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Preface
It is our pleasure to present Annual Report 2020 of the Institute of Medical Science, The 

University of Tokyo (IMSUT). The predecessor organization of IMSUT was founded in 
1892 as the Institute of Infectious Diseases (IID) by Dr. Shibasaburo Kitasato and incorpo-
rated into the University of Tokyo in 1916. In that era, infectious diseases were the great-
est threat to public health and the IID was the center for research into infectious diseases 
in Asia and a top center for the world, as well. As its successor, IMSUT has been contrib-
uting to basic, translational, and clinical research efforts fighting against SARS-CoV-2 
and COVID-19, as you will see in the report.

In 1967, this institute received its present name when we reorganized it to encompass 
a wider range of medical sciences to meet the demands of modern medical care after 
World War II. Now, based on a history and tradition of over 129 years since the IID’s 
foundation, IMSUT’s mission has grown to contribute to the development and welfare of 
human society through research in cutting-edge medical science and the implementation 
of state-of-the-art medical care. To achieve this mission, IMSUT promotes interdiscipli-
nary research and develops it into a wide range of practical applications, from the estab-
lishment of artificial intelligence, AI, supporting the most advanced AI medical care, to 
the development of drugs, including gene, virus, and vaccine therapies, cell and organ 
transplantation using stem cells and iPS cells, and new dimensions of genomic medicine.

For over a century, IMSUT has handed down the three guiding principles established 
by Dr. Shibasaburo Kitasato: “practical studies” which benefit society; diverse and inclu-
sive “comprehensive research;” and “disease prevention.” Together, these three principles 
form the basis of healthcare, and remain the foundation of our rapidly developing cur-
rent research. IMSUT is pioneering new intellectual horizons by efficiently utilizing an 
enormous quantity of information with AI. We are accelerating the efficient utilization of 
this new technology, as we promote the establishment of AI for medical science research 
with our specialized supercomputer, “SHIROKANE”, which has already led to AI-guided 
medical care for hematopoietic tumors in our in-house hospital.

Importantly, IMSUT was authorized in 2018 as the only International Joint Usage/Re-
search Center serving the life science field by the Minister of Education, Culture, Sports, 
Science and Technology, Japan. By utilizing this platform, we are supporting 34 interna-
tional joint research projects in fiscal year 2020. As a world-leading medical science insti-
tute, we fervently desire to further contribute to the development of global communities 
of basic, translational, and clinical research.

This annual report summarizes our scientific achievements in 2020. I sincerely hope 
that these achievements will inspire yet further advances, promote worldwide collabora-
tions with our scientists, and ultimately contribute to improve health care around the 
world.

January 2021

Yuji Yamanashi, Ph.D.
Dean 
The Institute of Medical Science 
The University of Tokyo
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Department of Microbiology and Immunology　感染・免疫部門

Division of Virology ��������������������������������������� 18
ウイルス感染分野

Professor Yoshihiro Kawaoka, D.V.M., Ph.D.
Associate Professor Masaki Imai, D.V.M., Ph.D.
Project Associate Professor Seiya Yamayoshi, D.V.M., Ph.D.
Assistant Professor Kiyoko Iwatsuki-Horimoto, D.V.M., Ph.D.
Assistant Professor Shinya Yamada, Ph.D.
Project Assistant Professor Maki Kiso, D.V.M., Ph.D.
Project Assistant Professor Hiroshi Ueki, D.V.M., Ph.D.
Research Associate Yuko Sakai-Tagawa, Ph.D.

教　授　　 獣医学博士 河　岡　義　裕
准教授　　 博士（獣医学） 今　井　正　樹
特任准教授 博士（医学） 山　吉　誠　也
助　教　　 博士（獣医学） 岩附（堀本）研子
助　教　　 博士（医学） 山　田　晋　弥
特任助教　 博士（医学） 木　曽　真　紀
特任助教　 博士（医学） 植　木　紘　史
助　手　　 博士（医学） 坂井（田川）優子

Organization and Faculty Members
機構および職員

〈as of December, 2020〉

Division of Infectious Genetics ��������������������������������� 23
感染遺伝学分野

Professor Kensuke Miyake, M.D., Ph.D.
Associate Professor Shin-Ichiroh Saitoh, Ph.D.
Project Associate Professor Ryutaro Fukui, Ph.D.
Assistant Professor Takuma Shibata, Ph.D. 
Assistant Professor Ryota Sato, Ph.D.

