review
Generally, the rate of successful surgical resection is high,
and ≥90% resection is reported to be possible in 60% or more
of the patients.286–288 This also applies to the head and neck
region, which is the frequent site of the lesion.286 However, the
percentage of resectable lesions decreases from the cystic to
mixed and to cavernous type.286 Since many LM are distributed
diffusely in the skin and subcutaneous adipose tissue and
around structures including muscles, blood vessels, and nerves,
resection of the lesion involves resection of normal tissues in
varying degrees. In lesions that show complicated distribution
in the head and neck region, complications after surgical resection are observed relatively frequently. Serious complications
including nerve paralysis, hematoma, local necrosis, sepsis,
deformation, salivary fistula, hoarseness, airway obstruction,
and malocclusion have been reported,286,287,289–297 and facial
nerve paralysis is likely to result from resection, particularly, of
LM infiltrating the parotid region.289 By the site, the incidence
of complications increases as the area of involvement widens
from unilateral to bilateral, from below to above the lingual
bone, both sides, and both above and below the lingual
bone.293,296 Postoperative death may occur in patients with a
severe neck lesion, but the extent of the effect of surgical resection is unclear.287,288,298 Postoperative recurrence is closely
related to the resectability of the lesion depending on its distribution, and lesions that are difficult to resect due to a wide area
of involvement and a strong tendency of infiltration have been
reported to be associated with recurrence.296
Limitations
Indications for surgical resection vary among papers, and
differences in the patient background must be considered in

the evaluation of the effectiveness of resection. While there
were many reports that surgical resection was performed in
combination with sclerotherapy, and resection is considered to
have been performed when more favorable results were
expected from resection rather than sclerotherapy, criteria for
their selection are unclear. Therefore, there is certainly the
large bias of individual variation in the circumstances, and it
was clearly impossible to conclude that resection is uniformly
effective.

<Summary>
While the effectiveness of surgical resection for soft tissue/superficial LM was evaluated, there was no literature with a
high level of evidence. One of the major reasons is the diversity of the lesion type (cystic or cavernous), area of involvement, and history of other treatments. Because of this
diversity, the condition of patients is considered to show an
extremely wide variation, and their generalization is impossible. However, if conditions, such as the type of the lesion
(cystic or cavernous), site of origin, and relationship with
other treatments are restricted, tendencies were observed in
functional prognosis, recurrence rate, and contents and incidence of complications.
While the resection rate of lesions by surgical treatment
was suggested to be generally high, selection criteria for resection were unclear. Therefore, it is speculated that resection
was performed for patients clinically judged to be treated
more effectively by surgery. However, since there were some
serious complications of surgical resection that persist as
sequelae, their possibility should be evaluated carefully in performing surgical resection. The risk of resection has been suggested to vary with conditions of the lesion. The functional
outcome is poor, and the recurrence rate and incidence of
complications after resection are high, in those that occupy a
wide area and those that are accompanied by symptoms such
as airway obstruction.
From these observations, we propose at present, “While
surgical resection is often effective, it must be selected in consideration of cosmetic aspects, prognosis, functional prognosis,
resectability, and possibility of recurrence and complications,”
despite limited scientific grounds. If complete resection of the
lesion is possible, surgical resection may be performed as the
first line treatment, but the possibility of other treatments
including sclerotherapy, in particular, should be evaluated
according to the diverse conditions of individual patients, and
surgical resection should be performed when other treatments
are ineffective or when surgical resection is considered clearly
superior.
CQ23: What is the optimal timing of surgery for soft
tissue/superficial LM?

Recommendation: It is impossible to recommend optimal timing of surgery, and judgments according to the condition of
each case are necessary.
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Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Soft tissue/superficial LM are not malignant lesions. Emergent treatment may be necessitated by life-threatening symptoms, such as airway obstruction, but the initiation of
treatment immediately after the diagnosis is generally considered unnecessary. The natural course of the disease differs
considerably among individuals, particularly, in infancy, and
the lesions may show a tendency of spontaneous regression
but may also cause various functional problems due to rapid
enlargement. Moreover, there are cosmetic problems characteristic of this disease in addition to functional problems, and
early therapeutic effects are necessary to make social life comfortable. For these reasons, the selection of optimal timing of
treatment, surgery in particular, is a major issue.
For the selection of the timing of surgical resection, conditions to obtain the best results as well as indications for resection must be evaluated, and sufficient consideration of the
balance between merits and demerits depending on the timing
of resection is necessary. Therefore, in this CQ, we attempted
to summarize the presently available knowledge about “What
is the optimal timing of surgery for soft tissue/superficial
lesions?”.
<Literature search and screening>
As a result of literature search, 67 papers in Japanese and
231 papers in English were subjected to primary screening. Of
these papers 5 in Japanese and 42 in English were subjected
to secondary screening for this CQ. They included none with
a high level of evidence, such as a systematic review and
RCT, and all papers were case series or case reports. Therefore, the results and discussion in each case series were integrated in the evaluation of this CQ.
<Review of observational studies (case series)>
Defining “the optimal timing of surgery” mentioned in the
CQ as “the timing of surgery at which good results can be
obtained,” we aimed to evaluate the timing of surgery at
which resection is effective, problems, such as complications
are few, and, i.e., “the best results” can be obtained as a
whole. Conditions must be evaluated on the basis of the timing in addition to the effectiveness of surgery, but objective
judgments were considered difficult in this evaluation. However, as it was considered possible to obtain information about
the age and time of surgery from the literature reviewed in the
previous CQs concerning the effectiveness, papers that evaluated the age at surgery were searched.
Results of review
Despite a careful review of the literature by secondary
screening, there was no paper that analyzed cases from the
viewpoint of optimal timing of surgery. There was information
concerning the age at surgery, but its appropriateness was not
evaluated. Papers that mentioned the timing of surgery are
shown below.
Concerning the timing (age) of surgery, unless the size of
the lesion is small or there are symptoms that require urgent

treatment, such as respiratory disturbance, it is recommended
to delay surgery until the age of 3 years by expecting spontaneous regression or for the ease of identification of surrounding structures during surgery, ease of control of bleeding, and
less problems with postoperative management.294 There was
also a paper295 that suggested the necessity of the determination of the time of surgery in consideration of problems that
change with age including the priority of securing the airway
and appropriate nutritional management in neonates with head
and neck and giant lesions, control of hemorrhage and infection and measures to prevent dysarthria and dental problems
in infants, and skeletal and cosmetic problems in school-age
children, although it did not mention the optimal timing of
surgery.
However, there was no paper that positively recommended
resection without considering the time after the diagnosis or
grounds for such a recommendation.

<Summary>
As a result of literature search for evaluating the CQ, “What
is the optimal timing of surgery for soft tissue/superficial
LM,” there were papers that mentioned the timing of surgery,
but none of them objectively evaluated its appropriateness.
Therefore, no suggestion about the appropriate timing of surgery was obtained from the literature available at present, but
there were a few papers suggesting that the decision to perform surgery should be made carefully.
Similar to the previous CQ, soft tissue/superficial LM of
which the background vary in individual cases, and it is difficult to uniformly evaluate the effectiveness of resection. In
clinical practice, in addition to medical reasons, social reasons
including school attendance are considered to largely influence
the decision of the time of resection. The results of RCTs are
necessary to obtain objective data, but it is practically very
difficult to arrange an RCT fulfilling the above conditions.
While this CQ is a very important issue for patients and
families as well as clinicians, there has not been objective
evaluation of the optimal timing of surgery in the past. Presently, as quick decisions to perform surgery should be
avoided, this guideline proposes, “The optimal timing of surgery cannot be decided in general, and judgments according to
the condition of each case are necessary.”
CQ24: Is sclerotherapy effective for facial microcystic
LM?

Recommendation: A wide range of drugs are used for sclerotherapy. Although comparison among drugs has not been
made, and consensus regarding the methods or frequency of
their administration has not been reached, improvements are
observed after sclerotherapy in various symptomatic, functional, and cosmetic (esthetic) aspects. However, complications including functional impairment have also been reported.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
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Comments
[Process of preparation of recommendation]
[Literature search and screening]
Concerning this CQ, 35 papers in Japanese and 92 papers
in English (60 from PubMed, 32 from Cochrane) were
retrieved. After their primary screening, 6 in Japanese and 18
in English were subjected to secondary screening concerning
this CQ. Although they included 3 RCTs, many of the other
papers were case series or case reports. Therefore, in the evaluation of the draft recommendation concerning this CQ, the
results and discussion in each RCT and case series were integrated. While the evidence is scarce, the papers judged to be
useful for the preparation of the draft recommendation are presented as review data.
[Review of case series]
As a result of literature screening, it was found that the
effectiveness of sclerotherapy for facial microcystic LM has
been evaluated from the following viewpoints.
1.

Treatment responses
A. Size
B. Symptoms
C. Functions
D. Cosmetics

2.

Complications

The contents of the accounts concerning the effectiveness
of sclerotherapy are summarized according to these viewpoints.
However, there were few reports that exclusively analyzed
facial (and microcystic) LM, and lesions of the neck and other
regions as well as the face were evaluated or different types
of LM, such as cystic and mixed types, were reported
together. In addition, the definition of the cavernous type and
standard procedure of sclerotherapy (method and number of
administrations) varied among reports, and these differences in
the background should be considered in the evaluation of the
effectiveness of sclerotherapy.
The sclerosing agents used for the literature search ranged
widely from OK-432, bleomycin, ethanol, doxycycline, and
sodium tetradecyl sulfate (STS). However, as none of the
papers reviewed for the preparation of these guidelines evaluated differences in the effectiveness for facial microcystic
lesions among drugs or the method or number of administrations of each drug, these evaluation items were excluded in
discussing this CQ.
1.

Responses

A. Size
Many of the papers that referred to the regression rate of
the lesion classified the responses into (1) excellent or complete (regression rate ≥90%), (2) good or substantial

(regression rate ≥50% and <90%), (3) fair or intermediate (regression rate ≥20% and <50%), and (4) poor or none (regression rate <20%).
Although there was no paper that collected cases of facial
lesions alone, Yang et al.299 reported that the regression rate
after sclerotherapy was ≥90% in 19 (63%) of the 30 patients
with head and neck lesions and ≥50% in 10 (33%). In addition, the regression rate was reported to be ≥50% in 18
(85.7%) of the 21 patients with head and neck lesions by Alomari et al.300 and in 30 of the 31 patients to be ≥50%, who
included those with mixed type lesions, by Chaudry et al.301
Smith et al.302 reported that none showed a response (complete or substantial) in 17 patients who underwent sclerotherapy, some of whom had mediastinal lesions. Giguere et al.303
also reported that all 5 patients with head and neck lesions
showed no response (poor) to the therapy. While these studies
were RCTs evaluating the time of sclerotherapy, the results
suggest that sclerotherapy is not effective for microcystic
lesions regardless of the time of treatment.
There was no paper that compared sclerotherapy and resection for facial microcystic LM.
B. Symptoms
There is no literature that evaluated this item based on
objective data, and few reports referred to symptoms themselves. The information was limited to the report by Chaudry
et al.301 that symptoms disappeared after sclerotherapy using
bleomycin in 75% of the patients who complained of pain and
a few case reports304,305 that symptoms, such as hemorrhage
and respiratory impairment, were relieved after sclerotherapy.
C. Functions
Ravindranathan et al.306 performed sclerotherapy in 3
patients with diffuse microcystic lesions extending from the
face to the tongue and pharynx and reported that respiratory
impairment and swallowing disorder due to airway obstruction
observed before treatment were mitigated. Poonyathalang
et al.307 administered STS to a patient with orbital lesions primarily complaining of visual defect and reduced visual acuity
due to retrobulbar hemorrhage and reported alleviation of the
symptoms, but relevant literature was scarce similar to that
concerning symptoms.
D. Cosmetic aspects
Cosmetic improvements are difficult to evaluate objectively. Poonyathalang et al.307 administered STS to 3 patients
with orbital lesions with exophthalmos as the primary symptom and reported improvement by measuring the degree of
protrusion before and after the treatment. There have also been
reports of objective assessment based on the degree of satisfaction in the patients’ families. According to Chaudry
et al.,301 all patients with head and neck lesions (9 with
microcystic lesions, 22 with mixed lesions) and their families
reported improvements in the size and appearance of the
lesions. In addition, Alomari et al.300 treated 32 patients with
mostly microcystic but including some cystic LM of the head
and neck region by sclerotherapy and reported improvements
compared with the condition before treatment by the families
of 26 patients (81.3%).
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2.

Complications

As complications in the facial region, there are a large
number of reports299,301,307–312 of transient complications associated with sclerotherapy, such as fever, local swelling and
pain, intracystic hemorrhage, and infection, although the
lesions were poorly characterized in some reports. In addition,
complications considered to have been caused by the effect of
treatment, such as ulcer of the oral mucosa and tongue, facial
nerve paralysis, leakage of saliva, and respiratory insufficiency
due to airway obstruction, have been occasionally
reported.303,306,307 There have also been reports307,313,314 of an
elevation of the intraorbital pressure, exophthalmos, intraorbital hemorrhage, corneal damage, and external ocular muscle
paralysis due to enlargement of the mass after sclerotherapy
for ocular LM. There was also no literature showing the incidence of complications in facial microcystic LM.
As complications caused by sclerosing agents, skin ulcer
and necrosis and nerve damage due to ethanol leakage,
hypotension during anhydrous ethanol injection, and epidermal
detachment due to doxycycline have been reported.300,315
However, there was no report of serious complications due to
OK-432. Pulmonary fibrosis is widely known to be a complication of bleomycin, but, according to Chaudry et al.301 and
Yang et al.,299 impairment of respiratory function does not
occur at a dose routinely employed for sclerotherapy.

[Summary]
In evaluating the CQ, “Is sclerotherapy effective for facial
microcystic LM?,” analysis was performed from the viewpoints of responses to the treatment in terms of symptoms,
functions, and cosmetic (esthetic) aspects and complications,
but few papers with a high level of evidence were found.
While the degree of regression of the lesions by sclerotherapy
varied widely, the size-reducing effect of the therapy was consistently small unlike that in cystic lesions. Some papers
referred to symptoms, functional outcome, and cosmetic
improvement, but they were insufficient for general discussion
of sclerotherapy for facial microcystic LM. As complications
characteristic of sclerotherapy, serious impairment may be
caused by leakage of the sclerosing agent (ethanol, in particular), and this point needs attention. Based on the above observations, it is difficult at present to evaluate indications for
sclerotherapy against microcystic LM by formulating criteria.
Therefore, for the future, it is considered necessary to evaluate
the usefulness of sclerotherapy addressed by this CQ by
designs such as RCT.
CQ25: Is sclerotherapy effective for intra-abdominal LM?

Recommendation: Although there are many reports that sclerotherapy is useful, there is the risk of complications, and
careful judgments about matters including the resectability of
the lesion and selection of the sclerosing agent are necessary.
Strength of recommendation: 2 (weak)

Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
LM is the most frequent lymphatic vessel disorder of the
abdomen. Intra-abdominal lesions are estimated to account for
10–20% of all LM, and the selection of treatment is difficult
depending on the site of the lesion. While surgical resection is
expected to be effective, less invasive treatments are considered necessary in view of stress to the patient and the possibility of severe complications such as lymphatic fluid leakage
and bowel obstruction. Sclerotherapy, which is a major treatment for LM, is considered to be less invasive than surgery.
Although positive therapeutic effects are expected, sclerotherapy is known to induce marked inflammation. Whether it can
be performed safely without negative effects including complications and its long-term effects are major clinical concerns.
In addition, what therapeutic effects are expected or what
complications should be anticipated after sclerotherapy for the
intra-abdominal lesion is also unclear. Therefore, the CQ, “Is
sclerotherapy effective for intra-abdominal LM?”, was formulated, and knowledge available at present was compiled.
<Literature search and screening>
As a result of literature search, 19 papers in Japanese and
38 papers in English (32 from PubMed, 6 from Cochrane)
were subjected to primary screening. Of these papers, 2 in
Japanese and 9 in English were subjected to secondary screening concerning this CQ. They included no papers with a high
level of evidence, such as systematic reviews and RCTs, and
all were case series or case reports. Consequently, the results
and discussion in each case series were integrated in the evaluation of this CQ.
<Review of observational studies (case series)>
The literature concerning the effectiveness of sclerotherapy
for intra-abdominal LM was reviewed from the viewpoints of
(1) therapeutic effects (decrease in lesion size, symptoms) and
(2) complications.
The drugs used for sclerotherapy ranged widely from OK432 to bleomycin, ethanol, doxycycline, STS, acetic acid, steroid/tetracycline, and 50% glucose solution. According to our
review, there was no paper that evaluated the differences in
effectiveness of sclerotherapy in the abdomen according to the
drug type or administration method or number of administrations of each drug.
Results of review
1.

Therapeutic effects

A. Regression rate of the lesion
Regression of lesions of intra-abdominal LM by sclerotherapy was mentioned in 5 papers.288,316–319 According to the
report by Chaudry et al.,316 the reduction rate was ≥90% in 7
and ≥20% in 1 of the 10 patients with LM of the mesentery
and retroperitoneum treated with doxycycline, and evaluation
using imaging examination was not performed in 2 cases. The
patient who showed a low regression rate had a mixed type of
cystic and cavernous lymphangiomas, and the other patients
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had cystic lesions. Oliveira et al.317 reported that the lesion
regressed by 70% in 1 of the 2 patients with cystic lymphangiomas treated with OK-432. Won et al.318 reported 1 patient
who showed complete disappearance of cystic retroperitoneal
lesions after sclerotherapy using acetic acid. Shiels et al.319
reported that cystic lesions responded to sclerotherapy using
STS and ethanol in 2 patients, but there was no mention about
the reduction rate. However, according to Alqahtani et al.,288
no effect was observed in 10 patients who underwent sclerotherapy using steroid/tetracycline or 50% glucose solution.
B. Symptoms
There were 3 papers that referred to symptoms of patients
treated by sclerotherapy for intra-abdominal LM.316,317
According to Chaudry et al.,316 of the 10 patients who
underwent sclerotherapy, 3 had chronic abdominal pain, 3 had
acute abdominal pain, 1 had fever/chill, 1 had anemia, and 2
had palpable masses, but the symptoms were alleviated by
treatment in all patients, and no recurrence was noted.
Oliveira et al.317 reported that sclerotherapy was performed
in a patient with a palpable mass and in 1 with a palpable
mass, abdominal compartment syndrome, and a poor general
condition. While the condition was alleviated in the patient
who only showed a palpable mass after 2 courses of OK-432
sclerotherapy, but the treatment was changed to surgery in the
patient who had abdominal compartment syndrome because of
enlargement of the mass due to intracystic hemorrhage.
2.

Complications

Three papers specifically mentioned complications of sclerotherapy for intra-abdominal LM. There was no report of
deaths due to treatment-related complications. Oliveira
et al.317 treated 3 patients by sclerotherapy using OK-432 and
reported that one of them developed subbowel obstruction
after the treatment and another required emergency surgery
due to exacerbation of abdominal compartment syndrome
induced by intracystic hemorrhage. Chaudry et al.316 reported
that doxycycline used for sclerotherapy leaked into the
retroperitoneal space in 1 of the 10 patients but that the lesion
regressed without any particular problem. Won et al.318 performed sclerotherapy using acetic acid in 1 patient with
retroperitoneal cystic lymphangioma. Although pain and
hematuria were observed, they concluded that the relationship
of hematuria with the therapy was unclear, because it was
observed during menstruation.
Limitations
Sclerotherapy was often performed before, after, or during
surgical resection, and papers that reported the results of sclerotherapy alone were few. There was no paper that directly compared observation without treatment, sclerotherapy, and surgical
resection. Few papers analyzed intra-abdominal lesions alone,
and many papers included lesions in other areas or evaluated
lesions in different intra-abdominal regions including the
mesentery, retroperitoneum, and viscera collectively.
Moreover, differences in properties of LM, such as cystic,
cavernous, and mixed types, their definitions, criteria for the

selection of sclerotherapy (combination with surgery, types of
sclerosing agents and methods of their use, number of administrations) varied among papers, and few papers evaluated
these matters separately.
Such differences in the patient background and contents of
treatment must be considered in evaluating the effectiveness
of sclerotherapy. In evaluating this CQ, particularly, differences in morphology of LM and sclerosing agents were
excluded.

<Summary>
The CQ, “Is sclerotherapy effective for intra-abdominal LM?”
was evaluated from the viewpoints of therapeutic effect, symptoms/functions, and complications, but no paper with a high
level of evidence was found. While sufficient regression of
the lesion and alleviation of symptoms were achieved by sclerotherapy in some patients, the response rate varied among
reports, and information was insufficient for general discussion
of sclerotherapy. Concerning treatment-related complications,
there have been reports of bowel obstruction associated with
sclerotherapy, and attention to this condition as well as intracystic hemorrhage is considered necessary. However, there
was no report of chylorrhea, which was reportedly caused by
surgery.
Based on the above observations, it is presently difficult to
determine indications for sclerotherapy in intra-abdominal LM
by setting up criteria, but as there was no literature that
strongly ruled out intra-abdominal LM as indications of sclerotherapy, these guidelines propose, “Although there are many
reports that sclerotherapy is useful, there is the risk of complications, and careful judgments about matters including the
resectability of the lesion and selection of the sclerosing agent
are necessary.” For the future evaluation of this CQ, validation
by a design with a high level of evidence, such as RCT, is
considered necessary.
CQ26: Are patients with scarcely symptomatic intraabdominal LM candidates for treatment?

Recommendation: Since there is risk of treatment-related complications, it is proposed to consider therapeutic intervention
when the lesion tends to enlarge or has become symptomatic.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Intra-abdominal LM occasionally presents with severe
symptoms, such as abdominal pain, giant mass, and bowel
obstruction, but may also be asymptomatic and detected incidentally. Lesions may gradually enlarge and cause serious
symptoms due to infection and intraluminal hemorrhage.
Under such circumstances, whether patients with nearly
asymptomatic intra-abdominal LM should be aggressively
treated, or when intervention should be optimally performed
during their long follow-up period are major problems that
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pose clinical dilemma. Therefore, the CQ, “Are patients with
scarcely symptomatic intra-abdominal LM candidates for treatment?,” was formulated, and knowledge available at present
was summarized.
<Literature search and screening>
As a result of literature search, 206 papers in Japanese and
237 papers in English (230 from PubMed, 7 from Cochrane)
were subjected to primary screening. Of these papers, 6 in
Japanese and 9 in English were subjected to secondary screening concerning CQ 26. They included no papers with a high
level of evidence, such as a systematic review or RCT, and
many of them were case series or case reports. Since 7 papers
among them described asymptomatic LM, their results and
discussions were integrated to answer the CQ.
<Review of observational studies (case series)>
Seven papers316,317,320–324 among reviewed literature
described asymptomatic LM. Fifteen cases reported in these
papers were considered to have actually presented few symptom (including asymptomatic patients who were incidentally
detected by imaging studies to have intra-abdominal masses at
the sites as greater omentum, mesentery and retroperitoneum).
The literature was screened, and papers addressing issues
concerning therapeutic intervention for scarcely symptomatic
intra-abdominal LM including “What symptoms they may present with if they are left untreated?,” “By what studies and
how often should they be examined?,” and “What other treatments are available and how serious are complications or risk
of each treatment?” were reviewed.
Results of review
From the literature reviewed, symptoms of intra-abdominal
LM (abdominal pain, bowel obstruction, torsion, infection,
hemorrhage, vomiting/sucking difficulty, frequent urination
and abdominal mass320–326) are considered to be dependent on
factors such as site, size and age. It is necessary to determine
risk factors by stratification of these factors in the
future.320,322,325
Reported complications in treated cases include recurrence
that required re-treatment,321 bowel obstruction,317,323,324 chylous ascites,324,326 embolism,317 hemorrhage317 and wound
infection. Embolism of the inferior vena cava after surgery317
and abdominal compartment syndrome after adhesion therapy317 were reported as severe complications. It deserves special attention that, if surgical resection is performed for
mesenteric LM, the intestine may have to be resected with the
lesion.326
While there have been reports320,322 that intra-abdominal
LM with few clinical symptoms regressed during follow-up,
they may become symptomatic later (as observed in many
case reports). For that reason, the opinion that intervention
should not been chosen during the follow-up until the lesion
enlarges or new symptoms appear was frequently described.
Limitations
It should be noted that many asymptomatic cases may be
left unreported and some asymptomatic lesions that had been
detected were treated. There is no study with a high level of
evidence indicating explicit criteria concerning the age, site or

situation about whether intervention should be made for
asymptomatic intra-abdominal LM.

<Summary>
The necessity of treatment of a patient with intra-abdominal
LM with few symptoms should be determined after evaluating
the balance between the risk of treatment and non-treatment
considering its site and size as well as patient age. However,
since research on indications for treatments has been insufficient so far and serious complications after treatment have
been reported, deliberate evaluation for each patient is mandatory. When observation is selected, periodic imaging studies
are recommended to optimize therapeutic intervention by
detecting enlargement of the lesion. Also if any symptom has
developed during follow-up, intervention should be considered. For these reasons, the recommendation, “Since there is
risk of treatment-related complications, it is proposed to consider therapeutic intervention when the lesion tends to enlarge
or has become symptomatic.” was adopted.
CQ27: What treatments are effective for refractory
chylous ascites?

Recommendation: Conservative treatments, such as fasting,
high-calorie infusion, and medium chain triglyceride (MCT),
should be performed first, but, if they are ineffective, drug
treatment, sclerotherapy, and surgery may also be considered.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Refractory chylous ascites causes loss of large amounts of
protein and lymphocytes, decreases in the blood lipid levels,
and abdominal pain, unpleasantness, and dyspnea due to
abdominal distention and markedly reduces the quality of life.
The cause of ascites often remains unknown. Treatment of
chylous ascites may require drainage to avoid abdominal distention. It is a very important point for clinicians to make
proper judgments by understanding treatments and their effects
and demerits. Therefore, it is considered beneficial to collect
information about chylous ascites over a long period and compile guidelines. For this purpose, the presently available
knowledge was collected by formulating the CQ, “What treatments are effective for refractory chylous ascites?”
<Literature search and screening>
As a result of search, 161 papers in Japanese and 728 papers
in English (564 from PubMed, 164 from Cochrane) were subjected to primary screening. Of these papers, 15 in Japanese and
12 in English were subjected to secondary screening for CQ 27.
They included none with a high level of evidence, such as systematic reviews and RCTs, and consisted of 1 multicenter and 2
single-center case series and case reports. Consequently, we
used the results and discussion of 27 papers judged for the
preparation of the draft recommendation were integrated
although evidence was insufficient for the evaluation of this CQ.
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<Review of observational studies (case series)>
As for causes of chylous ascites, congenital chylous
ascites,327–342 idiopathic chylous ascites,328 chylous ascites
protein-losing
enteropathy,345
after
laparotomy,343–346
347,348
349,350
LM,
lymphangiectasis,
lymphangiomatosis,351,352
353
and lymphatic dysplasia
were reported. None of the papers
evaluated treatments according to the cause.
When treatments are categorized, conservative treatments
(fasting, high-calorie infusion, MCT), drug treatments, sclerotherapy, and surgical treatment were performed.
Results of review
The results of review are presented below according to the
treatment.
1.

Conservative treatments

Whether the amount of ascites changes by fasting should
be checked first.
High-calorie infusion is often used with fasting, and since
there was no report that ascites increased under the effect of
high-calorie infusion according to our review, it is recommended for nutritional support during fasting. In the multicenter case series reported by Bellini et al.,327 high-calorie
infusion/total parenteral nutrition was performed in 15 patients
without adverse effects.
MCT was used before, after, and during treatment.327,328,330–335,337,339–341,343,345,346,348–352 In the multicenter case series by Bellini et al.,327 MCT was reportedly
performed in 14 patients without adverse effects.
2.

Drug treatments

In drug therapy for chylous ascites, primarily octreotide (a
long-acting somatostatin analogue) was used, and no report
that discussed the effectiveness of other drug therapies was
found by the present literature search.
In the multicenter case series by Bellini et al.,327 octreotide
was administered to 6 of the 16 patients with chylous ascites
for 8–38 days, and a decrease in chylous ascites was reported
in all of them. In the single-center case series by Huang
et al.,344 2 of the 4 patients with chylous ascites treated by
high-calorie infusion and octreotide administration were
reported to have shown a decrease in ascites within 10 days.
However, there has been a report330 that no effect was
observed despite the administration of octreotide for 3 weeks.
Concerning the dose of octreotide, it was administered at
1 lg/kg/h,327 at 3 lg/kg/h,332 began to be administered at
0.5 lg/kg/h and increased to 10 lg/kg/h by 1 lg/kg/h,329
administered by continuous intravenous infusion at 0.5–
2.0 lg/kg/h,333 and began to be administered by subcutaneous
injection at 2.5 lg/kg 2 times/day and increased every 2 days
to 8 lg/kg 2 times/day.330 Regarding the time of the beginning of administration, the administration was started as no
improvement was observed in chylous ascites after conservative treatments for 2 weeks,330,334 and as chylous ascites was
alleviated by conservative treatments but was exacerbated

again.333 No adverse effects of octreotide administration were
noted in the present review of the literature. Thus, no control
study that evaluated the effect of octreotide on chylous ascites
was found by the present literature search, and the level of
evidence concerning the efficacy is low, but as there are case
series and many case reports that chylous ascites was reduced
by octreotide administration, it appears reasonable to consider
drug treatment using octreotide for chylous ascites that does
not respond to conservative treatments.
3.

Sclerotherapy

Sclerotherapy was performed in 6 patients in 5 case
reports.339,347,349,351,352 The sclerosing agent was OK-432 in 5
of the 6 patients and was Beta-isodonaâ (MUNDIPHARMA
GmbH, Cambridge, UK) solution in 1.349 OK-432 was locally
injected into the lesion in 4,347,351,352 administered intraperitoneally in 1,352 and administered via the drain in 2.347,352
Concerning sclerotherapy, the number of reported cases that
were reviewed was limited, and further accumulation of cases
is considered necessary to establish its usefulness.
4.

Abdominal drainage, abdominal puncture, and surgical
treatment

Abdominal drainage and abdominal puncture are performed
when organ compression symptoms (compartment syndrome
and respiratory insufficiency) due to abdominal distention are
present or possible or when the drain is inserted postoperatively. However, drainage itself cannot improve chylous
ascites, and treatments, such as infusion, blood preparations,
and blood transfusion, are necessary to supplement the ascites
lost due to drainage.327,330–333,337–340,343,345–347,349,351,352
Surgical treatment is reported to be frequently performed
after conservative or drug treatments. According to the singlecenter case series by Zeidan et al.,343 surgical treatment was
performed in patients who responded poorly to conservative
treatments for over a mean of 25.3 days. In other reports, surgical treatment was performed after conservative treatments
for 1–3 months328,329 and in patients with congenital chylous
ascites 1–4 months after birth.330,334,350 Since it is often
impossible to identify the leakage site of chylous ascites,330
attempts to identify the leakage site by orally administering a
lipophilic dye (Sudan black, Sudan III) before operation.328,329,336,343 When the leakage site can be identified, ligation, suturing, clipping, and cauterization have been
performed.328,334,336,343,350 In addition to reports of the usefulness of techniques to stop leakage, such as applying or sprinkling fibrin glue at the leakage site of chylous ascites or over
the surrounding retroperitoneum329,331,343,350 and applying a
patch of oxidized cellulose/resorbable local hemostatic
agent,331,343 there have also been reports of peritoneovenous
shunting349,353 and peritoneoamniotic shunting for fetal
cases.338
There was no large clinical study in the past literature.
Therefore, although the level of evidence is low, we consider
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that surgical treatment is recommendable for chylous ascites
that does not respond to conservative or drug treatments,
because it has been performed in case series and case reports
for chylous ascites that did not respond to conservative or
drug treatments for over about 1 month. Although techniques
to enhance the response rate of surgical treatment, such as
identifying the leakage site by using a lipophilic dye and
applying fibrin glue or a patch of oxidized cellulose/resorbable local hemostatic agent, have been attempted, there
are only case series and case reports, and none of the papers
retrieved by the present literature search evaluated their usefulness.
Limitations
There was no literature that defined refractory chylous
ascites based on the duration of illness or treatment responses.
Therefore, we extracted and summarized factors that were
considered to contribute to clinical refractoriness, such as the
duration of illness and treatment responses, in each paper
related to the treatment for chylous ascites. Also, as the cause
of chylous ascites varies widely, the therapeutic effect is
expected to differ depending on the cause, but no paper that
was reviewed evaluated treatments according to the cause.
Therefore, in the present evaluation, the statements are limited
to treatments and their effects regardless of the cause.

<Summary>
It was difficult to comprehensively discuss treatments, because
its cause varied widely, and treatments for various causes were
performed. Therefore, treatments were classified into conservative treatments (fasting, high-calorie infusion, MCT), drug
treatments (octreotide), sclerotherapy, abdominal drainage,
abdominal puncture, and surgical treatment, and the effects of
each treatment were evaluated.
Treatments effective for refractory chylous ascites can be
summarized as follows with the understanding that they may
depend on the cause and that the level of evidence of the
available reports concerning treatments and their effects is
low. Conservative treatments, such as fasting, high-calorie
infusion, and MCT, should be performed first because of the
rareness of adverse effects. In patients who respond insufficiently to conservative treatments, drug treatments using
octreotide can be considered as there have been case series
and many case reports. Concerning sclerotherapy, the number
of reported cases is small, and further large clinical studies
will be needed to confirm its usefulness. Abdominal paracentesis and surgical treatments may be considered for chylous
ascites that does not response to conservative or drug treatments for about 1 month.
Thus, the draft recommendation is “Conservative treatments, such as fasting, high-calorie infusion, and MCT, should
be performed first, and, if they are ineffective, drug treatments, sclerotherapy, and surgical treatments may be considered.” However, evaluation of this CQ by a design with a
higher level of evidence, such as RCT, is considered necessary
for the future.

CQ28: What kinds of complications are associated with
treatments for intra-abdominal LM?

Recommendation: Complications associated with sclerotherapy
for intra-abdominal LM include bowel obstruction, hemorrhage, pain, hematuria and chylous ascites. Surgical treatment
of the disease can be associated with serious complications
such as occlusion of the inferior vena cava and massive resection of the intestine as well as more common, wound infection, bowel obstruction, hemorrhage and chylous ascites.
Strength of recommendation: No recommendation
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Patients with intra-abdominal LM are treated with various
modalities from non-surgical therapy to surgical procedures.
Treatment modality is selected depending on the patient’s
state. Therefore, it is necessary for the clinician, patient, and
family to share information concerning complications that
may be associated with treatments for implementing them
smoothly. However, there are no resources that give a clear
answer to this problem, and both clinicians and patients may
become disconcerted. Therefore, the CQ “What kinds of complications are associated with treatments for intra-abdominal
LM?” was formulated, and information available at present
was accumulated and integrated for the answer.
<Literature search and screening>
As a result of literature search, 203 papers in Japanese and
602 papers in English (593 from PubMed, 9 from Cochrane)
were subjected to primary screening. Of these papers, 23 in
Japanese and 27 in English were subjected to secondary
screening concerning this CQ. They included no papers with a
high level of evidence, such as systematic reviews or RCTs,
and all of them were case series or case reports. To answer
CQ 28, the results and discussion in each case series were
integrated.
<Review of observational studies (case series)>
Complications in the CQ were evaluated by defining them
as those encountered when patients with intra-abdominal LM
were treated, and reports on sclerotherapy and surgery were
reviewed.
Results of review
1.

Complications associated with sclerotherapy

Sclerotherapy using OK-432 was reported to be associated
with bowel obstruction and hemorrhage for mesenteric LM,317
and chylous ascites for retroperitoneal LM.326 Sclerotherapy
using acetic acid was reported to be associated with pain and
hematuria in patients with retroperitoneal LM.318
2.

Complications associated with surgical procedures

Complete resection of both mesenteric and retroperitoneal
LM by laparotomy was reported to be associated with wound
infection324,354 and bowel obstruction323,354,355 as common
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complications. There were reports of serious complications
such as occlusion of the inferior vena cava317 and massive
resection of the intestine was necessary due to diffuse infiltration of the LM tissue to the intestinal wall.356
In a report357 about complications associated with complete
laparoscopic resection of intra-abdominal LM by Tran et al.,
resection was attempted in 47 patients, and conversion to
laparotomy was necessary in 3 (6.4%) due to tight adhesion in
2 and intraoperative hemorrhage in 1.
Partial resection by laparotomy was reported to be associated with persistent ascites over a long period that was refractory to the treatment.355
Limitations: Patients with intra-abdominal LM are treated
with various modalities including sclerotherapy and surgical
procedures. Modalities were combined in many cases, and
complications are often reported as those of entire treatment
without more detail information about those associated with
individual treatment.

<Summary>
For answering the CQ, “What kinds of complications are associated with treatments for intra-abdominal LM?,” no literature
with a high level of evidence was found, but foreseeable complications were listed from many case reports. Bowel obstruction, hemorrhage, pain, hematuria, and chylous ascites were
reported as complications of sclerotherapy. Serious conditions,
such as occlusion of the inferior vena cava and massive resection of the intestine, as well as common complications, such
as wound infection, bowel obstruction, hemorrhage and chylous ascites were reported as complications after surgical procedures.
Although the incidences and differences in complications
in respect of the site and histological type are not shown in
the literature, each patient with intra-abdominal LM should be
treated with sufficient evaluation of the site, size and symptoms. In addition, treatment must be implemented with sufficient understanding of the possible complications.
Thus, we propose “Complications associated with sclerotherapy for intra-abdominal LM include bowel obstruction,
hemorrhage, pain, hematuria, and chylous ascites. Surgical
treatment of the disease can be associated with serious complications such as occlusion of the inferior vena cava and massive resection of the intestine as well as more common,
wound infection, bowel obstruction, hemorrhage and chylous
ascites.” as a recommendation draft.
CQ29: What treatments are effective for LM causing
airway obstruction in the mediastinum?

Recommendation: Sclerotherapy is effective for macrocystic
lesions, and surgical resection is effective for microcystic
lesions. However, as the complication rate is relatively high,
treatments should be selected according to the condition of
each case.
Strength of recommendation: 2 (weak)

Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
Among LM, those that may cause airway obstruction due
to their sites are life-threatening. Lesions in the mediastinum
cause respiratory disorders if they physically compress the trachea or bronchi and obstruction the airway or markedly protrude into the thoracic cavity and narrow it.
In such situations, aggressive and effective treatment is
necessary, but the therapeutic approach must be selected carefully in consideration of the relationship of the lesion with the
important organs around it such as the large cardiac vessels,
mediastinal nerve, and thoracic duct. However, the judgment
is often difficult in clinical settings.
Therefore, the CQ, “What treatments are effective for LM
causing airway obstruction in the mediastinum?” was formulated, and the presently available knowledge concerning matters including the risk of complications and prognosis of
treatments, such as surgical resection and sclerotherapy, was
summarized.
<Literature search and screening>
As a result of literature search, 134 papers in Japanese and
227 in English (226 from PubMed, 1 from Cochrane) were
subjected to primary screening. Of these papers, 5 in Japanese
and 16 in English were subjected to secondary screening concerning this CQ. Since they included none with a high level
of evidence, such as a systematic review or RCT, and all were
case series or case reports, the results and discussion in each
case series were integrated.
<Review of observational studies (case series)>
By screening of the literature, the following approaches
were found for the treatment of LM in the mediastinum.
Therapeutic options are surgical resection, puncture and
drainage, sclerotherapy (OK-432, bleomycin, ethiblock, anhydrous ethanol), drug treatments (Chinese herbal medicines
such as eppikajutsuto and ogikenchuto), and no treatment. Of
these approaches, surgical resection and sclerotherapy using
OK-432 have been evaluated in a relatively large number of
cases, and reports of other therapy had extremely limited number of cases, e.g., reports of only 1 case.
Results of review
Boardman et al.358 reported that, of the 97 patients with
LM of the head and neck region, surgical treatments were necessary in 6 of the 12 patients with mediastinal lesions, that
complications of surgery occurred in 4 of the 6 patients, and
that long-term nerve damage was observed in 3 of them. In
addition, they reported that management by tracheotomy was
necessary in 15% of all patients. Complete or nearly complete
remission was observed in 92% of the patients, but they suggested that surgical treatments should be indicated only when
there is airway obstruction or there is the risk of it, because
surgical treatment of mediastinal lesions frequently causes
complications.
Park et al.359 reported that they surgically resected mediastinal LM in 12 patients. Seven of them had dyspnea, and 3
were asymptomatic, but they were all judged to have
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indications for surgery due to symptoms or the tendency of
the lesions to enlarge. A total of 5 recurrences were observed
in 4 patients (33%) during a mean period of 3.6 years after
the initial surgery, and all underwent by re-resection. No perioperative death was observed, and, in a total of 25 cases
including past cases, the overall survival was not different
compared with that in healthy individuals over a follow-up
period of 11.5 years.
Smith et al.302 performed local injection of OK-432 in 16
patients with mediastinal LM and reported ≥60% regression of
the lesion in 13 (81%). They also mentioned treatment
responses according to the histological types and, by reporting
responses (complete or nearly complete remission) in 94% of
those with macrocystic lesions, 63% of those with mixed
lesions, but 0% in those with microcystic lesions, suggested a
macrocystic lesion to be a good indication for sclerotherapy
using OK-432. Although not from the viewpoint of airway
obstruction, they reported that treatment using OK-432 was
more effective than surgical resection and less frequently
caused serious complications.
Limitations
There have been no papers that directly analyzed treatments effective for mediastinal lesions expected to cause airway obstruction, and many papers reported cases of
mediastinal lesions that responded to treatments. Therefore,
we simply extracted matters relevant to this CQ from these
reports.

<Summary>
There was no literature with a high level of evidence concerning effective treatments for LM in the mediastinum causing
airway obstruction. A few case reports that referred to the
effects of surgery and sclerotherapy were observed, but it was
difficult to present objective and specific figures concerning
their effectiveness or safety. However, according to the available information, it should be noted that favorable responses
have been obtained by OK-432 local injection in macrocystic
lesions and that complications due to surgical resection are
likely to occur relatively frequently.
From these observations, we consider the following to be a
therapeutic approach that can be proposed: “Sclerotherapy,
such as that by local injection of OK-432, should be considered for macrocystic lesions, and, for lesions that are technically difficult to treat by sclerotherapy or microcystic lesions,
surgical resection should be considered with attention to complications. In addition, it is necessary to pay attention to the
appearance of respiratory disturbances before and after these
treatments and to constantly evaluate indications for securing
the airway by intratracheal intubation or tracheostomy.”
Therefore, at present, we recommend, “Sclerotherapy is effective for macrocystic lesions, and surgical resection is effective
for microcystic lesions. However, as the complication rate is
relatively high, treatments should be selected according to the
condition of each case.”

CQ30: Should sclerotherapy be performed in infancy for
a patient with head and neck LM affecting the airway?

Recommendation: In a patient with LM around the airway,
there is risk of respiratory distress in infancy, while airway
obstruction is likely to be exacerbated by sclerotherapy. Particularly, when risk of airway obstruction is judged to be high
or when the patient has already presented symptoms, it is proposed to perform sclerotherapy with sufficient preparations
including airway management.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparing recommendation]
LM of the neck, which are located in an exposed part of
the body, may cause cosmetic problems that are important, but
airway obstruction can particularly be a serious problem in
some cases.
Sclerotherapy, which is one of the major treatment modalities, is most effective in patients with cystic LM, but swelling of the treated portion after the therapy may cause or
exacerbate airway obstruction symptoms especially in neonates. The upper airway will become less vulnerable to
obstruction because it becomes less frail and wider as
patients grow and respiratory distress tends to be unlikely.
Therefore, it is occasionally difficult to determine how a
patient who does not present any obstructive symptom should
be treated in infancy.
Thus, we evaluated this problem by formulating the CQ,
“Should sclerotherapy be performed in infancy for a patient
with the neck LM affecting airway?”
<Literature search and screening>
As a result of search, 86 papers in Japanese and 135 papers
in English (130 from PubMed, 5 from Cochrane) were subjected to primary screening. Of these papers, 6 in Japanese
and 20 in English were subjected to secondary screening concerning this CQ. They included 1 systematic review (SR), 1
RCT, 2 prospective studies (PS) and 1 retrospective cohort
study, but all the others were case series or case reports.
Therefore, the results and discussion, primarily, in these SR,
RCT, PS, and retrospective cohort study, but also in other case
series were integrated.
<Review of observational studies>
The literature concerning the effectiveness of sclerotherapy
for head and neck LM in infancy was reviewed from the
viewpoints of responses (prognosis (survival rate or mortality),
size, symptoms, and cosmetic improvement) and complications.
Sclerosing agents used as keywords for the present literature search varied widely and included OK-432, bleomycin,
ethanol, doxycycline, STS and fibrin glue. No paper evaluated
differences in effectiveness of various agents due to their
methods of administrations for lesions around the neck affecting airway. Therefore, differences among agents were
excluded from the evaluation of this CQ.
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Results of review
1.

Responses

A. Prognosis (survival rate or mortality)
According to the SR by Adams et al.,360 the mortality was
4.7% in 277 cases with head and neck LM. Since lesions
around the airway were not the only target, and since sclerotherapy was not the only treatment modality, the paper has
not quite rightly answered to the CQ. However, since patients
who died were all before one year of age and their causes of
death are considered to have been mostly airway problems,
such as airway obstruction and aspiration due to vocal cord
paralysis in 8, and as at least 1 patient is judged to have died
due to complications of invasive treatment, the paper is considered to indicate the risk of this disorder during infancy.
B. Size
Many of the papers that referred to the size regression evaluated it by four categories; (1) excellent or complete (≥90%
regression), (2) good or substantial (≥50% and <90% regression), (3) fair or intermediate (≥20% and <50% regression),
(4) and poor or none (≤20% regression).
Ravindranathan et al.306 treated 5 patients (aged 4–
19 months) with cervicofacial LM by sclerotherapy using OK432 (in addition to Fibroveinâ (STD Pharmaceutical Products
Ltd, Hereford, UK) in 2) and reported that the responses were
good in 1 (20%) (cystic), partial in 1 (20%) (cavernous), and
poor in 3 (60%) (2 with cavernous lesions that required tracheotomy and 1 with cystic lesions in whom the condition
improved to good after surgical resection). However, they did
not mention the evaluation criteria for good, partial, and poor.
According to the report of 8 cases with head and neck LM
by Leung et al.,361 all patients underwent sclerotherapy, ≥50%
regression was observed in all patients with complete regression in 2. However, the patient age varied from 2 months to
11 years, and the types of LM were not mentioned.
Ogawa et al.362 reported 9 patients (including 5 preschoolers and toddlers, 2 school children, and 2 adults) who underwent OK-432 sclerotherapy for the neck LM and evaluated it
to be markedly effective in 8, in whom the lesions mostly disappeared, and effective in 1, who showed a ≥50% regression.
Eight patients in whom the treatment was markedly effective
consisted of 1 with mixed and 7 with cystic lesions, and the
one in whom the treatment was effective had a mixed type.
Cahill et al.315 reported doxycycline sclerotherapy in 17
patients with head and neck LM (cystic in 10, mixed in 7 (3
required tracheotomy)), and its size regression was reported to
be >90% in 7 (41.2%) (cystic in 6, mixed in 1), 75–89% in 4
(23.5%) (cystic in 2, mixed in 2), 51–74% in 4 (23.5%) (cystic in 1, mixed in 3), and 25–50% in 2 (11.8%) (mixed in 2).
Nehra et al.311 reported doxycycline sclerotherapy in 11
patients with head and neck LM (cystic in 7, mixed in 4; aged
2 days-21 months) (later combined with surgical resection in
3). The treatment results were excellent in 5 (45.5% of all
patients) and satisfactory in 2 (18.2% of all patients) among 7
patients with cystic lesions but poor in all 4 patients with

mixed type lesions (36.4% of all patients). Particularly, 3 of the
4 patients with mixed type lesions required tracheal intubation
shortly after birth and underwent sclerotherapy while intubated,
but the effects were poor in all of them. Surgical resection was
added in 1 and was under consideration in another.
C. Symptoms
According to Ravindranathan et al.306 who reported 5
patients with cervicofacial LM (aged 4–19 months) treated
with sclerotherapy using OK-432 (in addition to fibrovein in
2), 4 exhibited symptoms of airway obstruction before treatment. Symptoms included dysphagia in 2 and dyspnea (including croup-like symptoms) in 4 (some both). Symptoms were
alleviated by sclerotherapy in 2 out of 4 (cystic 1, cavernous
1), but tracheotomy was necessary in the remaining 2 (cavernous in both) without improvement.
In the report of 8 patients with head and neck LM and 5
patients with VM (aged 2 months-11 years) by Leung
et al.,361 their symptoms noted before treatment were mass or
swelling (10 patients (77%)), pain after hemorrhage (2 patients
(15%)), skin discoloration (blue) (1 patient (8%)), obstructive
airway symptoms (6 patients (46%)), and swallowing difficulty (1 patient, (8%)). All symptoms were alleviated by sclerotherapy (doxycycline for LM, STS foam for VM).
Arimoto et al.363 reported a patient with cystic LM in the
neck presented 3 months after birth. The patient presented
with respiratory distress at the age of 10 months due to
enlargement of the LM following upper respiratory infection.
While left vocal cord fixation due to the mass was confirmed
by ultrasonography before treatment, aspiration of the cyst and
steroid administration resulted in opening of the glottic area
and regression of the mass with relief of wheezing and distress. Since they underwent sclerotherapy 2 months after the
disappearance of symptoms, aspiration of internal fluid and
steroid administration rather than sclerotherapy were directly
effective for the alleviation of symptoms.
Kitagawa et al.364 reported a patient with giant LM of the
neck which had been prenatally diagnosed and was treated
under ex utero intrapartum treatment (EXIT) by tracheal intubation after aspiration of the cyst. The lesion was reported to
be refractive to subsequent sclerotherapy and tracheotomy was
eventually needed.
Nehra et al.311 reported that, among 11 patients with head
and neck LM (cystic type in 7 and mixed type of cystic + cavernous in 4; aged 2 days-21 months), 3 out of 4 with mixed
LM presented respiratory distress soon after birth and were
managed by intubation, but that all were extubated after sclerotherapy using doxycycline (1–3 times, median: 1.6 times).
D. Cosmetic improvements
No paper has reported cosmetic results in detail. Only sporadically they mentioned about surgery for redundant skin
after regression of cystic lesions by sclerotherapy.
2.

Complications

Complications associated with treatment for LM around the
airway have been reported in many papers. They include
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temporary conditions caused by sclerotherapy such as
fever,292,303,312,362,365–371 local swelling303,312,365,367,368,370,371
pain,288,312,362,367,370–372 hemorrhage into the cyst,288,303,312,368
and infection.288,292,303,310,312,360,365,372 There also reported
complications as the effects of treatment for head and neck
lesions such as respiratory distress due to airway obstrucas
well
as
nerve
tion,292,303,306,312,362,365,366
palsy.288,292,312,360,365
According to a systematic review about head and neck LM
by Adams et al.,360 both nerve damage due to sclerotherapy
and post-therapeutic infection were reported in 1 (0.8%) out
of 123 patients. Since nerve damage and infection after surgery were observed in 12 (10.2%) and 7 (5.9%) out of 118
patients, respectively, the complication rate would be lower by
sclerotherapy than by surgery.
Ogawa et al.362 reported a 1-year-and-5-month-old patient
who developed airway edema after OK-432 sclerotherapy for
the cystic neck LM and necessitated tracheal intubation for
3 days and cautioned against sclerotherapy for LM around the
airway in young children (particularly, those less than 2 years
old).
Kudo et al.369 also reported 2 patients aged 11 months and
1 year and 11 months who were treated with OK-432 sclerotherapy intubated in advance for fear of airway obstruction
due to post-therapeutic swelling. Tomemori et al.373 also cautioned against sclerotherapy for LM in children aged less than
2 years as in the report by Ogawa et al.362
On the other hand, Kudo et al.369 reported 2 cases whose
neck LM having been enlarged rapidly after suffering from
measles or upper respiratory tract infection (URTI). Arimoto
et al.363 also reported a patient with cystic LM of the neck
3 months after birth, who developed dyspnea due to enlargement of the lesion after URTI at 10 months and was about to
be intubated.
Regarding complications due to sclerosing agents, Cahill
et al.315 reported those by doxycycline, STS and absolute
ethanol. They reported delayed complications, such as Horner’s syndrome, transient left lip weakness, right facial nerve
palsy, and transient left hemidiaphragm paralysis, in addition
to peri-procedural complications such as hemolytic anemia
after doxycycline injection in 2 patients, hypoglycemic and
metabolic acidosis in 3 neonates, transient hypotension during
absolute alcohol instillation and self-limiting skin excoriation
secondary to peri-catheter leakage of doxycycline. Other
reported complications include permanent vocal cord paralysis
after local ethanol injection,374 serious complications after
OK-432 injection such as death due to pulmonary embolism,375 deaths due to pulmonary complications after treatment
using bleomycin376,377 and leukocytopenia due to bleomycin.368
Limitations
There are few papers that solely analyzed LM around the
cervical airway. Most papers included lesions involving not
only the neck but also the craniofacial and other parts of the
body and reported LM with different properties such as cystic
and mixed types. In addition, definition of cavernous lesions

and methods of sclerotherapy (injection techniques, number of
injections) were not similar among papers, and differences in
these backgrounds must be taken into consideration to evaluate the effectiveness of sclerotherapy.

<Summary>
The CQ, “Should sclerotherapy be performed in infancy for a
patient with head and neck LM affecting the airway?”, was
evaluated from the viewpoints of responses (prognosis (survival rate or mortality), decrease in size, symptoms, cosmetic
improvements) and complications. Since there have been some
reports on the risk of respiratory distress due to LM around
the airway in infants, and therapeutic intervention is necessary
even in infants when the risk is high or they have already
developed symptoms. Such intervention is made by sclerotherapy or surgery, and as surgical resection is associated with the
risk of more serious complications than sclerotherapy, intervention by less invasive sclerotherapy is recommended.
Sclerotherapy is considered to be very effective because of
high regression rate of the lesion and symptom/function-improving effect. However, its effect varies depending on the
disease type, somewhat less effective in the cavernous and
mixed types than in the cystic type. Furthermore, when it was
performed for the lesions around the airway, it may be associated with the risk of exacerbation of airway obstruction symptoms due to reactive enlargement of the lesion. Thus, we
formulated the recommendation, “In LM around the airway,
there is the risk of respiratory disturbances from infancy, but
airway obstruction is likely to be exacerbated by sclerotherapy. Particularly, when the risk of airway obstruction is judged
to be high or when symptoms have appeared, it is proposed to
perform sclerotherapy with sufficient preparations including
securing the airway.”
CQ31: Is surgical resection effective for LM of the
tongue?

Recommendation: Surgical resection is effective for reducing
the size of the lesion and alleviating symptoms and functional
impairment. However, total resection is often difficult, and
careful decision is required in consideration of the possibility
of complications and recurrence.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
While the tongue is one of the frequent sites of LM, the
lesion is often distributed widely over the neck rather than is
localized in the tongue. LM of the tongue not only cause cosmetic problems, such as protrusion from the mouth and bleeding, but also readily occupy the oropharyngeal cavity and
cause functional problems such as disorder of mouth closing,
difficulty in speaking, respiratory disturbances, and impairment of oral food intake. These conditions are treated at
departments including plastic surgery, oral surgery,
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otorhinolaryngology, and pediatric surgery. LM of the tongue
are treated by surgical resection or sclerotherapy, but comprehensive evaluation of the condition of individual cases including the distribution of the lesion in the tongue, involvement of
other areas and cyst components, and vascular distribution in
addition to general information, such as the risk of complications and recurrence in each treatment, is necessary.
Therefore, the CQ, “Is surgical resection effective for LM
of the tongue?” was formulated, and the present knowledge
about the effectiveness of surgical resection of the lesion, particularly, by partial glossectomy was summarized.
<Literature search and screening>
As a result of search, 29 papers in Japanese and 76 papers
in English (75 from PubMed, 1 from Cochrane) were subjected to primary screening. Of these papers, 2 in Japanese
and 10 in English were subjected to secondary screening concerning this CQ. They included 1 retrospective cohort study,
but most other papers were case series or case reports. Consequently, in the evaluation of this CQ, the results and discussion of the cohort study and each case series were integrated.
<Review of observational studies (case series)>
The effectiveness of surgical resection of LM of the tongue
was evaluated from the viewpoints of resectability of the
lesion, symptoms, function, and cosmetic improvements as
elements of responses as well as complications and recurrence.
Results of review
1.

Responses

A. Resectability of the lesion
Twenty-four cases of tongue lesions treated by surgical
resection alone were reported in 4 papers. Catalfamo et al.378
performed surgical resection of localized masses including
normal structures with a margin of 1 cm in the horizontal
direction and reported that the size of tongue lesions was
reduced in 8 (88.9%) of the 9 patients.
Concerning large lesions impossible to resect totally,
Boardman et al.358 reported 13 cases of partial surgical resection, but several operations were often necessary to reduce
lesion size. A total of 2 case have been reported,379,380 and
the lesion size was reduced in both. Although differences were
observed in re-enlargement after surgery, they are discussed in
detail in “(2) Complications”.
In 1 case report, sclerotherapy was performed 15 times, but
the lesion size could not be reduced, and surgical resection
was performed, eventually resulting in a favorable outcome
without recurrence.381
According to a report of 89 cases of head and neck LM by
Lei et al.,291 the outcome was excellent in 73 (82%) and good
in 16 (18%) although it was not a report of cases of tongue
lesions alone. They included 43 cases of tongue lesions.
In addition, a few papers382–385 that suggested the effectiveness of combinations of surgical resection with sclerotherapy and laser therapy were observed. Wiegand et al.383
classified the disease into 4 stages according to the area of

involvement and reported that the stage can be a prognostic
factor. Surgery was effective, and complications were rare,
when the lesion was localized in the superficial layer and part
of the muscle layer. Surgical resection can also be effective,
but complete resection is difficult, when the lesion extends
over the entire muscle layer or to the tongue base and neck.
Therefore, partial resection is often repeated and combined
with laser therapy and sclerotherapy, but the recurrence is
observed very frequently, and the results did not contradict the
reports mentioned below in the section of the recurrence
rate.291,358
B. Symptoms
A wide variety of symptoms have been reported depending
on the site of the mass, and they include tongue discomfort,
bleeding, pain, and difficulty in oral feeding.386 Roy et al.387
reported that bleeding from the tongue surface, pain, and eating difficulty were alleviated by cauterization.
C. Functions
In most patients who exhibited functional impairment, the
lesions were so extended that they were no longer indications
for one-time surgical resection. Large masses located at sites
such as the tongue base cause respiratory disturbances, swallowing disorders, and difficulty in speech. According to the
report by Azizkhan et al.,385 oral intake of normally cooked
food became possible in 14, and normal vocalization became
possible in 8, of the 21 patients with tongue base lesions. In
addition, 5 of the 17 patients who needed tracheotomy were
weaned.
D. Cosmetic improvements
Objective evaluation of cosmetic effects is also difficult.
Azizkhan et al.385 reported that, of the 20 patients, excluding 1 with severe deformity who died, deformity of structures
around the tongue, such as the mandible and maxilla, was
mild in 6, moderate in 5, and severe in 9. There have been a
few reports that cosmetic improvements were also observed in
patients who showed a reduction of the tongue size by surgical
resection, but objective evaluation is insufficient.
2.

Complications

Although the properties of the lesions are unclear in some
papers, facial nerve paralysis, vagus nerve paralysis, infection,
hematoma, seroma, salivary leakage, ruptured suture, and skin
flap necrosis have been reported as complications of the facial
region. There have also been reports of temporary complications such as pain and hemorrhage.
3.

Recurrence

There have been a few postoperative evaluations reporting
that no reactivation that clinically required treatment was
observed. Lei et al.291 reported greater details: Recurrence
was observed in 21 (23.6%) of 89 patients and was more frequent in those aged less than 1 year, those with lesions in the
oral cavity/face, those with lesions at 3 or more sites, and
those with microcystic lesions. According to Boardman
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et al.,358 LM of the tongue recurred in 12 (48%) of 28
patients, more often than other head and neck lesions. As factors related to this more frequent recurrence of lingual LM,
more frequent involvement of other regions, such as the floor
of mouth, and a high percentage of microcystic lesions (70%)
have been suggested. Of the 2 patients treated by surgical
resection alone, 1 who underwent resection of the middle part
of the tongue showed no re-enlargement for 1 year or longer
after surgery,379 but surgery was repeated 3 times in the 1
who underwent marginal resection.380 This patient who underwent repeated resections also showed no re-enlargement
although the time of the last resection is unclear.
Limitations
In some papers, surgical resection was combined with other
treatments,381–385,387 lesions in other areas such as the neck
were included,291 and the lesion types were unknown. The
lack of standardization of subjects and uniformity of the definition or time of recurrence must be considered in the evaluation of the effectiveness of surgical resection.

<Summary>
Many papers suggest that surgical resection is effective for
reducing the size of lingual LM. However, in patients with
large lesions, lesions extending to structures other than the
tongue, and microcystic lesions, several resections or combination of resection with other treatments such as sclerotherapy
and laser therapy were necessary, and the recurrence rate
tended to be higher. While a few papers referred to symptoms,
functional outcome, and cosmetic improvements, none showed
a high level of evidence, and the evidence was insufficient for
general discussion of the effectiveness of surgical resection.
Therefore, concerning the effectiveness of surgical resection for LM of the tongue, “Surgical resection is effective for
reducing the size of the lesion and alleviating symptoms and
functional impairment. However, total resection is often difficult depending on the distribution of the lesion, and careful
decision is required in consideration of the possibility of complications and recurrence.” was proposed as a draft recommendation.
CQ32: Is aggressive surgical intervention effective for
chylous pleural effusion in the neonatal period?

Recommendation: For chylous pleural effusion refractory to
conservative treatments, surgical procedures, such as pleurodesis, ligation of the thoracic duct, and pleuroperitoneal shunting, may be effective.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of determining recommendation]
Primary chylous pleural effusion during the neonatal period
is often refractory and can be fatal. Thoracic drainage is performed for respiratory insufficiency due to accumulation of
pleural effusion, followed by conservative treatments, such as

nutritional therapy, steroid, and octreotide therapy, conducted
primarily by neonatologist until resolution of chylous pleural
effusion.
In refractory cases that do not respond to these conservative therapies, surgical intervention, such as ligation of the
thoracic duct and pleurodesis, may be performed. However, no
sufficient consensus has been obtained concerning their
effects. To evaluate problems, such as at what point surgical
intervention should be made and whether aggressive surgical
intervention is effective for such a condition, the CQ, “Is
aggressive surgical intervention effective for chylous pleural
effusion in the neonatal period?”, was formulated, and the
knowledge available at present was summarized.
<Literature search and screening>
As a result of search, 98 papers in Japanese and 264 papers
in English (262 from PubMed, 2 from Cochrane) were subjected to primary screening. Of these papers, 8 in Japanese
and 9 in English were subjected to secondary screening concerning this CQ. They included none with a high level of evidence, such as a systematic review or RCT that evaluated
surgical treatment, and all papers were case series or case
reports. Consequently, the results and discussion in each of
the case series judged to be useful for the preparation of the
draft recommendation were integrated although they were
weak as the evidence for the evaluation of this CQ.
<Review of observational studies (case series)>
The literature concerning the effectiveness of surgical treatment for chylous pleural effusion in the neonatal period was
reviewed from the viewpoints of responses and complications.
Results of review
1.

Responses

Surgical treatment for neonatal chylothorax is performed in
patients who respond insufficiently even to thoracic drainage
in addition to nutritional therapy using MCT milk or total parenteral nutrition or drug treatment such as octreotide administration.
The methods for surgical intervention found by the present
literature review included ligation of the thoracic duct and
pleuroperitoneal shunting as well as pleurodesis with OK-432
administration, intrathoracic infusion of fibrin, and povidoneiodine administration, and some patients diagnosed in utero
underwent pleuro-amniotic shunting. Cases in which mildly
invasive treatments, such as thoracoscopic ligation of the thoracic duct and intrathoracic fibrin application, have been
reported in addition to those who underwent thoracic duct
ligation by thoracotomy.
Treatments that were performed before surgery and their
periods were not uniform. In addition, since there are cases
that developed chylous pleural effusion after surgery and those
of congenital chylothorax, the diversity of the patient background must be taken into consideration in the efficacy evaluation.
Among the surgically treated cases, those in whom chylous plural effusion disappeared, respiratory symptoms were
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alleviated, and weaning from the respirator became possible
have been reported.388,389 In addition, the absence of recurrence or reactivation is considered to be a point.388–391 There
were reports that chylous pleural effusion after thoracic surgery was resolved by drainage alone. Cleveland et al.392 considered conservative treatments, such as total parenteral
nutrition, octreotide, and diuretic administration, to be the
best and, observing that, of the poor responders, the mortality
was 80% in 5 who continued to be managed by conservative
treatments but 0% in 4 who underwent additional surgery,
reported that surgical treatment contributed to the reduction
of the mortality. According to the guidelines for the treatment
of chylous thoracic effusion by Buttiker et al.,393 conservative treatment should be continuing for about 3 weeks but
should be abandoned thereafter because of the risk of nutritional disturbance, increased susceptibility to infection, and
liver disorders. However, Kaji et al.394 reported that it is difficult to set a clear period of conservative therapy, because
the effectiveness and success rate of surgical treatment are
unclear.
2.

Complications

As complications due to sclerosing agents, fever and
increased inflammatory reaction due to the administration of
OK-432 as well as pulmonary abscess and temporary flaccidity and protrusion of the upper abdominal region considered to
have been due to intercostal nerve damage have been reported.
While chyle leakage in the abdominal cavity was noted in a
patient who underwent pleuroperitoneal shunting, there were
no reports of fatal complications.
Limitations
Surgical treatment was performed in most reported cases
when responses to conservative therapy were not obtained.
Therefore, it must be assumed that the results of evaluation of
this CQ are based on data concerning the effectiveness of surgery performed with conservative therapy.

<Summary>
The literature was reviewed concerning the effectiveness of
aggressive surgical intervention for neonatal chylous thoracic
effusion from the viewpoints of responses and complications,
but no objective study with a high level of evidence was
found. In most reported cases, surgical treatment was performed when responses to conservative treatments were poor.
Therefore, it is difficult to compare surgery with other therapies, and the evaluation of the period of conservative treatment before surgery remains insufficient. However, there was
a paper that proposed surgical intervention after attempting
conservative treatments for 3 weeks as a standard.
Thus, surgical intervention for neonatal chylous pleural
effusion is characterized at present as an approach that may be
effective but should be evaluated when the condition is not
improved by other treatments, and “Surgical procedures, such
as pleurodesis, ligation of the thoracic duct, and

pleuroperitoneal shunting, may be effective for chylous pleural
effusion refractory to conservative treatments.” is proposed as
a draft recommendation.
CQ33: What treatments are effective for refractory
chylous pleural, and pericardial effusion and respiratory
disturbances of the patients with generalized lymphatic
anomaly (GLA) and Gorham-Stout disease (GSD)?

Recommendation: While treatments including surgery, sclerotherapy, radiotherapy, nutritional therapy, and drug therapy
are conducted, there is presently no effective treatment with a
high level of evidence. Treatments should be selected in consideration of complications and adverse effects according to
individual symptoms.
Strength of recommendation: 2 (weak)
Evidence: D (very weak)
Comments
[Process of preparation of recommendation]
GLA and GSD are refractory diseases that cause a wide
variety of symptoms in the entire body and are difficult to
diagnose and treat. The investigation by the Health and
Labour Sciences Research group (Ozeki group) carried out by
2013 showed that the mortality is particularly high when the
patients had thoracic lesions.
Among the thoracic symptoms, chylous pleural effusion/
pericardial effusion are often refractory and occasionally fatal.
While information about the disease is extremely limited
because of its rareness, case reports are being globally accumulated as chronic cases are managed on an outpatient basis,
and as severe cases are treated intensively.
Presently, no radical treatment for these refractory diseases
is known, but the CQ, “What treatments are effective for
refractory chylous pleural, and pericardial effusion and respiratory disturbances of the patients with GLA and GSD?” was
formulated to compile the knowledge about what treatments
are effective as it is a problem of clinical importance.
<Literature search and screening>
As a result of search, 208 papers in Japanese and 617
papers in English (598 from PubMed, 19 from Cochrane) were
subjected to primary screening. Of these papers, 2 in Japanese
and 25 in English were subjected to secondary screening concerning CQ 37. They included no studies with a high level of
evidence, such as a systematic review and RCT, and all were
reports of 1–2 cases. Therefore, the evaluation of this CQ was
performed by integrating the results and discussion in case series judged to be useful for the preparation of the draft recommendation despite the lack of evidence.
<Review of observational studies (case series)>
The effectiveness of various treatments for refractory GLA
and GSD was evaluated according to the prognosis and the
presence or absence of improvement in imaging findings,
improvement in symptoms, improvement in airway obstruction, enlargement of the lesion, regression, treatment-related
complications, recurrence, and reactivation.
Conditions of patients
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The cause of chylous pleural and pericardial effusion is
lymphorrhea from lymphatic vessel tissue lesions that have
primarily invaded the mediastinum and pleura, and lymphorrhea from osteolytic lesions of the ribs and vertebrae was also
observed. Respiratory disturbances were caused by pleural
effusion, chylous pleural effusion, pericardial effusion, and
direct invasion of the mediastinum and lungs.
Results of review
As surgical treatments for chylous pleural effusion, procedures, such as thoracentesis, thoracic drainage, ligation of the
thoracic duct, and pleural decortication, have been performed,
and local lesions were surgically resected. In most cases, thoracentesis and thoracic drainage were performed, but chyle leakage was not resolved. As for complications, there were patients
who developed hypovolemic shock and required blood transfusion and catecholamine administration or supplementation of
albumin, immunoglobulin, and clotting factors.395–397 While
chylous pleural effusion was controlled in some patients who
underwent ligation of the thoracic duct,397–408 the treatment was
performed in combination with other surgical procedure or
radiotherapy in all cases.400,402,408 There was 1 case that showed
improvement in respiratory disturbance.406 As complications of
ligation of the thoracic duct, splenomegaly and lymphorrhea405
and left-sided pleural effusion397,405 have been reported. In the
patients who showed marked improvements in chylous pleural
effusion395,405,408 after pleural decortication,395,396,401,403–
405,408,409
the procedure was performed in combination with
other surgical treatments or sclerotherapy, and there was no
mention about complications. There were cases that showed
marked improvements in chylous pleural effusion396,400,405,408
among those who underwent surgical resection of local lesions
including splenectomy,396,397,400,405,408,410–412 but the procedure
was performed in combination with other surgical treatments in
most of them. Hemorrhage was reported as a complication.410
Among other treatments, pleuroperitoneal shunting403 and lung
transplantation413 were performed, and alleviation of respiratory
disturbance was noted in the patient who underwent lung transplantation.
As a surgical treatment for pericardial effusion, pericardiocentesis was performed,396,414–416 and pericardial fenestration
was performed when pericardial effusion could not be controlled by pericardiocentesis.396,416 There was no mention
about complications.
As sclerotherapy, pleurodesis was performed using OK432, talc, and minocycline.395,397–399,404,408,411,416–418 There
were patients who responded markedly to sclerotherapy alone
and sclerotherapy combined with surgical procedures such as
pleural decortication or local radiotherapy. There was no mention about complications of sclerotherapy.
There have also been reports399,400,402–404,410–412,415,416,418–
420
on local (e.g., lesion area, thoracic duct region) and thoracic radiotherapy for chylous pleural effusion and local
lesions, and marked responses of chylous pleural effusion and
responses of respiratory symptoms were noted, but other treatments were performed concomitantly in some patients. Radiation pneumonitis has been reported as a complication.416

Concerning nutritional therapy, fasting, high-calorie infusion, and MCT diet have been performed alone or in combinations, but few cases that showed alleviation of chylous pleural
effusion were observed.395,396,398–400,403,405,408,421
For drug therapy against chylous pleural effusion, drugs
including interferon a, propranolol, anticancer agents (e.g.,
vincristine), bisphosphonate, octreotide, steroid, sirolimus, and
low-molecular-weight heparin were used. Interferon a was
used most frequently,395–398,400,401,403,415,421 and marked
improvement in chylothorax was reported in 5 cases. Of these
cases, interferon a was used with propranolol in 1395 and with
low-molecular-weight heparin and local radiotherapy (15 Gy)
in 1.400 As for complications of drug therapy using interferon
a, there were reports of fever, nausea, and headache421 and
thrombocytopenia and hepatic toxicity.397 There was no report
of improvement in chylous pleural effusion by the use of steroid395,399,403,415 or octreotide395,397,398,400,403,405 alone. Concerning other drug therapies, only a few cases have been
reported with no improvement in chylous pleural effusion.
One case that showed regression of mediastinal invasion of
GLA and alleviation of respiratory disturbance by sirolimus
treatment has been reported,414 and hypertension was noted as
a complication. In drug therapy for pericardial effusion, diuretics were used for conservative therapy.400
Limitations
Although cases that responded to various therapies have
been reported, treatments are often performed in combinations,
and the evaluation of the effectiveness of each treatment alone
is difficult at this point.

<Summary>
Treatments effective for GLA and GSD presenting with refractory chylous pleural effusion, pericardial effusion, and respiratory disturbances were evaluated by a review of the literature,
which was primarily case reports. Various treatments, such as
surgery, sclerotherapy, radiotherapy, nutritional therapy, and
drug therapy, have been performed, but, there was no study
with a sufficient number of cases and a high level of evidence
because of the rareness of the disease and diversity of symptoms. Although cases that responded to various treatments have
been reported, treatments are frequently performed in combinations, and the evaluation of the effectiveness of individual therapies is difficult at present. Sirolimus (a mTOR inhibitor) is
considered promising as a drug for this disease, and some clinical trials are currently under way in Japan and abroad.
In clinical situations, these diseases are not recognized as
indications of various drug therapies by the Japanese health
insurance system, and the therapeutic effects of other treatments are also uncertain. Therefore, the above treatments cannot be recommended, but we propose that treatments “should
be selected in consideration of complications and adverse
effects according to individual symptoms.” It is necessary to
evaluate the invasiveness, complications, and adverse effects,
and select the treatments judged to be appropriate for each
case.
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Conclusion
The practice guidelines for vascular anomalies have been prepared as the evidence-based guidelines for the management of
vascular anomalies.
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Abstract
The objective was to prepare guidelines to perform the current optimum treatment by organizing effective and efficient
treatments of hemangiomas and vascular malformations, confirming the safety, and systematizing treatment, employing
evidence-based medicine (EBM) techniques and aimed at improvement of the outcomes. Clinical questions (CQs) were
decided based on the important clinical issues. For document retrieval, key words for literature searches were set for each
CQ and literature published from 1980 to the end of September 2014 was searched in Pubmed, Cochrane Library, and Japana
Centra Revuo Medicina (JCRM). The strengths of evidence and recommendations acquired by systematic reviews were
determined following the Medical Information Network Distribution System (MINDS) technique. A total of 33 CQs were
used to compile recommendations and the subjects included efficacy of resection, sclerotherapy/embolization, drug therapy,
laser therapy, radiotherapy, and other conservative treatment, differences in appropriate treatment due to the location of
lesions and among symptoms, appropriate timing of treatment and tests, and pathological diagnosis deciding the diagnosis.
Thus, the Japanese Clinical Practice Guidelines for Vascular Anomalies 2017 have been prepared as the evidence-based
guidelines for the management of vascular anomalies.
Keywords Clinical practice · Guidelines · Hemangioma · Vascular anomalies · Vascular malformation

Introduction

Japanese Clinical Practice Guidelines for Vascular Anomalies
2017 were published in Japanese in 2017. We provide these
guidelines in English to inform healthcare professionals and
the general public in the world to improve medical practice and
patient outcome. This article has been co-published in The Journal
of Dermatology, Japanese Journal of Radiology, and Pediatrics
International based on the agreement of Editor-In-Chief of the
three journals.
* Hidefumi Mimura
mimura@marianna‑u.ac.jp
Extended author information available on the last page of the article

The etiology of vascular anomalies on the body surface and
in soft tissue are mostly unclear and no fundamental treatment methods have been established. Many patients visit
many medical institutions seeking an expert, being a disadvantage in treatment. Hemangiomas and vascular malformations are frequently termed ‘hemangioma’, but these are
different diseases in the ISSVA classification proposed by
the International Society for Study of Vascular Anomalies
(ISSVA) [1, 2], and this classification has been internationally standardized.
‘Clinical Practice Guidelines for Vascular Anomalies 2013’
(1st edition) [3] target general practitioners and the general
public, and were prepared aiming at organizing effective and
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efficient treatments for hemangiomas/vascular malformations, confirming the safety, and systematizing treatment using
evidence-based medicine (EBM) techniques. The organization responsible for preparation was the Health, Labour and
Welfare Sciences Research Grants (Research on Measures
for Intractable Diseases), Research Committee for ‘Intractable Vascular Anomalies’, and the main committee members
were selected from academic societies of plastic surgery and
radiology mainly treating hemangiomas and vascular malformations: the Japanese Society of Plastic and Reconstructive
Surgery and Japanese Society of Interventional Radiology, and
the guidelines were prepared by them.
‘Clinical Practice Guidelines for Vascular Anomalies
2017’ were prepared as a revised edition of the ‘Clinical
Practice Guidelines for Vascular Anomalies 2013’. The
organization responsible for preparation was the Health,
Labour and Welfare Sciences Research Grants (Research on
Policy Planning and Evaluation for Rare and Intractable Diseases), Research Committee for Intractable Vascular Anomalies, and the differences from the previous guidelines are
setting the objective at summarizing opinions from related
academic societies by inviting many committee members
from dermatologists, pediatric surgeons, pediatricians, radiologists (diagnostic radiology), and basic researchers including the pathology, molecular biology, and epidemiology
fields, in addition to plastic surgeons and radiologists (interventional radiology). Since the guidelines were prepared following the reformed ‘Minds Handbook for Clinical Practice
Guideline Development 2014’ [4] and ‘Minds Manual for
Clinical Practice Guideline Development Ver.1.0-2.0’ [5, 6],
it was fully revised.
The original text of the guidelines (Japanese version) is
comprised of Reviews and Clinical Questions (CQs), but
only CQs are presented in this report.

Purpose of the guidelines
The objective was to prepare guidelines to perform the current optimum treatment by organizing effective and efficient
treatments of hemangiomas and vascular malformations,
confirming the safety, and systematizing treatment, employing the EBM techniques and aimed at improvement of the
following outcomes: Pain, swelling, esthetic impairment,
and functional disorder.

Materials and methods

guidelines preparation group and systematic review team for
preparation of CQs and recommendations were comprised
of 4 groups: groups in charge of arteriovenous malformation
(AVM), venous malformation (VM), combined type, and
syndrome, in charge of capillary malformation (CM) and
infantile hemangioma, in charge of the lymphatic malformation (lymphangioma) (LM), and in charge of the basic
field. To the group in charge of AVM, VM, combined type,
and syndrome, plastic surgeons and radiologists were mainly
assigned. To the group in charge of CM and infantile hemangioma, plastic surgeons and dermatologists were mainly
assigned. To the group in charge of the lymphatic system,
pediatric surgeons, plastic surgeons, and pediatricians were
mainly assigned. The Reviews of the guidelines were also
prepared by those selected from each group. Pathologists
and molecular biologists were in charge of the Reviews of
the basic fields.

Preparation process
The guidelines were revised following the ‘Minds Handbook for Clinical Practice Guideline Development 2014’ and
‘Minds Manual for Clinical Practice Guideline Development
Ver.1.0-2.0’.
CQs were decided based on the following important clinical issues: (1) Efficacy of resection, (2) efficacy of sclerotherapy/embolization, (3) efficacy of drug therapy, laser
therapy, radiotherapy, and other conservative treatment,
(4) differences in appropriate treatment due to the location
of lesions, (5) differences in appropriate treatment among
symptoms, (6) appropriate timing of treatment and tests, and
(7) pathological diagnosis deciding the diagnosis.
For document retrieval, key words for literature searches
were set for each CQ and literature published from 1980
to the end of September 2014 was searched in Pubmed,
Cochrane Library, and Japana Centra Revuo Medicina
(JCRM). Literature search was requested to the Japan Medical Library Association. For decisions on CQs and recommendations lacking evidence or having weak evidence,
discussion and agreement in the preparation group were
reflected.
The strengths of evidence and recommendations acquired
by systematic reviews were determined following the Minds
technique as described below and this follows the GRADE
guidelines preparation method [7, 8].

Determination of the strength of evidence
of the body of evidence (Table 1)

Organization
For the Guidelines Executive Committee members, representatives of the plastic surgery, dermatology, radiology,
pediatric surgery, and basic science fields were selected. The

The strength of evidence of the body of evidence was determined according to ‘Minds Handbook for Clinical Practice
Guideline Development 2014’.
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In the case of RCTs, the score “A (strong)” is given
at the start of evaluation, and the final score might be
downgraded to B, C, or D, according to the results
of evaluation of five items, including risk of bias,
inconsistency in results, indirectness of evidence,
data imprecision, and high possibility of publication
bias. In the case of observational studies, the score
“C (weak)” is given at the start of evaluation, and five
items lowering the strength are evaluated similarly
as for RCTs. In addition, three items, including large
effect with no confounding factors, dose–response gradient, and possible confounding factors, are weaker
than actual effects increasing the strength are evaluated as well.

between December 2016 and January 2017, and corrections
were made based on the results of the reviews. In addition,
from December 2016 to January 2017, the guidelines were
disclosed on the home page of the Research Committee for
‘Intractable Vascular Anomalies’ and public comments were
collected. The draft guidelines were presented to two related
patient organizations, ‘the Patients Association of Vascular
Anomalies’ and ‘the Patients Association of Combined Vascular Malformations’ and comments were received. Based
on these, the draft guidelines were revised and CQs, recommendations, and explanations were completed. It was finalized in March 2017.

Results

Presentation of the strength of recommendations
(Table 1)

CQs and recommendations

The strength of recommendation was also determined
according to ‘Minds Handbook for Clinical Practice Guideline Development 2014’.
The strength of recommendations is usually presented
in two ways: “1”: strongly recommended, and “2”:
weakly recommended (suggested). If the strength of
recommendations cannot be determined by any means,
it is occasionally presented as “no definite recommendation can be made”. Recommendations will be
entered as follows by indicating the strength of evidence (A, B, C, D) with the strength of recommendations “1”: strong or “2”: weak.

Recommendation:
It is necessary to judge the time to begin endovascular or
surgical treatment for AVM individually by evaluating the
stage of symptoms and lesion extent and in consideration of
the risk of complications.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments

Finalization
Preparation of the draft guidelines was completed in December 2016 and review was requested to the Japanese Society
of Plastic and Reconstructive Surgery, Japanese Dermatological Association, Japan Radiology Society, Japanese
Society of Interventional Radiology, Japanese Society of
Pediatric Surgeons, and Japanese Society of Pathology
Table 1  Recommendation grade and definition of the strength of
body of evidence in evaluation of systematic review
Recommendation grade
1 strongly recommended
2 weakly recommended (suggested)
Definition of the strength of body of evidence in evaluation of systematic review
A (strong): strongly confident of the estimate of effect
B (moderate): moderately confident of the estimate of effect
C (weak): limited confidence of the estimate of effect
D (very weak): very little confident of the estimate of effect

CQ1: What are the guidelines for the time to
begin treatment for AVM?

As a result of primary screening, 92, 3, and 27 papers were
extracted from PubMed, JCRM, and Cochrane Library,
respectively, and, as a result of secondary screening, 37 and
3 papers were extracted from PubMed and JCRM, respectively. However, as all these references were observational
or case series studies, the strength of evidence is rated as
“D (very weak)”.
There has been no report in which the time to begin treatment for AVM in itself was the endpoint, and only some
reports described the view on the time to begin treatment
in the discussion. Therefore, as it is difficult to objectively
evaluate the validity of the time to begin treatment, we determined whether guidelines can be derived from the patient
age, lesion site, symptoms, clinical stage, effectiveness of
treatment, frequency of complications in each report.
In the reports [9, 10] on the treatment for AVM, symptomatic AVM is primarily addressed, and treatment can be
suspended (follow-up) while the lesion remains asymptomatic. However, as AVM often progresses when left
untreated, it is considered important to begin the treatment

13
- 809 -

Japanese Journal of Radiology

at an appropriate time depending on the stage of symptoms.
In addition, as there is the tendency that the response rate
decreases, and the complication rate increases, with progression of symptoms, some reports from particular pediatric
institutions where patients are concentrated recommend
early therapeutic intervention in relatively “early” or “mild”
stages without waiting for progression of the disease.
Localized lesions may be radically treated by early intervention [11]. Among endovascular procedures, the response
(cure) rate tends to be high by ethanol embolization, but
as the complication rate is also high [12, 13]. By surgery,
localized lesions are unlikely to recur if they are completely
resected, although adverse events, such as postoperative
cicatrization/deformation or functional impairment, have
been seldom discussed [10]. On the other hand, in diffuse
lesions, limitations of effectiveness, such as recurrence and
persistence and the risk of treatment, are higher by both
endovascular treatment and surgery, with the risks outweighing benefits [13]. It should also be considered that children,
in particular, are not mentally ready to accept such invasive
treatments [14].
As discussed above, it is difficult to give guidelines for the
time to begin treatment for AVM at present, and individual
judgment is necessary depending on the symptom stage and
lesion extent in consideration of the complication risk.
CQ2: Is recurrence (regrowth) after resection of

The concept of regulating flap [15, 16], that reconstruction using a free flap controls the recurrence or regrowth
after resection of AVM, has been proposed. However, no
report has evaluated whether free flaps [16–37] and other
flap types [17, 19, 25, 28, 38–49] clearly prevent the recurrence or regrowth compared with skin grafts [21, 23, 50–52].
According to the present knowledge about the recurrence
or regrowth after resection of AVM [15, 16, 39, 53], whether
AVM can be completely resected is important, and, concerning cases in which complete resection is difficult, it has
been reported that the hemodynamics in the residual lesions
contributes to the recurrence and regrowth, and that it can
be controlled by a flap with rich blood flow.
CQ3: Is proximal ligation/coil embolization of
the feeding artery of AVM effective?

Recommendation:
The therapeutic effect of ligation/coil embolization of
the feeding artery on the proximal side may be poor, and
the possibility of recurrence may be high. In addition, in
the event of recurrence, treatment may become difficult due
to the development of collateral vessels. Therefore, these
procedures are recommended to be avoided, in principle.
Strength of recommendation	2 (weak)
Evidence	D (very weak)

AVM more frequent by wound closure with a
skin graft than by reconstruction using a flap?

Comments
Recommendation:
Whether recurrence (regrowth) is more frequent by
wound closure with a skin graft compared with reconstruction using a flap is unclear.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
The number of references retrieved by searches using keywords was 40 from JCRM, 75 from PubMed, and 0 from
Cochrane, and 39 were extracted by secondary screening.
For AVM of a certain size, reconstruction is necessary after
resection, and wound closure by skin grafting or reconstruction using a flap is performed according to common reconstruction methods for tissue defects. The reports discussing
reconstruction after resection of AVM that we could retrieve
were all descriptive studies (case reports or case series studies). Therefore, the evidence level of all these references is
D (very weak).

As a result of secondary screening, 1 and 14 papers were
extracted from PubMed and JCRM, respectively, and were
reviewed. As a result, all these papers were case reports.
In addition, 6 papers retrieved by manual searches were
also reviewed, but they were all case series studies at the
maximum. Therefore, the strength of evidence as a collection of literature concerning this CQ is D (very weak).
To summarize the evaluation of this collection of papers,
AVM was treated by proximal ligation/coil embolization of
the feeding artery, but as there have been reports of recurrence following the development of collateral channels
(reports of cases of the occurrence of unfavorable situations), the treatment is recommended to be avoided, but the
evidence level of this recommendation is low as mentioned
above.
The objective of embolization for AVM is obliteration
of the nidus, and embolization at or near the nidus is
necessary as much as possible. If ligation/coil embolization of the feeding artery is performed on the proximal/
central side, the nidus is not obliterated, and the development of several collateral channels is promoted. In many
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cases, the collateral channels are thin, complicated, and
markedly tortuous, and trans-catheter treatment is often
difficult.
Wu et al. [14] performed proximal ligation in 9 of 29
patients treated for AVM of the auricle but that the condition was exacerbated in all patients with 8 requiring
auricular resection and 1 requiring additional treatment.
They excluded proximal ligation from treatment options for
AVM, because it makes subsequent trans-catheter treatments
difficult.
Slaba et al. [54] evaluated 25 patients with AVM of the
tongue and reported that 3 of the 12 symptomatic patients
who underwent ipsilateral external carotid artery ligation at
another facility showed marked development of collateral
channels.
Other reports include those of a case in which a large
number of collateral channels developed as a result of ligation of the feeding artery for AVM of the shoulder with
serious complications including high-output heart failure
[55], 3 cases in which proximal ligation/embolization was
performed for AVM of the limbs and pelvis, collateral vessels developed, but the condition was controlled by multidisciplinary treatment consisting of trans-catheter treatment
and direct puncture sclerotherapy [56], and several cases
in which external carotid artery ligation was performed for
AVM of the head and neck, but the subsequent treatment
was difficult.
Suyama et al. [35] reported a case in which AVM of
the auricle, treated by proximal embolization using coils
and gelatin sponge, recurred and was treated again by
ligation at a proximal part of the artery, but the lesion
recurred again. Also, Aikawa et al. [57] reported a case
of intrapelvic AVM that underwent coil embolization of
the left ovarian artery and left internal iliac artery but
showed little change in the area of the nidus or the state
of arterial or venous dilatation. In addition, Yamamoto
et al. [58] reported a case in which TAE was performed
for AVM of the mandible via the maxillary artery, facial
artery, lingual artery, and ocular artery but was not effective due to the development of collateral channels from
the internal carotid artery and vertebral artery.
As observed above, it is recommended not to select
proximal/central ligation/coil embolization as a treatment
for AVM. However, AV fistulas with direct connection of a
large artery and a vessel may be treated by coil embolization if the shunt area is directly accessible with a catheter.
Proximal coil embolization may also be accepted as preoperative embolization, but careful evaluation of its indications is necessary, and embolization at a site near the shunt
is necessary to leave the room for catheter insertion in the
event of future recurrence.

CQ4: What is the appropriate timing for
embolization before resection of AVM?

Recommendation:
It is recommended to perform resection within 3 days
(72 h) after embolization. If the interval prolongs, the risk
of massive intraoperative hemorrhage may increase due to
recanalization of the embolized vessel and development of
collateral channels. In addition, surgery has been reported
to be made difficult by enlargement of the lesion after
embolization.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
While it is difficult to generalize the therapeutic approach
as it varies with the affected area and extent of the lesion,
there were a few reports that preoperative embolization was
useful for the treatment of AVM of the head and neck region.
As a result of secondary screening, 10 and 3 papers
from PubMed and JCRM, respectively, were reviewed. All
the papers selected by this screening procedure were case
reports or case series, and the strength of evidence is “D
(very weak)”. Mentions about the timing of preoperative
embolization and volume of hemorrhage also varied among
the papers. Although it is difficult to draw a conclusion,
among the papers that mentioned specific timing of preoperative embolization and volume of hemorrhage, Deng et al.
[59] performed embolization within 48–72 h before surgery
in 16 patients with maxillofacial AVM and reported that the
volume of hemorrhage was ≤ 200 mL in all patients and that
there were no complications. Erdmann et al. [60] performed
embolization within 24 h before surgery in 4 patients with
head and neck AVM, and the lesion was resected with hemorrhage of ≤ 100 mL in 3. It is recommended to perform
resection within 72 h to prevent increases in difficulty of
resection due to inflammation after embolization.
There have also been reports that embolization was performed intraoperatively or within a few days before surgery, resulting in decreases in the volume of hemorrhage or
favorable long-term outcomes. Most papers reported no or
only mild complications, but as for relatively severe complications, Goldberg et al. [61] reported temporary visual
impairment in 2 of the 3 patients with orbital AVM.
Factors that affect the appropriate timing of preoperative embolization include recanalization of the target vessel, development of collateral channels, and swelling and
reactive changes after embolization, which make surgery
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difficult. To avoid the effects of these phenomena, many
papers supported relatively early resection, i.e., within 72 h
after embolization. Clinically, also, there is no benefit in taking a long interval, and it is considered valid to recommend
resection within 72 h after embolization.
In conclusion, adequate control of hemorrhage may be
achieved with fewer complications by performing vascular
embolization within a few days before surgery, but no sufficient evidence that support this view has been provided.

A. Surgical treatment
A-1.
A-2.
A-3.

B. Endovascular embolization (including sclerotherapy)
B-1. Transarterial embolization
B-2. Transvenous embolization
B-3. Embolization by direct puncture
C. Combination of A and B
D. Radiotherapy

CQ5: What treatments are appropriate for the
maxillo-mandibular AVM?

Recommendation:
Although surgery alone is not recommended, a combination of surgery with endovascular embolization (including
sclerotherapy) can be recommended depending on the case.
Radiotherapy is not recommended.
Endovascular embolization (including sclerotherapy)
alone or as a preoperative treatment can be recommended.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
AVM of the maxilla and mandible is a rare disorder. Most
of the literature is reports of a small number of cases except
a few case series reported from some special institutions.
Only 5 reports [62–66] of a series of 10 or more cases
were retrieved by the search of PubMed. Because there
is no cohort study or randomized trial comparing various
treatments, strong evidence regarding the best treatment is
lacking.
Maxillo-mandibular AVM may involve the maxilla, mandible, or both, and it often presents with massive oral hemorrhage around the age of 10 years when milk teeth are lost,
but may also be detected due to swelling of the soft tissue.
According to Persky et al. [62], embolization alone
resulted in cure in 42%, improvement in 16%, and stabilization of symptoms in 23% of the 26 patients with a
maxillo-mandibular AVM. Liu et al. [63] treated 25 patients
by transarterial or transvenous embolization alone or in
combination with curettage and reported anatomical cure
in 14 and clinical cure in 21. Chen et al. [65] treated 15
patients by bone wax packing (BWP) alone in 4, transarterial embolization (TAE) + BWP in 3, TAE + resection in 4,
and TAE + radiotherapy + resection in 4 and reported clinical
cure in 14.
The following are considered as treatment options for
AVM of the maxilla and mandible.

Resection and reconstruction
Curettage
Bone wax packing

The literature is mostly about B, i.e., endovascular embolization (including sclerotherapy) alone, or surgical treatment after B. There was no report of case series of surgical treatment alone, but there was only 1 report [65] of
case series of surgery + radiotherapy. Surgery alone and
radiotherapy are generally not recommended. Endovascular
embolization is performed by various approaches including transarterial and transvenous routes and direct puncture,
sometimes, in combination. Concerning embolic agents,
PVA and G
 elfoam® (Pfizer, New York, NY, USA) are used
for embolization as an adjuvant therapy immediately before
surgery as they allow recanalization. Cyanoacrylate liquid embolic agents are considered effective for embolization performed preoperatively or alone in expectation of a
long-term occlusive effect [64, 67, 68]. Coils are often used
for transvenous embolization. Recently, there have been
reports [69, 70] that favorable outcomes were obtained by
TAE using Onyx® (Medtronic, Irvine, CA, USA), a nonadhesive liquid embolic agent. Concerning sclerotherapy,
there is a case series study of ethanol sclerotherapy alone,
reporting relatively favorable outcomes [71]. Infection and
bone necrosis are frequent complications of embolization,
and they may occur, when an embolic agent, a foreign body,
is injected into lesions that were in contact with the external environment due to direct puncture or hemorrhage.
Surgical treatments as listed above are performed primarily
after endovascular embolization. Invasive radical resection
and reconstruction should be avoided at least as the initial
treatment, because many lesions can now be controlled by
endovascular embolization alone with the advancement of
endovascular technique.
As mentioned above, endovascular embolization is
performed using various approaches and embolic agents
selected depending on the facility and patient. There are also
a wide variety of surgical treatment options. Since the treatment may be performed by combining these options, AVM
of the maxilla and mandible should be treated at the institutions where multidisciplinary treatment can be performed
by experienced physicians.
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CQ6: What treatments are appropriate for AVM

CQ7: What treatments are effective for painful

of the fingers?

VM?

Recommendation:
Although embolization or sclerotherapy is effective
as it alleviates symptoms, such as pain, sufficient evaluation is necessary because of the risk of finger necrosis and
nerve damage. In surgical resection, total resection is recommended, because partial resection is likely to result in
enlargement of the lesion. Occasionally, the disorder results
in finger amputation.

Recommendation:
Sclerotherapy and surgical resection, as well as conservative treatments, such as compression, oral aspirin, and
low-molecular-weight heparin, are reported to be effective
depending on the site and size of the lesion and symptoms.
Endovascular laser treatment, percutaneous cryotherapy,
and photodynamic therapy have also been suggested to be
effective.

Strength of recommendation	2 (weak)
Evidence	D (very weak)

Strength of recommendation	2 (weak)
Evidence	D (very weak)

Comments

Comments

As a result of primary screening, 38, 16, and 35 papers
were retrieved from PubMed, Cochrane Library, and JCRM,
respectively. However, during secondary screening, many
reports concerned AV shunts in dialysis patients and AVM
at sites other than the fingers. Eventually, only 10 papers
consisting of 3 case series and 7 case reports remained as
references, and the evidence level is extremely low (D: very
weak).
AVM of the fingers is often difficult to treat, and treatments are likely to be ineffective, particularly, when the
lesion extends from the fingers to the palm. In addition, when
AVM is localized in the fingers, complications are likely to
occur after treatment [72]. It is recommended to conduct
treatment by a team from several departments including the
plastic surgery, vascular surgery, and radiology departments
[73]. 3D-CTA is useful for preoperative examination [74].
Since complete cure is difficult to obtain by embolization
therapy, it is recommended to be performed for alleviation
of symptoms such as pain only in symptomatic areas [75].
In addition, as there is the possibility of re-enlargement after
embolization, it is recommended to periodically follow-up
the condition and repeatedly perform embolization each
time symptoms appear [73]. Surgical resection is necessary
for permanent cure, and total resection is recommended as
there is the possibility of re-enlargement after partial resection [76–78]. Reconstruction is occasionally necessary, but
treatment may end in finger amputation. In this event, preoperative embolization or sclerotherapy is effective [79]. The
present review has fallen short of clarifying situations in
which preoperative embolization is useful in fingers to which
a tourniquet can be applied.

As a result of literature search, 54 reports in English and 4
in Japanese were retrieved by primary screening. Of these
reports, 39 in English and 4 in Japanese were extracted by
secondary screening. Many options were reported as treatments for pain associated with VM, but all these documents
were case series or case reports without comparison of
treatments. Therefore, the evidence level was rated as “very
weak”, and the recommendation level as “weak”.
Pain is one of the major symptoms of VM. It may
respond to conservative treatments that are relatively
easy to manage, such as compression and oral aspirin,
depending on the site and size of the lesion and symptoms. Particularly, when pain is localized, surgery should
also be considered. Relatively novel treatments, such as
endovascular laser therapy, percutaneous cryotherapy, and
photodynamic therapy, have been reported to be effective
for controlling local VM, and they have also been reported
to be effective for the control of pain. Limb lesions accompanied by localized intravascular coagulopathy may be
indications for low-molecular-weight heparin. Reports on
various treatments are mentioned below.
1. Compression
Although there has been no report of comparative evaluation, compression is reportedly effective according to
reviews by specialized medical facilities [80–82].
2. Oral aspirin
The literature is also limited, but the treatment has been
mentioned in reviews [80–82]. Nguyen et al. [83] reported
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that pain was alleviated in 17 (77%) of 22 patients in whom
oral aspirin therapy was initiated for pain.
3. Sclerotherapy
Sclerotherapy has often been performed using ethanol
or polidocanol. The literature concerning other sclerosing
agents is scarce, and their effectiveness remains largely
unclear.
Each sclerosing agent is commented below.
i. Ethanol
Shireman et al. [84] reported remission in 6 of 12 patients,
and Rimon et al. [85] reported alleviation or remission in
14 patients with painful VM (including 8 with lower limb
lesions) except in 4 of those with lower limb lesions. Marrocco-Trischitta et al. [86] reported that pain was resolved
in both (100%) of 2 women with external genital lesions.
Concerning the use of ethanol, Suh et al. [87] reported
alleviation to 50% or less of the pre-treatment state according to a VAS in 12 (71%) of 17 patients who underwent sclerotherapy using its mixture with lipiodol, and Dompmartin
et al. [88] reported 37 patients who underwent sclerotherapy
using its mixture with ethylcellulose. According to Schumacher et al. [89], also, 77 patients underwent sclerotherapy
using ethylcellulose-ethanol in a multicenter study, and significant improvement compared with the pre-treatment state
was observed in all patients.
ii. Polidocanol (including foam sclerotherapy)
Mimura et al. [90] reported remission in 6, alleviation in
4, and no change in 1 of 11 patients with painful VM, and
remission in 12 (41%), alleviation in 14 (48%), no change in
2 (7%), and exacerbation in 1 (3%) of 29 patients in another
study [91]. Cabrera et al. [92] treated 50 patients (including 15 with Klippel–Trenaunay syndrome) using a foamed
sclerosing agent and reported remission in 25 (50%) and
alleviation in 14 (28%). Marrocco-Trischitta et al. [86]
reported resolution of pain in all 3 women with external
genital lesions.
iii. Ethanolamine oleate
Ozaki et al. [93] reported remission in 2 (20%) and alleviation in 8 (80%) of 10 patients.
iv. Sodium tetradecyl sulfate
Krokidis et al. [94] reported alleviation of pain in 4 of 5
women with external genital lesions.
4. Surgical resection

et al. [96] reported alleviation to 50% or less of the pretreatment state by a VAS in 24 (89%) of 27 patients with
background pain and 12 (92%) of 13 patients with acute
episodic pain. In addition, Noel et al. [97] performed surgical resection and compression therapy for VM of the lower
extremities in 20 patients with Klippel–Trenaunay syndrome
and reported disappearance of pain in 18 (90%) (mean follow-up period: 63 months).
5. Endovascular laser therapy
Sidhu et al. [98] and Lu et al. [99] reported alleviation
of pain in all 8 and 51 lesions in 6 and 33 patients, respectively. Liu et al. [100] also reported marked responses in 46
(35%), responses in 84 (63%), and no change in 3 (2%) of
133 patients.
6. Low-molecular-weight heparin
According to Mazoyer et al. [101], only low-molecularweight heparin was effective when VM are complicated by
localized intravascular coagulation, resulting in disappearance of pain.
7. Percutaneous cryotherapy
Cornelis et al. [102, 103] reported remission of pain in a
report of 1 case (observation period: 2 months) and a report
of 4 cases (observation period: 6 months).
8. Photodynamic therapy
Betz et al. [104] reported remission in 2 and alleviation
in 1 of 3 patients.
CQ8: Is laser therapy effective for VM?