教　授　　 医学博士　 三　宅　健　介
准教授　　 博士（医学） 齋　藤　伸一郎
特任准教授 博士（医学） 福　井　竜太郎
助　教　　 博士（医学） 柴　田　琢　磨
助　教　　 博士（医学） 佐　藤　亮　太

Division of Molecular Virology ��������������������������������� 26
ウイルス病態制御分野

Professor Yasushi Kawaguchi, D.V.M., Ph.D.
Associate Professor Akihisa Kato, Ph.D.
Assistant Professor Naoto Koyanagi, Ph.D.
Assistant Professor Yuhei Maruzuru, Ph.D.

教　授　　 博士（獣医学） 川　口　　　寧
准教授　　 博士（医学） 加　藤　哲　久
助　教　　 博士（生命科学） 小　栁　直　人
助　教　　 博士（生命科学） 丸　鶴　雄　平

Division of Vaccine Science � ��������������������������������� 29
ワクチン科学分野

Professor Ken Ishii, M.D., Ph.D.
Associate Professor Kouji Kobiyama, Ph.D.
Project Senior Assistant Professor Hideo Negishi, Ph.D.
Assistant Professor Burcu Temizoz, Ph.D.

教　授　　 医学博士　 石　井　　　健
准教授　　 博士（医学） 小檜山　康　司
特任講師　 博士（医学） 根　岸　英　雄
助　教　　 博士（医学） テミズオズ　ブルジュ
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Division of Malaria Immunology �������������������������������� 31
マラリア免疫学分野

Professor Cevayir Coban M.D., Ph.D. 
Project Assistant Professor Michelle S.J. Lee, Ph.D.

教　授　　 博士（医学） チョバン　ジェヴァイア
特任助教　 博士（医学） リー　ミシェル

Department of Cancer Biology　癌・細胞増殖部門

Division of Molecular Pathology �������������������������������� 33
人癌病因遺伝子分野

Professor Yoshinori Murakami, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.
Assistant Professor Takeshi Ito, Ph.D.
Project Assistant Professor Masaru Koido, Ph.D.

教　授　　 医学博士　 村　上　善　則
特任教授　 医学博士　 森　崎　隆　幸
助　教　　 博士（医学） 伊　東　　　剛
特任助教　 博士（工学） 小井土　　　大

Division of Cellular and Molecular Biology �������������������������� 38
分子発癌分野

Professor Jun-ichiro Inoue, Ph.D.
Associate Professor Takeharu Sakamoto, Ph.D.
Assistant Professor Mizuki Yamamoto, Ph.D

教　授　　 薬学博士　 井　上　純一郎
准教授　　 博士（医学） 坂　本　毅　治
助　教　　 博士（医学） 山　本　瑞　生

Division of Genetics ��������������������������������������� 41
腫瘍抑制分野

Professor Yuji Yamanashi, Ph.D.
Assistant Professor Ryo Ueta, Ph.D.
Assistant Professor Akane Inoue-Yamauchi, Ph.D.
Assistant Professor Takahiro Eguchi, Ph.D.

教　授　　 理学博士　 山　梨　裕　司
助　教　　 博士（生命科学） 植　田　　　亮
助　教　　 博士（医学） 山内（井上）　茜
助　教　　 博士（科学） 江　口　貴　大

Division of Cancer Cell Biology � ������������������������������� 46
癌防御シグナル分野

Professor Makoto Nakanishi, M.D., Ph.D.
Associate Professor Atsuya Nishiyama, Ph.D.
Assistant Professor Yoshikazu Johmura, Ph.D.