Recommendation:
With appropriate selection of the type of laser according
to the site, size, and symptoms of the lesion, laser therapy
can be effective for the treatment of VM. It is recommended
to evaluate whether the net benefit by laser therapy is worth
the cost and resources by comparison with other treatments
such as sclerotherapy and surgical resection.
Strength of recommendation	2 (weak)
Evidence	C (weak)

Enjolras et al. [95] performed surgical resection in 7 of 13
patients with VM involving a wide area including the knee
joint and reported alleviation of pain in 5 (71%). Steiner
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Venous malformation is a lesion that has been called cavernous hemangioma, and it causes pain, functional impairment, and cosmetic defect depending on the affected site.
In addition to conventional resection of the lesion, sclerotherapy has been widely performed in recent years. While
reports of laser therapy for VM have increased, there
have not been prospective studies comparing the results
of laser therapy with those of surgery or sclerotherapy,
among types of laser equipment different in wavelength,
or using the same equipment type but changing the irradiation method or parameter setting. We analyzed 134 papers
extracted by primary screening and 98 papers extracted by
secondary screening. Concerning more than 30 cases, the
answer to the CQ was based primarily on 7 reports summarizing the methods and sites of treatment and benefits
and harms derived from treatment (decrease in size of the
lesion, alleviation of symptoms, complications).
In the facial skin, pigmentation and scar formation after
irradiation can be serious treatment-related complications
compared with unexposed areas. In the airway and digestive tract, the mass effect of the lesion and chronic bleeding
from the lesion can be causes of serious symptoms. Thus,
as the goal to achieve varies with the anatomical site of the
lesion, we reviewed the literature by the anatomical site (the

neurosurgery field was excluded). For this reason, we also
extracted benefits and harms of treatment from the text of the
reports of less than 30 cases. The relevant departments surveyed included ENT, dental and oral surgery, gastrointestinal
surgery, ophthalmology, plastic surgery, and dermatology,
and secondary screening overviewed laser therapy for VM
and vasodilatory lesions.
When a new laser instrument is developed and put into
use, reports of therapeutic results using the equipment are
presented. The types of laser used for treatment varied
widely. The types of laser that have been reported are summarized chronologically in a graph (Fig. 1). While the type
of laser with more reports is not necessarily more effective,
the graph is considered to reflect tendencies of laser types
that are established and gain favorable appraisal or no longer
in use.
Since dye laser used for the treatment of port wine stain
(wavelength: 595 nm) uses hemoglobin as the observer/
heater, photothermal conversion occurs efficiently in the
blood vessel, and the thermal energy reaches endothelial
cells [105]. However, its optical penetration depth is shallow,
being about 1 mm in both the skin and mucosa [105]. However, in Nd:YAG laser with a longer wavelength (1064 nm),
the optical penetration depth is about 3 mm in the skin and
about 6 mm in the mucosa [105]. Although Nd:YAG laser is
advantageous compared with dye laser for the treatment of

Fig. 1  Reports of laser therapy for hemangiomas/vascular malformations (primarily venous) in various periods and types of laser used
 O2; 10 of 11 reports recommend the use for surgical
in the reports. C
resection. Argon; There are 4 reports of mixed treatments for CM and

VM. Nd:YAG; There are 12 reports of its use in combination therapy
with surgery, sclerotherapy, or other lasers. Alexandrite; There is only
1 report summarizing cases treated with alexandrite in combination
therapy with other lasers

Comments
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deep lesions, heat is generated also in perivascular tissues,
because light is converted to heat as it is absorbed by water
contained in the skin and mucosa.
The target of laser treatment for VM is the endothelium
of morbidly dilated blood vessels. There is no light that is
specifically absorbed by endothelial cells and emits heat.
Satisfactory therapeutic results cannot be expected unless
treatment is performed by selecting the laser type and modifying the irradiation method based on the understanding of
such principles and limitations of phototherapy.
Concerning small VM of the mucosa, tongue, lips, and
glans penis, in which scar formation after treatment poses
no serious problem, there are a number of reports [106–108]
that lesions were resolved by treatment using Nd:YAG laser.
There have also been cases in which favorable results were
obtained by treatment of anemia due to gastrointestinal
bleeding [109] and of symptoms, such as airway obstruction, due to the mass effect of the lesion [110]. While transient purpura and swelling after treatment are unavoidable,
they often resolve rapidly [99]. Modifications of the irradiation setting and method are necessary to obtain satisfactory
results and avoid serious complications, such as peroneal
neuropathy [100] and pigmentation and scar formation of
the facial skin [106, 108], and we must learn from the experience of experts.
Nd:YAG laser irradiation by insertion into the lesion
under ultrasound guidance has begun to be performed as a
treatment to avoid damage of important organs and nerves
[98–100], therapeutic experience using this technique has
been accumulated, and detailed records and reports have
been presented. At present, the results have been satisfactory
in terms of safety and efficacy, and standardization of the
procedure is anticipated.
CQ9: Is sclerotherapy effective for VM?

Recommendation:
Sclerotherapy for VM is effective for alleviating symptoms and reducing the size of the lesion and is recommended.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
VM is lesion that used to be called cavernous hemangioma
or intramuscular hemangioma and differ from infantile
hemangioma. VM poses problems, such as pain, swelling,
and functional impairment, and has been treated conventionally by surgical resection. In Western countries, percutaneous sclerotherapy has a long history. In 1989, Yakes et al.

[111] reported ethanol sclerotherapy for VM, and the treatment has since been performed worldwide. Recently, sclerotherapy, which is mildly invasive, permits functional and
morphological preservation, and can be performed repeatedly, is widely used. However, as of 2016, sclerotherapy
is not covered by medical insurance in Japan. In addition,
there has been no randomized controlled trial (RCT) on the
usefulness of sclerotherapy for VM compared with surgery
or placebo.
As a result of secondary screening, 76, 3, and 3 papers
were extracted from PubMed, Cochrane, and JCRM, respectively. They include 3 semi-RCTs, but randomization and
blinding were insufficient, and their quality as an RCT
was low. Also, the theme evaluated by all these RCTs was
“comparison of sclerosing agents in sclerotherapy”, and
none compared sclerotherapy with other treatments. Therefore, control groups related to this CQ were not established,
and their contribution as a whole is weak. The other literature was all case reports or case series, and the evidence
level is D (very weak). As mentioned above, while the evidence level is low, most of the studies reported alleviation
of symptoms and regression of lesions in a high percentage (70–90%) of the patients, suggesting the usefulness of
sclerotherapy.
The sclerosing agents used included absolute ethanol,
polidocanol, ethanolamine oleate, sodium tetradecyl sulfate
(STS), and bleomycin. Polidocanol is approved as a sclerosing agent for lower limb varices and esophageal varices, and
ethanolamine oleate as a sclerosing agent for esophageal
varices. STS is not marketed in Japan. Each sclerosing agent
has characteristic complications. Recently, injection of polidocanol, STS, as a foam by mixing with CO2 or air has been
increasingly performed. Sclerotherapy using ethanol is often
performed under general anesthesia, but sclerotherapy using
polidocanol or ethanolamine oleate can be performed under
local anesthesia.
Three RCTs have been reported as studies that evaluated
differences in therapeutic effect according to the sclerosing
agent. However, randomization and blinding are insufficient,
and their quality as an RCT is low. In addition, the theme
evaluated in these RCTs was “comparison of sclerosing
agents in sclerotherapy” rather than comparison with other
treatments.
Although the evidence level is low, there have been a
few case series that reported the usefulness of sclerotherapy,
and a wide variety of sclerosing agents including ethanol,
polidocanol, ethanolamine oleate, STS, and bleomycin
were used. Among studies with a relatively large number of
patients, there is a report [112] that sclerotherapy using ethanol in 87 patients with craniofacial VM resulted in a ≥ 75%
decrease in size in 23 (32%) and a 25–75% decrease in size
in 37 (52%). The results of sclerotherapy using polidocanol
in 50 patients with VM were excellent in 19, good in 16,
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moderate improvement in 13, and unchanged or worse in
2 [92]. The results of sclerotherapy using ethanolamine
oleate performed in 83 patients, who were mostly children,
were complete remission of symptoms in 79 lesions and significant alleviation in 6 lesions [113]. Sclerotherapy using
STS resulted in subjective improvements in 174 (85.3%) of
204 patients [114]. The results of sclerotherapy using bleomycin were complete cure in 185 of 260 patients, marked
improvement in 44, and some improvement or no change in
31 [115]. In addition, regarding the size of the lesion, a very
satisfactory decrease was achieved in 104, and a satisfactory
decrease was achieved in 10, of 120 patients [116].
Papers that evaluated the types of VM that are likely to
respond to sclerotherapy include those by Goyal et al. [117],
Yun et al. [118], Mimura et al. [91], Rautio et al. [119], Lee
et al. [112], Yamaki et al. [120], and Nagao et al. [121] Types
of lesions that were likely to be sclerosed were reported to
be well-defined small (≤ 5 cm) lesions by Goyal et al. [117],
females, lesions showing no or delayed delineation of the
draining vein, and lesions well-defined on MRI by Yun et al.
[118], small lesions, well-defined lesions, and lesions that
show prolonged drug retention by Mimura et al. [91], localized lesions by Lee et al. [112] and Yamaki et al. [120],
and slow flow type lesions by Nagao et al. [121] Nomura
et al. [122] evaluated the therapeutic effect according to the
degrees of functional and gross improvements and reported
that the therapeutic effect was greater in head and neck
and trunk lesions than in the upper or lower limb lesions.
Moreover, Rautio et al. [119] reported that the treatmentrelated improvement in the quality of life was higher when
the lesion did not involve the muscle or was ≤ 5 cm in size.
Various complications ranging from mild complications,
such as transient neuropathy and local inflammation, to serious ones, such as myopathy, skin necrosis, and deep venous
thrombosis/pulmonary embolism, have been reported. In
sclerotherapy using ethanol or polidocanol, particularly serious life-threatening complications have been reported. Qiu
et al. [123] reviewed the literature concerning sclerotherapy
for VM and reported that shock and pulmonary embolism
occurred in 0.19% each of 522 patients who underwent sclerotherapy using ethanol and that ethanol was used at 1 mL/
kg in those who developed shock. They also reported that a
decrease in blood pressure/bradycardia was noted in 0.61%
of 163 patients who underwent sclerotherapy using polidocanol but that its differentiation from vagus nerve reflex
was clinically difficult. Wong et al. [124] reported a case of
shock after sclerotherapy using 0.86 g/kg ethanol but could
be saved. Tachibana et al. [125] reported that 2 patients
(1.1%) developed pulmonary embolism and that the amounts
of ethanol used were 0.71 and 0.16 mL/kg. Concerning sclerotherapy using polidocanol, also, cardiac arrest in children
has been reported by authors including Marrocco-Trischitta
et al. [126] and Shimo et al. [127], who used 4 mL of 1%

polidocanol (body weight: 20 kg) and 10 mL of 3% polidocanol (15.6 kg), respectively.
In conclusion, sclerotherapy is generally considered
effective for VM, but its problems are that the evidence level
is low and that the procedure has not been standardized. In
addition, serious complications that are rare but life-threatening have been reported, and caution is needed in deciding
the dose of the sclerosing agent.
CQ10: Are clotting abnormalities due to VM an
indication for radiotherapy?

Recommendation:
Radiotherapy should not be performed without careful
evaluation because malignant neoplasm, growth disorders, and functional impairment have been reported as late
complications.
Many reports included both VM and vascular tumors in
the subjects, which make it difficult to assess the therapeutic
effects of radiotherapy.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
As a result of primary screening, 6 and 2 documents were
retrieved from PubMed and JCRM. However, as a result of
secondary screening, liver hemangioma was excluded, and
10 papers including the references from the previous guideline were reviewed. The reviewed papers were case series
or case reports, and the evidence level of the literature as a
whole is D “very weak”.
While there have been reports that radiotherapy was performed for the treatment of vascular tumors and vascular
malformations, it is difficult to judge whether the treatment
was performed by determining the disorders.
According to many reports [128–132], radiotherapy has
been performed to treat Kasabach–Merritt phenomenon.
However, while there is no mention about Kasabach–Merritt
phenomenon, there is a report [133] of 5 cases in which giant
hemangiomas accompanied by clotting disorders, thrombocytopenia, heart failure, and bleeding were controlled by
multidisciplinary treatment including radiotherapy.
Vascular tumors that cause Kasabach–Merritt phenomenon are considered to be kaposiform hemangioendothelioma or tufted angioma rather than infantile hemangioma
[134]. Because VM and infantile hemangiomas are included
in other vascular tumors in the lesions described in these
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reports, they are not considered to be indications of radiotherapy for VM or infantile hemangiomas.
Schild et al. [128] reported 13 cases of symptomatic
hemangioma (11 of which were pathologically diagnosed
as cavernous hemangioma, but as the report is old, vascular
tumors and vascular malformations were not distinguished
and were probably included). Radiotherapy at 6.25–40 Gy
was carried out in these 13 cases. The lesions were located
in the limbs in 5, face in 2, vertebral bodies in 3, pituitary
fossa in 1, sacrum in 1, and bladder in 1. Note that organs
that should be excluded in this CQ were included.
Of these patients, 2 (1 each with a limb and facial lesion)
exhibited Kasabach–Merritt phenomenon and showed normalization of clotting disorder (evaluated according to the
platelet count and fibrinogen level) after treatment. However,
they were aged 3 years and 5 months, and the lesions may
not have been VM.
When the subjects were limited to patients with limb
or facial lesions, CR was observed in 2, PR in 4, and no
response in 1 in terms of decrease in the lesion size, and CR
was observed in 4, PR in 1, and no response in 2 in terms of
the control of symptoms.
A serious treatment-related complication, which was
unilateral visual impairment, was noted in 1 (14 Gy/8 fr)
[128]. These problems have been recognized as late complications of radiotherapy for vascular tumors or vascular
malformations; malignant neoplasms, such as breast cancer
[135], thyroid cancer [136], and vascular sarcoma [137],
visual impairment mentioned above [128], shortening of the
lower limb, and restriction of the joint motion range [131].
According to Coldwell et al. [137], late complications
of radiotherapy for hemangiomas in infancy include bruise
and Stewart–Treves syndrome after the patients reach adulthood. Angiosarcoma is also observed. They reported that
the median survival period was 24 months, and the 5-year
survival rate was about 10%, in those who developed
angiosarcoma.
As observed above, the diagnosis was not confirmed in
the reports that have suggested the effectiveness of radiotherapy, and its indications have not been specified. In addition, there have been a considerable number of reports of
late complications due to radiotherapy. Thus radiotherapy
should not be performed without careful evaluation.
CQ11: Is there difference in the effectiveness of
dye laser treatment for CM
according to the site of the body?

Recommendation:
Dye laser treatment for CM is likely more effective in
the face and neck region compared with other sites, and it

is more likely to cause complications such as pigmentation
in the limbs.
Strength of recommendation	2 (weak)
Evidence	C (weak)
Comments
As a result of literature searches, 176 papers consisting of
139 from PubMed and 37 from JCRM were extracted. They
included a few reports that were allegedly RCTs but were not
actual RCTs. Therefore, a total of 26 papers consisting of 15
from PubMed and 11 from JCRM including case series with
a large number (≥ 100) of relevant cases were selected by
secondary screening. In addition, a total of 17 papers were
adopted as references for the comments in the guidelines by
adding 3 papers in English extracted by manual search to 6
from PubMed and 8 from JCRM considered to be relevant or
closely related to the CQ among those selected by secondary
screening. Since there was no RCT, the evidence as a whole
was rated as C (weak).
Concerning the effect of dye laser treatment for CM, most
of the reports were about the effects for hemangioma simplex or port-wine hemangioma in Japan and port-wine stain
abroad.
There have been a few papers [138–152] that evaluated
the therapeutic results of dye laser treatment according to
the site in a small to relatively large number of patients.
The laser equipment used varies from early dye laser to
pulsed dye laser with adjustable pulse duration with a cooling system, and reports limited to variable-pulse pulsed-dye
laser with a cooling system, which is widely used today, are
extremely few.
According to many reports [138–149], the response rate
is higher in the face and neck region than in the trunk and
limbs. In the face, it has been reported that the response
rate is higher in the palpebral, forehead and temporal, and
lateral buccal regions but is significantly lower in the territory of the 2nd division of the trigeminal nerve (dermatome
V2), and that the number of irradiations tends to increase
in the midline region, frequently resulting in persistence of
redness [150]. There is a report [151] that the response rate
did not differ significantly among regions in the lower limb.
While the number of patients was small, it has been reported
that treatment of the foot involves stronger pain but was less
effective than in the face but that the degree of patient satisfaction was relatively high [152].
The incidence of complications of dye laser (bleb formation, depigmentation, pigmentation, scar formation) is
reported to be low, being 1.7% in adults, 0.6% in children,
and about 1.4% in all patients even when all sites of the body
are included, and no significant difference has been reported
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in the age at the beginning of treatment, Fitzpatrick skin
type [153], site, number of treatments, or irradiation energy
between those who developed complications and those who
did not, but complications may occur more frequently in
the lower limbs [154]. Moreover, there is a report [152] that
complications, such as pigmentation, depigmentation, and
atrophic scar, were observed more frequently in the lower
limbs.
CQ12: Do CM recur after dye laser treatment?

Recommendation:
Although the effectiveness of dye laser treatment for capillary malformations is established, the recurrence rate may
increase with time after treatment.
Strength of recommendation	2 (weak)
Evidence	C (weak)

by dye laser irradiation in vessels ≤ 2–16 μm in diameter
[160]. While there is a report [161] that genes affected by
dye laser therapy early after treatment were identified, further evaluation is necessary to clarify their relationships with
the recurrence.
Concerning the prevention of recurrence, there is a
report [162] that the recurrence-free period was long in the
patients treated with a variable-pulse pulsed-dye laser with
a cooling system (wavelength: 595 nm), which is widely
used today, and they were treated within 6 months after
birth. In addition, there have been reports of animal experiments using Rapamycin, which inhibits angiogenesis after
laser irradiation [159, 163], and of prospective RCT using
imiquimod [164, 165], and these treatments were considered effective for the prevention of recurrence. However,
careful evaluation by large-scale investigations, including
the assessment of the safety concerning drugs, is considered
necessary.
CQ13: Is dye laser irradiation for CM more

Comments

effective as it is initiated at a younger age?

As a result of literature searches, a total of 211 papers consisting of 149 from PubMed, 53 from Cochrane, and 9 from
JCRM were retrieved. They did not include RCTs, and a
total of 30 papers consisting of 23 from PubMed and 7 from
Cochrane, which were mostly case reports and case series
studies, were extracted by secondary screening. In addition,
a total of 10 papers that were relevant and closely related to
the CQ (including 8 case series) consisting of 7 from PubMed, 2 from Cochrane, and 1 in English retrieved by manual
search were adopted as references for the guidelines. Since
there was no RCT, the strength of evidence of the group of
literature concerning this CQ is C “weak”.
Concerning papers that referred to “whether CM recur
after dye laser treatment”, there are 4 retrospective studies
[155–158] after treatment by pulsed dye laser (wavelength:
585 nm) with a cooling system, and the recurrence rate was
15.9–35%. Also, there is a report [155] that the recurrence
rate increased with time after treatment and was 3.1% after
1 year, 20.8% after 2 years, 40% after 3 years, and 50% after
4 years. Therefore, it is necessary to treat CM with the recurrence after dye laser treatment in mind.
It is difficult to strictly distinguish whether the recurrence
is generation of new dilated vessels after laser therapy or it
is regeneration of blood vessels damaged due to treatment
or re-proliferation of remaining vessels. However, there have
been reports that, in an experiment using mice, angiogenesis
occurred in the process of wound healing at the site of irradiation in early recurrence [159] and that, in an experiment
using hamsters, complete treatment was difficult, and morbid
vessels persisted, because coagulation was difficult to induce

Recommendation:
Laser therapy before the age of 1 year may be effective,
and the earliest possible initiation of treatment is recommended as an option.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
Concerning the timing of treatment for CM, there is the
opinion that early initiation of treatment is recommended,
because, in young children, the skin is thinner, so the depth
of penetration is larger, the vascular wall is also immature,
cure after laser irradiation is better, pigmentation is less,
and the irradiation area is small, so the treatment efficiency
is higher. However, there is still controversy. As a result of
secondary screening of past reports, 6 and 1 were extracted
from PubMed and JCRM, respectively. While the papers
selected by these screening procedures include 2 papers on
prospective studies as described below, their conclusions differed, and the evidence level is considered to decline when
these references are reviewed together.
Oguri et al. [138] performed a non-randomized controlled
trial by dividing children into those aged 0–12 months,
13–24 months, and 25–36 months and observed significant
differences in the response rate combining ‘markedly effective’ and ‘effective’ among the groups. They also compared
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the response rate according to the age in months at the
beginning of treatment in the 0-year-old group and reported
that the response rate was higher as the treatment was initiated earlier. Furthermore, Nguyen et al. [166] divided
their patients into those aged less than 1 year, those aged
1–6 years, and those aged 6 or more years and investigated
the correlation between treatment response and age. They
reported that those aged less than 1 year and lesions with
a size of less than 20 cm2 located in the center of the face
showed the best treatment response.
Among reports suggesting no difference in the therapeutic
effect according to the age at the beginning of treatment, van
der Horst et al. [167] studied 100 patients with untreated CM
of the head and neck region prospectively and concluded
from the results of colorimetry and clinical evaluation that
there was no significant difference in the therapeutic effect of
pulsed dye laser among the 4 groups in which the treatment
was started at the age of 0–5, 6–11, 12–17, and 18–31 years.
In the retrospective study of Katugampola et al. [140], also,
comparison of 4 groups in which treatment was started at
the age of 0–5, 6–12, 13–50, and 50 + years showed no significant difference in the therapeutic effect.
Among the above reports, those did not affirm the usefulness of early laser treatment were relatively old. Also,
reports of Oguri et al. [138] and Nguyen et al. [166] indicated laser therapy may be more effective in those aged less
than 1 year. In addition, the effectiveness of laser clearly
declines when the lesion is elevated or thickens with time.
In consideration of “benefits” of early laser treatment and
“harms”, which include the occasional necessity of general
anesthesia for laser treatment around the eye in small children, the recommendation level was rated as 2D based on the
consensus of this guidelines drafting committee.
CQ14: Is propranolol safe and effective for
infantile hemangiomas?

Recommendation:
If administered under careful monitoring, oral propranolol therapy may be the first choice for the treatment of infantile hemangioma.
Strength of recommendation	1 (strong)
Evidence	A (strong)
Comments
(1) Effectiveness: There was the serendipity that regression
of hemangioma was induced in a child under steroid therapy
with a giant infantile hemangioma by propranolol administered for obstructive hypertrophic cardiomyopathy in 2008

[168]. Based on this report, oral propranolol therapy began
to be used for the treatment of infantile hemangioma, and its
high efficacy against alarming hemangioma/life-threatening
hemangioma in the proliferating phase and in patients with
cosmetic problems, such as giant lesions in the face, those
with ulcerated and hemorrhagic lesions, and those who may
develop functional impairment, has been demonstrated,
resulting in its use (Hemangiol®, Pierre Fabre Dermatologie,
Boulogne, France) as the first choice in Western countries.
In addition, its effectiveness for the treatment of hemangiomas after the proliferating phase was also described. Moreover, a group of physicians used propranolol earlier due to
cosmetic significance and at the request of the family even
in cases of small or localized lesions, and it is also effective
in such cases.
A total of 131 papers consisting of 25 from JCRM, 106
from PubMed, and 0 from Cochrane Library were extracted
as related to the CQ, “Is propranolol safe and effective for
infantile hemangioma?”, and they were subjected to primary
and secondary screenings with reduction of hemangioma
(effectiveness of propranolol) and treatment-related complications (adverse effects) as outcomes. Twenty-six papers
[169–194], most of which were RCTs or observational studies, were adopted.
For example, Hogeling et al. [180] administered placebo
or propranolol at 2 mg/kg/day for 6 months with randomization to 40 patients aged 9 weeks–5 years with infantile
hemangiomas in the face or sites with the potential for disfigurement. They reported significant improvements in size,
redness, and elevation in the propranolol group. Elevated
lesions disappeared in 4 of the 19 patients in the propranolol
group but none of the 18 patients in the placebo group. As
for adverse events, the trial was interrupted in 1 patient due
to upper respiratory tract infection, and conditions including bronchiolitis, gastroenteritis, streptococcal infection,
cool extremities, dental caries, and sleep disturbance were
observed.
Zaher et al. [181] observed 45 patients by randomly
dividing them into 15 each treated by oral administration,
topical application, and intralesional injection of propranolol. Responses were observed in 60% in the oral group, 20%
in the topical ointment group, and 13.3% in the injection
group. No major adverse events were noted, and the trial
was discontinued in 1 in the oral group and 3 in the injection
group due to inconvenience or pain of the treatment.
Malik et al. [182] randomly allotted 30 patients aged
1 week–8 months to propranolol alone, prednisolone alone,
or both propranolol and prednisolone. They found that the
mean initial response times were lower in the propranolol
group than in the prednisolone group but that there was no
clear difference between the propranolol + prednisolone
group and propranolol alone group. All 10 patients in the
propranolol group and 9 patients in the corticosteroid group
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responded to the 3-month treatment. However, adverse
events were observed in 2 of the 10 patients in the propranolol group (asymptomatic hypoglycemia, insomnia) and 9 of
the 10 patients in the steroid group (cushingoid appearance,
gastrointestinal upset), and were more frequently in the latter group.
Bauman et al. [183] performed a phase 2, investigator-blinded, multi-center RCT in 44 patients aged
2 weeks-6 months. Propranolol or prednisolone (2 mg/kg/
day) was administered orally until halted due to toxic effects
or clinical response. During 4-months treatment, no significant difference was observed between the two groups, for
example, with regression of 5 of the 6 tumors in the corticosteroid group and 9 of the 10 tumors in the propranolol
group. For long-term analyses, the effect of prednisolone
appeared earlier. While the incidence of adverse events as a
whole did not differ between the two groups, severe adverse
events were observed in 1 of the 11 patients in the propranolol group but 5 of the 7 patients in the prednisolone group,
being significantly more frequently in the latter group.
Léauté-Labrèze et al. [184] carried out an RCT in patients
aged less than 4 months by comparing 7 administered and 7
not administered propranolol. Since color changes and softening were observed within 24 h, and the thickness and size
of the lesions decreased within 4 weeks in the propranolol
group, the treatment was considered useful for the prevention of scarring. No serious adverse effect was observed
except asymptomatic mild decreases in heart rate and diastolic blood pressure.
There have also been comparisons between atenolol
and propranolol and between laser and laser plus topical propranolol [185, 186]. In 2015, the largest RCT was
published in the New England Journal of Medicine, also
reporting that propranolol was significantly effective for
hemangioma compared with placebo [187]. Hemangioma
showed complete or nearly complete resolution after
6-month treatment in 2 (4%) of 55 patients in the placebo
group and 61 (60%) of 101 patients in the 3 mg/kg/day
propranolol group.
Furthermore, there have also been a few systematic
reviews and meta-analyses primarily of observational
studies. Menezes et al. [188] reviewed 49 English papers
published between June 2008 and September 2010, and
summarized 6 studies with 10 or more patients administered propranolol (totally 154 patients). Propranolol was
administered to infants with a mean age of 4.5 months at
a dose of 2 mg/kg/day in 65% and 3 mg/kg/day in 25.3%.
Two-thirds of the patients were treated with propranolol
alone. Recurrence was observed in 21% after treatment
for a mean of 4.3 months, and adverse events including
hypotension, somnolence, wheezing, insomnia, agitation,
nightmare, cool hands, night sweat, gastroesophageal
reflux disease, and psoriasiform rash appeared in 18.1%.

Marqueling et al. [189] reviewed the therapeutic results
in 1264 patients (including 806 girls) in 41 reports published from 2008 to 2012 retrieved from Medline and
Cochrane database. The treatment was initiated at a mean
age of 6.6 months at 2.1 mg/kg/day and continued for a
mean of 6.4 months. The overall response rate was 98%,
and the treatment was also effective in clinically problematic areas such as the face (100%), airway (100%), periorbital (98%), head and neck region (97%), and parotid
gland (82%). However, recurrence was observed in 17%
after treatment. Adverse effects were noted in 371 of 1189
patients. Changes in sleep (136 patients) and acrocyanosis
(61) were the most frequent among them, and hypotension
was observed in 44, bradycardia in 9, and hypoglycemia
in 4 as serious complications. In conclusion, the grade
of recommendation was 1, quality of evidence is A, and
propranolol was recommended as the first-line drug for
complicated infantile hemangiomas. Regarding adverse
effects, the grade of recommendation was 1, quality of
evidence was A or B. while serious adverse effects may be
observed, their frequency is low, and they can be usually
avoided by proper monitoring at initiation of treatment.
Xu et al. [190], on the other hand, evaluated volume
changes, improvement in overall appearance, visual function, and adverse effects using 15 online databases. The
data of 419 cases were analyzed, but meta-analysis was not
performed because of the wide differences among studies.
Some studies showed superiority of propranolol compared
with corticosteroid in reducing volume and improving the
overall appearance. No marked difference was noted in
adverse effects or visual function.
In addition, in meta-analysis of 16 studies (2629 cases)
and 25 studies (795) published in 1965–2012, 69% of the
patients responded to 12-month corticosteroid therapy, but
the response rate to propranolol was 97% with a significant
difference [191].
In periorbital hemangiomas, the response rate to propranolol was found to be significantly higher than that to
corticosteroid by meta-analysis of papers published before
2013 [192], and propranolol showed the strongest effect
against airway hemangiomas compared with steroid, CO2
laser, and vincristine on meta-analysis [193, 194].
From these observations, we concluded that propranolol was significantly more effective than placebo and to be
similarly effective compared with corticosteroid. Concerning
the safety, propranolol is considered to have significantly
fewer adverse effects than corticosteroid. Since there have
been several RCTs and systematic reviews or meta-analyses
directly related to this CQ, the evidence level is considered
to be extremely high.
(2) Meta-analysis: Regarding the effectiveness and
adverse effects of propranolol, a large number of systematic
reviews and meta-analyses based on observational studies
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are already present in the above 26 papers. We, therefore,
used only 4 reports [180, 182, 183, 187] on interventional
studies for meta-analysis.
As a result of meta-analysis, regarding “tumor reduction”, it was found that propranolol had significantly stronger
reducing effects than placebo and that it had a stronger
reducing effect, which, however, was not significant, compared with corticosteroid. Concerning “complications”,
propranolol was compared with steroid and was shown
by 2 RCTs to have significantly fewer adverse events than
corticosteroid. Since this meta-analysis found significantly
stronger reducing effect of propranolol compared with placebo and in fewer complications compared with steroid, and
since our results were similar to those of systematic reviews
of many existing observational studies considered to have
high-quality evidence, we considered that there was a major
tendency in this CQ and judged the evidence level as A.
(3) Estimated action mechanism: Beta blockers have a
wide range of actions on the blood vessels and vascular
endothelium, and have diverse actions on cell proliferation and vascular remodeling. Thus, the action mechanism
of propranolol on infantile hemangiomas is still unclear.
In vascular endothelial cells, propranolol is considered to
induce vascular contraction by suppressing NO production,
inhibit renin production, control angiogenesis by regulating
the expression of VEGF∙bFGF∙MMP2/MMP9, and induce
apoptosis, but it may also affect pericytes and hemangioma
stem cells [195–197].
(4) Adverse events associated with propranolol in children
In conducting propranolol therapy, it is necessary to have
knowledge about possible adverse effects, their symptoms,
and their management. In addition, as there are also preventive measures for, and points of attention about, adverse
effects and the timing for discontinuation of propranolol,
sufficient explanation to the patients and their families is
essential.
Adverse events that have been reported include sleep
disorders, peripheral cyanosis, hypotension (symptomatic,
asymptomatic), bradycardia (symptomatic, asymptomatic),
hypoglycemia, respiratory disorders, gastrointestinal disorders, and mental disorders. Severe cases that require interruption of treatment are few, but particular caution is needed
regarding the following points [189, 196–200].

examinations, hypotension, and bradycardia may occur
during treatment. In such cases, interruption of the
administration is necessary.
(c) Propranolol is contraindicated for bronchial asthma as
it causes bronchial contraction due to its β2-blocking
action. Caution is also necessary in patients who have
been suspected to have bronchial asthma.

(a) Since there is the risk of hypoglycemia, the patient
should be fed before and after propranolol administration. If the patient cannot be fed, or is vomiting, for
some reason, the administration should be suspended.
(b) Since propranolol has cardiovascular adverse effects,
such as hypotension and bradycardia, interviewing
for the past history and familial history, examination,
and electrocardiography are recommended before
treatment. Even if no abnormality is noted on these

4. Laser therapy

CQ15: What treatments are effective for ulcer
formation in infantile hemangioma?

1. Propranolol
Recommendation:
The administration of propranolol is recommended for
ulcer formation.
Strength of recommendation	2 (weak)
Evidence	C (weak)
2. Topical administration of antibiotics
Recommendation:
Topical and systemic administration of antibiotics is recommended for ulcer formation.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
3. Dressings
Recommendation:
The use of dressings is recommended for ulcer formation.
Strength of recommendation	2 (weak)
Evidence	D (very weak)

Recommendation:
Although laser therapy may be effective in some patients
with ulcer formation, the evidence is not considered sufficient at present.
Strength of recommendation	2 (weak)
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Evidence	D (very weak)
5. Systemic administration of steroid
Recommendation:
Systemic administration of steroid is recommended not
to be performed for ulcer formation.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
6. Platelet-derived growth factor preparations
Recommendation:
The accumulation of cases is insufficient for the judgment of the recommendability of the use of platelet-derived
growth factor preparations for ulcer formation.
Strength of recommendation	No recommendation
Evidence	D (very weak)

(6%), and severe in 4 (2%). Severe bleeding occurred in 3
lesions in the limbs and 1 lesion in the face, and bleeding
occurred in 2 cases at home. Two cases required blood transfusion by hospitalization, because they showed symptoms
due to serious bleeding. Of the ulcerated hemangiomas, 67
(35%) were in the proliferating phase.
Ulcerated hemangiomas required treatment (odds ratio
(OR) = 6.86, 95% CI = 3.70–12.71, p < 0.0001), and nonulcerated hemangiomas were observed (OR = 19.01, 95%
CI = 11.23–28.88, p < 0.0001). Ulcerated hemangiomas
tended to be treated by conventional wound care and pulsed
dye lase (OR = 2.03, 95% CI = 1.19–3.46, p < 0.0091), and
non-ulcerated hemangiomas were treated by topical glucocorticoid administration (OR = 2.57, 95% CI = 1.49–4.43,
p < 0.0007) and surgical resection (OR = 2.04, 95%
CI = 1.08–3.86, p < 0.0286).
However, propranolol has recently been suggested to be
effective regardless of the presence or absence of ulcer formation, and as it has few adverse effects, it is expected to
become the first choice treatment in the future.
[Treatments]

Comments

1. Oral propranolol

Concerning this CQ, 42 papers in Japanese and 156 in English were retrieved. As a result of their primary screening,
47 papers were submitted to secondary screening for this
CQ. None of them were about studies with a high level of
evidence, such as RCT, and they were all retrospective studies, case series, or case reports.
As a result, 15 papers in English were adopted, and the
evidence level was C for propranolol alone, because of the
presence of a prospective controlled trial, but D for other
treatments, because the related papers were case reports or
case series.
According to cross-sectional analysis in a multicenter prospective cohort study in 1096 cases of infantile hemangioma
by Chamlin et al. [201], it was complicated by ulcer, which
was or was not bleeding, in 173 (15.8%), the median age of
the patients was 4.0 months (SD = 8.5, mean = 6.6 months),
and the age at the first examination was significantly lower in
patients with ulcerated hemangioma (median = 3.5 months,
mean = 3.98 months) than in those with non-ulcerated
hemangioma.
By the site, ulcer formation was observed in 21 (30%) of
71 patients in the lower lip, 25 (25%) of 100 patients in the
neck, and 46 (50%) of 93 patients in the perianal/perigenital
area, and the frequency was statistically lowest in the upper
eyelid (p = 0.0140).
Ulcer formation was observed more frequently in mixed
or segmental hemangiomas. Bleeding was noted in 78
lesions (41%) and was mild in 56 (29%), moderate in 11

Hermans et al. [172] treated 20 previously treated patients
with ulcerated infantile hemangioma using propranolol and
compared them with 36 patients treated without propranolol.
The administration was initiated by hospitalization, and the
dose was increased from 0.7–1.0 to 2.0–2.5 mg/kg/day in
3 divided doses at an interval of at least 3 days. The blood
pressure, heart rate, and blood sugar level were monitored
during the initial administration period, and the administration was continued on an outpatient basis until the age
of 1 year. The mean age at the beginning of propranolol
administration was 3.5 months, and the mean duration of
administration was 9.1 months. Not only the color and elevation of the lesion but also pain was reduced from early
after the beginning of administration. The administration
was concluded before the age of 1 year in 19 patients, and
no recurrence of ulcer was noted in any of these patients
except that some reactivation (enlargement) of hemangioma
was observed after the discontinuation in 4 of these patients.
The mean time until complete cure of ulcer was
8.7 weeks, and those in whom the administration was initiated later (> 3.5 months) tended to require a longer time until
cure than those in whom the administration was initiated
earlier (p = 0.025). Also, analysis using the t test showed
a significant difference in the time until disappearance of
the tumor, which was 8.7 and 22.4 weeks (t = 2.6, df = 38,
p = 0.012, 95% CI = 3.2-24.2) in the treated and control
groups, respectively. Temporary sleepiness/malaise was
observed in 6 patients, irritable before falling asleep in 2
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patients, coldness of the limbs in 6 patients, anorexia in 2
patients, and gastrointestinal disorders (diarrhea, vomiting)
in 1 patient, but no adverse event was noted in 9 patients.
Vercellino et al. [202], who started the administration at
1 mg/kg/day and increased to 2 mg/kg/day, and Sadykov
et al. [203], who started the administration at 2 mg/kg/day,
also reported that propranolol was effective.
2. Topical and/or systemic administration of antibiotics
Kim et al. [204] topically administered antibiotics in 40
patients with ulcerated hemangioma and reported that the
results were better in 37 patients (92.5%), worse in none,
and no change in 3 patients (7.5%). They also systemically
administered antibiotics in 26 patients and reported that the
results were better in 24 patients (92.3%), worse in 2 patients
(7.7%), and no change in 0 patient.
Wananukul et al. [205] topically and/or systemically
administered antibiotics in 41 patients with ulcerated hemangioma and reported improvement in 19 patients (46%).
Pandey et al. [206] treated 608 patients showing ulcer
formation with an ointment containing an antibiotic (mupirocin, sodium fusidate, sisomicin, or metronidazole) combined with systemic administration of an antibiotic (amoxiclav at 20–40 mg/kg/day) in those with ulcers with an area
of > 10 cm2 and examined the effectiveness of treatment
according to the time until cure. The time until cure was
32.63 ± 13.06 days in superficial lesions, 42.89 ± 19.89 days
in mixed lesions, and 57.03 ± 16.12 days in extensive
lesions, with a mean of 40.09 ± 19.41 days in all lesions
combined, showing significant differences among the 3
groups (p < 0.05). They also reported that the time until cure
was significantly longer in larger (> 10 cm2) than smaller
ulcers (p < 0.05).
3. Dressings
Kim et al. [204] treated 25 patients using dressings and
reported that the results were better in 23 patients (92%),
and no change in 2 patients (8%). Oranje et al. [207] applied
polyurethane film and reported rapid relief of pain and cure
of ulcer in 1–2 months. In addition, Bauland et al. [208]
treated 41 patients using a non-adhering dressing containing
an antibiotic and reported that the results were good in 26
patients (63.4%), moderate in 5 patients (12.2%), and little
change in 10 patients (24.4%).
4. Laser therapy
In the 1980–1990s, there were reports [209, 210] of
argon, Nd YAG, and KTP, but recent reports [211, 212]
are primarily about treatment using dye laser. Morelli et al.

[209] treated 37 patients with ulcerated hemangioma by dye
laser irradiation (SPTL1b® (Candela Corporation, Wyland,
MA, USA), wavelength: 585 nm, spot size: 5–7 mm, irradiation power: 5–6.8 J/cm 2, pulse width: 0.45 ms) and
reported that the number of irradiations until cure was 1
in 26 patients (68%) and 2 in 8 patients (21%) and that the
mean period from the first treatment until cure of ulcer
was 2.84 ± 0.22 weeks. Lacour et al. [210] irradiated 8
patients with ulcerated hemangioma that resisted conventional treatments using the same equipment and reported
acceleration of cure. David et al. [211] performed dye laser
irradiation (PhotoGenica V® (Cynosure, Westford, MA,
USA), wavelength: 585 nm, spot size: 5–7 mm, irradiation
power: 5–6.8 J/cm2, pulse width: 0.3–0.5 ms) in 78 patients
and reported the effectiveness of laser therapy alone in 72
(92.3%). Also, Michel [212] performed 1 or 2 irradiations
using Dermobeam 2000® (Deka MELA, Calenzano, Italy)
with a cooling system 595 nm (2 pulsed irradiations with
a 10% overlap, spot size: 7 mm, irradiation power: 4–8 J/
cm2) and reported resolution of pain in 10 of the 12 patients.
Moreover, Di Maio et al. [213] performed laser treatment
in 65 patients with hemangioma with ulcer and reported
that the effect was excellent and that no clear adverse events
were observed, because scarring, which was noted in a few
patients, did not differ markedly compared with scarring that
occurs after conventional treatments.
However, Kim et al. [204] treated 22 patients with pulsed
dye laser and reported that the results were better in 11
patients (50%), worse in 1 patient (4.5%), and no change in
4 patients (18.2%), but warned that 5 patients in the proliferating phase showed ulcer formation after irradiation.
As observed above, although there have been several
reports of the effectiveness of laser therapy against ulcer
as factors of “benefit”, many reports are relatively old and
lack controls, and the evidence is not considered sufficient.
Further accumulation of cases is necessary. Laser may be
effective in limited patients, but as there is the risk of ulcer
formation as an adverse effect of laser irradiation of infantile non-ulcerated hemangioma, greater caution is needed in
treating already ulcerated lesions.
5. Steroids
There have been few reports on steroid therapy focusing
on ulcer. Kim et al. [204] treated 7 patients by local steroid injections and reported that the results were better in 4
patients (57.1%), worse in 1 patient (14.3%), and no change
in 1 patient (14.3%). They also systemically administered
steroid to 22 patients and reported that the results were better in 16 patients (72.7%), worse in 1 patient (4.5%), and no
change in 5 patients (22.7%). Based on these results, they
considered that the treatment was effective for reducing the
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lesion size, and there are few other reports suggesting the
effectiveness of steroid. Considering that the patients are
infants and that there are other treatment options, steroid
cannot be recommended at present.
6. Topical preparations of recombinant human plateletderived growth factor
0.01% becaplermin (Regranex® (Ortho-McNeil Pharmaceutical, Raritan, NJ, USA)) is a preparation for diabetic foot
ulcer approved by the FDA in 1997. Sugarman et al. [214]
and Metz et al. [215] reported its effectiveness for the treatment of ulcerated hemangioma in 1 and 8 patients, respectively, but its effectiveness cannot be appraised at present
because of the small number of cases.
CQ16: Is intralesional corticosteroid injection
more effective than systemic administration for
infantile hemangioma?

Recommendation:
Treatment using corticosteroid is effective for inducing
early regression of hemangioma. While no significant difference is observed in the effectiveness between intralesional
injection and systemic administration, attention to complications including those at the administration site, such as
the periocular region, on local injection and those, such as
hypertension and growth retardation, on systemic administration is necessary.

subjects were divided into control, oral administration (prednisolone at 2 mg/kg/day every other day for 6 weeks), and
intralesional injection (triamcinolone at 1-5 mg/kg with a
maximum of 30 mg once a month for 6 months) groups,
and the lesion size was significantly reduced in the treated
groups compared with the control group. While no significant difference was noted between the oral administration
and the intralesional injection groups, the reduction rate
tended to be larger in the local injection group, and local
injection was concluded to be slightly superior [216].
There were reports [217, 218] of case series with more
than 1000 subjects, but the findings were not statistically
analyzed. Although both intralesional injection and oral
administration were effective, there was also a mixed group
of intralesional injection and oral administration, the condition of patients varied among the 3 groups (intralesional
injection, oral administration, mixed), and the effectiveness
according to the administration method was not shown.
Regarding complications, systemic symptoms, such as
hypertension, retarded body weight gains, and cushingoid
appearance, were reported to be more frequent on oral
administration than intralesional injection [217, 218]. Moreover, concerning complications, in one report [219], periocular lesions were excluded from the targets of intralesional
injection to avoid its effect on visual function. Indeed, there
have also been case reports [220, 221] that visual impairment was caused by occlusion of the retinal artery after
intralesional corticosteroid injection for periocular hemangiomas. Currently, in Japan, intralesional corticosteroid
injection is a treatment unapproved by the national health
insurance system.

Strength of recommendation	2 (wean)
Evidence	B (moderate)

CQ17: Is topical therapy effective for infantile
hemangioma?

Comments
As a result of primary screening, 99, 9, and 35 papers were
extracted from PubMed, Cochrane, and JCRM, respectively,
and 4 papers in English were subjected to secondary screening for this CQ. There was 1 report of an RCT, but the other
reports were about case series while they evaluated a large
number of cases. In addition, 2 papers on complications
considered important in relation to intralesional corticosteroid injection for periocular lesions were added by manual
search. Since there is a report of an RCT, and since other
case series studies with a large number of subjects presented
the results that there was no significant difference in the
effectiveness of corticosteroid depending on the administration method, the strength of evidence was rated as “B”.
There was 1 report [216] of an RCT focusing on “Is intralesional corticosteroid injection more effective than systemic
administration for infantile hemangioma?”. In this trial, the

Recommendation:
Although it must be noted that there are no reports of
comparison with placebo and that the degree of improvement is smaller compared with systemically administered
drugs, topical medication can be an option for the treatment of infantile hemangioma with no risk of complications if drugs with milder adverse effects are selected.
Strength of recommendation	2 (weak)
Evidence	C (weak)
Comments
As a result of literature searches, a total of 111 papers consisting of 70, 7, and 34 papers from PubMed, Cochrane,
and JCRM, respectively, were extracted. They included 1
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RCT study. Including this RCT, 48 papers were extracted by
secondary screening. In addition to the papers selected by
secondary screening as closely related to the CQ, a total of
47 papers obtained by manual search were adopted as reference for the preparation of guidelines. There was 1 RCT, and
comparative studies of therapeutic results by topical therapy
and case series studies with a relatively large number of
subjects were adopted as papers of relatively high quality,
the strength of evidence was rated as C “weak”.
In the reports related to the CQ:
(1) Drug type: The drugs were classified into imiquimod, timolol, propranolol, corticosteroid, and others [215,
222–225].
(2) Drug concentration and dosage form: Imiquimod was
used as a 5% cream [222, 226–233], timolol as 0.5% ophthalmic solution or gel [222, 223, 232, 234–243], propranolol as
1% ointment [181, 234, 241, 244, 245], and corticosteroid
were often used as ointments of agents ranked as relatively
strong such as clobetasol propionate, halobetasol propionate,
and betamethasone dipropionate [246, 247].
(3) Methods for topical application: Frequent administration methods were once a day every other day for imiquimod, 2 times a day every day at 1–2 drops each time for
timolol, 2 times a day every day for propranolol, and 2 times
a day every day for corticosteroid.
(4) Methods for efficacy evaluation: Comparison of gross
findings and photographs were adopted in all papers. The
area was compared using photographs in one report [227].
There was also a report [228] of half-side test for a control.
(5) Adverse effects: No systemic adverse effect was
reported, and most adverse effects were local. Imiquimod
caused pain, flare, and erosion relatively frequently [231,
233]. Few local adverse effects were reported for timolol
and propranolol [232, 234, 241, 242, 245]. No local adverse
effects were reported also by corticosteroid [246, 247].
(6) Relative advantages of drugs Imiquimod has been
reported to have usefulness comparable to that of topical
beta blockers, but it is not considered superior in terms of
adverse effects [226, 228, 230, 232].
Corticosteroid was not shown to be superior in efficacy
compared with beta blockers.
There was also one RCT study [181] concerning the CQ,
which is related to topical propranolol concerning drugs. In
this RCT, 15 each of a total of 45 subjects were allotted to
oral (propranolol at 2 mg/kg/day, 2 times a day), topical (1%
propranolol water soluble ointment, applied 2 times a day),
and local injection (1 mg/1 mL, 0.2 mL/1 cm in diameter,
1 mL/injection at the maximum, 1 time/week) groups. Ten
patients (66.7%) in the topical group responded, but they
were fewer than 13 (86.7%) in the oral group. The time until
the appearance of the effect and time until complete cure
were also longer in the topical group than in the oral group.
Concerning complications, none was observed in the topical

group, but 1 patient in the oral group showed unexplained
syncope as an adverse effect and was excluded. While
decreases in the heart rate and blood pressure were observed
in 3 in the oral group, they did not necessitate interruption of
the study. In the local injection group, 8 (53.3%) responded,
but 3 were lost due to pain. From these results, the study
concluded that topical therapy is an option to be evaluated
for patients with a risk of adverse reactions to oral medication. While there were no reports of comparison under the
same conditions, comparative studies of therapeutic results
by topical therapy and case series studies with a relatively
large number were adopted as relatively high-quality papers.
In all these reports, topical therapy of beta blockers (propranolol, timolol) was effective to an extent with no serious
complications.
Thus, topical therapy, particularly, of beta blockers is considered generally useful, but there has not been a report of
its comparison with placebo, and further accumulation of
cases is necessary.
Research by comparison between dye laser treatment and
topical beta blocker therapy is considered to be necessary.
CQ18: Is compression therapy effective for
infantile hemangioma?

Recommendation:
Although appropriate compression method must be performed for individual patients, compression therapy may be
regarded as an option on condition that the therapy is carried out by a skilled physician. Sufficient attention to skin
abnormalities and local/neighboring growth disturbance due
to the compression are needed.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
While 23, 1, and 14 papers were extracted from PubMed,
Cochrane, and JCRM, respectively, only 3 case reports
remained to be reviewed as a result of primary and secondary screening. Thus, the evidence level is very low at D
(very weak).
According to a case report of ulcerated infantile hemangiomas of the limbs by Kaplan et al. [248], the ulcers of
most patients showed rapid improvements and cured within
2 weeks by compression therapy using the self-adherent
wrap Coban® (3M, St. Paul, MN, USA) combined with topical treatment with an antibiotic ointment (or early systemic
antibiotic administration when secondary infection was
apparent). They concluded that, compared with antibiotic
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ointment alone, its combination with compression therapy
was more effective, and is a safe and easy treatment that
promotes regression of hemangiomas.
Ochi et al. [249] reported 12 cases of infantile hemangioma (9 girls and 3 boys with a mean age of 8.4 months;
sites of the lesion: limbs in 6, head and neck in 5, and trunk
in 1). By treatment using elastic bandages (5 patients),
Presnet® (ALCARE, Tokyo, Japan) (4), supporter (1), or
Elatex® (ALCARE, Tokyo, Japan) and cryotherapy (2),
the hemangiomas disappeared or decreased in size in 11
of the 12 patients, with only 1 (head and neck) showing
no improvement. The time until the disappearance of the
lesion in the 11 responders was 2 months to 3 years (mean:
19.5 months), no complications associated with compression therapy were noted, and the authors recommended
early initiation of compression therapy if the site of the
lesion can be compressed.
Totsuka et al. [250] treated 3 girls with parotid gland
hemangiomas (mean age: 4.3 months) by splinting using
a resin plate and compression using a handmade cap. The
mean duration of treatment was 13 months (8–16 months),
and the patients were followed up until a mean age of
4.6 years (2–7 years), resulting in clinical and echographic
disappearance of hemangioma in all 3. Since infantile
hemangiomas often regress spontaneously, it is impossible
to conclude that they regressed due to compression therapy, but they reported the therapy to be safe and effective.
Thus, concerning factors related to “benefits” of compression therapy, there are reports that suggest the effectiveness of compression methods appropriate for sites
(elastic bandages, Present, splinting with a resin plate).
However, it must be noted that they are all old reports.
Concerning factors related to “harm”, while compression
is a relatively safe and simple method without reports of
serious complications, the occurrence of dermatitis and
growth disturbance at the site of compression or surrounding areas is considered possible. The recommendation level was set at 2D with consensus of the present
guidelines preparation committee on condition that the
treatment is performed carefully by a skilled physician
in consideration of these points. The present guidelines
do not exclude compression therapy, but it is necessary
to consider oral propranolol, oral administration or local
injection of steroid, and laser therapy first for infantile
hemangiomas that need treatment.
CQ19: Is glucose transporter 1 (GLUT-1)
immunostaining useful for the diagnosis of
infantile hemangioma?

Recommendation:

Immunostaining for GLUT-1 is positive in the proliferating, involuting, and involuted phases, shows high sensitivity
and specificity, and is useful for the diagnosis of infantile
hemangiomas if the clinical diagnosis is difficult.
Strength of recommendation	2 (weak)
Evidence	C (weak)
Comments
To evaluate whether GLUT-1 immunostaining is useful for
the diagnosis of infantile hemangiomas, the literature was
searched first for the following key words.
Infantile OR juvenile AND hemangioma AND marker
AND immunohistochemistry
The search of JCRM resulted in 26 hits, but none of them
performed analysis of GLUT-1 or evaluated its usefulness by
comparing infantile hemangioma with other hemangiomas/
vascular malformations even if GLUT-1 was analyzed. The
search of PubMed resulted in 182 hits. From these papers,
those that deserved detailed analysis were selected according
to the following criteria.
(1) Those in which GLUT-1 immunostaining was performed for infantile hemangioma or other hemangiomas/
vascular malformations.
(2) Those that were retrospective epidemiological studies
rather than reports of one case.
Fifteen research papers selected by these criteria were
analyzed in detail.
In 7 of these reports [251–257], infantile hemangiomas
were stained using GLUT-1 simultaneously with other hemangiomas/vascular malformations, and differences in positive/
negative results were evaluated. Of all cases reported in the
7 papers, GLUT-1 was positive in 268 of the 273 cases of
infantile hemangioma and negative in 244 of the 247 cases of
lesions other than infantile hemangioma. There were also 4
papers [258–261] in which GLUT-1 staining was performed
for clinically typical infantile hemangiomas and hemangiomas that need to be differentiated from infantile hemangioma
although they were not simultaneously stained in the same
paper. When the 4 papers were combined, GLUT-1 was positive in all 8 cases of infantile hemangioma and negative in all
49 cases of non-infantile hemangioma. When the above cases
are totaled, GLUT-1 was positive in 276 of the 281 cases of
infantile hemangioma and negative in 293 of the 296 cases of
non-infantile hemangioma, and the sensitivity and specificity
of GLUT-1 positivity for infantile hemangioma were 98.2 and
99.0%, respectively.
The usefulness of GLUT-1 staining has also been confirmed by re-evaluation of cases that were initially examined
by hematoxylin–eosin staining alone [262–265]. There have
been 4 papers in which cases were re-evaluated using GLUT-1
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staining, and 1 paper reported that the diagnosis was impossible by HE staining alone in 18% of the cases [262].
CQ20: What gastrointestinal examinations are
useful for children suspected to have blue rubber
bleb nevus syndrome? When should the
examinations be started?

Recommendation:
It is recommended to start screening by examinations
including blood tests and fecal occult blood test as early
as possible. In children suspected to have gastrointestinal
bleeding, the usefulness of endoscopic examination, red
blood cell scintigraphy (99mTc-labeled red blood cells), and
single photon emission computed tomography-CT (SPECTCT) has been reported for the identification of the source of
bleeding. If no abnormality is detected by screening, and
search for gastrointestinal lesions needs to be performed to
diagnose this disease or evaluate the future risk of bleeding,
there is no standard for its timing. Among the examinations
that led to the detection of gastrointestinal lesions in past
reports, CT and MRI can be performed with relatively mild
invasion and from an early stage.

[270], and the earliest possible examinations are necessary
if this disease is suspected. Invasive examinations are difficult to perform in small children, but blood tests (presence
or absence of anemia or consumption coagulopathy) and
fecal occult blood tests can be performed. If gastrointestinal
bleeding is suspected, procedures such as endoscopy, particularly, double-balloon endoscopy and capsule endoscopy,
99mTc-labeled red blood cell scintigraphy, and 99mTclabeled red blood cell SPECT-CT have been reported to be
useful for the determination of the source of bleeding [266,
268, 271, 275].
If no abnormality has been detected by screening tests,
and if search for gastrointestinal lesions needs to be performed non-emergently to diagnose this disease or evaluate the future risk of bleeding, there is no standard for the
timing, which may vary among facilities. Among the above
examinations, CT and MRI can be performed earlier and
with relatively milder invasion, and are worth attempting if
this disease is suspected. The necessity of the other examinations for the gastrointestinal lesions mentioned above should
be considered when the patient reaches the age that tolerates
the examinations.
CQ21: How are limb overgrowths to be
managed in vascular malformations and
syndromes?

Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
Gastrointestinal lesions of blue rubber bleb nevus syndrome
(bean syndrome) are observed in the entire digestive tract,
but they frequently appear, particularly, in the small intestine. Since it is an extremely rare disease, the literature is
primarily case reports and reviews, and there have been no
reports of clinical studies of many cases that are relevant for
the CQ. Therefore, we investigated examinations that were
useful for the detection of gastrointestinal lesions in reports,
primarily, of child cases. Lesions in the small intestine are
difficult to observe by conventional endoscopy, but techniques such as double-balloon endoscopy, capsule endoscopy, CT enterography, CT, and MRI as well as upper and
lower gastrointestinal endoscopy have been reported to be
useful [266–276].
As a result of database searching, 11 papers in English
were adopted through primary and secondary screening.
All papers selected by these screening processes were case
reports or case series, and the strength of evidence is “D
(very weak)”.
There is no clear standard as to when the examinations
should be initiated. However, neonates who developed gastrointestinal bleeding shortly after birth have been reported

Recommendation:
If leg-length inequality is insignificant, shoe lift is recommended. As significant inequality causes gait disturbance complicated with scoliosis, surgical treatment aimed
to arrest epiphyseal growth is performed in the growth
period. Shortening of the femur or tibia may be performed
as an additional treatment. Bone elongation of the intact
side is considered effective for the correction of leg-length
inequality.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
As a result of literature searches, 40 papers in English and 4
papers in Japanese were retrieved by primary screening. Of
these papers, 17 in English and 4 in Japanese were extracted
by secondary screening. As for the control of overgrowth
of limbs, measures against leg-length inequality and soft
tissue hypertrophy are separately discussed and regarded as
effective, but these papers were all classified either as case
reports or as general discussions. Therefore, the evidence
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level is rated as “very weak”, and the recommendation level
as “weak”.
In vascular malformations, typical disorders with hypertrophy of the affected limbs are Klippel–Trenaunay syndrome and Parkes Weber syndrome and most of the papers
refer to the management of limb overgrowth due to vascular
malformations were written about these disorders. The literature regarding lesions at different sites is commented on
below.

Lower limbs
In most reports, treatment for the overgrowth of the lower
limbs were aimed to prevent physical disorders caused by
leg-length inequality. Some reports particularly mentioned
treatment for foot lesions.
1. Correction of leg-length inequality
If the leg-length inequality is ≤ 2 cm, the management
of leg-length difference and accompanying scoliosis is considered possible by the use of shoe lift [277–281]. If the
leg-length inequality is ≥ 2 cm, significant gait disturbance,
postural abnormalities, and compensatory changes in the
contralateral limb are likely to develop, and before consequent unphysiological gait leads to irreversible impairment,
surgical treatment to correct the leg-length inequality should
be considered [277–281]. Long-leg radiography is useful for
determining the best time for surgery [282], and the measurement of the leg-length by long-leg radiography or CT is
reported to be effective [278]. Surgical treatment reported
in the papers are as follows.

Treatment for overgrown limbs affected by vascular
malformations
Jacob et al. [277] performed epiphysiodesis in 41 patients
with a leg-length inequality of ≥ 2 cm among 252 patients
with Klippel–Trenaunay syndrome and reported improvement in more than 90% of the patients. The effectiveness
of this surgery is also confirmed by other review articles
[277–281]. The effectiveness of shortening of the femur
and tibia was reported in the review by Capraro et al. [278]
The fixation period is considered to be shortened as a whole
by simultaneously performing femoral or tibial shortening
in addition to epiphysiodesis. Redondo et al. [280] recommended endoscopic growth control of the epiphyseal plate
in the distal end of the femur for patients with a leg-length
inequality of ≥ 2 cm. Capraro et al. [278] did not recommend
growth control with the epiphyseal stapling because of the
unpredictability of the results and high frequency of complications. The appropriate time for surgical intervention on

affected limbs is reported to be around the age of 11 years
[280].

Elongation of the intact leg
Tanaka et al. [283] performed bone elongation of the intact
limbs using an external fixator in adult patients with mild
structural scoliosis and reported that the procedure was
effective for correcting the leg-length inequality and scoliosis. Jacob et al. [277] also recommended bone elongation
of the intact limb using Ilizarov external fixation apparatus
in their review.

Popliteal vein ligation
Servelle [284] hypothesized that elongation of the affected
limbs was due to a high venous pressure and performed ligation of the popliteal vein of the intact limb in 48 children,
and they reported significant improvement in leg-length
inequality. However, there are also negative views, saying
its effectiveness is uncertain [278].
2. Foot lesions
Redondo et al. [280] recommended resection of the toes
(ray resection) and debulking for wearing shoes and cosmetic improvement. Gates et al. [285] notably reported that
compared with ray resection, wound healing of the stumps
was poor after major resection.

Upper limbs
Asymmetry due to hypertrophy of the upper limb less frequently causes impairment of ADL than that of the lower
limb. In one article, resection in patients with functional
impairment due to marked finger deformities is reported
[282], but articles reporting treatment for upper limb overgrowth are very few. While debulking has been reported to
be advantageous from the cosmetic viewpoint [279], it has
also been reported to induce exacerbate of edema of the
affected limb [284], causing complications including cicatricial contracture, recurrence of the lesion, and refractory
ulcer [278], and sufficient caution is necessary.
CQ22: Is surgical resection effective for soft
tissue/superficial LM?

Recommendation:
Although surgical resection is an effective treatment,
it should be performed after comprehensive evaluation of
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cosmetic aspects, prognosis, functional prognosis, resectability, and possibility of recurrence/complications.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Surgical resection is one of the major treatment options
performed for LM. Although LM can be cured by total
resection, the objective of treatment is not necessarily total
resection, because the disease is not malignant, and surgical resection is often carried out for cosmetic, functional,
and symptomatic improvements. Cosmetic problems are
considered to be particularly serious if the lesion is located
in superficial areas such as the body surface and soft tissue.
However, surgical resection has been known to cause complications including hemorrhage, infection, deformation, and
nerve paralysis.
In evaluating whether resection is effective, the balance
between its positive aspects and negative aspects, such as
complications, is important. For soft tissue/superficial LM,
in which cosmetic improvement is important, problems
including in what situations resection can be performed,
whether there are criteria for the selection of resection,
and, as there are differences in the incidence of complications, cure rate, and recurrence rate depending on the circumstances, whether its indications should be evaluated
under different conditions are unclear. Therefore, the CQ,
“Is surgical resection effective for soft tissue/superficial LM
effective?”, was formulated, and the current knowledge was
summarized.
<Literature search and screening>
As a result of literature search, 105 papers in Japanese
and 348 papers in English were subjected to primary screening. Of these papers, 5 in Japanese and 42 in English were
subjected to secondary screening concerning this CQ. They
did not include papers with a high level of evidence, such
as a systematic review and RCT, and all of them were case
series or case reports. As a result, in the evaluation of this
CQ, the results and discussion in each case series were
integrated.
<Review of observational studies (case series)>
The effectiveness of resection of LM was evaluated from
the following 5 viewpoints: (1) Effectiveness regarding
the prognosis (mortality), (2) resection rate of the lesions
(resectability), (3) functional outcome after resection (function), (4) recurrence rate (recurrence), and (5) complications.

Results of review
Generally, the rate of successful surgical resection is high,
and ≥ 90% resection is reported to be possible in 60% or
more of the patients [286–288]. This also applies to the
head and neck region, which is the frequent site of the
lesion [286]. However, the percentage of resectable lesions
decreases from the cystic to mixed and to cavernous type
[286]. Since many LM are distributed diffusely in the skin
and subcutaneous adipose tissue and around structures
including muscles, blood vessels, and nerves, resection of
the lesion involves resection of normal tissues in varying
degrees. In lesions that show complicated distribution in the
head and neck region, complications after surgical resection
are observed relatively frequently. Serious complications
including nerve paralysis, hematoma, local necrosis, sepsis,
deformation, salivary fistula, hoarseness, airway obstruction,
and malocclusion have been reported [286, 287, 289–297],
and facial nerve paralysis is likely to result from resection,
particularly, of LM infiltrating the parotid region [289]. By
the site, the incidence of complications increases as the
area of involvement widens from unilateral to bilateral,
from below to above the lingual bone, both sides, and both
above and below the lingual bone [293, 296]. Postoperative
death may occur in patients with a severe neck lesion, but
the extent of the effect of surgical resection is unclear [287,
288, 298]. Postoperative recurrence is closely related to
the resectability of the lesion depending on its distribution,
and lesions that are difficult to resect due to a wide area of
involvement and a strong tendency of infiltration have been
reported to be associated with recurrence [296].

Limitations
Indications for surgical resection vary among papers, and
differences in the patient background must be considered in
the evaluation of the effectiveness of resection. While there
were many reports that surgical resection was performed in
combination with sclerotherapy, and resection is considered
to have been performed when more favorable results were
expected from resection rather than sclerotherapy, criteria
for their selection are unclear. Therefore, there is certainly
the large bias of individual variation in the circumstances,
and it was clearly impossible to conclude that resection is
uniformly effective.
<Summary>
While the effectiveness of surgical resection for soft tissue/superficial LM was evaluated, there was no literature
with a high level of evidence. One of the major reasons is
the diversity of the lesion type (cystic or cavernous), area of
involvement, and history of other treatments. Because of this
diversity, the condition of patients is considered to show an
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extremely wide variation, and their generalization is impossible. However, if conditions, such as the type of the lesion
(cystic or cavernous), site of origin, and relationship with
other treatments are restricted, tendencies were observed
in functional prognosis, recurrence rate, and contents and
incidence of complications.
While the resection rate of lesions by surgical treatment was suggested to be generally high, selection criteria
for resection were unclear. Therefore, it is speculated that
resection was performed for patients clinically judged to be
treated more effectively by surgery. However, since there
were some serious complications of surgical resection that
persist as sequelae, their possibility should be evaluated
carefully in performing surgical resection. The risk of resection has been suggested to vary with conditions of the lesion.
The functional outcome is poor, and the recurrence rate and
incidence of complications after resection are high, in those
that occupy a wide area and those that are accompanied by
symptoms such as airway obstruction.
From these observations, we propose at present, “While
surgical resection is often effective, it must be selected in
consideration of cosmetic aspects, prognosis, functional
prognosis, resectability, and possibility of recurrence and
complications.”, despite limited scientific grounds. If complete resection of the lesion is possible, surgical resection
may be performed as the first-line treatment, but the possibility of other treatments including sclerotherapy, in particular, should be evaluated according to the diverse conditions of individual patients, and surgical resection should
be performed when other treatments are ineffective or when
surgical resection is considered clearly superior.
CQ23: What is the optimal timing of surgery for
soft tissue/superficial LM?

Recommendation:
It is impossible to recommend optimal timing of surgery,
and judgments according to the condition of each case are
necessary.

considerably among individuals, particularly, in infancy, and
the lesions may show a tendency of spontaneous regression
but may also cause various functional problems due to rapid
enlargement. Moreover, there are cosmetic problems characteristic of this disease in addition to functional problems,
and early therapeutic effects are necessary to make social
life comfortable. For these reasons, the selection of optimal
timing of treatment, surgery in particular, is a major issue.
For the selection of the timing of surgical resection, conditions to obtain the best results as well as indications for
resection must be evaluated, and sufficient consideration of
the balance between merits and demerits depending on the
timing of resection is necessary. Therefore, in this CQ, we
attempted to summarize the presently available knowledge
about “What is the optimal timing of surgery for soft tissue/
superficial lesions?”.
<Literature search and screening>
As a result of literature search, 67 papers in Japanese and
231 papers in English were subjected to primary screening.
Of these papers 5 in Japanese and 42 in English were subjected to secondary screening for this CQ. They included
none with a high level of evidence, such as a systematic
review and RCT, and all papers were case series or case
reports. Therefore, the results and discussion in each case
series were integrated in the evaluation of this CQ.
<Review of observational studies (case series)>
Defining “the optimal timing of surgery” mentioned in
the CQ as “the timing of surgery at which good results can
be obtained”, we aimed to evaluate the timing of surgery at
which resection is effective, problems, such as complications are few, and, i.e., “the best results” can be obtained as
a whole. Conditions must be evaluated on the basis of the
timing in addition to the effectiveness of surgery, but objective judgments were considered difficult in this evaluation.
However, as it was considered possible to obtain information about the age and time of surgery from the literature
reviewed in the previous CQs concerning the effectiveness,
papers that evaluated the age at surgery were searched.

Results of review

Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Soft tissue/superficial LM are not malignant lesions.
Emergent treatment may be necessitated by life-threatening
symptoms, such as airway obstruction, but the initiation of
treatment immediately after the diagnosis is generally considered unnecessary. The natural course of the disease differs

Despite a careful review of the literature by secondary
screening, there was no paper that analyzed cases from the
viewpoint of optimal timing of surgery. There was information concerning the age at surgery, but its appropriateness
was not evaluated. Papers that mentioned the timing of surgery are shown below.
Concerning the timing (age) of surgery, unless the size
of the lesion is small or there are symptoms that require
urgent treatment, such as respiratory disturbance, it is recommended to delay surgery until the age of 3 years by
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expecting spontaneous regression or for the ease of identification of surrounding structures during surgery, ease
of control of bleeding, and less problems with postoperative management [294]. There was also a paper [295] that
suggested the necessity of the determination of the time of
surgery in consideration of problems that change with age
including the priority of securing the airway and appropriate
nutritional management in neonates with head and neck and
giant lesions, control of hemorrhage and infection and measures to prevent dysarthria and dental problems in infants,
and skeletal and cosmetic problems in school-age children,
although it did not mention the optimal timing of surgery.
However, there was no paper that positively recommended resection without considering the time after the
diagnosis or grounds for such a recommendation.
<Summary>
As a result of literature search for evaluating the CQ,
“What is the optimal timing of surgery for soft tissue/superficial LM”, there were papers that mentioned the timing of
surgery, but none of them objectively evaluated its appropriateness. Therefore, no suggestion about the appropriate
timing of surgery was obtained from the literature available
at present, but there were a few papers suggesting that the
decision to perform surgery should be made carefully.
Similar to the previous CQ, soft tissue/superficial LM of
which the background vary in individual cases, and it is difficult to uniformly evaluate the effectiveness of resection. In
clinical practice, in addition to medical reasons, social reasons including school attendance are considered to largely
influence the decision of the time of resection. The results of
RCTs are necessary to obtain objective data, but it is practically very difficult to arrange an RCT fulfilling the above
conditions.
While this CQ is a very important issue for patients and
families as well as clinicians, there has not been objective
evaluation of the optimal timing of surgery in the past.
Presently, as quick decisions to perform surgery should be
avoided, this guideline proposes, “The optimal timing of surgery cannot be decided in general, and judgments according
to the condition of each case are necessary.”
CQ24: Is sclerotherapy effective for facial
microcystic LM?

Recommendation:
A wide range of drugs are used for sclerotherapy.
Although comparison among drugs has not been made,
and consensus regarding the methods or frequency of
their administration has not been reached, improvements
are observed after sclerotherapy in various symptomatic,

functional, and cosmetic (esthetic) aspects. However, complications including functional impairment have also been
reported.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
[Literature search and screening]
Concerning this CQ, 35 papers in Japanese and 92 papers
in English (60 from PubMed, 32 from Cochrane) were
retrieved. After their primary screening, 6 in Japanese and
18 in English were subjected to secondary screening concerning this CQ. Although they included 3 RCTs, many of
the other papers were case series or case reports. Therefore,
in the evaluation of the draft recommendation concerning
this CQ, the results and discussion in each RCT and case
series were integrated. While the evidence is scarce, the
papers judged to be useful for the preparation of the draft
recommendation are presented as review data.
[Review of case series]
As a result of literature screening, it was found that the
effectiveness of sclerotherapy for facial microcystic LM has
been evaluated from the following viewpoints.
1. Treatment responses
A.
B.
C.
D.

Size
Symptoms
Functions
Cosmetics

2. Complications
The contents of the accounts concerning the effectiveness of sclerotherapy are summarized according to these
viewpoints.
However, there were few reports that exclusively analyzed
facial (and microcystic) LM, and lesions of the neck and
other regions as well as the face were evaluated or different
types of LM, such as cystic and mixed types, were reported
together. In addition, the definition of the cavernous type and
standard procedure of sclerotherapy (method and number of
administrations) varied among reports, and these differences
in the background should be considered in the evaluation of
the effectiveness of sclerotherapy.
The sclerosing agents used for the literature search ranged
widely from OK-432, bleomycin, ethanol, doxycycline, and
sodium tetradecyl sulfate (STS). However, as none of the
papers reviewed for the preparation of these guidelines evaluated differences in the effectiveness for facial microcystic
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lesions among drugs or the method or number of administrations of each drug, these evaluation items were excluded in
discussing this CQ.

visual acuity due to retrobulbar hemorrhage and reported
alleviation of the symptoms, but relevant literature was
scarce similar to that concerning symptoms.

1. Responses
A. Size

D. Cosmetic aspects

Many of the papers that referred to the regression rate
of the lesion classified the responses into (1) excellent or
complete (regression rate ≥ 90%), (2) good or substantial
(regression rate ≥ 50% and < 90%), (3) fair or intermediate
(regression rate ≥ 20% and < 50%), and (4) poor or none
(regression rate < 20%).
Although there was no paper that collected cases of facial
lesions alone, Yang et al. [299] reported that the regression
rate after sclerotherapy was ≥ 90% in 19 (63%) of the 30
patients with head and neck lesions and ≥ 50% in 10 (33%).
In addition, the regression rate was reported to be ≥ 50% in
18 (85.7%) of the 21 patients with head and neck lesions by
Alomari et al. [300] and in 30 of the 31 patients to be ≥ 50%,
who included those with mixed type lesions, by Chaudry
et al. [301]
Smith et al. [302] reported that none showed a response
(complete or substantial) in 17 patients who underwent sclerotherapy, some of whom had mediastinal lesions. Giguere
et al. [303] also reported that all 5 patients with head and
neck lesions showed no response (poor) to the therapy.
While these studies were RCTs evaluating the time of sclerotherapy, the results suggest that sclerotherapy is not effective
for microcystic lesions regardless of the time of treatment.
There was no paper that compared sclerotherapy and
resection for facial microcystic LM.
B. Symptoms
There is no literature that evaluated this item based on
objective data, and few reports referred to symptoms themselves. The information was limited to the report by Chaudry
et al. [301] that symptoms disappeared after sclerotherapy
using bleomycin in 75% of the patients who complained of
pain and a few case reports [304, 305] that symptoms, such
as hemorrhage and respiratory impairment, were relieved
after sclerotherapy.
C. Functions
Ravindranathan et al. [306] performed sclerotherapy in 3
patients with diffuse microcystic lesions extending from the
face to the tongue and pharynx and reported that respiratory
impairment and swallowing disorder due to airway obstruction observed before treatment were mitigated. Poonyathalang et al. [307] administered STS to a patient with orbital
lesions primarily complaining of visual defect and reduced

Cosmetic improvements are difficult to evaluate objectively. Poonyathalang et al. [307] administered STS to 3
patients with orbital lesions with exophthalmos as the primary symptom and reported improvement by measuring the
degree of protrusion before and after the treatment. There
have also been reports of objective assessment based on the
degree of satisfaction in the patients’ families. According to
Chaudry et al. [301], all patients with head and neck lesions
(9 with microcystic lesions, 22 with mixed lesions) and their
families reported improvements in the size and appearance
of the lesions. In addition, Alomari et al. [300] treated 32
patients with mostly microcystic but including some cystic
LM of the head and neck region by sclerotherapy and
reported improvements compared with the condition before
treatment by the families of 26 patients (81.3%).
2. Complications
As complications in the facial region, there are a large
number of reports [299, 301, 307–312] of transient complications associated with sclerotherapy, such as fever, local
swelling and pain, intracystic hemorrhage, and infection,
although the lesions were poorly characterized in some
reports. In addition, complications considered to have been
caused by the effect of treatment, such as ulcer of the oral
mucosa and tongue, facial nerve paralysis, leakage of saliva,
and respiratory insufficiency due to airway obstruction, have
been occasionally reported [303, 306, 307]. There have also
been reports [307, 313, 314] of an elevation of the intraorbital pressure, exophthalmos, intraorbital hemorrhage, corneal
damage, and external ocular muscle paralysis due to enlargement of the mass after sclerotherapy for ocular LM. There
was also no literature showing the incidence of complications in facial microcystic LM.
As complications caused by sclerosing agents, skin ulcer
and necrosis and nerve damage due to ethanol leakage,
hypotension during anhydrous ethanol injection, and epidermal detachment due to doxycycline have been reported [300,
315]. However, there was no report of serious complications
due to OK-432. Pulmonary fibrosis is widely known to be
a complication of bleomycin, but, according to Chaudry
et al. [301] and Yang et al. [299], impairment of respiratory
function does not occur at a dose routinely employed for
sclerotherapy.
[Summary]
In evaluating the CQ, “Is sclerotherapy effective for
facial microcystic LM?”, analysis was performed from
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the viewpoints of responses to the treatment in terms of
symptoms, functions, and cosmetic (esthetic) aspects and
complications, but few papers with a high level of evidence
were found. While the degree of regression of the lesions by
sclerotherapy varied widely, the size-reducing effect of the
therapy was consistently small unlike that in cystic lesions.
Some papers referred to symptoms, functional outcome,
and cosmetic improvement, but they were insufficient for
general discussion of sclerotherapy for facial microcystic
LM. As complications characteristic of sclerotherapy, serious impairment may be caused by leakage of the sclerosing
agent (ethanol, in particular), and this point needs attention.
Based on the above observations, it is difficult at present to
evaluate indications for sclerotherapy against microcystic
LM by formulating criteria. Therefore, for the future, it is
considered necessary to evaluate the usefulness of sclerotherapy addressed by this CQ by designs such as RCT.
CQ25: Is sclerotherapy effective for intraabdominal LM?

Recommendation:
Although there are many reports that sclerotherapy is useful, there is the risk of complications, and careful judgments
about matters including the resectability of the lesion and
selection of the sclerosing agent are necessary.
Strength of recommendation	2 (weak)
Evidence	D (very weak)

for intra-abdominal LM?”, was formulated, and knowledge
available at present was compiled.
<Literature search and screening>
As a result of literature search, 19 papers in Japanese and
38 papers in English (32 from PubMed, 6 from Cochrane)
were subjected to primary screening. Of these papers, 2
in Japanese and 9 in English were subjected to secondary
screening concerning this CQ. They included no papers with
a high level of evidence, such as systematic reviews and
RCTs, and all were case series or case reports. Consequently,
the results and discussion in each case series were integrated
in the evaluation of this CQ.
<Review of observational studies (case series)>
The literature concerning the effectiveness of sclerotherapy for intra-abdominal LM was reviewed from the viewpoints of (1) therapeutic effects (decrease in lesion size,
symptoms) and (2) complications.
The drugs used for sclerotherapy ranged widely from
OK-432 to bleomycin, ethanol, doxycycline, STS, acetic
acid, steroid/tetracycline, and 50% glucose solution. According to our review, there was no paper that evaluated the differences in effectiveness of sclerotherapy in the abdomen
according to the drug type or administration method or number of administrations of each drug.

Results of review
1. Therapeutic effects
A. Regression rate of the lesion

Comments
[Process of preparation of recommendation]
LM is the most frequent lymphatic vessel disorder of the
abdomen. Intra-abdominal lesions are estimated to account
for 10–20% of all LM, and the selection of treatment is difficult depending on the site of the lesion. While surgical
resection is expected to be effective, less invasive treatments
are considered necessary in view of stress to the patient and
the possibility of severe complications such as lymphatic
fluid leakage and bowel obstruction. Sclerotherapy, which
is a major treatment for LM, is considered to be less invasive than surgery. Although positive therapeutic effects are
expected, sclerotherapy is known to induce marked inflammation. Whether it can be performed safely without negative effects including complications and its long-term effects
are major clinical concerns. In addition, what therapeutic
effects are expected or what complications should be anticipated after sclerotherapy for the intra-abdominal lesion is
also unclear. Therefore, the CQ, “Is sclerotherapy effective

Regression of lesions of intra-abdominal LM by sclerotherapy was mentioned in 5 papers [288, 316–319]. According to the report by Chaudry et al. [316], the reduction rate
was ≥ 90% in 7 and ≥ 20% in 1 of the 10 patients with LM of
the mesentery and retroperitoneum treated with doxycycline,
and evaluation using imaging examination was not performed in 2 cases. The patient who showed a low regression
rate had a mixed type of cystic and cavernous lymphangiomas, and the other patients had cystic lesions. Oliveira et al.
[317] reported that the lesion regressed by 70% in 1 of the
2 patients with cystic lymphangiomas treated with OK-432.
Won et al. [318] reported 1 patient who showed complete
disappearance of cystic retroperitoneal lesions after sclerotherapy using acetic acid. Shiels et al. [319] reported that
cystic lesions responded to sclerotherapy using STS and
ethanol in 2 patients, but there was no mention about the
reduction rate. However, according to Alqahtani et al. [288],
no effect was observed in 10 patients who underwent sclerotherapy using steroid/tetracycline or 50% glucose solution.
B. Symptoms
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There were 3 papers that referred to symptoms of patients
treated by sclerotherapy for intra-abdominal LM [316, 317].
According to Chaudry et al. [316], of the 10 patients who
underwent sclerotherapy, 3 had chronic abdominal pain, 3
had acute abdominal pain, 1 had fever/chill, 1 had anemia,
and 2 had palpable masses, but the symptoms were alleviated by treatment in all patients, and no recurrence was
noted.
Oliveira et al. [317] reported that sclerotherapy was performed in a patient with a palpable mass and in 1 with a
palpable mass, abdominal compartment syndrome, and a
poor general condition. While the condition was alleviated in
the patient who only showed a palpable mass after 2 courses
of OK-432 sclerotherapy, but the treatment was changed to
surgery in the patient who had abdominal compartment syndrome because of enlargement of the mass due to intracystic
hemorrhage.
2. Complications
Three papers specifically mentioned complications of
sclerotherapy for intra-abdominal LM. There was no report
of deaths due to treatment-related complications. Oliveira
et al. [317] treated 3 patients by sclerotherapy using OK-432
and reported that one of them developed subbowel obstruction after the treatment and another required emergency
surgery due to exacerbation of abdominal compartment
syndrome induced by intracystic hemorrhage. Chaudry
et al. [316] reported that doxycycline used for sclerotherapy
leaked into the retroperitoneal space in 1 of the 10 patients
but that the lesion regressed without any particular problem. Won et al. [318] performed sclerotherapy using acetic
acid in 1 patient with retroperitoneal cystic lymphangioma.
Although pain and hematuria were observed, they concluded that the relationship of hematuria with the therapy
was unclear, because it was observed during menstruation.

of administrations) varied among papers, and few papers
evaluated these matters separately.
Such differences in the patient background and contents
of treatment must be considered in evaluating the effectiveness of sclerotherapy. In evaluating this CQ, particularly,
differences in morphology of LM and sclerosing agents were
excluded.
<Summary>
The CQ, “Is sclerotherapy effective for intra-abdominal
LM?” was evaluated from the viewpoints of therapeutic
effect, symptoms/functions, and complications, but no paper
with a high level of evidence was found. While sufficient
regression of the lesion and alleviation of symptoms were
achieved by sclerotherapy in some patients, the response rate
varied among reports, and information was insufficient for
general discussion of sclerotherapy. Concerning treatmentrelated complications, there have been reports of bowel
obstruction associated with sclerotherapy, and attention to
this condition as well as intracystic hemorrhage is considered necessary. However, there was no report of chylorrhea,
which was reportedly caused by surgery.
Based on the above observations, it is presently difficult to determine indications for sclerotherapy in intraabdominal LM by setting up criteria, but as there was
no literature that strongly ruled out intra-abdominal LM
as indications of sclerotherapy, these guidelines propose,
“Although there are many reports that sclerotherapy is
useful, there is the risk of complications, and careful
judgments about matters including the resectability of
the lesion and selection of the sclerosing agent are necessary.” For the future evaluation of this CQ, validation by
a design with a high level of evidence, such as RCT, is
considered necessary.
CQ26: Are patients with scarcely symptomatic
intra-abdominal LM candidates for treatment?

Limitations
Sclerotherapy was often performed before, after, or during surgical resection, and papers that reported the results
of sclerotherapy alone were few. There was no paper that
directly compared observation without treatment, sclerotherapy, and surgical resection. Few papers analyzed intraabdominal lesions alone, and many papers included lesions
in other areas or evaluated lesions in different intra-abdominal regions including the mesentery, retroperitoneum, and
viscera collectively.
Moreover, differences in properties of LM, such as cystic,
cavernous, and mixed types, their definitions, criteria for
the selection of sclerotherapy (combination with surgery,
types of sclerosing agents and methods of their use, number

Recommendation:
Since there is risk of treatment-related complications, it
is proposed to consider therapeutic intervention when the
lesion tends to enlarge or has become symptomatic.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Intra-abdominal LM occasionally presents with severe
symptoms, such as abdominal pain, giant mass, and bowel
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obstruction, but may also be asymptomatic and detected
incidentally. Lesions may gradually enlarge and cause serious symptoms due to infection and intraluminal hemorrhage.
Under such circumstances, whether patients with nearly
asymptomatic intra-abdominal LM should be aggressively
treated, or when intervention should be optimally performed
during their long follow-up period are major problems that
pose clinical dilemma. Therefore, the CQ, “Are patients with
scarcely symptomatic intra-abdominal LM candidates for
treatment?”, was formulated, and knowledge available at
present was summarized.
<Literature search and screening>
As a result of literature search, 206 papers in Japanese
and 237 papers in English (230 from PubMed, 7 from
Cochrane) were subjected to primary screening. Of these
papers, 6 in Japanese and 9 in English were subjected to
secondary screening concerning CQ 26. They included no
papers with a high level of evidence, such as a systematic
review or RCT, and many of them were case series or case
reports. Since 7 papers among them described asymptomatic
LM, their results and discussions were integrated to answer
the CQ.
<Review of observational studies (case series)>
Seven papers [316, 317, 320–324] among reviewed literature described asymptomatic LM. Fifteen cases reported in
these papers were considered to have actually presented few
symptom (including asymptomatic patients who were incidentally detected by imaging studies to have intra-abdominal masses at the sites as greater omentum, mesentery and
retroperitoneum).
The literature was screened, and papers addressing issues
concerning therapeutic intervention for scarcely symptomatic intra-abdominal LM including “What symptoms they
may present with if they are left untreated?”, “By what studies and how often should they be examined?”, and “What
other treatments are available and how serious are complications or risk of each treatment?” were reviewed.

Results of review

of the inferior vena cava after surgery [317] and abdominal
compartment syndrome after adhesion therapy [317] were
reported as severe complications. It deserves special attention that, if surgical resection is performed for mesenteric
LM, the intestine may have to be resected with the lesion
[326].
While there have been reports [320, 322] that intraabdominal LM with few clinical symptoms regressed during
follow-up, they may become symptomatic later (as observed
in many case reports). For that reason, the opinion that intervention should not been chosen during the follow-up until
the lesion enlarges or new symptoms appear was frequently
described.

Limitations
It should be noted that many asymptomatic cases may be left
unreported and some asymptomatic lesions that had been
detected were treated. There is no study with a high level of
evidence indicating explicit criteria concerning the age, site
or situation about whether intervention should be made for
asymptomatic intra-abdominal LM.
<Summary>
The necessity of treatment of a patient with intra-abdominal LM with few symptoms should be determined after
evaluating the balance between the risk of treatment and
non-treatment considering its site and size as well as patient
age. However, since research on indications for treatments
has been insufficient so far and serious complications after
treatment have been reported, deliberate evaluation for each
patient is mandatory. When observation is selected, periodic
imaging studies are recommended to optimize therapeutic
intervention by detecting enlargement of the lesion. Also if
any symptom has developed during follow-up, intervention
should be considered. For these reasons, the recommendation, “Since there is risk of treatment-related complications,
it is proposed to consider therapeutic intervention when the
lesion tends to enlarge or has become symptomatic.” was
adopted.
CQ27: What treatments are effective for

From the literature reviewed, symptoms of intra-abdominal
LM (abdominal pain, bowel obstruction, torsion, infection,
hemorrhage, vomiting/sucking difficulty, frequent urination and abdominal mass [320–326]) are considered to be
dependent on factors such as site, size and age. It is necessary to determine risk factors by stratification of these factors in the future [320, 322, 325].
Reported complications in treated cases include recurrence that required re-treatment [321], bowel obstruction
[317, 323, 324], chylous ascites [324, 326], embolism
[317], hemorrhage [317] and wound infection. Embolism

refractory chylous ascites?

Recommendation:
Conservative treatments, such as fasting, high-calorie
infusion, and medium chain triglyceride (MCT), should be
performed first, but, if they are ineffective, drug treatment,
sclerotherapy, and surgery may also be considered.
Strength of recommendation	2 (weak)
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Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Refractory chylous ascites causes loss of large amounts of
protein and lymphocytes, decreases in the blood lipid levels,
and abdominal pain, unpleasantness, and dyspnea due to
abdominal distention and markedly reduces the quality of
life. The cause of ascites often remains unknown. Treatment
of chylous ascites may require drainage to avoid abdominal
distention. It is a very important point for clinicians to make
proper judgments by understanding treatments and their
effects and demerits. Therefore, it is considered beneficial to
collect information about chylous ascites over a long period
and compile guidelines. For this purpose, the presently available knowledge was collected by formulating the CQ, “What
treatments are effective for refractory chylous ascites?”
<Literature search and screening>
As a result of search, 161 papers in Japanese and 728
papers in English (564 from PubMed, 164 from Cochrane)
were subjected to primary screening. Of these papers, 15
in Japanese and 12 in English were subjected to secondary
screening for CQ 27. They included none with a high level
of evidence, such as systematic reviews and RCTs, and consisted of 1 multicenter and 2 single-center case series and
case reports. Consequently, we used the results and discussion of 27 papers judged for the preparation of the draft
recommendation were integrated although evidence was
insufficient for the evaluation of this CQ.
<Review of observational studies (case series)>
As for causes of chylous ascites, congenital chylous
ascites [327–342], idiopathic chylous ascites [328], chylous
ascites after laparotomy [343–346], protein-losing enteropathy [345], LM [347, 348], lymphangiectasis [349, 350],
lymphangiomatosis [351, 352], and lymphatic dysplasia
[353] were reported. None of the papers evaluated treatments according to the cause.
When treatments are categorized, conservative treatments
(fasting, high-calorie infusion, MCT), drug treatments, sclerotherapy, and surgical treatment were performed.

Results of review
The results of review are presented below according to the
treatment.
1. Conservative treatments
Whether the amount of ascites changes by fasting should
be checked first.

High-calorie infusion is often used with fasting, and
since there was no report that ascites increased under the
effect of high-calorie infusion according to our review, it is
recommended for nutritional support during fasting. In the
multicenter case series reported by Bellini et al. [327], highcalorie infusion/total parenteral nutrition was performed in
15 patients without adverse effects.
Medium chain triglyceride was used before, after, and
during treatment [327, 328, 330–335, 337, 339–341, 343,
345, 346, 348–352]. In the multicenter case series by Bellini
et al. [327], MCT was reportedly performed in 14 patients
without adverse effects.
2. Drug treatments
In drug therapy for chylous ascites, primarily octreotide
(a long-acting somatostatin analogue) was used, and no
report that discussed the effectiveness of other drug therapies was found by the present literature search.
In the multicenter case series by Bellini et al. [327],
octreotide was administered to 6 of the 16 patients with
chylous ascites for 8–38 days, and a decrease in chylous
ascites was reported in all of them. In the single-center
case series by Huang et al. [344], 2 of the 4 patients
with chylous ascites treated by high-calorie infusion and
octreotide administration were reported to have shown a
decrease in ascites within 10 days. However, there has
been a report [330] that no effect was observed despite the
administration of octreotide for 3 weeks. Concerning the
dose of octreotide, it was administered at 1 μg/kg/h [327],
at 3 μg/kg/h [332], began to be administered at 0.5 μg/kg/h
and increased to 10 μg/kg/h by 1 μg/kg/h [329], administered by continuous intravenous infusion at 0.5–2.0 μg/
kg/h [333], and began to be administered by subcutaneous injection at 2.5 μg/kg 2 times/day and increased every
2 days to 8 μg/kg 2 times/day [330]. Regarding the time
of the beginning of administration, the administration was
started as no improvement was observed in chylous ascites
after conservative treatments for 2 weeks [330, 334], and
as chylous ascites was alleviated by conservative treatments but was exacerbated again [333]. No adverse effects
of octreotide administration were noted in the present
review of the literature. Thus, no control study that evaluated the effect of octreotide on chylous ascites was found
by the present literature search, and the level of evidence
concerning the efficacy is low, but as there are case series
and many case reports that chylous ascites was reduced by
octreotide administration, it appears reasonable to consider
drug treatment using octreotide for chylous ascites that
does not respond to conservative treatments.
3. Sclerotherapy
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Sclerotherapy was performed in 6 patients in 5 case
reports [339, 347, 349, 351, 352]. The sclerosing agent
was OK-432 in 5 of the 6 patients and was Beta-Isodonasolution® (MUNDIPHARMA GmbH, Cambridge, UK) in
1 [349]. OK-432 was locally injected into the lesion in 4
[347, 351, 352], administered intraperitoneally in 1 [352],
and administered via the drain in 2 [347, 352]. Concerning sclerotherapy, the number of reported cases that were
reviewed was limited, and further accumulation of cases is
considered necessary to establish its usefulness.
4. Abdominal drainage, abdominal puncture, and surgical
treatment
Abdominal drainage and abdominal puncture are performed when organ compression symptoms (compartment
syndrome and respiratory insufficiency) due to abdominal distention are present or possible or when the drain is
inserted postoperatively. However, drainage itself cannot
improve chylous ascites, and treatments, such as infusion,
blood preparations, and blood transfusion, are necessary to
supplement the ascites lost due to drainage [327, 330–333,
337–340, 343, 345–347, 349, 351, 352].
Surgical treatment is reported to be frequently performed
after conservative or drug treatments. According to the
single-center case series by Zeidan et al. [343], surgical
treatment was performed in patients who responded poorly
to conservative treatments for over a mean of 25.3 days.
In other reports, surgical treatment was performed after
conservative treatments for 1–3 months [328, 329] and in
patients with congenital chylous ascites 1–4 months after
birth [330, 334, 350]. Since it is often impossible to identify the leakage site of chylous ascites [330], attempts to
identify the leakage site by orally administering a lipophilic
dye (Sudan black, Sudan III) before operation. [328, 329,
336, 343] When the leakage site can be identified, ligation,
suturing, clipping, and cauterization have been performed
[328, 334, 336, 343, 350]. In addition to reports of the usefulness of techniques to stop leakage, such as applying or
sprinkling fibrin glue at the leakage site of chylous ascites or
over the surrounding retroperitoneum [329, 331, 343, 350]
and applying a patch of oxidized cellulose/resorbable local
hemostatic agent [331, 343], there have also been reports of
peritoneovenous shunting [349, 353] and peritoneoamniotic
shunting for fetal cases [338].
There was no large clinical study in the past literature.
Therefore, although the level of evidence is low, we consider
that surgical treatment is recommendable for chylous ascites
that does not respond to conservative or drug treatments,
because it has been performed in case series and case reports
for chylous ascites that did not respond to conservative or
drug treatments for over about 1 month. Although techniques to enhance the response rate of surgical treatment,

such as identifying the leakage site by using a lipophilic
dye and applying fibrin glue or a patch of oxidized cellulose/resorbable local hemostatic agent, have been attempted,
there are only case series and case reports, and none of the
papers retrieved by the present literature search evaluated
their usefulness.

Limitations
There was no literature that defined refractory chylous ascites based on the duration of illness or treatment
responses. Therefore, we extracted and summarized factors
that were considered to contribute to clinical refractoriness,
such as the duration of illness and treatment responses, in
each paper related to the treatment for chylous ascites. Also,
as the cause of chylous ascites varies widely, the therapeutic
effect is expected to differ depending on the cause, but no
paper that was reviewed evaluated treatments according to
the cause. Therefore, in the present evaluation, the statements are limited to treatments and their effects regardless
of the cause.
<Summary>
It was difficult to comprehensively discuss treatments,
because its cause varied widely, and treatments for various
causes were performed. Therefore, treatments were classified into conservative treatments (fasting, high-calorie
infusion, MCT), drug treatments (octreotide), sclerotherapy, abdominal drainage, abdominal puncture, and surgical
treatment, and the effects of each treatment were evaluated.
Treatments effective for refractory chylous ascites can be
summarized as follows with the understanding that they may
depend on the cause and that the level of evidence of the available reports concerning treatments and their effects is low.
Conservative treatments, such as fasting, high-calorie infusion, and MCT, should be performed first because of the rareness of adverse effects. In patients who respond insufficiently
to conservative treatments, drug treatments using octreotide
can be considered as there have been case series and many
case reports. Concerning sclerotherapy, the number of reported
cases is small, and further large clinical studies will be needed
to confirm its usefulness. Abdominal paracentesis and surgical
treatments may be considered for chylous ascites that does not
response to conservative or drug treatments for about 1 month.
Thus, the draft recommendation is “Conservative treatments, such as fasting, high-calorie infusion, and MCT,
should be performed first, and, if they are ineffective, drug
treatments, sclerotherapy, and surgical treatments may be
considered”. However, evaluation of this CQ by a design
with a higher level of evidence, such as RCT, is considered
necessary for the future.
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Results of review
CQ28: What kinds of complications are

1. Complications associated with sclerotherapy

associated with treatments for intra-abdominal
LM?