教　授　　 医学博士　 中　西　　　真
准教授　　 博士（理学） 西　山　敦　哉
助　教　　 博士（薬学） 城　村　由　和

Department of Basic Medical Sciences　基礎医科学部門

Division of Neuronal Network � �������������������������������� 49
神経ネットワーク分野

Professor Toshiya Manabe, M.D., Ph.D.
Assistant Professor Shizuka Kobayashi, Ph.D.
Assistant Professor Takahiko Chimura, Ph.D.

教　授　　 医学博士　 真　鍋　俊　也
助　教　　 博士（生命科学） 小　林　静　香
助　教　　 博士（理学） 千　村　崇　彦

Division of Cell Signaling and Molecular Medicine ���������������������� 51
分子シグナル制御分野

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Assistant Professor Yuji Kubota, Ph.D.
Assistant Professor Takanori Nakamura, Ph.D.

教　授　　 博士（医学） 武　川　睦　寛
助　教　　 博士（理学） 久保田　裕　二
助　教　　 博士（理学） 中　村　貴　紀

Department of Cancer Biology　癌・細胞増殖部門

Division of Molecular Pathology �������������������������������� 33
人癌病因遺伝子分野

Professor Yoshinori Murakami, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.
Assistant Professor Takeshi Ito, Ph.D.

教　授　　 医学博士　 村　上　善　則
特任教授　 医学博士　 森　崎　隆　幸
助　教　　 博士（医学） 伊　東　　　剛

Division of Cellular and Molecular Biology �������������������������� 37
分子発癌分野

Professor Jun-ichiro Inoue, Ph.D.
Associate Professor Takeharu Sakamoto, Ph.D.
Assistant Professor Mizuki Yamamoto, Ph.D

教　授　　 薬学博士　 井　上　純一郎
准教授　　 博士（医学） 坂　本　毅　治
助　教　　 博士（医学） 山　本　瑞　生

Division of Genetics ��������������������������������������� 41
腫瘍抑制分野

Professor Yuji Yamanashi, Ph.D.
Assistant Professor Ryo Ueta, Ph.D.
Assistant Professor Akane Inoue-Yamauchi, Ph.D.
Assistant Professor Takahiro Eguchi, Ph.D.

教　授　　 理学博士　 山　梨　裕　司
助　教　　 博士（生命科学） 植　田　　　亮
助　教　　 博士（医学） 山内（井上）　茜
助　教　　 博士（科学） 江　口　貴　大

Department of Basic Medical Sciences　基礎医科学部門

Division of Neuronal Network � �������������������������������� 49
神経ネットワーク分野

Professor Toshiya Manabe, M.D., Ph.D.
Assistant Professor Hiroyuki Katagiri, Ph.D.
Assistant Professor Shizuka Kobayashi, Ph.D.
Assistant Professor Takahiko Chimura, Ph.D.

教　授　　 医学博士　 真　鍋　俊　也
助　教　　 博士（医学） 片　桐　大　之
助　教　　 博士（生命科学） 小　林　静　香
助　教　　 博士（理学） 千　村　崇　彦
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Human Genome Center　ヒトゲノム解析センター

Laboratory of Functional Analysis In Silico �������������������������� 55
機能解析イン・シリコ分野

Professor Kenta Nakai, Ph.D.
Associate Professor Sung-Joon Park, Ph.D.
Project Assistant Professor Luis Augusto Eijy Nagai, Ph.D.

教　授　　 博士（理学） 中　井　謙　太
准教授　　 博士（工学） 朴　　　聖　俊
特任助教　 博士（医科学） ナガイ，ルイス アウグスト エイジ

Laboratory of Molecular Medicine ������������������������������� 59
ゲノム医科学分野

Professor Tatsuhiro Shibata, M.D., Ph.D.
Senior Assistant Professor Atsushi Niida, Ph.D.

教　授　　 医学博士　 柴　田　龍　弘
講　師　　 博士（理学） 新井田　厚　司

Laboratory of Genome Technology � ����������������������������� 63
シークエンス技術開発分野

Professor Tatsuhiro Shibata, M.D., Ph.D.
Professor Koichi Matsuda, M.D., Ph.D.