Recommendation:
Complications associated with sclerotherapy for intraabdominal LM include bowel obstruction, hemorrhage, pain,
hematuria and chylous ascites. Surgical treatment of the disease can be associated with serious complications such as
occlusion of the inferior vena cava and massive resection
of the intestine as well as more common, wound infection,
bowel obstruction, hemorrhage and chylous ascites.
Strength of recommendation	No recommendation
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Patients with intra-abdominal LM are treated with various
modalities from non-surgical therapy to surgical procedures.
Treatment modality is selected depending on the patient’s
state. Therefore, it is necessary for the clinician, patient,
and family to share information concerning complications
that may be associated with treatments for implementing
them smoothly. However, there are no resources that give a
clear answer to this problem, and both clinicians and patients
may become disconcerted. Therefore, the CQ “What kinds
of complications are associated with treatments for intraabdominal LM?” was formulated, and information available
at present was accumulated and integrated for the answer.
<Literature search and screening>
As a result of literature search, 203 papers in Japanese
and 602 papers in English (593 from PubMed, 9 from
Cochrane) were subjected to primary screening. Of these
papers, 23 in Japanese and 27 in English were subjected
to secondary screening concerning this CQ. They included
no papers with a high level of evidence, such as systematic
reviews or RCTs, and all of them were case series or case
reports. To answer CQ 28, the results and discussion in each
case series were integrated.
<Review of observational studies (case series)>
Complications in the CQ were evaluated by defining them
as those encountered when patients with intra-abdominal
LM were treated, and reports on sclerotherapy and surgery
were reviewed.

Sclerotherapy using OK-432 was reported to be associated
with bowel obstruction and hemorrhage for mesenteric LM
[317], and chylous ascites for retroperitoneal LM [326]. Sclerotherapy using acetic acid was reported to be associated with
pain and hematuria in patients with retroperitoneal LM [318].
2. Complications associated with surgical procedures
Complete resection of both mesenteric and retroperitoneal LM by laparotomy was reported to be associated with
wound infection [324, 354] and bowel obstruction [323, 354,
355] as common complications. There were reports of serious complications such as occlusion of the inferior vena cava
[317] and massive resection of the intestine was necessary
due to diffuse infiltration of the LM tissue to the intestinal
wall [356].
In a report [357] about complications associated with
complete laparoscopic resection of intra-abdominal LM by
Tran et al., resection was attempted in 47 patients, and conversion to laparotomy was necessary in 3 (6.4%) due to tight
adhesion in 2 and intraoperative hemorrhage in 1.
Partial resection by laparotomy was reported to be associated with persistent ascites over a long period that was
refractory to the treatment [355].

Limitations
Patients with intra-abdominal LM are treated with various
modalities including sclerotherapy and surgical procedures.
Modalities were combined in many cases, and complications
are often reported as those of entire treatment without more
detail information about those associated with individual
treatment.
<Summary>
For answering the CQ, “What kinds of complications are
associated with treatments for intra-abdominal LM?”, no
literature with a high level of evidence was found, but foreseeable complications were listed from many case reports.
Bowel obstruction, hemorrhage, pain, hematuria, and chylous ascites were reported as complications of sclerotherapy. Serious conditions, such as occlusion of the inferior
vena cava and massive resection of the intestine, as well
as common complications, such as wound infection, bowel
obstruction, hemorrhage and chylous ascites were reported
as complications after surgical procedures.
Although the incidences and differences in complications in respect of the site and histological type are not
shown in the literature, each patient with intra-abdominal
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LM should be treated with sufficient evaluation of the
site, size and symptoms. In addition, treatment must be
implemented with sufficient understanding of the possible complications.
Thus, we propose “Complications associated with sclerotherapy for intra-abdominal LM include bowel obstruction, hemorrhage, pain, hematuria, and chylous ascites.
Surgical treatment of the disease can be associated with
serious complications such as occlusion of the inferior
vena cava and massive resection of the intestine as well as
more common, wound infection, bowel obstruction, hemorrhage and chylous ascites.” as a recommendation draft.
CQ29: What treatments are effective for LM
causing airway obstruction in the mediastinum?

Recommendation:
Sclerotherapy is effective for macrocystic lesions, and
surgical resection is effective for microcystic lesions. However, as the complication rate is relatively high, treatments
should be selected according to the condition of each case.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
Among LM, those that may cause airway obstruction due
to their sites are life-threatening. Lesions in the mediastinum
cause respiratory disorders if they physically compress the
trachea or bronchi and obstruction the airway or markedly
protrude into the thoracic cavity and narrow it.
In such situations, aggressive and effective treatment is
necessary, but the therapeutic approach must be selected
carefully in consideration of the relationship of the lesion
with the important organs around it such as the large cardiac
vessels, mediastinal nerve, and thoracic duct. However, the
judgment is often difficult in clinical settings.
Therefore, the CQ, “What treatments are effective for LM
causing airway obstruction in the mediastinum?” was formulated, and the presently available knowledge concerning
matters including the risk of complications and prognosis
of treatments, such as surgical resection and sclerotherapy,
was summarized.
<Literature search and screening>
As a result of literature search, 134 papers in Japanese
and 227 in English (226 from PubMed, 1 from Cochrane)

were subjected to primary screening. Of these papers, 5 in
Japanese and 16 in English were subjected to secondary
screening concerning this CQ. Since they included none
with a high level of evidence, such as a systematic review
or RCT, and all were case series or case reports, the results
and discussion in each case series were integrated.
<Review of observational studies (case series)>
By screening of the literature, the following approaches
were found for the treatment of LM in the mediastinum.
Therapeutic options are surgical resection, puncture and
drainage, sclerotherapy (OK-432, bleomycin, ethiblock,
anhydrous ethanol), drug treatments (Chinese herbal medicines such as eppikajutsuto and ogikenchuto), and no treatment. Of these approaches, surgical resection and sclerotherapy using OK-432 have been evaluated in a relatively large
number of cases, and reports of other therapy had extremely
limited number of cases, e.g., reports of only 1 case.

Results of review
Boardman et al. [358] reported that, of the 97 patients with
LM of the head and neck region, surgical treatments were
necessary in 6 of the 12 patients with mediastinal lesions,
that complications of surgery occurred in 4 of the 6 patients,
and that long-term nerve damage was observed in 3 of them.
In addition, they reported that management by tracheotomy
was necessary in 15% of all patients. Complete or nearly
complete remission was observed in 92% of the patients,
but they suggested that surgical treatments should be indicated only when there is airway obstruction or there is the
risk of it, because surgical treatment of mediastinal lesions
frequently causes complications.
Park et al. [359] reported that they surgically resected
mediastinal LM in 12 patients. Seven of them had dyspnea,
and 3 were asymptomatic, but they were all judged to have
indications for surgery due to symptoms or the tendency of
the lesions to enlarge. A total of 5 recurrences were observed
in 4 patients (33%) during a mean period of 3.6 years after
the initial surgery, and all underwent by re-resection. No
perioperative death was observed, and, in a total of 25 cases
including past cases, the overall survival was not different
compared with that in healthy individuals over a follow-up
period of 11.5 years.
Smith et al. [302] performed local injection of OK-432 in
16 patients with mediastinal LM and reported ≥ 60% regression of the lesion in 13 (81%). They also mentioned treatment responses according to the histological types and, by
reporting responses (complete or nearly complete remission)
in 94% of those with macrocystic lesions, 63% of those with
mixed lesions, but 0% in those with microcystic lesions, suggested a macrocystic lesion to be a good indication for sclerotherapy using OK-432. Although not from the viewpoint
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of airway obstruction, they reported that treatment using
OK-432 was more effective than surgical resection and less
frequently caused serious complications.

Limitations
There have been no papers that directly analyzed treatments
effective for mediastinal lesions expected to cause airway
obstruction, and many papers reported cases of mediastinal
lesions that responded to treatments. Therefore, we simply
extracted matters relevant to this CQ from these reports.
<Summary>
There was no literature with a high level of evidence
concerning effective treatments for LM in the mediastinum
causing airway obstruction. A few case reports that referred
to the effects of surgery and sclerotherapy were observed,
but it was difficult to present objective and specific figures
concerning their effectiveness or safety. However, according
to the available information, it should be noted that favorable
responses have been obtained by OK-432 local injection in
macrocystic lesions and that complications due to surgical
resection are likely to occur relatively frequently.
From these observations, we consider the following to
be a therapeutic approach that can be proposed: “Sclerotherapy, such as that by local injection of OK-432, should
be considered for macrocystic lesions, and, for lesions that
are technically difficult to treat by sclerotherapy or microcystic lesions, surgical resection should be considered with
attention to complications. In addition, it is necessary to
pay attention to the appearance of respiratory disturbances
before and after these treatments and to constantly evaluate
indications for securing the airway by intratracheal intubation or tracheostomy.” Therefore, at present, we recommend,
“Sclerotherapy is effective for macrocystic lesions, and surgical resection is effective for microcystic lesions. However,
as the complication rate is relatively high, treatments should
be selected according to the condition of each case.”
CQ30: Should sclerotherapy be performed in
infancy for a patient with head and neck LM
affecting the airway?

Recommendation:
In a patient with LM around the airway, there is risk of
respiratory distress in infancy, while airway obstruction is
likely to be exacerbated by sclerotherapy. Particularly, when
risk of airway obstruction is judged to be high or when the
patient has already presented symptoms, it is proposed to
perform sclerotherapy with sufficient preparations including
airway management.

Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparing recommendation]
LM of the neck, which are located in an exposed part of
the body, may cause cosmetic problems that are important,
but airway obstruction can particularly be a serious problem
in some cases.
Sclerotherapy, which is one of the major treatment
modalities, is most effective in patients with cystic LM, but
swelling of the treated portion after the therapy may cause
or exacerbate airway obstruction symptoms especially in
neonates. The upper airway will become less vulnerable
to obstruction because it becomes less frail and wider as
patients grow and respiratory distress tends to be unlikely.
Therefore, it is occasionally difficult to determine how
a patient who does not present any obstructive symptom
should be treated in infancy.
Thus, we evaluated this problem by formulating the CQ,
“Should sclerotherapy be performed in infancy for a patient
with the neck LM affecting airway?”
<Literature search and screening>
As a result of search, 86 papers in Japanese and 135
papers in English (130 from PubMed, 5 from Cochrane)
were subjected to primary screening. Of these papers, 6 in
Japanese and 20 in English were subjected to secondary
screening concerning this CQ. They included 1 systematic
review (SR), 1 RCT, 2 prospective studies (PS) and 1 retrospective cohort study, but all the others were case series or
case reports. Therefore, the results and discussion, primarily,
in these SR, RCT, PS, and retrospective cohort study, but
also in other case series were integrated.
<Review of observational studies>
The literature concerning the effectiveness of sclerotherapy for head and neck LM in infancy was reviewed
from the viewpoints of responses (prognosis (survival rate
or mortality), size, symptoms, and cosmetic improvement)
and complications.
Sclerosing agents used as keywords for the present literature search varied widely and included OK-432, bleomycin,
ethanol, doxycycline, STS and fibrin glue. No paper evaluated differences in effectiveness of various agents due to
their methods of administrations for lesions around the neck
affecting airway. Therefore, differences among agents were
excluded from the evaluation of this CQ.

Results of review
1. Responses
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A. Prognosis (survival rate or mortality)
According to the SR by Adams et al. [360], the mortality was 4.7% in 277 cases with head and neck LM. Since
lesions around the airway were not the only target, and since
sclerotherapy was not the only treatment modality, the paper
has not quite rightly answered to the CQ. However, since
patients who died were all before one year of age and their
causes of death are considered to have been mostly airway
problems, such as airway obstruction and aspiration due to
vocal cord paralysis in 8, and as at least 1 patient is judged
to have died due to complications of invasive treatment, the
paper is considered to indicate the risk of this disorder during infancy.
B. Size
Many of the papers that referred to the size regression evaluated it by four categories; (1) excellent or complete (≥ 90%
regression), (2) good or substantial (≥ 50% and < 90% regression), (3) fair or intermediate (≥ 20% and < 50% regression),
(4) and poor or none (≤ 20% regression).
Ravindranathan et al. [306] treated 5 patients (aged
4–19 months) with cervicofacial LM by sclerotherapy
using OK-432 (in addition to Fibrovein® (STD Pharmaceutical Products Ltd, Hereford, UK) in 2) and reported that
the responses were good in 1 (20%) (cystic), partial in 1
(20%) (cavernous), and poor in 3 (60%) (2 with cavernous
lesions that required tracheotomy and 1 with cystic lesions
in whom the condition improved to good after surgical resection). However, they did not mention the evaluation criteria
for good, partial, and poor.
According to the report of 8 cases with head and neck LM by
Leung et al. [361], all patients underwent sclerotherapy, ≥ 50%
regression was observed in all patients with complete regression in 2. However, the patient age varied from 2 months to
11 years, and the types of LM were not mentioned.
Ogawa et al. [362] reported 9 patients (including 5 preschoolers and toddlers, 2 school children, and 2 adults) who
underwent OK-432 sclerotherapy for the neck LM and evaluated it to be markedly effective in 8, in whom the lesions
mostly disappeared, and effective in 1, who showed a ≥ 50%
regression. Eight patients in whom the treatment was markedly effective consisted of 1 with mixed and 7 with cystic
lesions, and the one in whom the treatment was effective
had a mixed type.
Cahill et al. [315] reported doxycycline sclerotherapy in
17 patients with head and neck LM (cystic in 10, mixed
in 7 (3 required tracheotomy)), and its size regression was
reported to be > 90% in 7 (41.2%) (cystic in 6, mixed in 1),
75–89% in 4 (23.5%) (cystic in 2, mixed in 2), 51–74% in 4
(23.5%) (cystic in 1, mixed in 3), and 25–50% in 2 (11.8%)
(mixed in 2).

Nehra et al. [311] reported doxycycline sclerotherapy in
11 patients with head and neck LM (cystic in 7, mixed in 4;
aged 2 days–21 months) (later combined with surgical resection in 3). The treatment results were excellent in 5 (45.5%
of all patients) and satisfactory in 2 (18.2% of all patients)
among 7 patients with cystic lesions but poor in all 4 patients
with mixed type lesions (36.4% of all patients). Particularly,
3 of the 4 patients with mixed type lesions required tracheal
intubation shortly after birth and underwent sclerotherapy
while intubated, but the effects were poor in all of them.
Surgical resection was added in 1 and was under consideration in another.
C. Symptoms
According to Ravindranathan et al. [306] who reported 5
patients with cervicofacial LM (aged 4–19 months) treated
with sclerotherapy using OK-432 (in addition to F
 ibrovein®
(STD Pharmaceutical Products Ltd, Hereford, UK) in 2), 4
exhibited symptoms of airway obstruction before treatment.
Symptoms included dysphagia in 2 and dyspnea (including
croup-like symptoms) in 4 (some both). Symptoms were
alleviated by sclerotherapy in 2 out of 4 (cystic 1, cavernous 1), but tracheotomy was necessary in the remaining 2
(cavernous in both) without improvement.
In the report of 8 patients with head and neck LM and 5
patients with VM (aged 2 months–11 years) by Leung et al.
[361], their symptoms noted before treatment were mass
or swelling [10 patients (77%)], pain after hemorrhage [2
patients (15%)], skin discoloration (blue) [1 patient (8%)],
obstructive airway symptoms [6 patients (46%)], and swallowing difficulty [1 patient, (8%)]. All symptoms were alleviated
by sclerotherapy (doxycycline for LM, STS foam for VM).
Arimoto et al. [363] reported a patient with cystic LM
in the neck presented 3 months after birth. The patient presented with respiratory distress at the age of 10 months due to
enlargement of the LM following upper respiratory infection.
While left vocal cord fixation due to the mass was confirmed
by ultrasonography before treatment, aspiration of the cyst
and steroid administration resulted in opening of the glottic
area and regression of the mass with relief of wheezing and
distress. Since they underwent sclerotherapy 2 months after
the disappearance of symptoms, aspiration of internal fluid
and steroid administration rather than sclerotherapy were
directly effective for the alleviation of symptoms.
Kitagawa et al. [364] reported a patient with giant LM
of the neck which had been prenatally diagnosed and was
treated under ex utero intrapartum treatment (EXIT) by tracheal intubation after aspiration of the cyst. The lesion was
reported to be refractive to subsequent sclerotherapy and
tracheotomy was eventually needed.
Nehra et al. [311] reported that, among 11 patients with
head and neck LM (cystic type in 7 and mixed type of
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cystic + cavernous in 4; aged 2 days–21 months), 3 out of
4 with mixed LM presented respiratory distress soon after
birth and were managed by intubation, but that all were
extubated after sclerotherapy using doxycycline (1–3 times,
median: 1.6 times).
D. Cosmetic improvements
No paper has reported cosmetic results in detail. Only
sporadically they mentioned about surgery for redundant
skin after regression of cystic lesions by sclerotherapy.
4. Complications
Complications associated with treatment for LM around the
airway have been reported in many papers. They include
temporary conditions caused by sclerotherapy such as fever
[292, 303, 312, 362, 365–371], local swelling [303, 312,
365, 367, 368, 370, 371] pain [288, 312, 362, 367, 370–372],
hemorrhage into the cyst [288, 303, 312, 368], and infection
[288, 292, 303, 310, 312, 360, 365, 372]. There also reported
complications as the effects of treatment for head and neck
lesions such as respiratory distress due to airway obstruction
[292, 303, 306, 312, 362, 365, 366], as well as nerve palsy
[288, 292, 312, 360, 365].
According to a systematic review about head and neck
LM by Adams et al. [360], both nerve damage due to sclerotherapy and post-therapeutic infection were reported in 1
(0.8%) out of 123 patients. Since nerve damage and infection
after surgery were observed in 12 (10.2%) and 7 (5.9%) out
of 118 patients, respectively, the complication rate would be
lower by sclerotherapy than by surgery.
Ogawa et al. [362] reported a 1-year- and-5-month-old
patient who developed airway edema after OK-432 sclerotherapy for the cystic neck LM and necessitated tracheal
intubation for 3 days and cautioned against sclerotherapy for
LM around the airway in young children (particularly, those
less than 2 years old).
Kudo et al. [369] also reported 2 patients aged 11 months
and 1 year and 11 months who were treated with OK-432
sclerotherapy intubated in advance for fear of airway obstruction due to post-therapeutic swelling. Tomemori et al. [373]
also cautioned against sclerotherapy for LM in children aged
less than 2 years as in the report by Ogawa et al. [362]
On the other hand, Kudo et al. [369] reported 2 cases
whose neck LM having been enlarged rapidly after suffering
from measles or upper respiratory tract infection (URTI).
Arimoto et al. [363] also reported a patient with cystic LM
of the neck 3 months after birth, who developed dyspnea due
to enlargement of the lesion after URTI at 10 months and
was about to be intubated.
Regarding complications due to sclerosing agents,
Cahill et al. [315] reported those by doxycycline, STS and

absolute ethanol. They reported delayed complications,
such as Horner’s syndrome, transient left lip weakness,
right facial nerve palsy, and transient left hemidiaphragm
paralysis, in addition to peri-procedural complications
such as hemolytic anemia after doxycycline injection
in 2 patients, hypoglycemic and metabolic acidosis in 3
neonates, transient hypotension during absolute alcohol
instillation and self-limiting skin excoriation secondary
to peri-catheter leakage of doxycycline. Other reported
complications include permanent vocal cord paralysis
after local ethanol injection [374], serious complications
after OK-432 injection such as death due to pulmonary
embolism [375], deaths due to pulmonary complications
after treatment using bleomycin [376, 377] and leukocytopenia due to bleomycin [368].

Limitations
There are few papers that solely analyzed LM around the
cervical airway. Most papers included lesions involving not
only the neck but also the craniofacial and other parts of
the body and reported LM with different properties such as
cystic and mixed types. In addition, definition of cavernous
lesions and methods of sclerotherapy (injection techniques,
number of injections) were not similar among papers, and
differences in these backgrounds must be taken into consideration to evaluate the effectiveness of sclerotherapy.
<Summary>
The CQ, “Should sclerotherapy be performed in
infancy for a patient with head and neck LM affecting the
airway?”, was evaluated from the viewpoints of responses
(prognosis (survival rate or mortality), decrease in size,
symptoms, cosmetic improvements) and complications.
Since there have been some reports on the risk of respiratory distress due to LM around the airway in infants, and
therapeutic intervention is necessary even in infants when
the risk is high or they have already developed symptoms.
Such intervention is made by sclerotherapy or surgery,
and as surgical resection is associated with the risk of
more serious complications than sclerotherapy, intervention by less invasive sclerotherapy is recommended. Sclerotherapy is considered to be very effective because of
high regression rate of the lesion and symptom/functionimproving effect. However, its effect varies depending on
the disease type, somewhat less effective in the cavernous
and mixed types than in the cystic type. Furthermore,
when it was performed for the lesions around the airway,
it may be associated with the risk of exacerbation of airway obstruction symptoms due to reactive enlargement
of the lesion. Thus, we formulated the recommendation,
“In LM around the airway, there is the risk of respiratory
disturbances from infancy, but airway obstruction is likely
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to be exacerbated by sclerotherapy. Particularly, when the
risk of airway obstruction is judged to be high or when
symptoms have appeared, it is proposed to perform sclerotherapy with sufficient preparations including securing
the airway.”
CQ31: Is surgical resection effective for LM of
the tongue?

Recommendation:
Surgical resection is effective for reducing the size of the
lesion and alleviating symptoms and functional impairment.
However, total resection is often difficult, and careful decision is required in consideration of the possibility of complications and recurrence.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of preparation of recommendation]
While the tongue is one of the frequent sites of LM, the
lesion is often distributed widely over the neck rather than
is localized in the tongue. LM of the tongue not only cause
cosmetic problems, such as protrusion from the mouth and
bleeding, but also readily occupy the oropharyngeal cavity
and cause functional problems such as disorder of mouth
closing, difficulty in speaking, respiratory disturbances,
and impairment of oral food intake. These conditions are
treated at departments including plastic surgery, oral surgery, otorhinolaryngology, and pediatric surgery. LM of the
tongue are treated by surgical resection or sclerotherapy,
but comprehensive evaluation of the condition of individual
cases including the distribution of the lesion in the tongue,
involvement of other areas and cyst components, and vascular distribution in addition to general information, such as
the risk of complications and recurrence in each treatment,
is necessary.
Therefore, the CQ, “Is surgical resection effective for LM
of the tongue?” was formulated, and the present knowledge
about the effectiveness of surgical resection of the lesion,
particularly, by partial glossectomy was summarized.
<Literature search and screening>
As a result of search, 29 papers in Japanese and 76 papers
in English (75 from PubMed, 1 from Cochrane) were subjected to primary screening. Of these papers, 2 in Japanese
and 10 in English were subjected to secondary screening
concerning this CQ. They included 1 retrospective cohort

study, but most other papers were case series or case reports.
Consequently, in the evaluation of this CQ, the results and
discussion of the cohort study and each case series were
integrated.
<Review of observational studies (case series)>
The effectiveness of surgical resection of LM of the
tongue was evaluated from the viewpoints of resectability
of the lesion, symptoms, function, and cosmetic improvements as elements of responses as well as complications
and recurrence.

Results of review
1. Responses
A. Resectability of the lesion
Twenty-four cases of tongue lesions treated by surgical
resection alone were reported in 4 papers. Catalfamo et al.
[378] performed surgical resection of localized masses
including normal structures with a margin of 1 cm in the
horizontal direction and reported that the size of tongue
lesions was reduced in 8 (88.9%) of the 9 patients.
Concerning large lesions impossible to resect totally,
Boardman et al. [358] reported 13 cases of partial surgical resection, but several operations were often necessary to
reduce lesion size. A total of 2 case have been reported [379,
380], and the lesion size was reduced in both. Although differences were observed in re-enlargement after surgery, they
are discussed in detail in “(2) Complications”.
In 1 case report, sclerotherapy was performed 15 times,
but the lesion size could not be reduced, and surgical resection was performed, eventually resulting in a favorable outcome without recurrence [381].
According to a report of 89 cases of head and neck
LM by Lei et al. [291], the outcome was excellent in 73
(82%) and good in 16 (18%) although it was not a report
of cases of tongue lesions alone. They included 43 cases
of tongue lesions.
In addition, a few papers [382–385] that suggested the
effectiveness of combinations of surgical resection with
sclerotherapy and laser therapy were observed. Wiegand
et al. [383] classified the disease into 4 stages according to
the area of involvement and reported that the stage can be
a prognostic factor. Surgery was effective, and complications were rare, when the lesion was localized in the superficial layer and part of the muscle layer. Surgical resection
can also be effective, but complete resection is difficult,
when the lesion extends over the entire muscle layer or to
the tongue base and neck. Therefore, partial resection is
often repeated and combined with laser therapy and sclerotherapy, but the recurrence is observed very frequently,
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and the results did not contradict the reports mentioned
below in the section of the recurrence rate [291, 358].
B. Symptoms
A wide variety of symptoms have been reported
depending on the site of the mass, and they include tongue
discomfort, bleeding, pain, and difficulty in oral feeding
[386]. Roy et al. [387] reported that bleeding from the
tongue surface, pain, and eating difficulty were alleviated
by cauterization.
C. Functions
In most patients who exhibited functional impairment, the
lesions were so extended that they were no longer indications for one-time surgical resection. Large masses located at
sites such as the tongue base cause respiratory disturbances,
swallowing disorders, and difficulty in speech. According to
the report by Azizkhan et al. [385], oral intake of normally
cooked food became possible in 14, and normal vocalization became possible in 8, of the 21 patients with tongue
base lesions. In addition, 5 of the 17 patients who needed
tracheotomy were weaned.
D. Cosmetic improvements
Objective evaluation of cosmetic effects is also difficult.
Azizkhan et al. [385] reported that, of the 20 patients,
excluding 1 with severe deformity who died, deformity of structures around the tongue, such as the mandible and maxilla, was
mild in 6, moderate in 5, and severe in 9. There have been a
few reports that cosmetic improvements were also observed in
patients who showed a reduction of the tongue size by surgical
resection, but objective evaluation is insufficient.
2. Complications
Although the properties of the lesions are unclear in some
papers, facial nerve paralysis, vagus nerve paralysis, infection, hematoma, seroma, salivary leakage, ruptured suture,
and skin flap necrosis have been reported as complications
of the facial region. There have also been reports of temporary complications such as pain and hemorrhage.
3. Recurrence

more sites, and those with microcystic lesions. According to Boardman et al. [358], LM of the tongue recurred
in 12 (48%) of 28 patients, more often than other head and
neck lesions. As factors related to this more frequent recurrence of lingual LM, more frequent involvement of other
regions, such as the floor of mouth, and a high percentage
of microcystic lesions (70%) have been suggested. Of the 2
patients treated by surgical resection alone, 1 who underwent resection of the middle part of the tongue showed no
re-enlargement for 1 year or longer after surgery [379], but
surgery was repeated 3 times in the 1 who underwent marginal resection [380]. This patient who underwent repeated
resections also showed no re-enlargement although the time
of the last resection is unclear.

Limitations
In some papers, surgical resection was combined with other
treatments [381–385, 387], lesions in other areas such as
the neck were included [291], and the lesion types were
unknown. The lack of standardization of subjects and uniformity of the definition or time of recurrence must be considered in the evaluation of the effectiveness of surgical
resection.
<Summary>
Many papers suggest that surgical resection is effective
for reducing the size of lingual LM. However, in patients
with large lesions, lesions extending to structures other than
the tongue, and microcystic lesions, several resections or
combination of resection with other treatments such as sclerotherapy and laser therapy were necessary, and the recurrence rate tended to be higher. While a few papers referred to
symptoms, functional outcome, and cosmetic improvements,
none showed a high level of evidence, and the evidence was
insufficient for general discussion of the effectiveness of
surgical resection.
Therefore, concerning the effectiveness of surgical resection for LM of the tongue, “Surgical resection is effective for
reducing the size of the lesion and alleviating symptoms and
functional impairment. However, total resection is often difficult depending on the distribution of the lesion, and careful decision is required in consideration of the possibility
of complications and recurrence.” was proposed as a draft
recommendation.
CQ32: Is aggressive surgical intervention

There have been a few postoperative evaluations reporting
that no reactivation that clinically required treatment was
observed. Lei et al. [291] reported greater details: Recurrence was observed in 21 (23.6%) of 89 patients and was
more frequent in those aged less than 1 year, those with
lesions in the oral cavity/face, those with lesions at 3 or

effective for chylous pleural effusion in the
neonatal period?

Recommendation:
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For chylous pleural effusion refractory to conservative
treatments, surgical procedures, such as pleurodesis, ligation
of the thoracic duct, and pleuroperitoneal shunting, may be
effective.
Strength of recommendation	2 (weak)
Evidence	D (very weak)
Comments
[Process of determining recommendation]
Primary chylous pleural effusion during the neonatal
period is often refractory and can be fatal. Thoracic drainage
is performed for respiratory insufficiency due to accumulation of pleural effusion, followed by conservative treatments,
such as nutritional therapy, steroid, and octreotide therapy,
conducted primarily by neonatologist until resolution of chylous pleural effusion.
In refractory cases that do not respond to these conservative therapies, surgical intervention, such as ligation of the
thoracic duct and pleurodesis, may be performed. However,
no sufficient consensus has been obtained concerning their
effects. To evaluate problems, such as at what point surgical
intervention should be made and whether aggressive surgical intervention is effective for such a condition, the CQ, “Is
aggressive surgical intervention effective for chylous pleural
effusion in the neonatal period?”, was formulated, and the
knowledge available at present was summarized.
<Literature search and screening>
As a result of search, 98 papers in Japanese and 264
papers in English (262 from PubMed, 2 from Cochrane)
were subjected to primary screening. Of these papers, 8
in Japanese and 9 in English were subjected to secondary
screening concerning this CQ. They included none with a
high level of evidence, such as a systematic review or RCT
that evaluated surgical treatment, and all papers were case
series or case reports. Consequently, the results and discussion in each of the case series judged to be useful for the
preparation of the draft recommendation were integrated
although they were weak as the evidence for the evaluation
of this CQ.
<Review of observational studies (case series)>
The literature concerning the effectiveness of surgical treatment for chylous pleural effusion in the neonatal
period was reviewed from the viewpoints of responses and
complications.

Results of review
1. Responses

Surgical treatment for neonatal chylothorax is performed
in patients who respond insufficiently even to thoracic drainage in addition to nutritional therapy using MCT milk or
total parenteral nutrition or drug treatment such as octreotide
administration.
The methods for surgical intervention found by the present literature review included ligation of the thoracic duct
and pleuroperitoneal shunting as well as pleurodesis with
OK-432 administration, intrathoracic infusion of fibrin, and
povidone-iodine administration, and some patients diagnosed in utero underwent pleuro-amniotic shunting. Cases
in which mildly invasive treatments, such as thoracoscopic
ligation of the thoracic duct and intrathoracic fibrin application, have been reported in addition to those who underwent
thoracic duct ligation by thoracotomy.
Treatments that were performed before surgery and their
periods were not uniform. In addition, since there are cases
that developed chylous pleural effusion after surgery and
those of congenital chylothorax, the diversity of the patient
background must be taken into consideration in the efficacy
evaluation.
Among the surgically treated cases, those in whom chylous plural effusion disappeared, respiratory symptoms were
alleviated, and weaning from the respirator became possible have been reported [388, 389]. In addition, the absence
of recurrence or reactivation is considered to be a point.
[388–391] There were reports that chylous pleural effusion after thoracic surgery was resolved by drainage alone.
Cleveland et al. [392] considered conservative treatments,
such as total parenteral nutrition, octreotide, and diuretic
administration, to be the best and, observing that, of the poor
responders, the mortality was 80% in 5 who continued to be
managed by conservative treatments but 0% in 4 who underwent additional surgery, reported that surgical treatment
contributed to the reduction of the mortality. According to
the guidelines for the treatment of chylous thoracic effusion
by Buttiker et al. [393], conservative treatment should be
continuing for about 3 weeks but should be abandoned thereafter because of the risk of nutritional disturbance, increased
susceptibility to infection, and liver disorders. However, Kaji
et al. [394] reported that it is difficult to set a clear period of
conservative therapy, because the effectiveness and success
rate of surgical treatment are unclear.
2. Complications
As complications due to sclerosing agents, fever and
increased inflammatory reaction due to the administration
of OK-432 as well as pulmonary abscess and temporary flaccidity and protrusion of the upper abdominal region considered to have been due to intercostal nerve damage have been
reported. While chyle leakage in the abdominal cavity was
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noted in a patient who underwent pleuroperitoneal shunting,
there were no reports of fatal complications.

Comments

Limitations

[Process of preparation of recommendation]
GLA and GSD are refractory diseases that cause a wide
variety of symptoms in the entire body and are difficult to
diagnose and treat. The investigation by the Health and
Labour Sciences Research group (Ozeki group) carried out
by 2013 showed that the mortality is particularly high when
the patients had thoracic lesions.
Among the thoracic symptoms, chylous pleural effusion/
pericardial effusion are often refractory and occasionally
fatal. While information about the disease is extremely limited because of its rareness, case reports are being globally
accumulated as chronic cases are managed on an outpatient
basis, and as severe cases are treated intensively.
Presently, no radical treatment for these refractory diseases is known, but the CQ, “What treatments are effective for refractory chylous pleural, and pericardial effusion
and respiratory disturbances of the patients with GLA and
GSD?” was formulated to compile the knowledge about
what treatments are effective as it is a problem of clinical
importance.

Surgical treatment was performed in most reported cases
when responses to conservative therapy were not obtained.
Therefore, it must be assumed that the results of evaluation
of this CQ are based on data concerning the effectiveness of
surgery performed with conservative therapy.
<Summary>
The literature was reviewed concerning the effectiveness of aggressive surgical intervention for neonatal chylous thoracic effusion from the viewpoints of responses and
complications, but no objective study with a high level of
evidence was found. In most reported cases, surgical treatment was performed when responses to conservative treatments were poor. Therefore, it is difficult to compare surgery with other therapies, and the evaluation of the period of
conservative treatment before surgery remains insufficient.
However, there was a paper that proposed surgical intervention after attempting conservative treatments for 3 weeks as
a standard.
Thus, surgical intervention for neonatal chylous pleural
effusion is characterized at present as an approach that may
be effective but should be evaluated when the condition is
not improved by other treatments, and “Surgical procedures,
such as pleurodesis, ligation of the thoracic duct, and pleuroperitoneal shunting, may be effective for chylous pleural
effusion refractory to conservative treatments.” is proposed
as a draft recommendation.
CQ33: What treatments are effective for
refractory chylous pleural, and pericardial
effusion and respiratory disturbances of the
patients with generalized lymphatic anomaly
(GLA) and Gorham-Stout disease (GSD)?

Recommendation:
While treatments including surgery, sclerotherapy, radiotherapy, nutritional therapy, and drug therapy are conducted,
there is presently no effective treatment with a high level of
evidence. Treatments should be selected in consideration of
complications and adverse effects according to individual
symptoms.
Strength of recommendation	2 (weak)
Evidence	D (very weak)

<Literature search and screening>
As a result of search, 208 papers in Japanese and 617
papers in English (598 from PubMed, 19 from Cochrane)
were subjected to primary screening. Of these papers, 2 in
Japanese and 25 in English were subjected to secondary
screening concerning CQ 37. They included no studies with
a high level of evidence, such as a systematic review and
RCT, and all were reports of 1-2 cases. Therefore, the evaluation of this CQ was performed by integrating the results
and discussion in case series judged to be useful for the
preparation of the draft recommendation despite the lack
of evidence.
<Review of observational studies (case series)>
The effectiveness of various treatments for refractory
GLA and GSD was evaluated according to the prognosis and
the presence or absence of improvement in imaging findings,
improvement in symptoms, improvement in airway obstruction, enlargement of the lesion, regression, treatment-related
complications, recurrence, and reactivation.

Conditions of patients
The cause of chylous pleural and pericardial effusion is
lymphorrhea from lymphatic vessel tissue lesions that have
primarily invaded the mediastinum and pleura, and lymphorrhea from osteolytic lesions of the ribs and vertebrae
was also observed. Respiratory disturbances were caused by
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pleural effusion, chylous pleural effusion, pericardial effusion, and direct invasion of the mediastinum and lungs.

Results of review
As surgical treatments for chylous pleural effusion, procedures, such as thoracentesis, thoracic drainage, ligation of
the thoracic duct, and pleural decortication, have been performed, and local lesions were surgically resected. In most
cases, thoracentesis and thoracic drainage were performed,
but chyle leakage was not resolved. As for complications,
there were patients who developed hypovolemic shock and
required blood transfusion and catecholamine administration or supplementation of albumin, immunoglobulin, and
clotting factors [395–397]. While chylous pleural effusion
was controlled in some patients who underwent ligation of
the thoracic duct [397–408], the treatment was performed in
combination with other surgical procedure or radiotherapy
in all cases [400, 402, 408]. There was 1 case that showed
improvement in respiratory disturbance [406]. As complications of ligation of the thoracic duct, splenomegaly and
lymphorrhea [405] and left-sided pleural effusion [397, 405]
have been reported. In the patients who showed marked
improvements in chylous pleural effusion [395, 405, 408]
after pleural decortication [395, 396, 401, 403–405, 408,
409], the procedure was performed in combination with
other surgical treatments or sclerotherapy, and there was
no mention about complications. There were cases that
showed marked improvements in chylous pleural effusion
[396, 400, 405, 408] among those who underwent surgical
resection of local lesions including splenectomy [396, 397,
400, 405, 408, 410–412], but the procedure was performed
in combination with other surgical treatments in most of
them. Hemorrhage was reported as a complication [410].
Among other treatments, pleuroperitoneal shunting [403]
and lung transplantation [413] were performed, and alleviation of respiratory disturbance was noted in the patient who
underwent lung transplantation.
As a surgical treatment for pericardial effusion, pericardiocentesis was performed [396, 414–416], and pericardial
fenestration was performed when pericardial effusion could
not be controlled by pericariocentesis [396, 416]. There was
no mention about complications.
As sclerotherapy, pleurodesis was performed using
OK-432, talc, and minocycline [395, 397–399, 404, 408,
411, 416–418]. There were patients who responded markedly to sclerotherapy alone and sclerotherapy combined with
surgical procedures such as pleural decortication or local
radiotherapy. There was no mention about complications of
sclerotherapy.
There have also been reports [399, 400, 402–404,
410–412, 415, 416, 418–420] on local (e.g., lesion area,

thoracic duct region) and thoracic radiotherapy for chylous
pleural effusion and local lesions, and marked responses of
chylous pleural effusion and responses of respiratory symptoms were noted, but other treatments were performed concomitantly in some patients. Radiation pneumonitis has been
reported as a complication [416].
Concerning nutritional therapy, fasting, high-calorie infusion, and MCT diet have been performed alone or in combinations, but few cases that showed alleviation of chylous
pleural effusion were observed [395, 396, 398–400, 403,
405, 408, 421].
For drug therapy against chylous pleural effusion, drugs
including interferon α, propranolol, anticancer agents (e.g.,
vincristine), bisphosphonate, octreotide, steroid, sirolimus,
and low-molecular-weight heparin were used. Interferon α
was used most frequently [395–398, 400, 401, 403, 415,
421], and marked improvement in chylothorax was reported
in 5 cases. Of these cases, interferon α was used with propranolol in 1 [395] and with low-molecular-weight heparin
and local radiotherapy (15 Gy) in 1 [400]. As for complications of drug therapy using interferon α, there were reports
of fever, nausea, and headache [421] and thrombocytopenia
and hepatic toxicity [397]. There was no report of improvement in chylous pleural effusion by the use of steroid [395,
399, 403, 415] or octreotide [395, 397, 398, 400, 403, 405]
alone. Concerning other drug therapies, only a few cases
have been reported with no improvement in chylous pleural
effusion. One case that showed regression of mediastinal
invasion of GLA and alleviation of respiratory disturbance
by sirolimus treatment has been reported [414], and hypertension was noted as a complication. In drug therapy for
pericardial effusion, diuretics were used for conservative
therapy [400].

Limitations
Although cases that responded to various therapies have
been reported, treatments are often performed in combinations, and the evaluation of the effectiveness of each treatment alone is difficult at this point.
<Summary>
Treatments effective for GLA and GSD presenting with
refractory chylous pleural effusion, pericardial effusion,
and respiratory disturbances were evaluated by a review
of the literature, which was primarily case reports. Various
treatments, such as surgery, sclerotherapy, radiotherapy,
nutritional therapy, and drug therapy, have been performed, but, there was no study with a sufficient number of
cases and a high level of evidence because of the rareness
of the disease and diversity of symptoms. Although cases
that responded to various treatments have been reported,
treatments are frequently performed in combinations, and
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the evaluation of the effectiveness of individual therapies
is difficult at present. Sirolimus (a mTOR inhibitor) is
considered promising as a drug for this disease, and some
clinical trials are currently under way in Japan and abroad.
In clinical situations, these diseases are not recognized
as indications of various drug therapies by the Japanese
health insurance system, and the therapeutic effects of
other treatments are also uncertain. Therefore, the above
treatments cannot be recommended, but we propose that
treatments “should be selected in consideration of complications and adverse effects according to individual symptoms”. It is necessary to evaluate the invasiveness, complications, and adverse effects, and select the treatments
judged to be appropriate for each case.

Conclusion
The practice guidelines for vascular anomalies have been
prepared as the evidence-based guidelines for the management of vascular anomalies.
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Abstract
Background: The rate of disease progression differs among patients with degenerative cerebellar ataxia. The uncertain
natural course in individual patients hinders clinical trials of promising treatments. In this study, we analyzed atrophy
changes in brain structures with cluster analysis to find sub-groups of patients with homogenous symptom
progression in a broad spectrum of degenerative cerebellar ataxias.
Methods: We examined 48 patients including 21 cases of spinocerebellar ataxia (SCA), 17 cases of the cerebellar
type of multiple system atrophy (MSA-C), and 10 cases of cortical cerebellar ataxia (CCA). In all patients, at least
two sets of evaluations including magnetic resonance imaging (MRI) and the International Cooperative Ataxia Rating
Scale (ICARS) scoring were performed. The median number (min-max) of follow-up studies in each patient was three
(2–6), and the mean follow-up period was 3.1 ± 1.6 years. The area of the corpus callosum on midsagittal images
and the cerebellar volume were measured using MRI, and these values were divided by the cranial antero-posterior
diameter of each patient to correct for individual head size differences as an area index (Adx) and a volume index
(Vdx), respectively. The annual changes in Adx, Vdx, and ICARS score were calculated in each patient, and atrophy
patterns in patients were categorized with cluster analysis.
Results: The annual atrophy rates for the corpus callosum (Adx) and cerebellum (Vdx) and symptom progression
differed significantly by subtype of cerebellar ataxia (p = 0.026, 0.019, and 0.021, respectively). However, neither
the annual atrophy rate of Adx nor Vdx was significantly correlated with the annual increase in the ICARS score.
When the patients were categorized into three clusters based on the annual changes in Adx and Vdx, the annual
increase in the ICARS score was significantly different among clusters (2.9 ± 1.7/year in Cluster 1, 4.8 ± 3.2/year in
Cluster 2, and 8.7 ± 6.1/year in Cluster 3; p = 0.014).
Conclusions: The annual increase in the ICARS score can be stratified by cluster analysis based on the atrophy
rates of the corpus callosum and cerebellum. Further studies are warranted to explore whether these simple MRI
methods could be used for random allocation of a broad spectrum of patients with degenerative cerebellar
ataxia in clinical trials.
Keywords: MRI, Cerebellar volume, Spinocerebellar degeneration, Multiple system atrophy, Corpus callosum,
Spinocerebellar ataxia, Cluster analysis
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Background
Degenerative cerebellar ataxia comprises heterogeneous
diseases that mainly affect the cerebellum with various
degrees of pathological changes in other brain structures. Many types of neurodegenerative ataxia are inherited as autosomal dominant traits and have been named
spinocerebellar ataxia (SCA) [1]. The current molecular
classification of SCAs corresponds to the order in which
the responsible genes were described, and more than 30
types of SCAs have been identified [2–5]. Genetic testing
is available for several types of SCAs in routine clinical
practice, but 10–20% of cases of dominant SCA are due
to unknown mutations [6]. Moreover, the rate of progression may vary, even in patients with the same genotype [7]. Among subtypes of degenerative cerebellar
ataxia, the sporadic form is the most common form in
Japan (67.2%) and includes cortical cerebellar ataxia
(CCA) [7, 8] and the cerebellar type of multiple system
atrophy (MSA-C) [9]. A nationwide registry system of
‘intractable diseases’ in Japan demonstrated the prevalence of CCA in Japan has reached about 9000 [6, 7].
CCA is nearly synonymous with sporadic adult-onset
ataxia of unknown origin [10] and idiopathic cerebellar
ataxia [11] in Western countries. The concept of CCA
as a disease is somewhat ambiguous, because the diagnosis is made by ruling out acquired and genetic causes
of ataxia, as well as MSA. CCA may not be necessarily
sporadic, and the differential diagnosis from MSA-C in
the early stages is difficult [8].CCA may be a mixed disease
entity with recessive inheritance or dominant inheritance
with very low penetrance [8]. Differential diagnosis of degenerative cerebellar ataxia in the early stage remains
challenging.
Since Sobue et al. reported that intravenous administration of taltirelin hydrate, a synthetic thyrotropinreleasing hormone analogue, improves ataxia in these
diseases in 1983 [12], taltirelin hydrate has been the
most widely used drug in Japan for the treatment of
neurodegenerative ataxia. Although several drugs have
been tested in randomized controlled trials, including
lithium [13] and varenicline [14] in patients with SCA3
and riluzole [15] in patients with a broad spectrum of
neurodegenerative ataxias, no new treatments have been
approved in over 40 years. The uncertainty of the natural
course in individual patients confounds determination of
the most appropriate study design to verify the efficacy of
promising drugs [16–18].
Cerebellar volume measurement using magnetic resonance imaging (MRI) could be used as an imaging biomarker to predict progression rates in individual patients
with these diseases [1, 19–21]. We demonstrated that the
cerebellar volume obtained from MRI correlates well with
the International Cooperative Ataxia Rating Scale (ICARS)
score in a broad spectrum of degenerative cerebellar

ataxias [22]. We also confirmed that the annual atrophy
rate of the cerebellar volume and the annual progression
of the ICARS score were significantly different among
subtypes of cerebellar degeneration [23]. However, categorizing individual symptom progression only by the atrophy rate of the cerebellum is not feasible. Atrophy of
the corpus callosum, the quantitative evaluation of
which is easy on midsagittal MR images, has been used
as an indirect but sensitive index of cortical neuronal
loss [24, 25]. Cluster analysis has been used to identify
phenotypes that exhibit differences in clinical response to
treatment algorithms [26–29]. The clustering method is a
multivariate statistical procedure used to create homogenous groups of subjects as suggested by the data, but
not defined prior to analysis. In this study, we investigated
whether categorization by cluster analysis using atrophy
rates of the corpus callosum and cerebellum could be used
as an imaging biomarker to predict gross neurological
deterioration as evaluated by ICARS.

Methods
Patients

We retrospectively analyzed a database of patients with
degenerative cerebellar ataxia who were treated in our
hospital from January 2004 to April 2013. A total of 111
patients were followed using a standardized follow-up
protocol including MRI and neurological examination
with ICARS. To determine the annual atrophy rates of
the cerebellum and corpus callosum, we chose 48 patients (24 males; mean age 60.5 ± 11.3 years) from our
data set using the following inclusion criteria: 1) at least
two sets of evaluations including MRI and ICARS scoring
were performed, 2) at least one follow-up study was performed after 18 months (allowance, ±6 months), and 3)
ICARS scoring was performed on the same day of MRI
examination (allowance, ±45 days).
Diagnosis of MSA-C was made in accordance with the
second consensus statement including MRI findings [9].
Patients with a family history suggestive of dominant
inheritance were diagnosed with SCA. After obtaining
informed consent for genetic testing, patients were
screened for SCA1, SCA2, SCA3, and SCA6. Further
screening for SCA7, SCA8, SCA17, and SCA31 was performed in patients in whom the first screening was
negative. When the other rare SCAs were suggested, further studies were performed according to the flow chart
suggested by the Study Group on Ataxic Diseases and
supported by the Ministry of Health, Labour and Welfare
of Japan [6]. Patients with autosomal recessive cerebellar
ataxia, such as Friedreich ataxia, ataxia-telangiectasia,
ataxia with vitamin E deficiency, etc. were excluded. The
diagnosis of CCA was made based on the following criteria: progressive ataxia; disease onset after 20 years of
age; no acute or subacute disease onset; informative and
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negative family history or no evidence of a causative gene
mutation, at least the negative results for screening test of
SCA1, SCA2, SCA3 and SCA6; no established symptomatic cause; and no possible or probable MSA [8]. For the
subtype categorization of patients, we adopted their final
diagnosis.
This study was conducted in a single hospital. The study
protocol was approved by the St. Marianna University
Bioethics Committee, and written informed consent was
obtained from normal volunteers. Written informed consent from patients was waived because of the retrospective
analysis of anonymized data.
Measurements of brain structures

Brain MRI was performed in all patients using a 1.5-T
scanner (EXCELART®, Toshiba Medical Systems Co., Ltd.,
Tokyo, Japan; Achieva Nova-Dual®, Philips Electronics,
Tokyo, Japan). Morphometric analyses of brain structures
were performed with an image analyzer (TRI/3D–VOL;
Ratoc System Engineering, Tokyo, Japan) using Digital
Imaging and Communications in Medicine data from T1weighted sagittal images (repetition time, 520 ms; echo
time, 15 ms; repetition time, 520 ms; slice thickness,
4 mm; matrix, 272 × 256 sagittal sections). The corpus
callosum on midsagittal images was extracted using the
automated segmentation tool in the imaging analyzer
(Fig. 1a), and we measured the total area (mm2).