Assistant Professor Chizu Tanikawa, Ph.D.

教　授　　 医学博士　 柴　田　龍　弘
連携教授　 博士（医学） 松　田　浩　一

（新領域創成科学研究科）
助　教　　 博士（医学） 谷　川　千　津

Department of Public Policy � ��������������������������������� 72
公共政策研究分野

Professor Kaori Muto, Ph.D.
Associate Professor Yusuke Inoue, Ph.D.
Project Assistant Professor Akiko Nagai, Ph.D.

教　授　　 博士（保健学） 武　藤　香　織
准教授　　 博士（社会健康医学） 井　上　悠　輔
特任助教　 博士（医科学） 永　井　亜貴子

Division of Health Medical Intelligence � ��������������������������� 68
健康医療インテリジェンス分野

Professor Seiya Imoto, Ph.D
Project Associate Professor Yao-zhong Zhang, Ph.D
Assistant Professor Kotoe Katayama, Ph.D

教　授　　 博士（数理学） 井　元　清　哉
特任准教授 博士（情報理工学） 張　　　耀　中
助　教　　 博士（情報学） 片　山　琴　絵

Division of Medical Data Informatics � ���������������������������� 76
医療データ情報学分野

Professor Tetsuo Shibuya, Ph.D.
Project Assistant Professor Robert Daniel Barish, Ph.D.

教　授　　 博士（理学） 渋　谷　哲　朗
特任助教　 博士（学術） ロバート ダニエル バリッシュ

Division of Metagenome Medicine ������������������������������� 79
メタゲノム医学分野

Project Professor Satoshi Uematsu, M.D., Ph.D.
Project Assistant Professor Kosuke Fujimoto, M.D., Ph.D.

特任教授　 博士（医学） 植　松　　　智
特任助教　 博士（医学） 藤　本　康　介

Laboratory of Genome Database
ゲノムデータベース分野

Professor Kenta Nakai, Ph.D. 教　授　　 博士（理学） 中　井　謙　太

Laboratory of Sequence Analysis
シークエンスデータ情報処理分野

Professor Seiya Imoto, Ph.D 教　授　　 博士（数理学） 井　元　清　哉
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Division of Genome Engineering ������������������������������� 89
ゲノム編集研究分野

Professor Tomoji Mashimo, Ph.D.
Senior Assistant Professor Kazuto Yoshimi, Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
講　師　　 博士（医科学） 吉　見　一　人

Advanced Clinical Research Center　先端医療研究センター

Division of Molecular Therapy ��������������������������������� 93
分子療法分野

Professor Arinobu Tojo, M.D., D.M.Sc.
Associate Professor Satoshi Takahashi, M.D., D.M.Sc.
Assistant Professor Muneyoshi Futami, M.D., D.M.Sc.
Assistant Professor Masamichi Isobe M.D., D.M.Sc.

教　授　　 医学博士　 東　條　有　伸
准教授　　 博士（医学） 高　橋　　　聡
助　教　　 博士（医学） 二　見　宗　孔
助　教　　 博士（医学） 磯　部　優　理

Laboratory of Reproductive Systems Biology � ����������������������� 86
生殖システム研究分野

Project Professor Masahito Ikawa   Ph.D.
Associate Professor Manabu Ozawa   Ph.D.

特任教授　 博士（薬学） 伊　川　正　人
准教授　　 博士（農学） 小　沢　　　学

Laboratory of Innate Immunity ��������������������������������� 83
自然免疫研究分野

Professor Kensuke Miyake, M.D., Ph.D. 教　授　　 医学博士　 三　宅　健　介

Division of Cellular Therapy � ��������������������������������� 99
細胞療法分野

Professor Toshio Kitamura, M.D., D.M.Sc.
Associate Professor Susumu Goyama, M.D., D.M.Sc.
Assistant Professor Tomofusa Fukuyama, M.D., D.M.Sc.
Assistant Professor Yosuke Tanaka, Ph.D.
Assistant Professor Yutaka Enomoto, Ph.D.

教　授　　 医学博士　 北　村　俊　雄
准教授　　 博士（医学） 合　山　　　進
助　教　　 博士（医学） 福　山　朋　房
助　教　　 博士（医学） 田　中　洋　介
助　教　　 博士（医学） 榎　本　　　豊

Division of Infectious Diseases � �������������������������������103
感染症分野

Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Associate Professor Takeya Tsutsumi, M.D., D.M.Sc.
Assistant Professor Michiko Koga, M.D., D.M.Sc.
Assistant Professor Makoto Saito, M.D., DPhil.

教　授　　 博士（医学） 四　柳　　　宏
准教授　　 博士（医学） 堤　　　武　也
助　教　　 博士（医学） 古　賀　道　子
助　教　　 博士（医学） 齋　藤　　　真

Center for Experimental Medicine and Systems Biology　システム疾患モデル研究センター

Division of Stem Cell Pathology �������������������������������� 81
先進病態モデル研究分野

Professor Yasuhiro Yamada M.D., Ph.D.
Assistant Professor Sho Ohta Ph.D.

教　授　　 博士（医学） 山　田　泰　広
助　教　　 博士（生命科学） 太　田　　　翔

Core Laboratory for Developing Advanced Animal Models ����������������� 91
先進モデル動物作製コア

Professor Yasuhiro Yamada M.D., Ph.D.
Professor Tomoji Mashimo Ph.D.
Associate Professor Manabu Ozawa Ph.D

教　授　　 博士（医学） 山　田　泰　広
教　授　　 博士（人間・環境学） 真　下　知　士
准教授　　 博士（農学） 小　沢　　　学
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Division of Clinical Genome Research � ���������������������������108
臨床ゲノム腫瘍学分野

Professor Yoichi Furukawa M.D., Ph.D.
Associate Professor Tsuneo Ikenoue M.D., Ph.D.
Senior Assistant Professor Kiyoshi Yamaguchi Ph.D.
Assistant Professor Kiyoko Takane M.D., Ph.D.

教　授　　 博士（医学） 古　川　洋　一
准教授　　 博士（医学） 池　上　恒　雄
講　師　　 博士（薬学） 山　口　貴世志
助　教　　 博士（医学） 高　根　希世子

Division of Innovative Cancer Therapy � ���������������������������111
先端がん治療分野

Professor Tomoki Todo, M.D., Ph.D.
Project Associate Professor Minoru Tanaka, M.D., Ph.D.
Assistant Professor Hirotaka Ito, M.D., Ph.D.
Assistant Professor Yoshinori Sakata, M.D., Ph.D.

教　授　　 博士（医学） 藤　堂　具　紀
特任準教授 博士（医学） 田　中　　　実
助　教　　 博士（医学） 伊　藤　博　崇
助　教　　 博士（医学） 坂　田　義　詞

Division of Advanced Medicine Promotion ��������������������������113
先端医療開発推進分野

Professor Fumitaka Nagamura, M.D., D.M.Sc 
Associate Professor Masanori Nojima, M.D., Ph.D., M.P.H.

教　授　　 博士（医学） 長　村　文　孝
准教授　　 博士（医学） 野　島　正　寛

Division of Advanced Genome Medicine � ��������������������������115
先端ゲノム医学分野

Associate Professor Yoshihiro Hirata, M.D., Ph.D. 准教授　　 博士（医学） 平　田　喜　裕

Division of Bioethics � �������������������������������������117
生命倫理研究分野

Associate Professor Ayako Kamisato, Ph.D. 准教授　　 博士（法学） 神　里　彩　子

Center for Stem Cell Biology and Regenerative Medicine　幹細胞治療研究センター

Division of Regenerative Medicine �������������������������������121
再生医学分野

Professor Hideki Taniguchi, MD, PhD
Project Associate Professor Tomoyuki Yamaguchi, PhD
Assistant Professor Yun-Zhong Nie, PhD
Project Assistant Professor Yasuharu Ueno, PhD

教　授　　 博士（医学） 谷　口　英　樹
特任准教授 博士（医学） 山　口　智　之
助　教　　 博士（医学） 聶　　　運　中
特任助教　 博士（医学） 上　野　康　晴

Division of Stem Cell and Molecular Medicine �������������������������� 125
幹細胞分子医学分野

Professor Atsushi Iwama, M.D., Ph.D.
Assistant Professor Motohiko Oshima, Ph.D.
Assistant Professor Yaeko Nakajima, Ph.D.
Assistant Professor Masayuki Yamashita, M.D., Ph.D.