Cerebellar volume was measured as described elsewhere [22, 23]. Briefly, the cerebellum was defined as
the area lateral to the line connecting the anterior lobe
of the cerebellum and cerebellar flocculus. On the central slice, the fourth ventricle and surrounding cerebellar
tissue were selected, and the cerebellum was automatically
extracted using the imaging analyzer (Fig. 1b, c). The
ventricle around the cerebellum, with a pixel number different than the cerebellar tissue, was separated from the
cerebellum. Cerebellar volume was determined by linear
interpolation from the automatically extracted cerebellar
tissue area and slice thickness. In all patients, cranial
antero-posterior (AP) diameter, which was defined as the
distance between two points at which the skull and the
anterior commissure – posterior commissure (AC-PC)
line intersected, was measured. For statistical analysis, the
area of the corpus callosum and the volume of the cerebellum of all patients were divided by each cranial AP
diameter to correct for the individual head size differences
as an area index (Adx) and a volume index (Vdx), respectively. Representative images of the cerebellum are
shown in Fig. 2.
The normal values for Adx and Vdx in 30 healthy
adults (mean age, 64.2 ± 18.7 years, cranial AP diameter,
18.2 ± 1.1 cm, body height, 163.5 ± 6.7 cm) were
3.80 ± 0.50 mm2/mm and 0.65 ± 0.06 cm3/mm, respectively. Inter-rater variability and test-retest reliability for
the MRI-based morphometry were calculated using 12
randomly selected patients from our data set. Adx and
Vdx were measured three times by three experienced
neurologists who were blinded to the patient’s clinical
information. The intraclass correlation coefficients for
Vdx were 0.988 for inter-rater variability and 0.994 for
test-retest reliability. The annual atrophy volume and
the annual progression as measured with the ICARS
score were calculated using a linear regression model in
each patient.
Statistical analyses

Fig. 1 Segmentation of the corpus callosum and the cerebellum on
MR images. The corpus callosum on a midsagittal T1-weighted image
was extracted with the automated segmentation tool (a). The total area
of the corpus callosum (mm2) was divided by the individual cranial AP
diameter to correct for the individual head size differences as an area
index (Adx). The cerebellum was defined as the area lateral to the line
connecting the anterior lobe of the cerebellum (I segment) and
cerebellar flocculus (X segment) (b). On the central slice, the fourth
ventricle and surrounding cerebellar tissue were selected, and the
cerebellum was automatically extracted using the imaging analyzer (c)

Hierarchical cluster analysis was used to define three
homogeneous groups of individuals based on the annual
atrophy changes in the corpus callosum (Adx) and cerebellum (Vdx) irrespective of etiology. Ward’s minimumvariance clustering method was used to create the best
set of clusters for each possible number of clusters.
Hierarchical clustering methods were first used to assign
each individual to his or her own cluster. Then, the most
similar pairs of clusters (in terms of the chosen distance
metric) were merged into a new cluster, resulting in one
less cluster.
Data are presented as the means and standard deviation
(SD), unless otherwise indicated. In each patient, Adx and
Vdx at the last follow-up visit were subtracted from the
initial values, and these subtracted values were divided by
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Fig. 2 Representative images of cerebellar atrophy (T1-weighted image) and Vdx (a-d). Vdx is the cerebellar volume index (Vdx = cerebellar volume/
cranial AP diameter). The mean Vdx value in normal adults (mean age, 64.2 ± 18.7 years; cranial AP diameter, 18.2 ± 1.1 cm) is 0.65 ± 0.06 cm3/mm.
Vdx can be used to quantify the decrease in volume due to cerebellar atrophy, which is difficult to evaluate with visual qualitative assessment alone

the follow-up periods between the first and the last evaluation. Thus, the annual atrophy area in Adx and the annual atrophy volume in Vdx were calculated for each
patient. The annual progression in the ICARS score was
calculated by using the initial and last ICARS scores.
Comparisons among three subgroups were made using
ANOVA and the post-hoc Dunnett’s test. Values of
p < 0.05 were considered significant. All statistical analyses
were performed using SPSS version 22 (IBM SPSS Statistics for Windows; IBM Corp, Armonk, NY).

Results
We examined 48 patients including 21 patients with SCA
(six with SCA6, four with SCA3, three with SCA2, three
with SCA1, one with SCA31, and four for whom the type
of SCA was unknown), 17 patients with MSA-C, and 10
patients with CCA. Patient characteristics and annual
changes in Adx, Vdx, and the ICARS score are shown in
Table 1. A total of 169 follow-up studies were performed in
these patients. The median number (min-max) of followup studies was three (2–6). The mean follow-up period
(min-max) was 3.1 ± 1.6 (1.25–7.58) years. The mean age
at symptom onset and the age at entry into the study were
younger for SCA than the other types (p = 0.005 and 0.046,
respectively). The mean interval between onset and study
entry for MSA-C was the shortest (p = 0.004). We found
no significant difference in the ICARS score at the first
evaluation among patients with SCA, MSA-C, and CCA.
Both the annual atrophy of the corpus callosum area (Adx)
and the cerebellar volume (Vdx) were highest in MSA-C

(p = 0.026 and 0.019, respectively). The annual increase in
the ICARS score was also highest in MSA-C (9.8 ± 6.1
points/year, p = 0.021). Serial changes in the ICARS score
of individual patients were plotted against years after symptom onset in Fig. 3. Neither the annual atrophy rate of Adx
nor Vdx was significantly correlated with the annual increase in the ICARS score.
The annual callosal (Adx) atrophy was plotted against
the annual cerebellar volume (Vdx) atrophy as a scattergram in Fig. 4. Based on these variables, 48 patients were
categorized into three clusters with cluster analysis. Patient
characteristics according to these clusters are shown in
Table 2. The mean age at entry was similar among clusters.
Frequencies of SCA, MSA-C, and CCA were significantly
different among clusters (p = 0.007). The percent of
patients with MSA-C was higher in Clusters 2 and 3. The
annual atrophy of the corpus callosum (Adx) and cerebellum (Vdx) were significantly different among clusters
(p = 0.001 for both; Table 2). The annual increases in the
ICARS score were 2.9 ± 1.7 in Cluster 1, 4.8 ± 3.2 in
Cluster 2, and 8.7 ± 6.1 in Cluster 3 (p = 0.014, Fig. 4).

Discussion
Designing clinical trials to treat degenerative cerebellar
ataxia has been challenging because differential diagnosis
is usually difficult in the early stage when treatment
would be most effective, and the rate of progression may
vary, even in patients with the same clinical subtype or
the same genotype [7]. Our study demonstrated that
symptom progression significantly differed by subtype of
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Table 1 Patient characteristics and annual atrophy changes in the corpus callosum and cerebellum
Total
(n = 48)

SCA
(n = 21)

MSA-C
(n = 17)

CCA
(n = 10)

p value

Age at onset (years)

52.6 ± 12.5

46.2 ± 13.1*

57.5 ± 10.0

57.6 ± 9.2

0.005

Age at study entry (years)

60.5 ± 11.3

56.6 ± 12.5*

61.4 ± 9.4

67.1 ± 9.0

0.046

Male (%)

50%

62%

47%

30%

0.241

Body height (cm)

159.3 ± 9.0

160.3 ± 9.2

163.0 ± 8.0

154.7 ± 8.2

0.124

AP diameter of the cranium (mm)

181.4 ± 8.6

180.6 ± 8.4

185.0 ± 6.3

177.2 ± 10.7

0.061

Follow-up period (years)

3.1 ± 1.6

3.1 ± 1.7

2.7 ± 1.1

3.6 ± 1.8

0.522

Follow-up period (min-max)

(1.25–7.58)

(1.50–7.58)

(1.25–4.67)

(1.25–6.00)

Number of follow-up studies, median (min-max)

3 (2–6)

3 (2–6)

3 (2–6)

4 (2–6)

0.083

Interval between onset and the first evaluation (years)

8.0 ± 6.4

10.4 ± 7.3

4.0 ± 3.3*

9.4 ± 5.3

0.004

Interval between the first and last evaluation (years)

2.6 ± 1.5

2.6 ± 1.6

2.2 ± 1.3

3.1 ± 1.6

0.308

ICARS score at the first visit

35.5 ± 16.5

36.7 ± 12.9

35.8 ± 23.0

33.2 ± 14.0

0.871

2

Initial corpus callosum area (mm )

598.2 ± 79.2

575.2 ± 80.6

657.9 ± 84.9

587.0 ± 47.8

0.042

Initial corpus callosum area index (Adx)

3.38 ± 0.45

3.33 ± 0.50

3.46 ± 0.47

3.32 ± 0.26

0.622

Annual atrophy area in Adx

−0.11 ± 0.08

−0.09 ± 0.07

−0.15 ± 0.10

−0.08 ± 0.05

0.026

Initial cerebellar volume (cm3)

84.9 ± 13.7

88.1 ± 12.7

85.5 ± 8.8

78.4 ± 17.9

0.276

Initial cerebellar volume index (Vdx)

0.47 ± 0.09

0.48 ± 0.08

0.45 ± 0.09

0.47 ± 0.11

0.725

Annual atrophy volume in Vdx

−0.04 ± 0.02

−0.02 ± 0.02

−0.04 ± 0.02†

−0.01 ± 0.03

0.019

Annual increase in ICARS score

4.4 ± 4.5

3.5 ± 2.9

9.8 ± 6.1*

2.9 ± 2.8

0.021

*p < 0.05 vs. the other two subtypes (post-hoc analysis), †p < 0.05 vs. CCA (post-hoc analysis)

cerebellar ataxia, especially both the annual cerebellar/
corpus callosum atrophy rating and increase in ICARS
score were highest in MSA-C patients. However, the
standard deviations for these values were relatively large,
even in the same subtype. Schmitz-Hubsch et al. reported that 250 patients per group were required to

detect a 50% reduction in disease progression as evaluated with the Scale for Assessment and Rating of Ataxia
(SARA) in a two-arm trial with the outcome measured
within 1 year, implying that the sample size estimate was
still large, even in patients with genetically proven
etiology [30]. Detailed characterization of phenotypes of

Fig. 3 Serial changes in the ICARS score of individual patients by subtype of degenerative cerebellar ataxia. The median number (min-max) of
follow-up studies was three (2–6). The mean follow-up period (min-max) was 3.1 ± 1.6 (1.25–7.58) years
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Fig. 4 Categorization of patients by cluster analysis. Based on the
annual atrophy rates of corpus callosum (Adx) and cerebellum (Vdx),
patients were classified into three clusters (○: cluster 1, ▲: cluster 2,
□: cluster 3)

degenerative cerebellar ataxia is essential for identification of responder populations to allow medical intervention. Our study is the first to explore different subtypes
of disease progression through cluster analysis in an attempt to overcome this sample size problem.
MRI-based cerebellar volume measurement has been
proposed as an imaging biomarker to predict differences
in progression rates in these diseases [1, 19–21]. The relationship between MRI-based cerebellar volume measurements and the SARA score has been extensively
studied in several types of SCA [1]. However, MRI-based
cerebellar volume measurements have never been established as a stratification tool to categorize disease progression. Recently, we demonstrated that the annual
atrophy rate of the cerebellar volume and the annual
progression of the ICARS score are significantly different
among subtypes of cerebellar degeneration, but categorizing individual symptom progression only with the atrophy rate of the cerebellum is not feasible [22, 23]. Our
current study demonstrated that cluster analysis based
on the annual atrophy rates of the corpus callosum and
cerebellum successfully categorized the difference in disease progression in a broad spectrum of degenerative
cerebellar ataxias. This simple MRI method may be useful as a stratification tool during the run-in period of
clinical trials.

Table 2 Patient characteristics by clusters
Total
(n = 48)

Cluster 1
(n = 12)

Cluster 2
(n = 22)

Cluster 3
(n = 14)

p value

Age at the first MRI (years)

60.5 ± 11.3

66.3 ± 8.5

60.4 ± 12.0

56.0 ± 10.6

0.088

Sex (Male/Female)

24/24

7/5

8/14

9/5

0.211

21 (43.8)

6 (50.0)

11 (50)

4 (28.6)

0.007

3

0

3

0

Diagnosis
SCA, n (%)
SCA1
SCA2

3

1

1

1

SCA3

4

0

1

3

SCA6

6

2

4

0

SCA31

1

1

0

0

SCA (unknown)
MSA-C, n (%)
CCA, n (%)

4

2

2

0

17 (35.4)

0 (0.0)

9 (40.9)

8 (57.1)

10 (20.8)

6 (50.0)

2 (9.1)

2 (14.3)

ICARS score at the first visit

35.5 ± 16.5

39.1 ± 7.4

35.2 ± 22.2

30.0 ± 16.1

0.464

Initial cerebellar volume index (Vdx)

0.47 ± 0.09

0.45 ± 0.08

0.45 ± 0.10

0.50 ± 0.07

0.275

Annual atrophy volume in Vdx

−0.04 ± 0.02

0.02 ± 0.01*

−0.04 ± 0.01

−0.07 ± 0.02

0.001

‡

Initial callosal area index (Adx)

3.38 ± 0.45

3.13 ± 0.39

3.53 ± 0.37

3.28 ± 0.46

0.011

Annual atrophy area in Adx

−0.11 ± 0.08

−0.04 ± 0.03†

−0.10 ± 0.05†

−0.19 ± 0.09†

0.001

Annual increase in ICARS score

4.4 ± 4.5

2.9 ± 1.7

4.8 ± 3.2

8.7 ± 6.1

0.014

Vdx cerebellar volume index, ICARS International Cooperative Ataxia Rating Scale
*Cluster 1 vs. Cluster 2, p < 0.05, Cluster 1 vs. Cluster 3, p < 0.05
‡
Cluster 1 vs. Cluster 2, p < 0.05
†
Cluster 1 vs. Cluster 2, p < 0.05, Cluster 1 vs. Cluster 3, p < 0.05, Cluster 2 vs. Cluster 3, p < 0.05 (post-hoc Dunnett’s test)
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We adopted the ICARS scoring system, a validated,
100-point ordinal scale (higher scores indicate greater
ataxia). ICARS scoring is sensitive across a range of
ataxia severities, from very mild to severe, and the interrater reliability is very high [31]. However, ceiling effects
have been reported in more advanced stages of disability
with an ICARS sum score above 60 [32]. As shown in
Fig. 3, the ICARS score was similarly increased in all patients, and an initial ICARS score above 60 was found
only in two patients. A strength of our study was the
long follow-up period. Because of the gradual progression of this disease, cluster analysis may not sensitive
enough to detect the difference in progression speed in a
short period. Our study suggests that follow-up of
around 18 months may be feasible for stratifying patients with different progression speeds.
Our study has some limitations. First, our study was a
retrospective analysis using longitudinal follow-up data.
Brain MRI and ICARS scores were assessed around the
same time, but the study period was not established beforehand, and no prospective data were collected. Therefore, the follow-up periods and number of examinations
differed among patients. Second, we did not use the initial diagnosis but the final diagnosis, and the age of onset was based on the medical history given by each
patient. Third, we retrospectively analyzed 2D MRI data
with 4-mm slice thickness obtained by routine examination. Nowadays, high-resolution 3D MR imaging can be
easily performed, and several sophisticated MRI methods
have been developed for the measurement of cerebellar
volume [33–35]. In designing clinical trials, much more
sensitive MRI methods than used in this study could be
selected to detect changes in atrophy.

Conclusions
Our study is the first to demonstrate the utility of cluster
analysis based on the atrophy rates of the corpus callosum
and cerebellum to categorize gross neurological deterioration as evaluated by ICARS. Further studies are warranted to explore whether these simple MRI methods
could be used for random allocation of patients with a
broad spectrum of degenerative cerebellar ataxias in
clinical trials, for example, by setting up a run-in phase.
Abbreviations
AC-PC line: Anterior commissure-posterior commissure line; AP: Anteroposterior; CCA: Cortical cerebellar atrophy; ICARS: International cooperative
ataxia rating scale; MRI: Magnetic resonance imaging; MSA: Multiple system
atrophy; MSA-C: Multiple system atrophy, especially the cerebellar type;
SARA: Scale for the assessment and rating of ataxia; SCA: Spinocerebellar
ataxia
Acknowledgements
None.
Funding
The authors declare that they have no financial competing interests.

Availability of data and materials
The datasets analyzed for the current study are available from the
corresponding author upon reasonable request.
Authors’ contributions
SR and FM contributed to collection and analysis of data and drafted the
manuscript. FM, DH, and ST contributed to measurement of the MRI-based
length, area, and volume of intracranial structures. YH contributed to revision
of the manuscript and supervised this. All authors have read and approved
the final manuscript.
Ethics approval and consent to participate
The study protocol was approved by the St. Marianna University Bioethics
Committee (committee’s reference number: 2816), and written informed
consent was obtained from normal volunteers. Written informed consent
from patients was waived because of the retrospective analysis of
anonymized data.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 17 May 2017 Accepted: 21 June 2017

References
1. Reetz K, Costa AS, Mirzazade S, Lehmann A, Juzek A, Rakowicz M, et al.
Genotype-specific patterns of atrophy progression are more sensitive than
clinical decline in SCA1, SCA3 and SCA6. Brain. 2013;136:905–17.
2. Kawaguchi Y, Okamoto T, Taniwaki M, Aizawa M, Inoue M, Katayama S, et al.
CAG expansions in a novel gene for Machado-Joseph disease at
chromosome 14q32.1. Nat Genet. 1994;8:221–8.
3. Paulson HL. The spinocerebellar ataxias. J Neuroophthalmol. 2009;29:227–37.
4. Riess O, Schols L, Bottger H, Nolte D, Vieira-Saecker AM, Schimming C, et al.
SCA6 is caused by moderate CAG expansion in the alpha1A-voltagedependent calcium channel gene. Hum Mol Genet. 1997;6:1289–93.
5. Schols L, Bauer P, Schmidt T, Schulte T, Riess O. Autosomal dominant
cerebellar ataxias: clinical features, genetics, and pathogenesis. Lancet
Neurol. 2004;3:291–304.
6. Japan intractable disease information center. http://www.nanbyou.or.jp/.
Accessed 10 May 2017.
7. Tsuji S, Onodera O, Goto J, Nishizawa M. Sporadic ataxias in Japan–a
population-based epidemiological study. Cerebellum. 2008;7:189–97.
8. Klockgether T. Sporadic adult-onset ataxia of unknown etiology. In:
Subramony SH, Dürr A, editors. Handbook of clinical neurology, ataxic
disorders, vol. 3rd. 103rd ed. Edinburgh: Elsevier; 2012. p. 253–62.
9. Gilman S, Wenning GK, Low PA, Brooks DJ, Mathias CJ, Trojanowski JQ, et al.
Second consensus statement on the diagnosis of multiple system atrophy.
Neurology. 2008;71:670–6.
10. Abele M, Bürk K, Schöls L, Schwartz S, Besenthal I, Dichgans J, et al. The
aetiology of sporadic adult-onset ataxia. Brain. 2002;125:961–8.
11. Burk K, Globas C, Wahl T, Buhring U, Dietz K, Zuhlke C, et al. MRI-based
volumetric differentiation of sporadic cerebellar ataxia. Brain. 2004;127:175–81.
12. Sobue I, Takayanagi T, Nakanishi T, Tsubaki T, Uono M, Kinoshita M, et al.
Controlled trial of thyrotropin releasing hormone tartrate in ataxia of
spinocerebellar degenerations. J Neurol Sci. 1983;61:235–48.
13. Saute JA, de Castilhos RM, Monte TL, Schumacher-Schuh AF, Donis KC,
D'Avila R, et al. A randomized, phase 2 clinical trial of lithium carbonate in
Machado-Joseph disease. Mov Disord. 2014;29:568–73.
14. Zesiewicz TA, Greenstein PE, Sullivan KL, Wecker L, Miller A, Jahan I, et al.
A randomized trial of varenicline (Chantix) for the treatment of
spinocerebellar ataxia type 3. Neurology. 2012;78:545–50.
15. Ristori G, Romano S, Visconti A, Cannoni S, Spadaro M, Frontali M, et al.
Riluzole in cerebellar ataxia: a randomized, double-blind, placebo-controlled
pilot trial. Neurology. 2010;74:839–45.

- 954 -

Sasaki et al. Cerebellum & Ataxias (2017) 4:9

Page 8 of 8

16. Biaggioni I, Freeman R, Mathias CJ, Low P, Hewitt LA, Kaufmann H.
Randomized withdrawal study of patients with symptomatic neurogenic
orthostatic hypotension responsive to droxidopa. Hypertension. 2015;65:101–7.
17. Poewe W, Seppi K, Fitzer-Attas CJ, Wenning GK, Gilman S, Low PA, et al.
Efficacy of rasagiline in patients with the parkinsonian variant of multiple
system atrophy: a randomised, placebo-controlled trial. Lancet Neurol. 2015;
14:145–52.
18. Lee PH, Lee JE, Kim HS, Song SK, Lee HS, Nam HS, et al. A randomized
trial of mesenchymal stem cells in multiple system atrophy. Ann Neurol.
2012;72:32–40.
19. Klockgether T, Skalej M, Wedekind D, Luft AR, Welte D, Schulz JB, et al.
Autosomal dominant cerebellar ataxia type I. MRI-based volumetry of
posterior fossa structures and basal ganglia in spinocerebellar ataxia types 1,
2 and 3. Brain. 1998;121:1687–93.
20. Eichler L, Bellenberg B, Hahn HK, Koster O, Schols L, Lukas C. Quantitative
assessment of brain stem and cerebellar atrophy in spinocerebellar ataxia
types 3 and 6: impact on clinical status. AJNR Am J Neuroradiol. 2011;32:
890–7.
21. Schulz JB, Skalej M, Wedekind D, Luft AR, Abele M, Voigt K, et al. Magnetic
resonance imaging-based volumetry differentiates idiopathic Parkinson's
syndrome from multiple system atrophy and progressive supranuclear palsy.
Ann Neurol. 1999;45:65–74.
22. Hara D, Maki F, Tanaka S, Sasaki R, Hasegawa Y. MRI-based cerebellar
volume measurements correlate with the International cooperative ataxia
rating scale score in patients with spinocerebellar degeneration or multiple
system atrophy. Cerebellum Ataxias. 2016;3:14.
23. Tanaka S, Maki F, Hara D, Sasaki R, Hasegawa Y. MRI-based annual Cerebellar
volume atrophy rate as a biomarker of disease progression in patient with
Cerebellar degeneration. J St Marianna Univ. 2016;7:117–24.
24. Di Paola M, Spalletta G, Caltagirone C. In vivo structural neuroanatomy of
corpus callosum in Alzheimer's disease and mild cognitive impairment
using different MRI techniques: a review. J Alzheimers Dis. 2010;20:67–95.
25. Yamauchi H, Fukuyama H, Nagahama Y, Katsumi Y, Hayashi T, Oyanagi C,
et al. Comparison of the pattern of atrophy of the corpus callosum in
frontotemporal dementia, progressive supranuclear palsy, and Alzheimer's
disease. J Neurol Neurosurg Psychiatry. 2000;69:623–9.
26. Feighner JP, Sverdlov L, Nicolau G, Noble JF. Cluster analysis of clinical data
to identify subtypes within a study population following treatment with a new
pentapeptide antidepressant. Int J Neuropsychopharmacol. 2000;3:237–42.
27. Ortega H, Li H, Suruki R, Albers F, Gordon D, Yancey S. Cluster analysis and
characterization of response to mepolizumab. A step closer to personalized
medicine for patients with severe asthma. Ann Am Thorac Soc. 2014;11:
1011–7.
28. Vollert J, Maier C, Attal N, Bennett DLH, Bouhassira D, Enax-Krumova EK,
et al. Stratifying patients with peripheral neuropathic pain based on sensory
profiles: algorithm and sample size recommendations. Pain. 2017;7 [Epub
ahead of print]
29. Ilmarinen P, Tuomisto LE, Niemelä O, Tommola M, Haanpää J, Kankaanranta H.
Cluster analysis on longitudinal data of patients with adult-onset asthma.
J Allergy Clin Immunol Pract. 2017; doi:10.1016/j.jaip.2017.01.027.
30. Schmitz-Hubsch T, du Montcel ST, Baliko L, Berciano J, Boesch S, Depondt C,
et al. Scale for the assessment and rating of ataxia: development of a new
clinical scale. Neurology. 2006;66:1717–20.
31. Storey E, Tuck K, Hester R, Hughes A, Churchyard A. Inter-rater reliability of
the International cooperative ataxia rating scale (ICARS). Mov Disord. 2004;
19:190–2.
32. Metz G, Coppard N, Cooper JM, Delatycki MB, Durr A, Di Prospero NA, et al.
Rating disease progression of Friedreich's ataxia by the International
cooperative ataxia rating scale: analysis of a 603-patient database. Brain.
2013;136:259–68.
33. Kamitani T, Kuroiwa Y, Wang L, Li M, Suzuki Y, Takahashi T, et al. Visual
event-related potential changes in two subtypes of multiple system
atrophy, MSA-C and MSA-P. J Neurol. 2002;249:975–82.
34. Papp MI, Lantos PL. The distribution of oligodendroglial inclusions in
multiple system atrophy and its relevance to clinical symptomatology. Brain.
1994;117:235–43.
35. Hauser TK, Luft A, Skalej M, Nagele T, Kircher TT, Leube DT, et al. Visualization
and quantification of disease progression in multiple system atrophy. Mov
Disord. 2006;21:1674–81.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

- 955 -

J Med Ultrasonics (2017) 44:207–210
DOI 10.1007/s10396-016-0747-4

CASE REPORT

A case in which contrast-enhanced transoral carotid
ultrasonography was useful for pre- and post-procedural
evaluation in carotid artery stenting
Yuta Hagiwara1 • Tomohide Yoshie2 • Takahiro Shimizu1 • Hana Ogura1 •
Takayuki Fukano2 • Tatsuro Takada2 • Toshihiro Ueda2 • Yasuhiro Hasegawa1

Received: 19 May 2016 / Accepted: 2 September 2016 / Published online: 11 October 2016
Ó The Japan Society of Ultrasonics in Medicine 2016

Abstract Contrast-enhanced transoral carotid ultrasonography (CETOCU) is a novel examination modality that is
superior to other modalities in the cases of pseudo-occlusion with severe arteriosclerotic stenosis of the distal
internal carotid artery (ICA), and is also useful for noninvasively evaluating changes over time in the vessel distal to
the stent following carotid artery stenting (CAS). We report
a case of a patient who we evaluated with CETOCU for a
pseudo-occlusive ICA before and after CAS.
Keywords Contrast-enhanced transoral carotid
ultrasonography  Carotid artery stenting  ICA pseudoocclusion

or right pharynx to image the distal ICA. As imaging to the
second cervical vertebra is possible, TOCU is useful for
evaluating ICA dissection and other extensive lesions of
the ICAs [2, 3]. We herein report our use of contrast-enhanced TOCU (CETOCU) with the contrast agent SonazoidÒ for the assessment of the extracranial ICA before and
after carotid artery stenting (CAS). CETOCU was found to
be useful for diagnosing pseudo-occlusion and for evaluation distal to the stent, which is difficult with other
modalities.

Case report
Patient

Introduction
A 72-year-old man.
Transoral carotid ultrasonography (TOCU) is a modality
proposed by Yasaka et al. for imaging the extracranial
internal carotid artery (ICA), which is not possible with the
conventional carotid ultrasonography [1]. In TOCU, a
probe intended for transrectal or transvaginal use is inserted into the mouth and pressed against the wall of the left
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Medical history
Hypertension, diabetes mellitus, dyslipidemia.
Course
The patient presented cerebral infarcts caused by complete
occlusion of the right ICA. In the absence of sequelae, the
patient was sent home and followed up on an outpatient
basis. However, magnetic resonance angiography performed 2 months later revealed recanalization of the right
ICA. The patient was admitted for CAS of the affected
area.
Carotid ultrasonography showed severe stenosis of the
right ICA (85 % according to North American Symptomatic Carotid Endarterectomy Trials method) with flow
of 450 cm/s in the most constricted area. Cerebral
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angiography showed severe stenosis at the origin of the
right ICA, with distal imaging showing a flow delay suggestive of pseudo-occlusion (Fig. 1a). We performed
TOCU, because cerebral angiography was unable to clarify
whether the distal end of the stenosis represented an
elongated arteriosclerotic lesion or vascular collapse.
However, we were unable to evaluate either the inside of
the vessel lumen in detail on B-mode TOCU (Fig. 2a, b), or
the flow of ICA on color Doppler TOCU because of the
extremely slow flow through the narrowed, collapsed vessel. Subsequent intravenous injection of SonazoidÒ contrast agent allowed clear imaging of the ICA. This contrastenhanced TOCU showed, in addition to ICA collapse due
to vessel narrowing, that plaque stenosis extended further
than indicated on cerebral angiography (Fig. 3a).
We performed CAS using the Parodi anti-embolic system, placing a stent (Precise 7 9 30 mm; Johnson &
Johnson, Cordis, Miami, FL) after balloon predilation. We
did not perform postdilation. As pre-stenting CETOCU
showed the diameter of the distal ICA to be much narrower
than that of the common carotid artery, we deployed and
placed the stent so as to cover only the ICA. The procedure
was uneventful and resulted in a small amount of debris,
but post-procedural angiography showed the step between
the distal end of the stent and the de-collapsed vessel
(Fig. 1b). No further procedures were performed, because
distal flow was considered to have improved sufficiently
after stenting.

CETOCU was again performed post-procedurally to
closely evaluate the vessel distal to the stent. As a result of
de-collapsing, the diameter of the ICA distal to the stented
region was increased compared to preoperatively, and no
flow problems were apparent. Although no protrusions
were present within the stent, a step at the stent-vessel
border indicated the presence of remnant plaque around the
vessel (Fig. 3b). Pre-stenting CETOCU (Fig. 3a) had
shown plaque in this area. The selected stent was clearly
too short to cover the entire lesion, but we decided against
further intervention, because the stenosis of less than 50 %
and satisfactory intraluminal flow indicated a low risk of
obstruction.

Discussion
The ability of TOCU to image the extracranial ICA to a
degree not possible with the conventional carotid ultrasonography makes this modality useful for diagnosing and
following extracranial ICA dissection [2, 3] and for perioperative evaluation of carotid endarterectomy (CEA)
[4–6]. TOCU allows the evaluation of the extracranial ICA,
which is not possible on the conventional carotid artery
ultrasonography. CETOCU, which is essentially TOCU
performed with the ultrasonography contrast agent SonazoidÒ, produces clearer intraluminal imaging, as the contrast agent flows through the lumen. CETOCU is also

Fig. 1 a Right carotid
angiography before carotid
stenting. Severe stenosis is
present at the origin of the right
ICA. The distal vessel is
collapsed and shows delayed
blood flow, representing
pseudo-occlusion. b Right
carotid angiography after
carotid stenting. Stenting has
expanded the stenosis at the
origin of the right ICA, but a
step is evident between the
collapsed distal ICA and stent.
The diameter of the previously
collapsed distal ICA is
relatively large, but remains too
small for the collapse to be
completely corrected at this
stage
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Fig. 2 a Conventional transoral carotid ultrasonography (TOCU) before carotid stenting. TOCU shows a collapsed ICA, but the plaque in the
vascular lumen is not evident. b The schematic image of a

Fig. 3 Contrast-enhanced
transoral
carotid
ultrasonography
(CETOCU) was performed using a Xario system (Toshiba Medical
Systems, Tokyo, Japan) equipped with a PVT-661VT 3–9 MHz
endovaginal probe (Toshiba Medical Systems). The mechanical index
was set at 0.9. a CETOCU before carotid stenting. b Right figure is a
schematic representation of a. Sonazoid reveals the distal end of the

collapsed ICA. Imaging shows a narrowed ICA with surrounding the
plaque. Although the vascular lumen is collapsed, the extent of the
plaque is apparent. c CETOCU after carotid stenting. d Right figure is
a schematic representation of c. Stenosis caused by remnant plaque is
evident at the distal end of the stent. The step observed on
angiography between the stent and vessel is attributable to the plaque

suited to evaluating peripheral tissues and plaque status.
Unlike CT angiography and cerebral angiography,
CETOCU enables imaging for 5–10 min after contrast
agent injection, and thus allows focused evaluation of the
region of interest. Since Sonazoid is not nephrotoxic, this

agent can be used safely and repeatedly in patients with
renal impairment [7, 8]. The most important advantage of
CETOCU over TOCU is availability to evaluate the vessel
in the cases of ICA pseudo-occlusion. Differentiation of
pseudo-occlusion from stenosis caused by elongated
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arteriosclerotic lesions is difficult with angiography, and
TOCU, which provides information on the periphery of the
vascular lumen at the site of stenosis, is useful. However,
identifying the ICA is extremely difficult when flow is
extremely slow in a collapsed vessel, even using color
Doppler TOCU. As long as some blood flow is present,
CETOCU reveals collapsed vessels when Sonazoid passes
through. This modality can thus better depict the extent of
ICA stenosis in patients with pseudo-occlusion, enabling
selection of the appropriate stent length for CAS. Confirmation of the lesion extent also allows medical personnel
to judge how difficult CEA will be. Although the use of
cerebral angiography alone in patients with pseudo-occlusion does not enable identification of the extent of stenosis
and is not conducive to preoperative determination of the
appropriate stent length, angiography paired with
CETOCU provides relevant information for stent length
and procedure selection. Evidence is building that plaques
apparent on contrast-enhanced ultrasonography may be
unstable [7, 8]. If this hypothesis is borne out, CETOCU is
also expected to allow the evaluation of plaque status.
Angiography of the present patient just after stenting
revealed a step between the distal edge of the stent and the
vessel, suggesting the possibility of plaque protrusion or
dissection. CETOCU suggested that the step represented
remnant plaque not covered by the stent, because prestenting CETOCU had shown plaque in the same region.
The stent selected for the procedure was too short to cover
the entire lesion. TOCU without an ultrasonography contrast agent does not show echolucent plaques, such as in the
present patient. Such plaques within a stent and before and
after stenting are generally difficult to visualize on color
Doppler ultrasonography, making CETOCU useful for
post-stenting evaluation. Providing detailed information
about the extracranial ICA, noninvasive CETOCU can be
repeatedly performed at the bedside for perioperative CAS
evaluation. Our hope is that CETOCU, which is not yet
supported in the literature, will become more widely used.
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Reversible Cerebral Vasoconstriction Syndrome
Presenting with Transient Global Amnesia
Kenji Isahaya, Kensuke Shinohara, Masashi Akamatu, Takahiro Shimizu, Kenzo Sakurai,
Makoto Shiraishi, Hisanao Akiyama and Yasuhiro Hasegawa

Abstract
A 65-year-old man who had been diagnosed with transient global amnesia (TGA) 15 years previously was
admitted to hospital with complaints of amnesia and headache. His symptoms improved on day-2. The initial
brain MRI and electroencephalography findings were normal. He was diagnosed with a recurrence of TGA
and discharged. However, he returned with right leg weakness and complained of a thunderclap headache.
MRI demonstrated subarachnoid hemorrhage and multifocal segmental narrowing of the left posterior cerebral
artery (PCA) and large intracranial arteries, and he was diagnosed with reversible cerebral vasoconstriction
syndrome (RCVS). He was discharged on day-30 without any neurological deficits. This case suggested that
TGA should be interpreted as one of the symptoms of RCVS or a prodromal symptom of RCVS.
Key words: reversible cerebral vasoconstriction syndrome, transient global amnesia, subarachnoid
hemorrhage, thunderclap headache

(Intern Med 56: 1569-1573, 2017)
(DOI: 10.2169/internalmedicine.56.7460)

Introduction
Reversible cerebral vasoconstriction syndrome (RCVS) is
characterized by severe headache and reversible vasoconstriction of the cerebral arteries with or without cortical
subarachnoid hemorrhage, infarction or intracerebral hemorrhage. Thunderclap headache, seizures and focal neurological deficits are commonly observed, but amnesia is rare. We
herein report the case of a 65-year-old patient with a history
of transient global amnesia (TGA) 15 years prior to his
presentation, who was admitted with typical symptoms of
TGA and who was subsequently diagnosed with RVCS implying a causal relationship between RVCS and TGA.

Case Report
A 65-year-old man was admitted to our hospital with a
complaint of amnesia. After returning home on the day of
admission, he could not remember what he had done all
day. He remained confused and kept asking repetitive questions. He had no seizure activity or palsy. Fifteen years prior

to his presentation he had experienced TGA. When he was
50 years of age, his wife noticed that his memory was severely disturbed: when she talked with him at home, he repeatedly asked the same questions. He was admitted to hospital by ambulance. His memory disturbance continued for
approximately 12 hours and then completely normalized. He
had not experienced any headache during the course of TGA
and his MRI findings were normal. He was diagnosed with
TGA. He was not a smoker, but had a history of hypertension and spinal stenosis. He had no history of surgery and
no family history of neurological disease. Two weeks before
the onset of symptoms, hydrochlorothiazide (4 mg), reserpine (0.1 mg), and carbazochrome (5 mg) were added to his
medications.
A general physical examination revealed that his blood
pressure was 161/84 mmHg, his heart rate was 68 beats per
minute, and his temperature was 36.7ºC. He was alert and
oriented to person and place but not to time. He had anterograde amnesia; his cognitive impairment was limited to amnesia. He had no other neurological symptoms or signs.
Laboratory investigations revealed a normal complete blood
count and chemistry panel. Lumbar puncture was not per-
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Figure 1. Clinical course. The patient complained of amnesia and headache on admission and subsequently a thunderclap headache on day 9. His headache disappeared on day 13, but a brain MRI on
day 14 showed segmental vasoconstriction of the cerebral arteries. A brain MRI on day 21 showed
new areas of infarction, and he was started on oral verapamil 240 mg/day and edaravone 60 mg/day.
A brain MRI on day 29 showed resolution of the segmental vasoconstriction. He was discharged directly home on oral verapamil on day 30.

formed. An electrocardiogram demonstrated normal sinus
rhythm. Magnetic resonance imaging (MRI) of the brain
showed no acute findings, while magnetic resonance angiography (MRA) of the brain showed mild stenosis in the left
posterior cerebral artery.
His clinical course is shown in Fig. 1. His Mini Mental
State Examination (MMSE) score on day-1 was 27, the subtest scores were as follows: temporal orientation (5 points),
spatial orientation (5 points), immediate memory (3 points),
attention/concentration (5 points), delayed recall (no points),
naming (2 points), verbal repetition (1 points), verbal comprehension (3 points), writing (1 points), reading a sentence
(1 points), and constructional praxis (1 points). His amnesia
began to improve on day-2 (MMSE total score; 30) and disappeared by day-4.
Because of his history of TGA, his amnestic episode was
diagnosed as a recurrence of TGA according to the diagnostic criteria of Hodges and Warlow (1), and he was discharged from the hospital on day-7. However, he developed
right leg weakness and returned to the hospital on the evening of the same day. In the emergency room, his NIH
stroke scale score was 2. MRI and MRA were performed;
however, he complained of a thunderclap headache in the
gantry. We could complete almost entire protocol, and the
MRI findings were normal. However MRA revealed multifocal segmental narrowing of the right vertebral artery (VA),
bilateral posterior cerebral artery (PCA), bilateral middle
cerebral artery (MCA) and left anterior cerebral artery
(ACA) (Fig. 2A). Brain computed tomography (CT) scanning on day-9 demonstrated a subarachnoid hemorrhage

over the left frontal convexity (Fig. 3A) and CT angiography demonstrated no improvement of the segmental stenosis. He was diagnosed with RCVS and was started on oral
verapamil (120 mg/day).
His right leg weakness improved and eventually disappeared. On day-15, his headache had disappeared; however,
follow-up brain MRI showed new areas of ischemia in the
left upper occipital region (Fig. 3B-D). MRA showed persistent multifocal irregular stenosis of the right VA, bilateral
PCA, bilateral MCA and left ACA, which was consistent
with vasoconstriction (Fig. 2B). He was started on oral verapamil (240 mg/day) and edaravone (60 mg/day). He did not
experience any other neurological symptoms and made a full
neurological recovery. On day-22, brain MRA showed the
resolution of the segmental vasoconstriction (Fig. 2C). Brain
MRI on day-29 showed no new areas of infarction and the
resolution of the segmental vasoconstriction. On day-30, he
was discharged directly to his home (NIH Stroke scale
score, 0; modified Rankin scale score, 0) on oral verapamil.

Discussion
The proposed diagnostic criteria for RCVS (2-4) are as
follows: (a) acute and severe headache (often thunderclap)
with or without focal deficits or seizures, (b) a uniphasic
course without new symptoms for more than 1 month after
the clinical onset, (c) segmental vasoconstriction of the cerebral arteries on indirect (e.g., MRI or CT) or direct catheter
angiography, (d) no evidence of aneurysmal subarachnoid
hemorrhage, (e) normal or near-normal CSF levels (protein
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Figure 2. Brain magnetic resonance angiography. (A) Magnetic resonance angiography (MRA) of
a 65-year-old man with reversible cerebral vasoconstriction syndrome on day 2 showing segmental
constriction of the right posterior cerebral artery (PCA) (arrow head). (B) MRA showing segmental
constriction of the right vertebral artery (VA), bilateral PCA, bilateral middle cerebral artery (MCA)
and left anterior cerebral artery (ACA) (arrow heads) on day 15. (C) MRA showing resolution of the
segmental vasoconstriction on day 22.

concentration <100 mg /dL, <15 white blood cells per μL),
and (f) the complete or substantial normalization of arteries
shown by follow-up indirect or direct angiography within 12
weeks of the clinical onset. This case was diagnosed according to the above-mentioned criteria. The patient in the present case satisfied criteria (a), (b), (c) and (f), and was therefore diagnosed with RCVS.
Headache is the main symptom of RCVS. Thunderclap
headache is reported in 85% of RCVS cases. Recurrent
thunderclap headache is reported in 82% of cases of RCVS
and occurs at 3-12 days after the onset of the initial thunderclap headache (5). In this case, the patient presented with
headache on admission, while thunderclap headache developed on day-8.
Subarachnoid hemorrhage (SAH), cerebral hemorrhage,
seizures and posterior reversible encephalopathy syndrome
(PRES) are reported in 22%, 6%, 3% and 9% of patients,
respectively, during the acute phase of RCVS (!
1 week after
onset). Transient ischemic attack (TIA) and cerebral infarction are reported in 16% and 4% of patients, respectively,
during the late phase (>1 week after onset) (6). In the present case, SAH occurred on day-7 and cerebral infarction occurred on day-15. The entire clinical course of the present
case is consistent with RCVS.
Several mechanisms of TGA have been proposed. These
include vascular (venous congestion or arterial ischemia),
epileptic, or migraine related mechanisms. The venous congestion theory may be supported by the DWI abnormalities
in the hippocampus that are observed in TGA patients with
internal jugular vein valve incompetence (7-10). Arterial
vasoconstriction, which might cause TGA, is usually pre-

cipitated by emotional stress or the Valsalva maneuver (11, 12). A case of Takotsubo cardiomyopathy with
TGA, in which both coronary and cerebral arterial vasoconstriction were suggested, has also been reported (13). However, no signs of intracranial arterial vasoconstriction were
demonstrated in a case-control study using transcranial arterial echo-color Doppler sonography (14). Although RCVS is
one of the forms of arterial vasoconstriction, the relationship
between TGA and vasoconstriction has been a matter of
speculation. This case is clinically important because the patient had a history of TGA and because typical symptoms of
TGA were observed during his initial presentation during
the development of RCVS. Although persistent neurological
deficits such as hemiplegia, aphasia, hemianopia and cortical
blindness have been reported in patients with RCVS (4),
there have been no reports of amnesia. This case suggested
that TGA should be interpreted as one of the symptoms of
RCVS or a prodromal symptom of RCVS.
Several causes of RCVS have been reported, including
postpartum, hypercalcemia, porphyria, cerebral venous
thrombosis, vasoactive drugs (serotonergic and adrenergic
drugs, cannabis, cocaine, ergot alkaloid derivatives and triptans) (4), and herbal medicines containing ginseng and ephedra (15). A combination tablet (hydrochlorothiazide, reserpine, and carbazochrome) had been prescribed to the present
patient two weeks before his admission. Although these substances have not been reported as precipitants of RCVS, reserpine has been known to cause amnesia (16). Thus, we
stopped the administration of the combination tablet after
admission. Although severe headache-induced delirium and/
or drug-induced consciousness disturbance (e.g., hydrochlo-
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Figure 3. Computed tomography (CT) on day 9 and magnetic resonance imaging (MRI) on day 21.
(A) On day 9, CT showing left frontal subarachnoid hemorrhage. (B) On day 21, Fluid Attenuated
Inversion Recovery (FLAIR), (C) diffusion-weighted MRI, and (D) apparent diffusion coefficient
maps revealed lesions in the left parietal lobe consistent with infarction.

rothiazide, reserpine) can cause amnesia-like symptoms, his
consciousness - as evaluated by awareness and responsiveness - was normal throughout the period of amnesia, implying that it was quite unlikely that the patient’s amnesia-like
symptoms were associated with consciousness disturbance.
The hippocampal body is perfused by the anterior hippocampal artery and the middle hippocampal artery and the
posterior hippocampal artery branches from the proximal
portion of the PCA. The hippocampal head is perfused by
the anterior choroidal artery (AChA), which is supplied by
the internal carotid artery (ICA). Amnesia may be associated
with infarctions of the PCA and AChA (17). It has been
suggested that the vasoconstriction of the cerebral arteries in
RCVS progresses from the distal portion of the arteries to
the more proximal arteries, such as the branches of the circle of Willis (6). When our patient’s amnestic symptoms occurred, the proximal portion of his left PCA showed stenosis
on MRA, suggesting that transient ischemia in the hippocampal artery territory might have resulted in the symptoms of transient amnesia. Unfortunately, we did not have
the chance to perform brain SPECT imaging to demonstrate

cerebral blood flow abnormalities in the PCA area, because
his amnesia resolved within a few days. Furthermore, we
did not perform serial CT angiography to demonstrate the
time-course of the resolution of vasoconstriction, because
the use of contrast material for conventional cerebral angiography or CT angiography is known to be a risk factor for
RCVS (18). Although calcium antagonists do not affect the
period of cerebral vasospasm, they have been used to relieve
arterial narrowing (6, 15, 18). In the present case, oral verapamil (120 mg/day) was found to be effective in relieving
the patient’s vasoconstriction.
To the best of our knowledge, this is the first case suggesting a causal relationship between TGA and RCVS. TGA
could be a prodromal symptom of RCVS. Although RCVS
is relatively uncommon, it should be considered in the differential diagnosis of patients presenting with TGA.
The authors state that they have no Conflict of Interest (COI).
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Utility of osteosclerotic lesion biopsy in diagnosis
of POEMS syndrome
A case report
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Abstract
Rationale: We report a case of successful diagnosis of POEMS (polyneuropathy, organomegaly, endocrinopathy, monoclonal

gammopathy, and skin changes) syndrome based on monoclonality that was conﬁrmed by an osteosclerotic lesion biopsy in a
patient without pathognomonic symptoms or monoclonal gammopathy, probably because of comorbidities, which included
systemic lupus erythematosus, rheumatoid arthritis, and Sjögren syndrome.
Patient concerns: A 57-year-old woman presented with an approximately 2-year history of numbness in the toes that had
gradually spread, along with muscle weakness in both arms and legs. She had been receiving immunosuppressant and
corticosteroid therapy since being diagnosed with systemic lupus erythematosus and Sjögren syndrome at the age of 31 years and
rheumatoid arthritis at the age of 44 years. Neurological examination revealed predominantly distal hypoesthesia and weakness in a
typical stocking-and-glove pattern. Immunoelectrophoresis revealed elevated polyclonal immunoglobulin, which was attributed to
her known underlying disease.
Diagnoses: Biopsy of an osteosclerotic lesion conﬁrmed proliferation of monoclonal plasma cells, leading to a diagnosis of POEMS

syndrome.
Interventions and outcomes: Lenalidomide therapy was started after the diagnosis and the patient had a favorable outcome.
Lessons: Osteosclerotic lesion biopsy can be useful for diagnosis of POEMS syndrome in difﬁcult cases.
Abbreviations: CT = computed tomography, FLC = free light chain, MRI = magnetic resonance imaging, POEMS =
polyneuropathy, organomegaly, endocrinopathy, monoclonal gammopathy, and skin changes, RA = rheumatoid arthritis, SLE =
systemic lupus erythematosus, SS = Sjögren syndrome, VEGF = vascular endothelial growth factor.
Keywords: osteosclerotic lesion, POEMS syndrome, rheumatoid arthritis, Sjögren syndrome, systemic lupus erythematosus
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1. Introduction
POEMS (polyneuropathy, organomegaly, endocrinopathy,
monoclonal gammopathy, and skin changes) syndrome is a rare
disorder with signs and symptoms that vary from one body site
to another.[1] There are about 340 people with POEMS
syndrome in Japan, indicating a prevalence of approximately
0.3 per hundred thousand population.[2] Furthermore, there is
a few cases frequency of POEMS syndrome with collagen
disease.[3–5] Proliferation of monoclonal plasma cells within an
intramedullary plasmacytoma likely contributes to the pathology
of POEMS syndrome. The condition is characterized by
increased production of M-protein to a detectable level, an
abnormal l/k free light chain (FLC) ratio, and obvious
monoclonality (monoclonal gammopathy conﬁrmed by immunoelectrophoresis).[1] Painless osteosclerotic lesions that are
visible on plain skeletal radiography are also characteristic of
POEMS syndrome. We report here a case of successful diagnosis
of POEMS syndrome based on monoclonality (proliferation of
monoclonal plasma cells) that was conﬁrmed by an osteosclerotic
lesion biopsy in a patient without pathognomonic symptoms or
monoclonal gammopathy, probably because of comorbidities,
which included systemic lupus erythematosus (SLE), rheumatoid
arthritis (RA), and Sjögren syndrome (SS). Lenalidomide therapy
was started after the diagnosis and the patient had a favorable
outcome.