教　授　　 博士（医学） 岩　間　厚　志
助　教　　 博士（医学） 大　島　基　彦
助　教　　 博士（医学） 中　島　やえ子
助　教　　 博士（医学） 山　下　真　幸

Division of Frontier Surgery � ���������������������������������120
フロンティア外科学分野

Professor Dai Shida, MD, PhD
Associate Professor Susumu Aiko, MD, PhD
Assistant Professor Yuka Ahiko, MD

教　授　　 博士（医学） 志　田　　　大
准教授　　 博士（医学） 愛　甲　　　丞
助　教　　　　　　　　阿　彦　友　佳
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Division of Experimental Pathology ������������������������������137
幹細胞病理学分野

Professor Yasuhiro Yamada  M.D., Ph.D. 教　授　　 博士（医学） 山　田　泰　広

Division of Stem Cell Biology � ��������������������������������139
幹細胞生物学分野

Project Associate Professor Satoshi Yamazaki, Ph.D. 特任准教授 　 博士（生命科学） 山　﨑　　　聡

FACS Core Laboratory � ������������������������������������141
FACSコアラボラトリー

Professor Atsushi Iwama, M.D., Ph.D. 教　授　　 博士（医学） 岩　間　厚　志

International Research Center for Infectious Diseases　感染症国際研究センター

Department of Special Pathogens �������������������������������142
高病原性感染症系

Professor Yoshihiro Kawaoka, D.V.M., Ph.D. 教　授　　 獣医学博士 河　岡　義　裕

Department of Infectious Disease Control � �������������������������146
感染制御系

Professor Yasushi Kawaguchi, D.V.M., Ph.D.
Associate Professor Akihisa Kato, Ph.D.
Assistant Professor Naoto Koyanagi, Ph.D.
Assistant Professor Yuhei Maruzuru, Ph.D.

教　授　　 博士（獣医学） 川　口　　　寧
准教授　　 博士（医学） 加　藤　哲　久
助　教　　 博士（生命科学） 小　栁　直　人
助　教　　 博士（生命科学） 丸　鶴　雄　平

Department of Infectious Disease Control, Division of Viral Infection �����������149
感染制御系・ウイルス学分野

Associate Professor Takeshi Ichinohe, Ph.D. 准教授　　 博士（工学） 一　戸　猛　志

Department of Infectious Disease Control, Division of Systems Virology ���������150
感染制御系・システムウイルス学分野

Associate Professor Kei Sato, Ph.D. 准教授　　 博士（医学） 佐　藤　　　佳

Division of Stem Cell Processing � ������������������������������135
幹細胞プロセシング分野

Professor Hideki Taniguchi, MD, PhD 教　授　　 博士（医学） 谷　口　英　樹

Division of Stem Cell Transplantation �����������������������������128
幹細胞移植分野

Professor Arinobu Tojo, M.D., D.M.Sc.
Associate Professor Satoshi Takahashi, M.D., D.M.Sc.

教　授　　 医学博士　 東　條　有　伸
准教授　　 博士（医学） 高　橋　　　聡

Division of Stem Cell Signaling � �������������������������������132
幹細胞シグナル制御分野

Professor Toshio Kitamura, M.D., D.M.Sc. 教　授　　 医学博士　 北　村　俊　雄
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International Research and Development Center for Mucosal Vaccines
国際粘膜ワクチン開発研究センター

Division of Mucosal Barriology � �������������������������������153
粘膜バリア学分野

Professor Cevayir Coban, M.D., Ph.D.
Visiting Professor  Koji Hase, Ph. D. 
Project Associate Professor Takako Negishi-Koga, Ph.D.  
Project Assistant Professor Taketoshi Mizutani, Ph. D.

教　授　　 博士（医学） チョバン　ジェヴァイア
客員教授　 博士（薬学） 長　谷　耕　二
特任准教授 博士（農学） 古賀（根岸）貴子
特任助教　 博士（医学） 水　谷　壮　利

Division of Innate Immune Regulation � ���������������������������157
自然免疫制御分野

Project Professor Satoshi Uematsu, M.D., Ph.D.
Project Assistant Professor Kosuke Fujimoto, M.D., Ph.D.

特任教授　 博士（医学） 植　松　　　智
特任助教　 博士（医学） 藤　本　康　介

Division of Clinical Vaccinology ��������������������������������159
臨床ワクチン学分野

Project Professor Kohtaro Fujihashi, D.D.S., Ph.D.
Project Associate Professor Yosuke Kurashima, Ph.D.

特任教授　 博士（歯学） 藤　橋　浩太郎
特任准教授 博士（医学） 倉　島　洋　介

Division of Mucosal Vaccines � ��������������������������������162
粘膜ワクチン学分野

Professor Ken J Ishii, Ph.D.
Visiting Professor Jun Kunisawa, Ph.D.
Visiting Associate Professor Tomonori Nochi, Ph.D.
Project Senior Assistant Professor Rika Nakahashi, Ph.D.

教　授　　 博士（医学） 石　井　　　健
客員教授　 博士（薬学） 國　澤　　　純
客員准教授 博士（農学） 野　地　智　法
特任講師　 博士（医学） 中　橋　理　佳

Division of Mucosal Symbiosis � �������������������������������167
粘膜共生学分野

Project Associate Professor Yoshiyuki Goto, Ph.D.
Invited Professor Tetsuro Matano, M.D., D.M.Sc.

特任准教授 博士（医学） 後　藤　義　幸
委嘱教授　 博士（医学） 俣　野　哲　朗

Health Intelligence Center　ヘルスインテリジェンスセンター

Division of Health Medical Data Science � ��������������������������169
健康医療データサイエンス分野

Professor Seiya Imoto, Ph.D
Assistant Professor Takanori Hasegawa, Ph.D

教　授　　 博士（数理学） 井　元　清　哉
助　教　　 博士（情報学） 長谷川　嵩　矩

Center for Gene and Cell Therapy　遺伝子・細胞治療センター

Division of Molecular and Medical Genetics � ������������������������172
分子遺伝医学分野

Professor Takashi Okada, M.D., Ph.D.
Associate Professor Naoya Uchida, M.D., Ph.D.
Assistant Professor Yuji Tsunekawa, Ph.D.
Project Assistant Professor Hiromi Hayashita-Kinoh, Ph.D.

教　授　　 博士（医学） 岡　田　尚　巳
准教授　　 博士（医学） 内　田　直　也
助　教　　 博士（医学） 恒　川　雄　二
特任助教　 博士（医学） 喜　納　裕　美
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Laboratory Animal Research Center　実験動物施設

Division of Animal Genetics � ���������������������������������178
先進動物ゲノム研究分野

Professor Tomoji Mashimo, Ph.D.
Senior Assistant Professor Kazuto Yoshimi, Ph.D.
Assistant Professor Saeko Ishida, D.V.M. Ph.D.
Project Assistant Professor Tomoaki Fujii, Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
講　師　　 博士（医科学） 吉　見　一　人
助　教　　 博士（医学） 石　田　紗恵子 
特任助教　 博士（理学） 藤　井　智　明

Animal Center � �����������������������������������������181
動物センター

Professor Tomoji Mashimo, Ph.D.
Senior Assistant Professor Kazuto Yoshimi, Ph.D.
Assistant Professor Saeko Ishida, D.V.M., Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
講　師　　 博士（医科学） 吉　見　一　人
助　教　　 博士（医学） 石　田　紗恵子

Amami Laboratory of Injurious Animals ���������������������������182
奄美病害動物研究施設

Professor Tomoji Mashimo, Ph.D.
Project Assistant Professor Shin-Ichi Yokota, D.V.M., Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
特任助教　 博士（人間科学） 横　田　伸　一

Medical Proteomics Laboratory � �������������������������������183
疾患プロテオミクスラボラトリー

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Professor Kouhei Tsumoto, Ph.D.
Associate Professor Masaaki Oyama, Ph.D.
Senior Assistant Professor Daisuke Kuroda, Ph.D.