- 9651 -

Hara et al. Medicine (2017) 96:41

Medicine

Table 1
Laboratory data on admission.
Hematological Data
WBC
5100/mL
Neut
50.5 %
Lym
39.6 %
Mono
8.9 %
Eo
1.5 %
Ba
6.0 %
RBC
38.3  105/mL
Hb
12.2 g/dL
Hct
36.5 %
Plt
44.6  103/mL
Biochemical and Serological Data
TP
6.0 g/dL
Protein fraction
alb
54.6 %
a1-globulin
2.9 %
a2-globulin
8.0 %
b-globulin
10.8 %
g-globulin
23.7 %
Alb
3.2 g/dL
AST
15 U/L
ALT
17 U/L
LDH
112 U/L
ALP
234 U/L
Na
144 mEq/L

K
Cl
Ca
UN
Cre
CRP
CK
Glucose
BNP
FLC
k chain
l chain
k/l ratio
IgG
IgA
IgM
IgD
M protein
MMP-3
SS-A
SS-B
IgG4
CH 50
ds-DNA-IgG
sIL-2R

4.9 mEq/L
102 mEq/L
8.6 mg/dL
14.7 mg/dL
0.85 mg/dL
0.11 mg/dL
11 U/L
110 mg/dL
25.9 pg/mL
77.6 mg/L
60.5 mg/L
1.28
1408 mg/dL
471 mg/dL
64 mg/dL
2.5 mg/dL
( )
156.6 ng/mL
2
4
98 mg/dL
40.2 U/mL
9.6 IU/mL
380 U/mL

KL-6
b2-MG
IL-6
VEGF (plasma)
ANA
MAG
ACE
Free T3
Free T4
PTH-intact
LH
FSH
PRL
Urinalysis
B-J protein
Total protein
Total Alb
Ccr 24 h
CSF Data Analysis
Initial pressure
Cell
Protein
Alb
Glucose
IgG index

377 U/mL
3.7 mg/L
3.5 pg/mL
879 pg/mL
( )
( )
6.1 U/L
1.2 pg/mL
9.8 pg/mL
59.0 pmol/L
29.6 mIU/mL
65.7 mIU/mL
22.5 ng/mL
( )
345 mg/day
102 mg/day
70.2 mL/min
120 mmH20
4/mL (mono)
210 mg/dL
135 mg/dL
57 mg/dL
0.65

b2 MG = b2 microglobulin, ACE = angiotensin-converting enzyme, ANA = anti-nuclear antibody, B-J protein = Bence–Jones protein, Ccr 24 h = 24-hour creatine clearance, CSF = cerebrospinal ﬂuid, ds-DNAIgG = anti-double stranded DNA antibody, FLC = free light chain, FSH=follicle stimulating hormone, IL-6=interleukin-6, LH=luteinizing hormone, MAG = anti-myelin associated glycoprotein antibody, MMP-3 =
matrix metalloproteinase-3, PRL = prolactin, PTH = parathyroid hormone, sIL-2R = soluble interleukin-2 receptor, SS-A = anti-Sjögren syndrome related antigen type A, SS-B = anti-Sjögren syndrome related
antigen type B, VEGF = vascular endothelial growth factor.

2. Case report
A 57-year-old right-handed woman was admitted to our
department of neurology with numbness and weakness of both
arms and legs. Her past medical history included SLE and SS
diagnosed at the age of 31 years, RA diagnosed at the age of 44
years, atherothrombotic brain infarction (with no sequelae),
aortic valve stenosis, and spinal canal stenosis (L4/5) diagnosed at
the age of 56 years, and right-sided deep vein thrombosis
diagnosed at the age of 57 years. She reported drinking socially
and denied smoking. Her family history was unremarkable. She
was taking prednisolone 7 mg, azathioprine 75 mg, aspirin 100
mg, edoxaban 30 mg, lansoprazole 15 mg, polaprezinc 150 mg,
pregabalin 100 mg, and eldecalcitol 0.75 mg daily.
She had noticed episodes of numbness in the toes on both sides
that started in around May 2014, but did not seek treatment
because she suspected they were attributable to her known preexisting disease. The numbness then spread to the ankles and by
late October 2015 was accompanied by pain in the soles of both
feet. By late January 2016, the numbness extended to below the
knees and involved the area distal to the wrists; plantar ﬂexion
and dorsiﬂexion of the right ankle became difﬁcult. This
progressed to difﬁculty in plantar ﬂexion and dorsiﬂexion of
the left ankle joint and in palmar ﬂexion and extension of both
wrists in February 2016. The patient then developed edema in the
lower extremities bilaterally and was admitted to our hospital for
further examination and treatment in April 2016.
On admission, height was 158 cm, body weight was 42 kg,
blood pressure was 126/86 mm Hg, pulse rate was regular at
86 beats/min, body temperature was 36.8°C, and respiratory rate
was 16 breaths/min. Physical examination revealed a systolic

murmur (Levine grade IV/VI) in the second intercostal space at
the right sternal border, edema in the lower extremities
bilaterally, ﬁnger joint deformities, and angiomas on the chest
and back. The patient was lucid and neurological examination
revealed no cranial nerve abnormalities. Motor system examination conﬁrmed distal muscle weakness in all extremities (upper
and lower extremity strength score by manual muscle testing 5-/4
and 2/1, respectively; right and left grip strength, 12 and 8 kg,
respectively). Tendon reﬂexes were absent in all extremities and
pathological reﬂexes were negative. Sensory system examination
revealed numbness in the areas distal to both wrists and knees,
pain in the areas distal to the ankles bilaterally, and superﬁcial
and deep sensory impairment in the affected areas, particularly in
the lower extremities. The patient could stand brieﬂy but with
considerable unsteadiness and could not walk unaided. There
were no autonomic disorders, such as urinary disorder or
orthostatic hypotension. Overall Neuropathy Limitation Scale[6]
score was 8.
Laboratory data on admission (Table 1) revealed elevated
platelet count (446,000/mL), but the coagulation proﬁle was
normal. Total serum protein, albumin, and g-globulin levels were
normal (except for a slight increase in immunoglobulin A);
antinuclear, anti-SS-A, and anti-SS-B antibody titers were
increased 320-fold, 2-fold, and 4-fold, respectively. Serum
matrix metalloproteinase-3 was 156.6 ng/mL (normal range
17.3–59.7 ng/mL) and immunoﬁxation for M-protein was
negative. Polyclonal gammopathy was conﬁrmed by immunoelectrophoresis. Her k and l FLC levels were 77.6 mg/L (normal
range 2.42–18.92 mg/L) and 60.5 mg/L (normal range 4.44–
26.18 mg/L), respectively, and the k/l ratio was 1.28 (normal
range 0.248–1.804). Metabolic and endocrine data and tumor
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Figure 1. Spinal cord magnetic resonance image on admission. (A) Axial T2-weighted image of the second lumbar vertebra (1.5 T; 3250 ms, echo time 90 ms)
showing osteosclerotic lesions with high-density signals surrounded by low-density signals. (B) Sagittal T2-weighted image (1.5 T; 456 ms, echo time 10 ms) of the
lumbar vertebra showing multiple osteosclerotic lesions. (C) Sagittal T1-weighted image of the lumbar vertebra (1.5 T; 519 ms, echo time 15 ms) showing multiple
osteosclerotic lesions. ant = anterior, R = right.

marker levels were normal. Protein in cerebrospinal ﬂuid had
increased to 135.4 mg/dL.
Electrocardiography showed sinus rhythm, heart rate of 86
beats/min, and normal R-R interval variability. Schellong test
was negative. Plain chest radiography revealed no abnormalities
and there were no acute lesions on plain magnetic resonance
imaging (MRI) of the head. MRI of the lumbar spine showed
forward slipping of the body of L4, spinal stenosis at L4/5, and
osteosclerotic lesions in the bodies of L2, L4, L5, and S1 (low on
T1-weighted and T2-weighted images and high on short-tau
inversion recovery images; Fig. 1). Thoracoabdominal contrast
computed tomography (CT) showed osteosclerotic lesions in the
ribs, vertebral bodies, clavicles, and pelvis, and positron emission
tomography-CT showed tracer accumulation in the area
corresponding to an osteosclerotic lesion in the body of L2.
There was mild pericardial effusion but no lymphadenopathy,
hepatosplenomegaly, or accumulation of thoracoabdominal
ﬂuid. Bone scintigraphy demonstrated increased accumulation
in the ribs on both sides and at several spinal levels. Transthoracic
echocardiography revealed severe aortic valve stenosis with
calciﬁcation and diffuse left ventricular hypertrophy, in good

agreement with previous ﬁndings. Nerve conduction studies
showed mildly decreased motor nerve conduction velocity and
temporal dispersion in the upper extremities, with considerably
decreased compound muscle action potential amplitude and
motor nerve conduction velocity in the lower extremities
(Table 2). Sensory nerve conduction velocity was markedly
decreased and sensory nerve action potential amplitude was also
considerably decreased in the lower extremities (Table 2). In
short, the electrophysiological ﬁndings indicated polyneuropathy
with demyelination in the upper extremities and both demyelination and axonopathy in the lower extremities. Furthermore, the
terminal latency index[7] was high in the median nerve bilaterally
(0.44 on the right, 0.47 on the left). Needle electromyography
showed no clear neurogenic pattern, but revealed ﬁbrillation
potentials at rest in the tibialis anterior and gastrocnemius
muscles bilaterally. The patient declined a nerve biopsy.
The clinical course is shown in Fig. 2. CT-guided biopsy of a
lesion in the L2 vertebra performed 12 days after hospitalization
showed a marked increase in strongly CD138-positive plasma
cells with clonality skewed toward l light chains rather than k
light chains (Fig. 3). A repeat plasma vascular endothelial growth

Table 2
Nerve conduction study.

Median Nerve

Peroneal Nerve

Tibial Nerve

Sural Nerve

R
L
Normal values
R
L
Normal values
R
L
Normal values
R
L
Normal values

DL
(ms)

CMAP
(mV)

MCV
(m/s)

SNAP
(mV)

SCV
(m/s)

4.2
3.8
< 4.2
6.4
5.5
< 5.5
10.1
7.3
< 6.0

6.9
6.8
> 3.5
0.092
0.300
> 2.5
0.053
0.170
> 2.9

38.8
41.9
> 48.0
34.8
32.8
> 40.0
28.5
27.6
> 41.0

12.0
21.4
> 10.0

42.1
50.8
> 49.8

3.1
5.5
> 10.5

36.5
33.3
> 45.2

CMAP = compound muscle action potential, DL = distal latency, L = left, MCV = motor conduction velocity, R = right, SCV = sensory conduction velocity, SNAP = sensory nerve action potential.

- 9673 -

Hara et al. Medicine (2017) 96:41

Medicine

Steroid pulse
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㽢3 days)

Azathioprine 75 mg/day
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Lenalidomide 5 mg/day
Dexmetazon 0.5 mg/day
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Dysesthesia
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Plasma VEGF
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Biopsy of scleroc lesion
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Figure 2. Clinical course. After treatment with lenalidomide and dexamethasone, her numbness, paresthesia, and weakness gradually improved and her serum
VEGF level decreased. mPSL = methylprednisolone, RA = rheumatoid arthritis, SLE = systemic lupus erythematosus, SS = Sjögren syndrome.

factor (VEGF) level measured on day 25 of hospitalization
showed elevation to 879 pg/mL (normal level <38.7 pg/mL).
Fulﬁllment of the diagnostic criteria together with other ﬁndings
prompted the diagnosis of POEMS syndrome. Two cycles of
pulse corticosteroid therapy (methylprednisolone 1000 mg/day)
started 45 days after hospitalization did not alleviate the patient’s
neurological symptoms. Her plasma VEGF increased further to

1312 pg/mL and M-protein (IgG l) became positive 57 days after
hospitalization. Oral azathioprine was withdrawn and new
treatment comprising lenalidomide 5 mg/day and dexamethasone
0.5 mg/day was started 64 days after hospitalization. The patient
was discharged home after 76 days in hospital. The same
treatment was continued after discharge. Her Overall Neuropathy Limitation Scale score improved from 8 to 3, the edema in her

Figure 3. Biopsy specimen of a sclerotic lesion in the L2 vertebra. The specimen was obtained by computed tomography-guided needle biopsy of the lesion. (A)
Sheets of mature-appearing plasma cells (hematoxylin-eosin staining, bar = 50 mm). (B) Plasma cells strongly positive for the plasma cell marker CD138 (bar = 200 m
m). (C) In situ hybridization showing only rare plasma cells are positive for immunoglobulin l light chain (bar = 200 mm). (D) In situ hybridization showing that plasma
cells are rarely positive for immunoglobulin k light chain (bar = 200 mm).
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lower extremities resolved, and her plasma VEGF improved to
613 pg/mL. She is currently continuing the same treatment.

3. Discussion
Patients with POEMS syndrome present with various symptoms
at different sites of the body. All patients with POEMS syndrome
develop polyneuropathy, but organomegaly, endocrinopathy,
monoclonal gammopathy, and skin changes have been reported
to occur in 45% to 85%, 67% to 84%, 24% to 54%, and 46% to
93% of patients, respectively.[1] A diagnosis of POEMS
syndrome requires fulﬁllment of 2 mandatory criteria, at least
one of 3 other major criteria, and at least one of 6 minor criteria.
The major mandatory criteria are plasma cell dyscrasia and
polyneuropathy, and other major criteria include Castleman
disease, sclerotic bone lesions, and elevated VEGF. Minor criteria
include organomegaly, extravascular volume overload, endocrinopathy, skin changes, papilledema, and thrombocytosis/
polycythemia.[1] The mandatory major criteria of plasma cell
dyscrasia and polyneuropathy, other major criteria of sclerotic
bone lesions and elevated VEGF, and minor criteria of skin
changes, extravascular volume overload, and thrombocytosis
were fulﬁlled in this case. However, characteristic symptoms are
often absent in the early stages, and subsequent delays in
diagnosis and treatment can result in a poor prognosis. POEMS
syndrome was not easily diagnosed in our case for the following
reasons. First, the patient had multiple comorbidities (SLE, RA,
SS, aortic stenosis, and deep vein thrombosis), symptoms of
which overlap with the characteristic symptoms of POEMS
syndrome (such as polyneuropathy, edema, and skin disorders).
Second, M-protein, which is indicative of increased monoclonal
immunoglobulin levels, was not detected, the l/k FLC ratio was
normal, and immunoelectrophoresis did not indicate monoclonal
gammopathy. Polyneuropathy, chronic inﬂammatory demyelinating polyneuropathy, amyloid neuropathies, diabetic polyneuropathy, connective tissue-related peripheral neuropathy,
paraneoplastic syndrome, alcoholic neuropathy, celiac disease,
neuropathy related to human immunodeﬁciency virus or
hepatitis C virus infection, various drugs, thyroid disorders,
paraproteinemia, sarcoid polyneuropathy, vitamin B12 deﬁciency, and hereditary diseases (e.g., Fabry disease and hereditary
sensory autonomic neuropathy) were excluded by various
laboratory ﬁndings. However, chronic inﬂammatory demyelinating polyneuropathy and connective tissue related peripheral
neuropathy remained in the differential diagnosis. Ultimately,
these neuropathies were ruled out by a high terminal latency
index value[7] on nerve conduction studies as well as the
therapeutic effect of lenalidomide.
Proliferation of monoclonal plasma cells is usually evident in
protein fractions recovered from patients with POEMS syndrome,[8] but our initial ﬁndings of immunoelectrophoresis, FLC
analysis, and M-protein detection did not support this. Aggarwal
et al[9] reported higher levels of both l and k FLC in patients with
SLE or RA than in normal controls, and that testing for FLC in
addition to testing C3, C4, and anti-ds-DNA antibody levels
is useful for assessing disease activity in SLE. Similarly, the
underlying SLE and RA in our patient might have caused
the increase in polyclonal immunoglobulins, thereby masking
apparent monoclonality. Therefore, osteosclerotic lesion biopsy
to conﬁrm abnormal proliferation of plasma cells with a
predominance of monoclonal l chains was critical in reaching
the diagnosis of POEMS syndrome in this case. There have been a
few previous reports of a patient with POEMS syndrome also

having SLE, SS, and RA,[3–5] so the present case is valuable in
demonstrating the utility of a diagnostic osteosclerotic lesion
biopsy when immunoelectrophoresis for monoclonality is
inconclusive. M-protein level is not very high in patients with
POEMS syndrome, with a positive rate of only 24% to 54%,[1] so
the undetectable level of M-protein in our patient does not
conﬂict with a diagnosis of POEMS syndrome.
Serum and plasma VEGF levels increase in POEMS syndrome,
suggesting its usefulness in diagnosis and assessment of disease
activity. D’Souza et al[10] showed that a serum VEGF threshold of
200 pg/mL had a speciﬁcity of 95% and a sensitivity of 63% for
differentiating POEMS syndrome from other diseases that also
include elevated serum VEGF, such as RA, SLE, chronic
inﬂammatory demyelinating polyradiculoneuropathy, and multiple myeloma. Plasma cells and platelets both secrete VEGF in
POEMS syndrome, and serum levels are reportedly 10 to 50 times
higher than plasma levels.[11] The abnormally high plasma VEGF
level in our patient supports a diagnosis of POEMS syndrome.
Nevertheless, because there have been no prior reports of plasma
VEGF levels in patients with POEMS syndrome and multiple
underlying diseases such as SLE and RA, diagnostic osteosclerotic
lesion biopsy was essential in diagnosing POEMS syndrome in
the present case.
Standard treatment for POEMS syndrome has not yet been
established, so we opted for lenalidomide because autologous
stem cell transplantation and long-term thalidomide therapy
were not realistic options in our patient because of the underlying
connective tissue disease and the risk of neurological complications, respectively. A recent study showed that lenalidomide is
effective and safe and has some neurological beneﬁt in patients
with POEMS syndrome.[1] Indeed, lenalidomide therapy had a
favorable outcome in the present case, including alleviation of
neurological symptoms and decreased plasma VEGF levels.
POEMS syndrome is a rare disease that requires therapeutic
strategies different from those used for other peripheral nerve
disorders, and delayed diagnosis and treatment may have severe
sequelae. Osteosclerotic lesion biopsy is recommended in the
differential diagnosis of POEMS syndrome from other conditions, particularly in a patient with peripheral neuropathy and
comorbid connective tissue disease who is unresponsive to
treatment and in whom thorough systemic examination reveals
an osteosclerotic lesion, but symptoms and investigations are not
pathognomonic for POEMS syndrome.
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Difficulty turning over in bed is a common night-time symptom in Parkinson's disease (PD).
We aimed to quantitatively evaluate overnight turnover movements using a three-axis accelerometer and to investigate whether inability to turn in bed is related to daytime sleepiness,
sleep quality, and depressive mood in PD patients.

Methods
We examined 64 patients with PD (mean age, 73.3±8.21 years; modified Hoehn-Yahr [mHY] stage, 3.0±1.0; disease duration, 7.2±6.3 years; unified Parkinson's disease rating scale
[UPDRS], 36.9±18.3). Overnight monitoring of turnover movements using a wearable threeaxis accelerometer was performed in all patients. Nocturnal kinetic parameters including
total time recumbent, total time supine, number of turnover movements, and mean interval
between turnover movements were obtained. Daytime immobility was assessed using the
Barthel index (B-I), UPDRS, and mH-Y stage. Patients were also assessed with the Epworth
Sleepiness Scale (ESS), Parkinson's Disease Sleep Scale-2 (PDSS-2), and Beck Depression Inventory (BDI).

Results
Number of turnover movements in bed correlated negatively with disease duration (r =
-0.305; p<0.05), L-dopa-equivalent dose (r = -0.281; p<0.05), mH-Y staging (r = -0.336;
p<0.01), total score of UPDRS (r = -0.386; p<0.01) and positively with B-I score (r = 0.365;
p<0.01). Number of turnover movements in bed was generally inconsistent with awareness
of turnover movement impairment as evaluated by PDSS-2 Item 9 scores, but patients who
were never aware of impaired turnover movements showed 5 turnover movements overnight. Multivariate logistic regression analyses revealed no correlations between number of
nocturnal turnover movements in bed and BDI, ESS, or PDSS-2. Use of anti-psychotic
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drugs was associated with ESS (p = 0.045). UPDRS was associated with PDSS-2 (p =
0.016).

Conclusion
Decreased number of turnover movements may not be a direct determinant of daytime
sleepiness, sleep disorders, or depressive mood in PD patients. Use of anti-psychotic drugs
and higher UPDRS score are factors significantly associated with daytime sleepiness and
uncomfortable sleep, respectively.

Introduction
Difficulty turning over in bed is one of the motor symptoms of Parkinson's disease (PD), with
a prevalence of 45±82% for this subjective complaint [1±4]. Nocturnal movement and sleep
disorders such as rapid eye movement sleep behavior disorder in PD patients have been extensively studied using polysomnography [5±7]. Whether this nocturnal motor deficit affects the
quality of life of PD patients thus remains unclear. In recent years, the accuracy of three-axis
accelerometers has improved together with advances in miniaturization, and wearable accelerometers are now available to analyze kinetic data of overnight movements in PD patients [8±
11]. This sensor-based kinetic analysis may shed light on the real clinical impact of difficulty
turning over in bed among PD patients. This study set out to objectively assess nocturnal turnover movements in PD patients with overnight monitoring using a wearable three-axis accelerometer to test the hypothesis that inability to turn in bed would negatively impact on daytime
sleepiness, sleep quality, and depressive mood in PD patients.

Patients and methods
Study population
We examined PD patients who met the following inclusion criteria: 1) fulfilment of the diagnostic criteria described by the UK Parkinson Disease Society brain bank [12]; 2) age 18
years; 3) provision of written informed consent to participate in this study; 4) treatment with
the same antiparkinsonian drug during the 2 weeks before entry; and 5) ability to comply with
the study protocol. We excluded patients with: 1) serious concurrent disease such as severe
inflammatory disease (white blood cell count > 1.0 ×104 mm3; C-reactive protein > 3.0 mg/
dl); 2) hallucination or delusion; or 3) dementia (Mini-Mental State Examination [MMSE]
<16). No restrictions were placed on disease duration. This study was conducted in a single
hospital, and the study protocol was approved by the St. Marianna University Bioethics Committee (approval no. 2487). All participants provided written informed consent.

Overnight monitoring of turnover movements in bed
We used a published method for assessing turnover movements in bed with the three-axis
accelerometer [8]. To state the method in brief, a wearable motion recorder (75 mm × 50
mm × 20 mm, 120 g) equipped with three-axis acceleration sensors (Mimamori-Gait system,
MG-M1110-HW; LSI Medience, Tokyo, Japan) was fixed on the center of the abdomen at the
navel using a special belt (Fig 1). Three-axis acceleration data were collected at 100 Hz and
serially stored in the micro Secure Digital memory card of the recorder through A/D conversion. All patients were monitored for 10 h from 21:00 to 07:00 the next day, and data were analyzed offline using commercially available software (MG-M1100-PC; LSI Medience). The
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Fig 1. Three-axis accelerometer sensor axes in the recumbent position. X axis: from right to left; Y axis:
from caudal to rostral; Z axis: from back to front.
https://doi.org/10.1371/journal.pone.0187616.g001

nocturnal kinetic parameters used in this study were: 1) total time recumbent; 2) total time
supine; 3) number of turnover movements; and 4) mean interval between turnover movements.
Typical overnight monitoring charts are shown in Fig 2. Variations in acceleration along
the X, Y, and Z axes are represented by red, blue, and green lines, respectively. As a turnover
movement in bed is a movement around the Y axis, acceleration in the Y axis direction
remains essentially zero (blue lines in Fig 2A and Fig 2B). Turnover movements in bed were
defined as movements simultaneously registering acceleration along the three axes as follows:
0.58 G for the X axis; 0.32 G for the Y axis; and 0.20 G for the Z axis. These cut-off values
were derived based on a 95% confidence interval to detect patient rotations 30Êaround the
center of the anteroposterior axis as turnover movements in bed [8]. Accordingly, turnover
movements with angles of rotation <30Êwere not regarded as turnover movements in bed.
Turnover movements in bed can thus be counted based on the typical turnover movements
followed by a stable period (Fig 2).
Once a turnover movement occurs, body position remains stable for a variable duration
from a few minutes to hours. Evaluating not only the number of turnover movements but
also the pattern of appearance of turnover movements is important. Some PD patients showed
several clusters of turnover movement with short duration and staying in supine sleep for a
long time. We thus introduced the mean interval between turnover movements in this study.
The position of the patient (i.e., recumbent, sitting, or standing) based on the waveform of the
Y axis is also easy to determine. Total measurement period was 600 min, and the amount of
time the patient stayed in an upright position (acceleration on the Y axis  1.0), which was
assumed to represent the patient being awake and out of bed, was subtracted from this total
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Fig 2. Number of turnover movements in bed in PD patients and healthy subjects. Representative overnight recordings from 21:00 to 07:00 the
following day are shown. a) Chart from a PD patient. Arrowhead indicates turnover movement, black lines indicate time recumbent, and red lines indicate
time supine. b) Chart from a healthy subject. Variations in acceleration along the X, Y, and Z axes are represented by red, blue, and green lines, respectively.
https://doi.org/10.1371/journal.pone.0187616.g002

measurement period to obtain the duration spent in bed in a recumbent position, i.e., total
time recumbent. We also obtained the total time supine, because several studies have shown
that the supine sleep of PD patients is associated with increased obstructive sleep apnea, suggesting that for individuals with PD, alleviating the difficulties of turning over in bed might
reduce time spent in the supine sleep position and improve sleep-disordered breathing [13].
The reliability of measurement results was verified by overnight monitoring for 11 PD
patients (5 men; mean age, 76.1 years; median Hoehn and Yahr (H-Y) scale measurement, 4
[2±5]) twice, at an interval of 2 days. For the number of turnover movements, these measurements yielded an intraclass correlation coefficient of 0.737 (p = 0.019).

Clinical data collection
Clinical characteristics of each patient in the study were assessed by a certified neurologist.
The clinical background of each patient (age, disease duration, initial presentation, and oral
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medication) was checked. The dose of antiparkinsonian drugs (levodopa [L-dopa], dopamine
agonists, and catechol-O-methyltransferase [COMT] inhibitors) was converted into an Ldopa-equivalent dose (LED), as necessary [14]. We also established whether patients were taking drugs that could be expected to affect sleep or depression such as sleeping medication,
anti-depressants, anti-psychotic drugs, or amantadine. Severity of PD was assessed using a
modified H-Y (mH-Y) staging scale [15] and the UPDRS [16]. Activities of daily living were
assessed using the Barthel index (B-I) [17]. UPDRS assessments included the total score and
sub-scores for Parts 2 and 3.
Sleepiness, awareness of sleep disturbance, and depressive features were assessed with the
Epworth Sleepiness Scale (ESS) [18], Parkinson's Disease Sleep Scale-2 (PDSS-2) [19, 20], and
the Beck Depression Inventory (BDI) [21], respectively. Subjective awareness of difficulty
turning in bed in each patient was classified into five categories from Score 0 to Score 4 using a
question in PDSS-2 item 9 (ªDid you feel uncomfortable at night because you were unable to
turn in bed or move due to immobility?º). Possible responses to this question were scored as:
0, ªneverº; 1, ªoccasionally (1 night/week)º; 2, ªsometimes (2±3 nights/week)º; 3, ªoften (4±5
nights/week)º; or 4, ªvery often (6±7 nights/week)º.

Statistical analyses
Characteristics of patients are given as the mean and standard deviation (SD), unless otherwise
indicated. Unpaired Student's t test was used to compare continuous variables, and χ2 tests
were used for nominal parameters. The Mann-Whitney U test and Kruskal-Wallis test were
used for data that did not show normal distributions. Relationships between clinical scales and
nocturnal kinetic parameters were investigated using Spearman's rank correlation analysis.
Overnight frequency of turnover movement in patients with PD was divided into quartiles
and logistic regression models adjusted for potential confounders including age, disease duration, and mH-Y scale score were used to estimate odds ratios with 95% confidence intervals
for associations with the first quartile (i.e., lowest frequency group). For logistic regression
analysis, ESS scores 10 were taken to indicate excessive daytime sleepiness [18], PDSS-2
scores 15 were taken to indicate sleep disturbance [22], and BDI scores >20 were taken to
indicate moderate to severe depressive features [21]. Two-sided p-values <0.05 were considered statistically significant. All statistical analyses were performed using SPSS Statistics for
Windows version 21 software (IBM, Armonk, NY).

Results
We examined 65 patients with PD from April 2013 to July 2016. Overnight monitoring of
turnover movements was performed in all patients. We excluded 1 patient for whom overnight
recordings were discontinued because of hallucinations. A total of 64 patients (35 men; mean
age, 73.3±8.21 years) were analyzed. Patient demographic characteristics are shown in Table 1.
Daytime assessment results were as follows: B-I, 76.6±27.4; UPDRS, 36.9±18.3 (range, 4±88);
BDI, 15.5±12.4 (range, 0±43); ESS, 7.03±4.55 (range, 0±19); and PDSS-2, 19.3±9.96 (range,
1±49). Mean LED for patients was 540±317 mg (range, 0±1265 mg). Thirty-five patients
(54.7%) were treated with dopamine agonist, with pramipexole as the most widely used medication (17 patients, 26.6%). Eleven patients were taking anti-psychotic drugs to prevent hallucinations, and eight patients were taking antidepressants.

Turnover movements and severity of PD
Disease duration, LED, mH-Y staging, B-I and UPDRS (total score, Part 2, and Part 3) correlated significantly with nocturnal parameters (Table 2). Number of turnover movements in
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Table 1. Patient characteristics.
Patients with PD n = 64
Age, mean (SD)

73.3 (8.21)

Male sex, n (%)

35 (54.7)

Height, m (SD)

159 (9.77)

Weight, kg (SD)

54.2 (12.2)

BMI, kg/m2 (SD)

21.2 (3.65)

Age at onset, years (SD)

66.1 (10.1)

Disease duration, years (SD)

7.22 (6.28)

Modified Hoehn-Yahr staging (SD)
Barthel index (SD)

3.0 (1.0)
76.6 (27.4)

Unified Parkinson's Disease Rating Scale
Total score

36.9 (18.3)
Part 1

2.61 (2.03)

Part 2

10.9 (6.76)

Part 3

19.9 (11.4)

Part 4

2.39 (2.99)

Beck Depression Inventory

15.5 (12.4)

Epworth Sleepiness Scale

7.03 (4.55)

Parkinson's Disease Sleep Scale-2

19.3 (10.0)

LED, mg (SD)

540 (317)

Dopamine agonist, n (%)

35 (54.7)

Pramipexole, n (%)

17 (26.6)

Rotigotine, n (%)

8 (12.5)

Ropinirole, n (%)

11 (17.2)

Ergot, n (%)

1 (1.56)

Amantadine, n (%)

9 (14.1)

Sleeping drug, n (%)

15 (23.4)

Antipsychotic drug, n (%)

11 (17.2)

Antidepressant, n (%)

8 (12.5)

LED, L-dopa-equivalent dose; SD, standard deviation.
https://doi.org/10.1371/journal.pone.0187616.t001

bed correlated negatively with duration of disease (r = -0.305; p<0.05), LED (r = -0.281; p<
0.05), mH-Y staging (r = -0.336; p<0.01), total score of UPDRS (r = -0.386; p<0.01), UPDRS
Part 2 (r = -0.317; p<0.05), and UPDRS Part 3 (r = -0.310; p<0.05), and positively with B-I
score (r = 0.365; p<0.01). Higher mH-Y stage and UPDRS score indicate poor function,
whereas higher B-I score indicates better activities of daily living. The tendencies of correlation
coefficients are thus similar. For total time recumbent, total time supine, and mean interval
between turnover movements, tendencies of correlation coefficients were similar; i.e., patients
with poor motor activity as indicated by mH-Y, B-I, and UPDRS scores tended to show longer
time staying in bed, longer time staying supine, and longer interval between turnover movements. These relationships were similarly observed in disease duration and LED. Correlations
between number of turnover movements and patient characteristics are shown in Fig 3.
The frequency of turnover movements in bed for PD patients by quartile was as follows:
0±2 times, n = 17; 3±5 times, n = 16; 6±11 times, n = 16; and 12 times, n = 15. Predictive
accuracies of mH-Y, B-I, and UPDRS for the 1st quartile (0±2 turnover movements) were
obtained from receiver operated characteristics curve (ROC) analysis, with areas under the
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Table 2. Correlation coefficients between nocturnal parameters and patient's characteristics.
Age

Disease
duration

LED

mH-Y
staging

Barthel
index

UPDRS
Total

UPDRS
Part 1

UPDRS
Part 2

UPDRS
Part 3

UPDRS
Part 4

Number of Turnovers

-.100

-.305*

-.281*

-.336**

.365**

-.386**

.019

-.317*

-.310*

-.217

Total Time for
recumbent position

.039

.313

.311

.407

-.425

*

.286

.152

.307

.181

.111

Total Time for supine
position

.230

.252*

-.071

.307*

-.435**

.317*

.098

.227

.255

-.005

Mean interval of
turnovers

.121

.350**

.325**

.381**

-.410**

.412**

.000

.345*

.334*

.223

*

*

**

**

*

Values represent Spearman correlation coefficients.
*p<0.05
**p<0.01.
LED, L-dopa-equivalent dose; mH-Y scale, modified Hoehn-Yahr scale; UPDRS, Unified Parkinson's Disease Rating Scale.
https://doi.org/10.1371/journal.pone.0187616.t002

ROC curves of 0.685 (95% confidence interval (CI), 0.532±0.839), 0.698 (95%CI, 0.553±0.844),
and 0.709 (95%CI, 0.559±0.858), respectively.

Awareness of inability to turn in bed and actual number of turnover
movements in bed
Relationships between subjective awareness of difficulty turning in bed as categorized by the
PDSS-2 item 9 and nocturnal kinetic parameters are shown in Table 3. Although PD patients
with a higher score for PDSS-2 item 9 tended to show longer total time recumbent and longer

Fig 3. Correlations between number of turnover movements in bed and background factors. Number of turnover movements in bed
correlated significantly with disease duration (a), L-dopa equivalent dose (b), modified H-Y stage (c), B-I (d), and total UPDRS score (e).
https://doi.org/10.1371/journal.pone.0187616.g003
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Table 3. Subjective awareness of difficulty turning in bed as evaluated by PDSS-2 item 9 and nocturnal kinetic parameters.
Score 0
(Never)

Score1
(Occasionary)

Score2
(Sometimes)

Score3
(Often)

Score 4
(Very often)

P value
0.077

Number of Turnovers, median (min-max)

5 (4±8)

5 (2±13)

6 (1±7)

6 (2±10)

3 (1±12)

Total Time for recumbent position, mean (SD) minutes

520.4(49.1)

514.4 (47.9)

540.2 (39.0)

489.0 (72.1)

563.2 (36.9)

0.771

Total Time for supine position, mean (SD) minutes

299.1(156.3)

346.0 (141.1)

322.6 (129.9)

337.3 (123.5)

277.0 (158.2)

0.133

Mean interval of turnovers, mean (SD) minutes

45.6 (22.8)

225.1 (204.4)

86.9 (85.6)

153.9 (173.9)

168.4 (205.7)

0.081

https://doi.org/10.1371/journal.pone.0187616.t003

mean interval between turnover movements (p = 0.077 and p = 0.081, respectively), no significant difference was observed among the 5 groups categorized by PDSS-2 item 9 scores.
Scattergrams in Fig 4 show the relationship between number of turnover movements and
mean interval between consecutive turnover movements. Visual analysis of data from patients

Fig 4. Subjective scoring of discomfort and immobility in bed as evaluated by PDSS-2 Item 9 and objective numbers of overnight turnover
movements. Mean interval between consecutive turnover movements (minutes) as plotted against number of turnover movements in scattergrams by
subjective scores as evaluated by PDSS-2 item 9: never aware of impairment of turnover movement (a); occasionally to sometimes (b); and often to very
often (c). In patients with no subjective complaint, number of turnover movements overnight was 5 and mean interval between consecutive turnovers
was <100 min (a). Among patients showing >5 turnover movements, various PDSS-2 Item 9 scores ranging from 0 to 4 (ªneverº to ªvery oftenº) were
noted.
https://doi.org/10.1371/journal.pone.0187616.g004
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who were never aware of impairment of turnover movement (PDSS-2 Item 9 Score = 0)
showed 5 turnover movements overnight (Fig 4A). Patients who were often or very often
aware of impaired turnover movement (PDSS-2 Item 9 Score = 3 or 4) showed a maximum of
15 turnover movements in overnight measurements. However, among patients showing 5±15
turnover movements, various PDSS-2 Item 9 scores ranging from 0 to 4 (ªneverº to ªvery
oftenº) were noted. The number of turnover movements in bed was thus generally inconsistent with awareness of impaired turnover movement as evaluated by PDSS-2 Item 9 scores.

Correlations between number of turnover movements in bed, sleepiness
and depressive features
A total of 58 patients (90.6%) were receiving L-dopa and 6 patients (9.4%) were receiving
other drugs. A total of 24 patients (37.5%) were receiving L-dopa alone, and 34 patients
(53.1%) were receiving concomitant treatment with L-dopa and dopamine adjuvants. We
constructed a model using age, LED, UPDRS, use of sleeping drugs, use of anti-psychotic
drugs, use of dopamine agonists, and number of nocturnal turnover movements in bed, and
investigated associations between each of these factors and outliers in ESS, PDSS-2, and BDI
in multivariate logistic regression analysis (Table 4). Anti-psychotic drug use was significantly
associated with ESS scores 10, and UPDRS was significantly associated with PDSS-2 scores
15. No factors were significantly associated with depressive features as evaluated by BDI
score (>20). Number of nocturnal turnover movements in bed was not significantly correlated
with BDI, ESS, or PDSS-2 abnormal score.

Discussion
Nocturnal parameters including number of turnover movements, time spent in a recumbent
position in bed, time spent in a supine position in bed, and mean interval between consecutive
turnover movements correlated significantly with disease duration, LED, mH-Y, UPDRS total
score, and B-I (Table 2 and Fig 3). These results suggest that less frequent nocturnal turnover
movements and longer period spent recumbent or supine are observed in PD patients showing
deterioration in scores reflecting daytime immobility, greater disease duration, and LED. It is
reasonable to assume that the degree of daytime immobility is also predictive of night-time
motor disability. Our study demonstrated UPDRS total score as the most predictive for turnover movement impairment (area under the ROC curve, 0.709) and the number of turnover
movements in bed correlated significantly with mH-Y, B-I, and UPDRS. However, the most
Table 4. Multivariate logistic regression analyses.
ESS

PDSS-2

BDI

OR

(95%CI)

p

OR

(95%CI)

p

OR

(95%CI)

p

Age

0.951

(0.829±1.090)

0.471

0.785

(0.596±1.035)

0.087

1.004

(0.892±1.131)

0.941

LED

1.003

(0.999±1.007)

0.193

0.999

(0.995±1.003)

0.554

1.003

(0.999±1.007)

0.211

UPDRS

1.002

(0.943±1.064)

0.948

1.152

(1.027±1.291)

0.016

1.019

(0.967±1.075)

0.476

Sleeping drugs

0.103

(0.005±2.244)

0.148

1.293

(0.140±11.971)

0.821

3.156

(0.475±20.954)

0.232

Antipsychotics

46.183

(1.099±1941.5)

0.045

1.941

(0.091±41.363)

0.671

1.920

(0.209±17.648)

0.564

Dopamine agonist

2.442

(0.229±26.00)

0.459

0.599

(0.067±5.384)

0.647

0.833

(0.090±7.728)

0.872

Number of turnovers

1.174

(0.972±1.353)

0.105

1.062

(0.907±1.245)

0.454

0.924

(0.794±1.075)

0.331

ESS, Epworth Sleepiness Scale; PDSS-2, Parkinson's Disease Sleep Scale-2; BDI, Beck Depression Inventory
For logistic regression analysis, ESS score 10, PDSS-2 score 15, and BDI score >20 were taken to indicate excessive daytime sleepiness, sleep
disturbance, and moderate to severe depressive features, respectively.
https://doi.org/10.1371/journal.pone.0187616.t004
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significant correlation (UPDRS, -0.386) still yielded a low coefficient. Our study also demonstrated that number of turnover movements in bed was generally inconsistent with awareness
of turnover movement impairment as evaluated by PDSS-2 Item 9 score (Fig 4), implying that
nocturnal immobility should be assessed objectively with three-axis accelerometers rather than
subjectively by self-report.
This study posed the question of whether night-time immobility affects quality of life
among PD patients, but multivariate logistic regression analysis failed to demonstrate an association between number of turnover movement and outliers of ESS, PDSS-2, and BDI. Use of
anti-psychotic drugs and UPDRS total score appeared to represent major determinants for
outliers of ESS and PDSS-2, respectively. No factor, including number of turnover movements
in bed, was significantly associated with BDI. We thus conclude that nocturnal immobility
may not be a major determinant of daytime sleepiness, nor mood disorders including depressive features in PD patients. However, further studies are needed to answer this question.
Bhidayasiri et al. recently demonstrated that nocturnal apomorphine infusion improved nocturnal hypokinesia in PD patients using a wearable three-axis accelerometer [11]. Rotigotine
treatment reportedly improved UPDRS Part 2 sub-score and PDSS in a study by Trenkwalder
et al. [19]. Prolonged-release ropinirole tablets reportedly improved objective quality of sleep
in a study by Dusek et al. [23]. These drugs can be expected to ameliorate nocturnal symptoms.
The real clinical significance of nocturnal turnover movement impairment needs to be investigated in further research focusing on how nocturnal turnover movement impairment can be
ameliorated with adjustments in dopamine agonist medication and how such treatments can
improve quality of life in PD patients. We therefore consider that the method of overnight
monitoring with three-axis accelerometers reported in this study has great utility for such therapeutic intervention studies. In such studies, use of antipsychotic drugs and UPDRS score
should be considered as important confounders.
A number of limitations need to be considered when interpreting the results of this study.
First, we did not perform polysomnographic analysis. Our sensor-based monitoring of nocturnal movement can detect periods of wakefulness based on body position, but sleep stage in the
recumbent position in bed cannot be evaluated. In future studies focusing on daytime sleepiness or mood disorders, polysomnography combined with a sensor-based kinetic method may
provide comprehensive data. A second limitation concerns the definition of turnover movements in bed for this study, which was based on the method reported by Akamatsu et al. [8].
Sensors were set to pick up movements 30Êaround the posteroanterior body axis. Accordingly, any effects of movements involving corresponding rotations <30Êduring sleep would
not have been identified in this study. The third limitation concerned the nature of this
research as a cross-sectional, observational study.
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Effectiveness of spinal cord stimulation for
painful camptocormia with Pisa syndrome
in Parkinson’s disease: a case report
Hisanao Akiyama1* , Saki Nukui1, Masashi Akamatu1, Yasuhiro Hasegawa1, Osamu Nishikido3 and Soichiro Inoue2

Abstract
Background: Spinal cord stimulation (SCS) has recently been reported to be effective for truncal postural abnormalities
such as camptocormia and Pisa syndrome in Parkinson’s disease. In this case report, we describe a case of a woman with
Parkinson’s disease in whom SCS was effective for painful camptocormia with Pisa syndrome.
Case presentation: A 65-year-old woman was admitted to our hospital because of painful camptocormia. She had
noticed resting tremor in the left upper limb and aprosody at 48 years of age. She was diagnosed as having Parkinson’s
disease (Hoehn & Yahr stage 1) at 53 years of age. Cabergoline was started during that same year, with subsequent
addition of selegiline hydrochloride; the symptoms of parkinsonism disappeared. Wearing-off occurred when she was
57 years old, 3 years after starting carbidopa/levodopa, and truncal postural abnormalities—painful camptocormia with
Pisa syndrome to the right—appeared at 58 years of age. These symptoms worsened despite adjustment of her oral
medications, and deep brain stimulation (DBS) was performed when she was 60 years old. The truncal postural
abnormalities improved after DBS, and she could travel abroad at 61 years of age. However, from 62 years of age,
painful camptocormia with Pisa syndrome to the right reappeared. The pain was unsuccessfully treated with oral
analgesics, radiofrequency coagulation of the dorsal and medial branches of the lumbar spinal nerve, and lumbar
epidural block. Finally, SCS was performed for the pain relief. The pain disappeared immediately after SCS and her
posture then gradually improved. Unified Parkinson’s Disease Rating Scale score improved from 48 to 34 points and
Timed Up and Go Test improved from 15 s to 7 s after SCS.
Conclusions: This case suggests that SCS may be effective for improving painful truncal postural abnormalities and
motor complications of Parkinson’s disease. Pain relief or a direct effect on the central nervous system by SCS was
considered to explain the alleviation of these symptoms.
Keywords: Spinal cord stimulation, Parkinson’s disease, Painful truncal postural abnormality, Camptocormia, Pisa syndrome

Background
Truncal postural abnormalities such as camptocormia and
Pisa syndrome, as well as Parkinson’s-related and -unrelated pain, are not uncommon in patients with Parkinson’s
disease [1, 2], and medical treatment for these symptoms
is often difficult. An alternative treatment strategy is spinal
cord stimulation (SCS), which was recently reported to be
effective for truncal postural abnormalities, chronic pain,
and motor symptoms of Parkinson’s disease, though the
mechanism of SCS remains unclear [3–5].
* Correspondence: h2akiyama@marianna-u.ac.jp
1
Department of Neurology, St. Marianna University School of Medicine,
2-16-1 Sugao, Miyamae-ku, Kawasaki, Kanagawa 216-8511, Japan
Full list of author information is available at the end of the article

In this case report, we present a case of painful camptocormia that was effectively treated with SCS in a woman
with Parkinson’s disease. In addition, we briefly review the
past literature.

Case presentation
A 65-year-old woman with Parkinson’s disease was
admitted to our hospital because of painful camptocormia.
She had a past medical history of postoperative adhesive
intestinal obstruction after surgery for cancer of the uterine
body. She was a housewife and had no significant social
history of drinking and smoking. She had noticed resting
tremor of the left upper limb and aprosody at 48 years of
age. When she was 53 years old, she was diagnosed as

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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having Parkinson’s disease (Hoehn & Yahr stage 1) according to the UK Parkinson’s Disease Society Brain Bank criteria [6]. At the time of diagnosis, magnetic resonance
imaging (MRI) of the head showed no abnormality such as
bilateral outer layer slit high-intensity lesions on T2weighted imaging (suggesting putaminal atrophy), hot
cross bun sign, and brain stem and cerebellar atrophy. Oral
administration of cabergoline and selegiline hydrochloride
resulted in improvement in her parkinsonism symptoms,
but their effectiveness decreased gradually after 6 months.
Subsequently, carbidopa/levodopa 100 mg was started at
54 years of age, and the wearing-off phenomenon occurred
when she was 57 years old. Painful camptocormia with Pisa
syndrome to the right appeared at the age of 58 years. Despite several adjustments to her medications, such as increasing up to the maximum dose of 400 mg carbidopa/
levodopa or decreasing the dose of dopamine agonist, her
symptoms worsened. She underwent deep brain stimulation (DBS) at 60 years of age. Model 3387 DBS leads (Medtronic, Inc., Minneapolis, MN; medical device certificate
number 20700BZY00880000) were inserted into both subthalamic nuclei and connected to two neurostimulators
(Activa SC; Medtronic, Inc., Minneapolis, MN; medical device certificate number 22300BZX00414000). The DBS parameters were as follows. Right internal generator
program: anode, contact case; cathode, contacts Nos. 2 and
3; amplitude, 3.5 V; pulse width, 60 μs; frequency, 60 Hz.
Left internal generator program: anode, contacts case;
cathode, contact Nos. 2 and 3; amplitude, 3.2 V; pulse
width, 60 μs; frequency, 60 Hz maximally. By 1 year after
commencing DBS, when she was 61 years old, the camptocormia had disappeared completely. As a result, she could
travel abroad independently. However, the painful camptocormia with Pisa syndrome reappeared at 62 years of age.
Oral administration of analgesics, radiofrequency coagulation of the medial and dorsal branches of the spinal nerves
L2/3, 3/4, and 4/5, and lumbar epidural block were administered for the lumbar pain, but were ineffective. At that
time, 123I–ioflupane dopamine transporter SPECT (DAT
scan) revealed severe hypo-accumulation (right dominant)
in both striata; and head CT revealed no brain stem and
cerebellar atrophy at 64 years of age. She was hospitalized
for SCS in March 2016 because a temporary 1-week testing trial of SCS utilizing a pair of Vectris SureScan®
MRI 1 × 8 Compact leads (Medtronic, Inc.; medical device certificate number 22500BZX00346000) and external generator External Stim® (Medtronic, Inc.; medical
device certificate number 22100BZX00196000) in February was found to be effective.
On admission, her oral medications were carbidopa/
levodopa 800 mg in 4 divided doses (2–2–3–1 tablets),
pramipexole 4.5 mg in 3 divided doses, istradefylline
20 mg once daily, midodrine hydrochloride 8 mg in 2
divided doses, limaprost alfadex 15 μg in 3 divided

doses, teprenone 150 mg in 3 divided doses, and loxoprofen 180 mg in 3 divided doses. General examination
revealed no abnormalities except for the bilateral anterior thoracic DBS generators. On neurological examination she was fully conscious, with aprosody, and
masked facies. The cranial nerves, motor system, reflexes, sensory system, coordination, and meningeal
signs were all normal, though urinary incontinence
was present. Regarding extrapyramidal symptoms,
there was no resting tremor or rigidity in the limbs,
but bradykinesia, postural instability, and painful
camptocormia with Pisa syndrome to the right were
observed (Fig. 1, top left). Urinalysis, blood tests, electrocardiogram, and chest X-ray revealed no abnormalities except for mild degenerative lumbar spondylosis
on spinal X-ray (Fig. 1, top right). Cardiac metaiodobenzylguanidine scintigraphy and DAT scan were
not performed during this admission. The Unified
Parkinson’s Disease Rating Scale (UPDRS) score was
48 (part I, 4; II, 25; III, 15; IV, 4) and Timed Up and
Go Test was 15 s before SCS implantation.
After admission, on 12 May 2016, a PrimeAdvanced
SureScan® MRI pulse generator (Medtronic, Inc.; Medical
device certificate number 22500BZX00345000) was implanted and a pair of Vectris SureScan® MRI 1 × 8 Compact
leads were inserted percutaneously. Skin was punctured at
the level of L3 on the right and L4 on the left, and the top
of the stimulation points was at the level of Th8 (Fig. 1,
bottom) as a result of adjustment to achieve pain relief with
mild paresthesia. For the SCS implant, the pulse generator
was placed in the subcutaneous pocket of the lower abdomen. SCS parameters were as follows. Program 1: anode,
contacts Nos. 2 and 10; cathode, contact Nos. 0, 1, and 8;
amplitude, 2.5 V; pulse width, 450 μs; and frequency, 7 Hz.
Program 2: anode, contact No. 0; cathode, contact No. 1;
amplitude, 3.5 V; pulse width, 250 μs and frequency, 7 Hz.
Pain was markedly improved after SCS implantation,
with the visual analog scale score improving from 10
points before SCS to 2 points after SCS on the day of
surgery. The camptocormia also improved gradually
after SCS (Fig. 2), UPDRS score improved from 48
points (part II, 25) to 33 points (part I, 5; II, 10; III, 15;
IV, 3), with a particularly large improvement for part II
(which evaluates activities of daily living). The Timed
Up and Go Test markedly improved from 15 s before
SCS to 8 s on the 11th day after SCS at the same time
of day (always measured at 14:00, during the ON
period). By the 29th day after SCS, the camptocormia
had further improved; the UPDRS score was 34 points
(part II, 12), and the Timed Up and Go Test was 7 s
during the ON period. In addition, the following
improvements were observed in scores for chronic
pain, psychiatric symptoms, and disability after SCS:
Numerical Rating Scale, 9 to 7; Leeds Assessment of
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Fig. 1 Painful camptocormia and SCS device. The patient’s camptocormia with Pisa syndrome to the right (top left). Spinal X-ray revealed mild
degenerative lumbar spondylosis (top right). For SCS, a PrimeAdvanced SureScan® MRI pulse generator was implanted and a pair of Vectris
SureScan® MRI 1 × 8 Compact leads were inserted percutaneously

Neuropathic Symptoms and Signs Pain Scale, 11 to 5;
Hospital Anxiety and Depression Scale 4 to 9; EuroQol
(EQ-5S), 0.101 to 0.208; and Pain Disability Assessment
Scale, 39 to 36. Her general condition has remained
satisfactory for 6 months as of this writing.

Discussion
Postural abnormalities such as camptocormia occur with
a prevalence of approximately 3.0–12.7% in patients with
Parkinson’s disease [1]. Camptocormia is one of the
motor symptoms that adversely affect activities of daily

Fig. 2 Improvement of painful camptocormia with Pisa syndrome after SCS. Painful camptocormia and Pisa syndrome to the right improved
gradually after SCS

- 991 -

Akiyama et al. BMC Neurology (2017) 17:148

Page 4 of 5

living. Many possible causes of camptocormia have been
reported, including muscle rigidity and dystonia in the
abdomen, proprioceptive deficits, adverse effects of dopamine agonists, soft tissue imbalance, and fatty degeneration and myopathy in the back muscles, but details
remain unclear [7]. Although there is no effective curative
therapy, several symptomatic therapies are reported to be
effective, including dosage of oral carbidopa/levodopa or
dopamine agonists, botulinum toxin injections, and DBS
[3, 8–11]. Meanwhile, pain in the low back and legs is
common in Parkinson’s disease, with a prevalence of approximately 40–85% [3]. Camptocormia occurs with or
without pain, and either way, it is an important factor
impairing activities of daily living. However, the mechanism underlying the onset of pain is still not known [2].
Pain can be Parkinson’s disease-related or -unrelated, but
strictly distinguishing between the two types is clinically
difficult. Given that drug resistance commonly occurs,
SCS has been investigated, which relieves pain by electrically stimulating the posterior funiculus. SCS was recently shown to be particularly effective in patients
with Parkinson’s disease-unrelated pain and/or postural abnormalities [3–5]. In the present case, SCS
therapy was effective for a patient with Parkinson’s disease who had camptocormia accompanied by intractable chronic pain in the absence of bone lesions and
who had no history of botulinum toxin injection,
showed resistance to oral carbidopa/levodopa and
dopamine agonists, and had previously experienced
transient alleviation of symptoms by DBS.
The mechanism of pain relief by SCS is generally explained by the gate control theory proposed by Melzack
and Wall in 1965, but the details remain unclear [12].
Based on the gate control therapy, several mechanisms
involved in pain relief by SCS have been proposed. For
instance, stimulation of the posterior funiculus by SCS
causes excitation of thick Aβ sensory fibers and excitation of thick Aβ fibers leads to suppression of sensory
pain C fibers at the spinal dorsal horn. Blockage of pain
at the spinal dorsal horn and the spinothalamic tract
occurs by retrograde impulse conduction, which activates inhibitory neurons, increases GABA release, and
reduces excitatory glutamic acid level. Other mechanisms
have also been reported: activation of the descending pain
suppression pathway and direct stimulation of the thalamus
by SCS ascending impulses, leading to pain relief and improvement of failed sensory modulation action in the basal
ganglia [4, 13–19].
In our patient, pain relief was observed immediately
after both temporary and permanent placement of the
SCS device, followed by gradual improvement in postural
abnormalities such as camptocormia with Pisa syndrome.
This suggests indirect alleviation of postural abnormalities
via pain relief by SCS, as described by Agari et al. [3].

However, the time lag between pain relief (immediately
recognized after placement of the SCS device) and alleviation of postural abnormalities (gradually recognized
roughly 10 days after placement of the SCS device), and
the complete but transient disappearance of camptocormia after DBS, which directly affects the central nervous
system (including the subthalamic nucleus or globus pallidus), suggests a pain relief-independent mechanism for
the alleviation of camptocormia in our patient, in whom
stimulation of the posterior funiculus resulted in improvement, directly alleviating abnormalities of central nerve
circuits such as the cortico-basal ganglia-thalamic loop via
the medial lemniscus-thalamic system. Such direct effects
on the central and peripheral nervous systems have
already been confirmed in animal models [20–22], indicating the need for studies investigating the effect of SCS in
patients with camptocormia but no pain.
Notably, the scores for UPDRS part II and postural
abnormalities were markedly improved in this case.
Alleviation of postural abnormalities and improved motor
function can be explained by an indirect effect of pain relief due to SCS, but a pain relief-independent explanation,
involving direct correction of the trunk posture and consequent adjustment of the dynamic center of body mass,
has also been reported [3]. Given the time difference
between pain relief and alleviation of camptocormia by
SCS observed in our case, neither a direct nor an indirect
mechanism can be eliminated in explaining the alleviation
of individual symptoms. Furthermore, improvement in
activities of daily living indicates the possibility that SCS
can also alleviate motor symptoms in patients with
parkinsonism and motor dysfunction.

Conclusions
This case suggests that SCS could be effective for improving camptocormia or Pisa syndrome and motor
symptoms of Parkinson’s disease through pain relief, and
is a treatment option for postural abnormalities such as
camptocormia and Pisa syndrome and for parkinsonism
with Parkinson’s-unrelated pain. There is a possibility
that SCS works through a mechanism other than pain
relief, and further accumulation of cases is needed.
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Case Studies

Nonbacterial Thrombotic Endocarditis Complicated by
Cerebral Infarction in a Patient with Adenomyosis with High
Serum CA125 Level; A Case Report
Kenji Uchino, MD, Takahiro Shimizu, PhD, Heisuke Mizukami, PhD,
Kenji Isahaya, PhD, Hana Ogura, PhD, Kensuke Shinohara, PhD, and
Yasuhiro Hasegawa, PhD

We report a case of a 48-year-old woman with multiple cerebral infarctions caused
by nonbacterial thrombotic endocarditis (NBTE) because of adenomyosis with high
serum carbohydrate antigen (CA)125 level. Transesophageal echocardiography (TEE)
showed a vegetation, 4 mm in diameter, adjacent to the anterior leaflet of the mitral
valve on day 2. Soluble CA125 level was elevated to 901 U/mL. Intravenous infusion of unfractionated heparin sodium was started. On day 35, TEE revealed
reduction of the vegetation in size, 2 mm in diameter. On day 38, she was transferred to the hospital for further rehabilitation. CA125 is a transmembrane mucin
that contributes to the progression of epithelial ovarian cancer. It is important to
keep in mind that adenomyosis with abnormally high serum CA125 level may
be at high risk of NBTE. Key Words: Cerebral infarction—nonbacterial thrombotic
endocarditis—adenomyosis—CA-125—mucin.
© 2018 National Stroke Association. Published by Elsevier Inc. All rights reserved.

Introduction
Nonbacterial thrombotic endocarditis (NBTE) is a wellknown form of thromboembolism in which endothelial
cells are damaged by immune complexes and hypercoagulability because of malignant tumors and autoimmune
disease.1 NBTE is often associated with malignant tumors
such as ovarian, pancreatic, and lung adenocarcinomas,
but may on very rare occasions arise as a complication
of benign tumor.2 Here, we report the case of a patient
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with cerebral infarction because of NBTE caused by adenomyosis with high serum concentrations of carbohydrate
antigen (CA)125.

Case Presentation
A 48-year-old woman was admitted to our hospital with
right hemiplegia and aphasia. She was a previously healthy
woman with no history of vascular risk factors. About
1 month earlier, she had experienced abnormal vaginal
bleeding and presented to another hospital, where iron
deficiency anemia and adenomyosis were diagnosed.
On presentation, level of consciousness according to
the Glasgow Coma Scale was E4V1M5. Body temperature was 37.4°C, blood pressure was 118/67 mm Hg, and
heart rate was 80 beats/min. She showed motor aphasia
and right hemiplegia, and National Institutes of Health
Stroke Scale score was 9.
Initial laboratory examination indicated a hemoglobin level of 8.5 g/dL, and a platelet count of 135 × 103/µL
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and slightly elevated C-reactive protein (1.09 mg/dL),
D-dimer (1.9 µg/mL), and markedly elevated serum CA125
concentration (901 units/mL; normal range, 0-35 units/
mL), and CA19-9 level (1791 units/mL; normal range,
0-37 units/mL). Diffusion-weighted magnetic resonance
imaging (MRI) showed high-intensity lesions in the territories of the right and left middle cerebral arteries (Fig 1,
A). Magnetic resonance angiography revealed an occluded M1 segment of the left middle cerebral artery (Fig 1,
B). Transesophageal echocardiography (TEE) revealed a
mobile vegetation on the mitral valve (Fig 2). MRI of the
pelvis revealed giant adenomyosis (10 cm × 10 cm) with
multiple hemorrhages in the myometrium (Fig 3).

Post-Hospitalization Course

Figure 1. Head MRI DWI and MRA: (A) Diverse embolic infarction is
observed in the left MCA area. Cerebral infarction is also scattered in other
areas. (B) Left MCA admits occlusion at M1 origin. Abbreviations: DWI,
diffusion-weighted imaging; MCA, middle cerebral artery; MRA, magnetic resonance angiography; MRI, magnetic resonance imaging.

The patient had no history of heart disease or tooth
extraction, and 2 sets of blood culture collected on the
day of admission remained sterile. Based on the medical
history, head MRI or magnetic resonance angiography,
and TEE findings, cardiogenic cerebral embolism caused
by NBTE was suspected. Continuous infusion of
unfractionated heparin at 10,000 units/d was started from
the first day of illness. We suspected NBTE associated
with malignant tumor, and examined tumor markers,

Figure 2. TEE (day 1): A high echo structure (➡)
with a size of about 4 mm movable is attached to the
anterior cusp of the mitral valve. Abbreviations; LA,
left atrium; LV, left ventricle; TEE, transesophageal
echocardiography.

Figure 3. Lower abdomen MRI T2 highlight image
(day 2). 10 × 10 cm uterine adenomyosis with numerous small bleeding inside (A, horizontal cut; B,
arrowhead). Abbreviation: MRI, magnetic resonance
imaging.
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Figure 4. The 35th disease day shows obvious shrinking (B, about 2 mm × 1 mm) compared with the second
disease day (A, about 4 mm × 3 mm).

performed various ultrasonographic examinations (thyroid
gland, mammary gland, hepatobiliary tract, urology), upper
gastrointestinal endoscopy, and other examination, but
no malignant tumor was observed. During the hospitalization, aphasia and right hemiplegia gradually improved.
On day 17, TEE findings did not change, but no new infarcts were evident on MRI. We started oral administration
of warfarin. Although no blood transfusion was performed, progression of anemia was not observed only
by administration of iron preparation. On day 12, hemoglobin increased to 11.1 mg/dL. Tumor markers were
CA125 75 U/mL and CA19-9 576 U/mL on day 12.
However, on day 37, CA125 decreased to 357 U/mL and
CA19-9 also decreased to 424 U/mL. On day 35, TEE demonstrated a reduction in vegetation size (Fig 4). The patient
was transferred to a rehabilitation hospital on day 38. Three
months later, she was discharged home from the rehabilitation hospital, and follow-up TEE performed in an
outpatient clinic demonstrated disappearance of the vegetation. Total hysterectomy was performed in the
department of gynecology, with no complications after
surgery. The treatment with warfarin finished in 6 months.
After that, we followed up with TEE, but no recurrence
of vegetation was observed.

Discussion
NBTE is associated with hypercoagulability caused by
malignant tumors, sepsis, autoimmune diseases, and is
a disease that forms a sterile mass composed of fibrin
and platelets in a healthy heart valve without damage.1
Malignant tumor is the most common disease underlying NBTE, and malignant tumor is seen as a complication
in about 40%-85% of cases. Vascular endothelial damage
is caused by cytokines released from monocytes and macrophages coming into contact with cancer cells. In that
way, platelet thrombus and fibrin thrombus form on heart
valves and endocardium. 2 Histologically, mucin secreted into the blood from adenocarcinoma, especially
mucin-producing adenocarcinoma, is associated with
hypercoagulability.3 Mucin is a generic name for macromolecular glycoproteins with a molecular weight ≥200,000,

and is a main component of mucus produced and secreted by epithelial cells. There are 2 types: soluble secretory
mucin and membrane-bound mucin. The secretory mucin
type has a large molecular weight and is produced from
organs such as the eyes, gastrointestinal tract, trachea,
lungs, bladder, pancreatic duct, gall bladder, and reproductive organs. Membrane-bound mucin is a high
molecular weight glycoprotein that is structurally similar
to mucin from the stomach, lungs, salivary glands, sweat
glands, breast, and cancer cells.4 Mucin derived from cancer
works as a ligand for selectin. Mucin causes L-selectin
on the surface of white blood cells and P-selectin interaction on platelet surface, and promotes platelet
aggregation.3 CA125 is a carbohydrate antigen-related tumor
marker and is the most relevant marker in gynecologic
tumors. In recent years, the characteristics of the CA125
molecule have been elucidated. The CA125 antigenic molecule has been cloned, and is attracting attention as
membrane-bound mucin (MUC16).5 Because CA125 is expressed in the peritoneum, pleura, pericardial membrane,
and endometrium, high levels are also seen in pregnancy, menstruation, and endometriosis. In this case, the
vegetation was recognized on TEE, but no bacteremia was
identified from multiple blood culture tests. Results for
infectious endocarditis were thus considered negative, and
we diagnosed NBTE. Because results for malignant tumor
were negative from blood testing and image examination, NBTE was considered to be associated with
endothelial cell damage caused by uterine adenomyosis. Uterine adenomyosis is a benign tumor in which the
endometrium proliferates ectopically in the myometrium and results in dysmenorrhea and hypermenstruation.
Because of intrauterine infection and increased uterine
volume, tissue factor (TF) is generated by vascular endothelial dysfunction and the tissue disorder of uterine
myopathy. TF may also cause the development of disseminated intravascular coagulation syndrome.6 Other
reports have described NBTE complicated by cerebral infarction, and TF from microthrombus and necrotic tissue
in uterine adenomyosis is speculated to be involved.7,8
Uterine adenomyosis is not a malignant tumor, but the
concentration of CA125 is known to be elevated. CA125
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is used to determine disease activity and therapeutic effect.
Mogensen reported that CA125 after chemotherapy for
ovarian cancer correlates strongly with prognosis. The mortality rate in cases with CA125 ≥100 U/mL is about 6
times higher than that in cases with CA125 ≤ 10 U/mL.9
In this case, the CA125 value at the time of the visit had
increased markedly to 901 U/mL, and abundant
membrane-bound mucin was present in the blood. In addition, TF released from the uterine muscles causes vascular
endothelial damage by increasing uterine volume and increasing vaginal bleeding. Therefore, it was thought that
TF became to form vegetation in a normal heart valve.
Following heparin infusion, the vegetation shrank and
concentration of CA125 decreased. Because NBTE has not
recurred since hysterectomy, this procedure does not appear
to represent a contraindication. However, not all cases
of endometriosis and uterine adenomyosis accompanied by increased CA125 are necessarily at high risk of
developing NBTE, and further cases need to be accumulated to clarify risk factors.

Conclusion
We encountered a 48-year-old woman with NBTE secondary to adenomyosis. Uterine adenomyosis is a benign
tumor, but if a case with abnormally high CA125 value
shows cerebral infarction, the complication of NBTE should

be suspected. Searching for sources of emboli including
TEE is important.
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A trial case of medical treatment for primary
headache using telemedicine
∗

Hisanao Akiyama, MD, PhD , Yasuhiro Hasegawa, MD, PhD
Abstract
Rationale: Video-based treatment in telemedicine is a potential alternative to face-to-face treatment. We describe our trial use of

telemedicine to treat a patient with primary headache.
Patient concerns: A 25-year-old woman visited our branch hospital with a chief complaint of recurrent headache. Our branch
hospital had no headache specialist, so a headache specialist at our main hospital provided treatment remotely.
Diagnoses: She was diagnosed with migraine without aura by the headache specialist using telemedicine.
Interventions: The branch hospital physician and the headache specialist used video conferencing to interview and examine the
patient and share cranial magnetic resonance imaging (MRI). Audio and camera angle/zoom could be adjusted during interviews, and
high-quality video was continuously displayed at both hospitals simultaneously without lag between audio and video. Temporal/
spatial resolution was sufﬁcient for proper neurological evaluation. MRI had sufﬁcient image quality and resolution for detailed
interpretation. A prescription for medication was issued by the branch hospital physician and conﬁrmed by the headache specialist.
Outcomes: Zolmitriptan was effective in treating her migraine.
Lessons: Telemedicine was useful for treating this primary headache patient and can contribute to regional health care. Future

challenges in telemedicine include expanding its use to other areas within the purview of general physicians and headache specialists,
covering implementation and maintenance costs, providing adequate explanations to patients and family members, ensuring security
of video transmissions, maintaining patient medical records, and supervising treatment.
Abbreviations: CT = computed tomography, EEG = electroencephalogram, ICT = information and telecommunication
technology, JHS = Japan Headache Society, MRI = magnetic resonance imaging.
Keywords: face-to-face examination, face-to-face interview, medical treatment, primary headache, telemedicine

1. Introduction
Chronic headache affects around 40 million people in Japan, and
headache sufferers experience varying degrees of impairment in daily
life and at work.[1] Although a considerable number of chronic
(primary) headache patients visit hospitals or clinics attended by
headache specialists or general physicians, the “Clinical Practice
Editor: N/A.
Authorship: HA examined the patient by using telemedicine. HA drafted the
manuscript and created the ﬁgures. YH helped to draft the manuscript. All
authors read and approved the ﬁnal manuscript.
St. Marianna University Hospital Human Research Ethics Committee waived
approval because this is a case report.
Written informed consent for publication was obtained from the patient herself. A
copy of the consent form is available for review by the Editor of this journal.
The authors declare that they have no competing interests.
Department of Neurology, St. Marianna University School of Medicine, Kawasaki,
Kanagawa, Japan.
∗

Correspondence: Hisanao Akiyama, Department of Neurology, St. Marianna
University School of Medicine, 2-16-1 Sugao, Miyamae-ku, Kawasaki, Kanagawa
216-8511, Japan (e-mail: h2akiyama@marianna-u.ac.jp).
Copyright © 2018 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative
Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NCND), where it is permissible to download and share the work provided it is
properly cited. The work cannot be changed in any way or used commercially
without permission from the journal.
Medicine (2018) 97:9(e9891)
Received: 5 October 2017 / Received in ﬁnal form: 14 December 2017 /
Accepted: 24 January 2018
http://dx.doi.org/10.1097/MD.0000000000009891

Guideline for Chronic Headache” published by the Japan Headache
Society (JHS) states that only around 50% of patients are accurately
diagnosed and properly treated. Several reports in the literature
argue that headache specialists play a useful role in the treatment of
headache sufferers, and assert that general physicians who lack the
equipment to perform cranial imaging such as computed tomography (CT) or magnetic resonance imaging (MRI) and who have
trouble diagnosing the cause of the headache should promptly refer
the patient to a headache specialist.[2–5] However, the number of
headache specialists in Japan with expertise in the treatment of
chronic headache is limited, at around 900 specialists in 2017. The
development and spread of information and telecommunication
technology (ICT) in recent years has created new possibilities for socalled telemedicine, where ICT devices are used to support the
delivery of healthcare. There are growing expectations that
telemedicine will be used to provide video-based treatment in place
of traditional face-to-face treatment, but so far, there has been only
limited uptake of telemedicine in the treatment of headache.
In this report, we describe the clinical utility of our attempt to
use telemedicine to remotely treat a patient with primary
headache via a connection between our branch hospital (which
does not have a headache specialist) and our main hospital. In the
context of this case, we describe this approach as “doctor-topatient with doctor” telemedicine.

2. Case study
The patient was a 25-year-old female junior resident/intern with a
chief complaint of recurrent headache. She did not have any
remarkable past medical history and did not drink or smoke.
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Figure 1. Our telemedicine system and interactive video conferencing system. Top: The telemedicine system operates via a high-speed NTT internet connection
between our branch and main hospitals. Bottom: The interactive video conferencing system “Life Size HD Visual Communication System” (Hitachi High Technology
Corporation) consists of a 40-inch LCD monitor, camera, remote controller, and MicPod.

From the age of 14 years, she started experiencing headaches in
the superior left orbit several times a month. The headaches did
not involve any visual aura but manifested as a throbbing
sensation that continued for at least half a day with nausea in the
absence of medication. She was examined at the internal medicine
department of our branch hospital after a typical headache
episode while working at the hospital as part of her residency.
Our branch hospital has no headache specialist, so we used the
telemedicine system linking our main hospital which does have
one, in order to have a face-to-face interview and examine the
patient, to perform cranial MRI and electroencephalogram (EEG),
to facilitate a discussion between the 2 physicians, and to prescribe
medication, all via data and video transmission (Fig. 1-top). Our
telemedicine program uses a video conferencing system (Life Size
HD Visual Communication System; Hitachi High Technologies
Corporation, Tokyo, Japan) comprising a 40-inch LCD monitor
(Toshiba, Tokyo, Japan), camera, remote controller, and MicPod.
The system enables real-time video-based communication via a
high-speed internet connection [Nippon Telegraph and Telephone
Corporation (NTT), Tokyo, Japan] between our main hospital and
branch hospitals (Fig. 1-bottom).
2.1. Face-to-face interview
In the patient interview using our telemedicine system, we could
adjust the audio and camera angle and zoom, and were able to
maintain simultaneous video on each hospital’s monitor without
any disruption in image quality or lag between the audio and
video. This setup allowed us to perform a detailed interview of the
patient as though we were in the same room. We could also
measure the patient’s scores on the Migraine Disability
Assessment Scale (MIDAS)[6] and Headache Impact Test-6
(HIT-6),[7] which are used to evaluate the extent to which a
headache interferes with daily activities (Fig. 2).

2.2. Face-to-face examination
In addition to a physical examination, the physician at our
branch hospital performed a neurological examination, including
tests of consciousness, higher brain function, cranial nerves,
motor system, reﬂexes, sensory system, and coordination. During
these assessments, there was sufﬁcient temporal and spatial
resolution on both monitors (Fig. 3-left). In addition, the
headache specialist at our main hospital could issue the necessary
instructions and obtain clear, close-up images of the patient’s eyes
allowing us to evaluate the pupillary light reﬂex ﬁndings, which
are generally difﬁcult to examine on a monitor (Fig. 3-right).
2.3. Transmission of test results
Image quality and resolution were sufﬁcient to enable detailed
interpretation of the cranial MRI and EEG waveforms (Fig. 4top). No abnormal ﬁndings were apparent on these images.
2.4. Diagnosis, explanation to the patient, and medical
discussion
The headache specialist had no difﬁculty explaining the diagnosis
and cause of the headache to the patient in real time using
diagrams. We could also have a medical discussion in real time
between the 2 physicians in front of the monitors (Fig. 4-lower
left). The diagnosis reached was migraine without aura.
2.5. Prescription medication
The headache specialist advised the appropriate course of
treatment to the branch hospital physician, who then issued a
prescription for medication. The specialist was also able to
visually conﬁrm the prescription (Fig. 4-lower right). Zolmitriptan was effective in treating her migraine.
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Figure 2. Face-to-face interview with the patient using the telemedicine system. We could adjust the audio and camera angle and zoom, and were able to maintain
simultaneous video on each hospital’s monitor without any disruption in image quality or lag between the audio and video.

3. Discussion
Headache is a common illness among outpatients, and migraine
in particular has been identiﬁed by the World Health Organization as the 19th highest cause worldwide of years lost to
disability. However, despite the fact that headache, particularly
primary headache, can cause signiﬁcant interference in daily life
and at work, only a small percentage of headache sufferers visit a
clinic or hospital for treatment.[1,8] This situation can be

attributed to several factors, including the following: a lack of
awareness of headache as a legitimate illness; unwillingness to
take time off work to visit the doctor due to feelings of guilt;
attempts to remedy headaches with over-the-counter medication
due to not knowing which doctor, clinic, or hospital to visit; and
the tendency among general practitioners to treat consultations
as one-off visits and prescribe analgesics without proper
treatment after diagnosing the patient’s condition as a simple

Figure 3. Face-to-face examination using the telemedicine system. In addition to a physical examination, the physician at the branch hospital performed a
neurological examination, including tests of consciousness, higher brain function, cranial nerves, motor system, sensory system, and coordination. During these
assessments, there was sufﬁcient temporal and spatial resolution on both monitors.
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Figure 4. Data transmission, diagnosis, explanation to the patient, and prescription using the telemedicine system. Top: The cranial MRI and EEG also had
sufﬁcient image quality and resolution to enable detailed interpretation. Bottom left: We could also have a medical discussion in real time by gathering the physicians
from both hospitals in front of the monitors. Bottom right: The headache specialist at the main hospital advised the nonspecialist physician at the branch hospital on
the appropriate course of treatment. The branch hospital physician then issued a prescription for medication, which the headache specialist could visually conﬁrm
via the video link.

headache while ruling out organic diseases on the basis of image
ﬁndings. Furthermore, migraine is no longer the primary form of
headache in adults alone, it is a serious problem for children as
well. In the case of younger children who cannot yet express
themselves, a nonspecialist physician may not be able to diagnose
migraine. As a result, and despite reports in the literature
describing the effectiveness of consulting a headache specialist
with expertise in the treatment of chronic headache, as of 2017,
there are only 900 headache specialists in Japan who are
accredited by the JHS. Given that migraine is estimated to affect
around 8.4 million people in Japan,[1] this means that each
headache specialist would have to examine around 10,000
migraine patients, which is obviously infeasible. There are also
regional disparities between Japan’s urban and rural communities, such as a lack of even general practitioners in rural areas, so
opportunities to visit headache specialists are obviously limited
for patients who would have to travel long distances.
The type of telemedicine that we performed in this case would
prove useful for clinics and hospitals without a headache
specialist. Patients could overcome the geographical restraints of
having to travel long distances to see a specialist and could have a
new consultation and receive proper diagnosis and treatment
from a facility with a headache specialist without the physical
burden associated with an actual visit. Also, the headache
specialist can not only diagnose migraine but also advise families
of children with migraine by utilizing their knowledge of
comorbidities such as low-quality emotional functioning,
absenteeism from school, poor academic performance and
cognitive functioning,[9,10] motor coordination impairment,[11]
and sleep disorders,[12–18] which are common in children affected
by migraine. Telemedicine also allowed our headache specialist
to issue real-time instructions to the branch hospital physician on

the techniques required to examine the patient, such as palpation
and auscultation. Moreover, the physicians could consult before
deciding on how the test data should be interpreted and which
medication could be prescribed. Our experience suggests that this
type of telemedicine system is an effective tool in the treatment of
headache patients because it enables specialists to transmit the
information required to perform a medical intervention. It also
allows general practitioners in more remote areas where there is
no specialist—especially general practitioners who do not
specialize in internal medicine—to examine and treat the patients
while receiving instructions from a specialist at a separate
geographic location.
In terms of legislation, telemedicine was previously prohibited
under Article 20 of the Medical Practitioners Act, which states
that “No medical or dental practitioner shall provide medical
care without personally performing a face-to-face examination,
and telemedicine shall be performed only in a manner that
complements face-to-face medical care.” However, the practice
of telemedicine was legalized in December 1997 following
issuance of a notiﬁcation by the Ministry of Labour, Health and
Welfare stating that “The practice of telemedicine does not
directly infringe on Article 20 of the Medical Practitioners Act
provided that it can be used to obtain useful information on the
patient’s physical or mental condition to the extent that it can be
used as an alternative to face-to-face medical treatment even if it
is not equivalent.” Indications for telemedicine were rapidly
expanded in March 2011 to allow mainly doctor-to-patient
treatments of chronic-stage patients who are receiving ongoing
therapy and whose recent condition has been stable. These
changes have led to the use of telemedicine not only in-home care
situations but also on a trial basis in hyperacute stroke
patients[19–22] in a doctor-to-patient with doctor setting.
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The telemedicine system used by our hospitals’ nonspecialist
physician and headache specialist to treat the present patient also
proved to be effective and appears to share some similarities with
telemedicine in other disease areas. However, a number of
challenges remain, such as establishing the necessary infrastructure (e.g., communication networks, computer equipment,
standardized speciﬁcations), covering the costs of implementing
and maintaining this equipment, providing adequate explanations to patients and family members, ensuring the security of
patient video transmissions, establishing a technique to maintain
patient medical records, assigning suitable medical personnel to
supervise the treatment, and covering the costs associated with
developing ﬁnancial incentives and remuneration.
It should be noted that certain circumstances in this case likely
made our telemedicine approach successful. The telemedicine
system used to treat the patient’s primary headache made use of
an existing high-speed NTT internet connection between our
branch and main hospitals, and it had already been used to
provide care to hyperacute stroke patients. Moreover, the
treatment went smoothly because the patient was a junior
resident who consented to participate in the use of telemedicine.
Telemedicine performed at a different facility may not proceed as
smoothly.

4. Conclusion
Our ﬁndings suggest that telemedicine can be used by a general
physician and a headache specialist to facilitate treatment of
patients with primary headache and can make a meaningful
contribution to regional health care in the future. We believe that
this case provides valuable insights for the development and
spread of telemedicine in Japan. Future challenges to the use of
telemedicine include expanding its use to other areas, covering
the costs of implementing and maintaining the equipment,
providing adequate explanations to patients and family members, ensuring the security of patient video transmissions,
establishing a technique to maintain patient medical records,
assigning suitable medical personnel to supervise the treatment,
and covering the associated costs.

Acknowledgments
We thank Dr Kanako Teramoto and Dr Masahiro Horiuchi from
the Department of Internal Medicine, Division of Neurology of
Kawasaki Municipal Tama Hospital for the cooperation and
participation in this telemedicine trial.

References
[1] Sakai F, Igarashi H. Prevalence of migraine in Japan: a nationwide
survey. Cephalalgia 2002;46:343–9.

[2] Lipton RB, Scher AI, Steiner TJ, et al. Patterns of health care utilization
for migraine in England and in the United States. Neurology 2003;
60:441–8.
[3] Lipton RB, Stewart WF, Simon D. Medical consultation for migraine:
results from the American Migraine Study. Headache 1998;38:87–96.
[4] Bekkelund SI, Salvesen R. Are headache patients who initiate their
referral to a neurologist satisﬁed with the consultation? A population
study of 927 patients-the North Norway Headache Study (NNHS). Fam
Pract 2001;18:524–7.
[5] Bekkelund SI, Salvesen R. Patients satisfaction with a neurological
specialist consultation for headache. Scand J Prim Heath Care 2002;
20:157–60.
[6] Stewart WF, Lipton RB, Kolondner KB, et al. Validity of the migraine
disability assessment (MIDAS) score in comparison to a diary-based
measure in a population sample of migraine sufferers. Pain 2000;88:
41–52.
[7] Kosinski M, Bayliss MS, Bjorner JB, et al. A six-item short-form survey
for measuring headache impact: the HIT-6. Qual Life Res 2003;12:
963–74.
[8] Takashima T, Ishizaki K, Fukuhara Y, et al. Population-based door-todoor survey of migraine in Japan: the Daisen study. Headache 2004;
44:8–19.
[9] Kernick D, Campbell J. Measuring the impact of headache in children: a
critical review of the literature. Cephalalgia 2009;29:3–16.
[10] Esposito M, Pascotto A, Gallai B, et al. Can headache impair intellectual
abilities in children? An observational study. Neuropsychiatr Dis Treat
2012;8:509–13.
[11] Esposito M, Verrotti A, Gimigliano F, et al. Motor coordination
impairment and migraine in children: a new comorbidity? Eur J Pediatr
2012;171:1599–604.
[12] Carotenuto M, Guidetti V, Ruju F, et al. Headache disorders as risk
factors for sleep disturbances in school aged children. J Headache Pain
2005;6:268–70.
[13] Vendrame M, Kaleyias J, Valencia I, et al. Polysomnographic ﬁndings in
children with headaches. Pediatr Neurol 2008;39:6–11.
[14] Carotenuto M, Esposito M, Precenzano F, et al. Cosleeping in childhood
migraine. Minerva Pediatr 2011;63:105–9.
[15] Carotenuto M, Esposito M, Pascotto A. Migraine and enuresis in
children: an unusual correlation? Med Hypotheses 2010;75:120–2.
[16] Esposito M, Gallai B, Parisi L, et al. Primary nocturnal enuresis as a risk
factor for sleep disorders: an observational questionnaire-based
multicenter study. Neuropsychiatr Dis Treat 2013;9:437–43.
[17] Esposito M, Roccella M, Parisi L, et al. Hypersomnia in children affected
by migraine without aura: a questionnaire-based case-control study.
Neuropsychiatr Dis Treat 2013;9:289–94.
[18] Esposito M, Parisi P, Miano S, et al. Migraine and periodic limb
movement disorders in sleep in children: a preliminary case-control
study. J Headache Pain 2013;14:57.
[19] Schwamm LH, Holloway RG, Amarenco P, et al. A review of the
evidence for the use of telemedicine within stroke system of care: a
scientiﬁc statement from the American Heart Association/American
Stroke Association. Stroke 2009;40:2616–34.
[20] Schwamm LH, Audebert HJ, Amarenco P, et al. Recommendations for
the implementation of telemedicine within stroke systems of care: a
policy statement from the American Heart Association. Stroke 2009;
40:2635–60.
[21] Meyer BC, Lyden PD, Al-Khoury L, et al. Prospective reliability of the
STRokE DOC wireless/site independent telemedicine system. Neurology
2005;64:1058–60.
[22] Sakurai K, Imai T, Kato B, et al. Feasibility of NIH stroke scale
evaluation and telestroke use via an interactive high-vision videoconferencing system. Jpa J Stroke 2012;34:414–20.

- 10025 -

- 1003 -

- 1004 -

- 1005 -

- 1006 -

- 1007 -

- 1008 -

- 1009 -

- 1010 -

- 1011 -

- 1012 -

- 1013 -

- 1014 -

- 1015 -

- 1016 -

- 1017 -

- 1018 -

- 1019 -

- 1020 -

- 1021 -

- 1022 -

- 1023 -

- 1024 -

- 1025 -

- 1026 -

- 1027 -

- 1028 -

- 1029 -

- 1030 -

- 1031 -

- 1032 -

- 1033 -

- 1034 -

- 1035 -

- 1036 -

- 1037 -

- 1038 -

- 1039 -

- 1040 -

- 1041 -

- 1042 -

- 1043 -

- 1044 -

- 1045 -

- 1046 -

- 1047 -

- 1048 -

- 1049 -

- 1050 -

- 1051 -

- 1052 -

- 1053 -

- 1054 -

- 1055 -

- 1056 -

- 1057 -

- 1058 -

- 1059 -

- 1060 -

- 1061 -

- 1062 -

- 1063 -

- 1064 -

- 1065 -

- 1066 -

- 1067 -

- 1068 -

- 1069 -

- 1070 -

- 1071 -

- 1072 -

- 1073 -

- 1074 -

- 1075 -

- 1076 -

- 1077 -

- 1078 -

- 1079 -

- 1080 -

- 1081 -

- 1082 -

- 1083 -

- 1084 -

- 1085 -

- 1086 -

- 1087 -

- 1088 -

- 1089 -

- 1090 -

- 1091 -

- 1092 -

- 1093 -

- 1094 -

- 1095 -

- 1096 -

- 1097 -

- 1098 -

- 1099 -

- 1100 -

- 1101 -

- 1102 -

- 1103 -

- 1104 -

- 1105 -

- 1106 -

- 1107 -

- 1108 -

- 1109 -

- 1110 -

- 1111 -

- 1112 -

- 1113 -

- 1114 -

- 1115 -

- 1116 -

- 1117 -

- 1118 -

- 1119 -

- 1120 -

- 1121 -

- 1122 -

- 1123 -

- 1124 -

- 1125 -

- 1126 -

- 1127 -

- 1128 -

- 1129 -

- 1130 -

- 1131 -

- 1132 -

- 1133 -

- 1134 -

- 1135 -

- 1136 -

- 1137 -

- 1138 -

- 1139 -

- 1140 -

- 1141 -

- 1142 -

- 1143 -

- 1144 -

- 1145 -

- 1146 -

- 1147 -

- 1148 -

- 1149 -

- 1150 -

- 1151 -

- 1152 -

- 1153 -

- 1154 -

- 1155 -

- 1156 -

- 1157 -

- 1158 -

- 1159 -

- 1160 -

- 1161 -

- 1162 -

- 1163 -

- 1164 -

- 1165 -

- 1166 -

- 1167 -

- 1168 -

- 1169 -

- 1170 -

- 1171 -

- 1172 -

- 1173 -

- 1174 -

- 1175 -

- 1176 -

- 1177 -

- 1178 -

- 1179 -

- 1180 -

- 1181 -

- 1182 -

- 1183 -

- 1184 -

- 1185 -

- 1186 -

- 1187 -

- 1188 -

- 1189 -

- 1190 -

- 1191 -

- 1192 -

- 1193 -

- 1194 -

- 1195 -

- 1196 -

- 1197 -

- 1198 -

- 1199 -

- 1200 -

- 1201 -

- 1202 -

- 1203 -

- 1204 -

- 1205 -

- 1206 -

- 1207 -

- 1208 -

- 1209 -

- 1210 -

- 1211 -

- 1212 -

- 1213 -

- 1214 -

- 1215 -

- 1216 -

- 1217 -

- 1218 -

- 1219 -

- 1220 -

- 1221 -

- 1222 -

- 1223 -

- 1224 -

- 1225 -

- 1226 -

- 1227 -

- 1228 -

- 1229 -

- 1230 -

- 1231 -

- 1232 -

- 1233 -

- 1234 -

- 1235 -

- 1236 -

- 1237 -

- 1238 -

- 1239 -

- 1240 -

- 1241 -

- 1242 -

- 1243 -

- 1244 -

- 1245 -

- 1246 -

- 1247 -

- 1248 -

- 1249 -

- 1250 -

- 1251 -

- 1252 -

- 1253 -

- 1254 -

- 1255 -

- 1256 -

- 1257 -

- 1258 -

- 1259 -

- 1260 -

- 1261 -

- 1262 -

- 1263 -

- 1264 -

- 1265 -

- 1266 -

- 1267 -

- 1268 -

- 1269 -

- 1270 -

- 1271 -

- 1272 -

- 1273 -

- 1274 -

- 1275 -

- 1276 -

- 1277 -

- 1278 -

- 1279 -

- 1280 -

- 1281 -

- 1282 -

- 1283 -

- 1284 -

- 1285 -

- 1286 -

- 1287 -

- 1288 -

- 1289 -

- 1290 -

- 1291 -

- 1292 -

- 1293 -

- 1294 -

- 1295 -

- 1296 -

- 1297 -

- 1298 -

- 1299 -

- 1300 -

- 1301 -

- 1302 -

- 1303 -

- 1304 -

- 1305 -

- 1306 -

- 1307 -

- 1308 -

- 1309 -

- 1310 -

- 1311 -

- 1312 -

- 1313 -

- 1314 -

- 1315 -

- 1316 -

- 1317 -

- 1318 -

- 1319 -

- 1320 -

- 1321 -

- 1322 -

- 1323 -

- 1324 -

- 1325 -

- 1326 -

- 1327 -

- 1328 -

- 1329 -

- 1330 -

- 1331 -

- 1332 -

- 1333 -

- 1334 -

- 1335 -

- 1336 -

- 1337 -

- 1338 -

- 1339 -

- 1340 -

- 1341 -

- 1342 -

- 1343 -

- 1344 -

- 1345 -

- 1346 -

- 1347 -

- 1348 -

- 1349 -

- 1350 -

- 1351 -

- 1352 -

- 1353 -

- 1354 -

- 1355 -

- 1356 -

- 1357 -

- 1358 -

- 1359 -

- 1360 -

- 1361 -

- 1362 -

- 1363 -

- 1364 -

- 1365 -

- 1366 -

- 1367 -

- 1368 -

- 1369 -

- 1370 -

- 1371 -

- 1372 -

- 1373 -

- 1374 -

- 1375 -

- 1376 -

- 1377 -

- 1378 -

- 1379 -

- 1380 -

- 1381 -

- 1382 -

- 1383 -

- 1384 -

- 1385 -

- 1386 -

- 1387 -

- 1388 -

- 1389 -

- 1390 -

- 1391 -

- 1392 -

- 1393 -

- 1394 -

- 1395 -

- 1396 -

- 1397 -

- 1398 -

- 1399 -

- 1400 -

- 1401 -

- 1402 -

- 1403 -

- 1404 -

- 1405 -

- 1406 -

- 1407 -

- 1408 -

- 1409 -

- 1410 -

- 1411 -

- 1412 -

- 1413 -

- 1414 -

- 1415 -

- 1416 -

- 1417 -

- 1418 -

- 1419 -

- 1420 -

- 1421 -

- 1422 -

- 1423 -

- 1424 -

- 1425 -

- 1426 -

- 1427 -

- 1428 -

- 1429 -

- 1430 -

- 1431 -

- 1432 -

- 1433 -

- 1434 -

- 1435 -

- 1436 -

- 1437 -

- 1438 -

- 1439 -

- 1440 -

- 1441 -

- 1442 -

- 1443 -

- 1444 -

- 1445 -

- 1446 -

- 1447 -

- 1448 -

- 1449 -

- 1450 -

- 1451 -

- 1452 -

- 1453 -

- 1454 -

- 1455 -

- 1456 -

- 1457 -

- 1458 -

- 1459 -

- 1460 -

- 1461 -

- 1462 -

- 1463 -

- 1464 -

- 1465 -

- 1466 -

- 1467 -

- 1468 -

- 1469 -

- 1470 -

- 1471 -

- 1472 -

- 1473 -

- 1474 -

- 1475 -

- 1476 -

- 1477 -

- 1478 -

- 1479 -

- 1480 -

- 1481 -

- 1482 -

- 1483 -

- 1484 -

- 1485 -

- 1486 -

- 1487 -

- 1488 -

- 1489 -

- 1490 -

- 1491 -

- 1492 -

- 1493 -

- 1494 -

- 1495 -

- 1496 -

- 1497 -

- 1498 -

- 1499 -

- 1500 -

- 1501 -

- 1502 -

- 1503 -

- 1504 -

- 1505 -

- 1506 -

- 1507 -

- 1508 -

- 1509 -

- 1510 -

- 1511 -

- 1512 -

- 1513 -

- 1514 -

- 1515 -

- 1516 -

- 1517 -

- 1518 -

- 1519 -

- 1520 -

- 1521 -

- 1522 -

- 1523 -

- 1524 -

- 1525 -

- 1526 -

- 1527 -

- 1528 -

- 1529 -

- 1530 -

- 1531 -

- 1532 -

- 1533 -

- 1534 -

- 1535 -

- 1536 -

- 1537 -

- 1538 -

- 1539 -

- 1540 -

- 1541 -

- 1542 -

- 1543 -

- 1544 -

- 1545 -

- 1546 -

- 1547 -

- 1548 -

- 1549 -

- 1550 -

- 1551 -

- 1552 -

- 1553 -

- 1554 -

- 1555 -

- 1556 -

- 1557 -

- 1558 -

- 1559 -

- 1560 -

- 1561 -

- 1562 -

- 1563 -

- 1564 -

- 1565 -

- 1566 -

- 1567 -

- 1568 -

- 1569 -

- 1570 -

- 1571 -

- 1572 -

- 1573 -

- 1574 -

- 1575 -

- 1576 -

- 1577 -

- 1578 -

- 1579 -

- 1580 -

- 1581 -

- 1582 -

- 1583 -

- 1584 -

- 1585 -

- 1586 -

- 1587 -

- 1588 -

- 1589 -

- 1590 -

- 1591 -

- 1592 -

- 1593 -

- 1594 -

- 1595 -

- 1596 -

- 1597 -

- 1598 -

- 1599 -

- 1600 -

- 1601 -

- 1602 -

- 1603 -

- 1604 -

- 1605 -

- 1606 -

- 1607 -

- 1608 -

- 1609 -

- 1610 -

- 1611 -

- 1612 -

- 1613 -

- 1614 -

- 1615 -

- 1616 -

- 1617 -

- 1618 -

- 1619 -

- 1620 -

- 1621 -

- 1622 -

- 1623 -

- 1624 -

- 1625 -

- 1626 -

- 1627 -

- 1628 -

- 1629 -

- 1630 -

- 1631 -

- 1632 -

- 1633 -

- 1634 -

- 1635 -

- 1636 -

- 1637 -

- 1638 -

- 1639 -

- 1640 -

- 1641 -

- 1642 -

- 1643 -

- 1644 -

- 1645 -

- 1646 -

- 1647 -

- 1648 -

- 1649 -

- 1650 -

- 1651 -

- 1652 -

- 1653 -

- 1654 -

- 1655 -

- 1656 -

- 1657 -

- 1658 -

- 1659 -

- 1660 -

- 1661 -

- 1662 -

- 1663 -

- 1664 -

- 1665 -

- 1666 -

- 1667 -

- 1668 -

- 1669 -

- 1670 -

- 1671 -

- 1672 -

- 1673 -

- 1674 -

- 1675 -

- 1676 -

- 1677 -

- 1678 -

- 1679 -

- 1680 -

- 1681 -

- 1682 -

- 1683 -

- 1684 -

- 1685 -

- 1686 -

- 1687 -

- 1688 -

- 1689 -

- 1690 -

- 1691 -

- 1692 -

- 1693 -

- 1694 -

- 1695 -

- 1696 -

- 1697 -

- 1698 -

- 1699 -

- 1700 -

- 1701 -

- 1702 -

- 1703 -

- 1704 -

- 1705 -

- 1706 -

- 1707 -

- 1708 -

- 1709 -

- 1710 -

- 1711 -

- 1712 -

- 1713 -

- 1714 -

- 1715 -

- 1716 -

- 1717 -

- 1718 -

- 1719 -

- 1720 -

- 1721 -

- 1722 -

- 1723 -

- 1724 -

- 1725 -

- 1726 -

- 1727 -

- 1728 -

- 1729 -

- 1730 -

- 1731 -

- 1732 -

- 1733 -

- 1734 -

- 1735 -

- 1736 -

- 1737 -

- 1738 -

- 1739 -

- 1740 -

- 1741 -

- 1742 -

- 1743 -

- 1744 -

- 1745 -

- 1746 -

- 1747 -

- 1748 -

- 1749 -

- 1750 -

- 1751 -

- 1752 -

- 1753 -

- 1754 -

- 1755 -

- 1756 -

- 1757 -

- 1758 -

- 1759 -

- 1760 -

- 1761 -

- 1762 -

- 1763 -

- 1764 -

- 1765 -

- 1766 -

- 1767 -

- 1768 -

- 1769 -

- 1770 -

- 1771 -

- 1772 -

- 1773 -

- 1774 -

- 1775 -

- 1776 -

- 1777 -

- 1778 -

- 1779 -

- 1780 -

- 1781 -

- 1782 -

- 1783 -

- 1784 -

- 1785 -

- 1786 -

- 1787 -

- 1788 -

- 1789 -

- 1790 -

- 1791 -

- 1792 -

- 1793 -

- 1794 -

- 1795 -

- 1796 -

- 1797 -

- 1798 -

- 1799 -

- 1800 -

- 1801 -

- 1802 -

- 1803 -

- 1804 -

- 1805 -

- 1806 -

- 1807 -

- 1808 -

- 1809 -

- 1810 -

- 1811 -

- 1812 -

- 1813 -

- 1814 -

- 1815 -

- 1816 -

- 1817 -

- 1818 -

- 1819 -

- 1820 -

- 1821 -

- 1822 -

- 1823 -

- 1824 -

- 1825 -

- 1826 -

- 1827 -

- 1828 -

- 1829 -

- 1830 -

- 1831 -

- 1832 -

- 1833 -

- 1834 -

- 1835 -

- 1836 -

- 1837 -

- 1838 -

- 1839 -

- 1840 -

- 1841 -

- 1842 -

- 1843 -

- 1844 -

- 1845 -

- 1846 -

- 1847 -

- 1848 -

- 1849 -

- 1850 -

- 1851 -

- 1852 -

- 1853 -

- 1854 -

- 1855 -

- 1856 -

- 1857 -

- 1858 -

- 1859 -

- 1860 -

- 1861 -

- 1862 -

- 1863 -

- 1864 -

- 1865 -

- 1866 -

- 1867 -

- 1868 -

- 1869 -

- 1870 -

- 1871 -

- 1872 -

- 1873 -

- 1874 -

- 1875 -

- 1876 -

- 1877 -

- 1878 -

- 1879 -

- 1880 -

- 1881 -

- 1882 -

- 1883 -

- 1884 -

- 1885 -

- 1886 -

- 1887 -

- 1888 -

- 1889 -

- 1890 -

- 1891 -

- 1892 -

- 1893 -

- 1894 -

- 1895 -

- 1896 -

- 1897 -

- 1898 -

- 1899 -

- 1900 -

- 1901 -

- 1902 -

- 1903 -

- 1904 -

- 1905 -

- 1906 -

- 1907 -

- 1908 -

- 1909 -

- 1910 -

- 1911 -

- 1912 -

- 1913 -

- 1914 -

- 1915 -

- 1916 -

- 1917 -

- 1918 -

- 1919 -

- 1920 -

- 1921 -

- 1922 -

- 1923 -

- 1924 -

- 1925 -

- 1926 -

- 1927 -

- 1928 -

- 1929 -

- 1930 -

- 1931 -

- 1932 -

- 1933 -

- 1934 -

- 1935 -

- 1936 -

- 1937 -

- 1938 -

- 1939 -

- 1940 -

- 1941 -

- 1942 -

- 1943 -

- 1944 -

- 1945 -

- 1946 -

- 1947 -

- 1948 -

- 1949 -

- 1950 -

- 1951 -

- 1952 -

- 1953 -

- 1954 -

- 1955 -

- 1956 -

- 1957 -

- 1958 -

- 1959 -

- 1960 -

- 1961 -

- 1962 -

- 1963 -

- 1964 -

- 1965 -

- 1966 -

- 1967 -

- 1968 -

- 1969 -

- 1970 -

- 1971 -

- 1972 -

- 1973 -

- 1974 -

- 1975 -

- 1976 -

- 1977 -

- 1978 -

- 1979 -

- 1980 -

- 1981 -

- 1982 -

- 1983 -

- 1984 -

- 1985 -

- 1986 -

- 1987 -

- 1988 -

- 1989 -

- 1990 -

- 1991 -

- 1991 -