Senior Assistant Professor Makoto Nakakido, Ph.D.

Project Assistant Professor Hiroshi Sagara, Ph.D.

教　授　　 博士（医学） 武　川　睦　寛
教　授　　 博士（工学） 津　本　浩　平
准教授　　 博士（医学） 尾　山　大　明
講　師　　 博士（理学） 黒　田　大　祐

（大学院工学系研究科）
講　師　　 博士（生命科学） 中木戸　　　誠

（大学院工学系研究科）
特任助教　 博士（医学） 相　良　　　洋

Center for Gene & Cell Therapy � �������������������������������175
遺伝子・細胞治療センター

Director/Professor Takashi Okada, M.D., Ph.D.
Professor Arinobu Tojo, M.D., D.M.Sc.
Professor Tomoki Todo, M.D., Ph.D.
Professor Toshio Kitamura, M.D., D.M.Sc.
Professor Fumitaka Nagamura, M.D., D.M.Sc.
Invited Professor Koji Tamada, M.D., Ph.D.
Project Professor Hideaki Tahara, M.D., D.M.Sc.
Visiting Professor Shin-ichi Muramatsu, M.D., Ph.D.
Associate Professor Satoshi Takahashi, M.D., D.M.Sc.
Associate Professor Tokiko Nagamura-Inoue, M.D., Ph.D. 
Project Associate Professor Hiroaki Uchida, M.D., Ph.D.

センター長 / 教授　博士（医学） 岡　田　尚　巳
教　授　　 医学博士　 東　條　有　伸
教　授　　 博士（医学） 藤　堂　具　紀
教　授　　 医学博士　 北　村　俊　雄
教　授　　 博士（医学） 長　村　文　孝
教授（委嘱） 博士（医学） 玉　田　耕　治
特任教授　 医学博士　 田　原　秀　晃
客員教授　 博士（医学） 村　松　慎　一
准教授　　 博士（医学） 高　橋　　　聡
准教授　　 博士（医学） 長　村　登紀子
特任准教授 博士（医学） 内　田　宏　昭
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Research Center for Asian Infectious Diseases � ����������������������� 194
アジア感染症研究拠点

Director/Professor Yasushi Kawaguchi, D.V.M., Ph.D.
Professor Yoshihiro Kawaoka, D.V.M., Ph.D.
Project Professor Mitsue Hayashi, Ph.D.
Associate Professor Akihisa Kato, Ph.D.
Project Associate Professor Seiya Yamayoshi, D.V.M., Ph.D.
Project Associate Professor Jin Gohda, Ph.D.
Project Senior Assistant Professor Mizuki Yamamoto, Ph.D.
Assistant Professor Naoto Koyanagi, Ph.D.
Assistant Professor Yuhei Maruzuru, Ph.D.

拠点長／教授 博士（獣医学） 川　口　　　寧
教　授　　 獣医学博士 河　岡　義　裕
特任教授　 法学博士　 林　　　光　江
准教授　　 博士（医学） 加　藤　哲　久
特任准教授 博士（医学） 山　吉　誠　也
特任准教授 博士（薬学） 合　田　　　仁
特任講師　 博士（医学） 山　本　瑞　生
助　教　　 博士（生命科学） 小　栁　直　人
助　教　　 博士（生命科学） 丸　鶴　雄　平

Laboratory of Molecular Genetics (Frontier Research Unit) � ���������������198
遺伝子解析施設（フロンティア研究領域）

Professor Yuji Yamanashi, Ph.D.
Associate Professor Kazuo Tatebayashi, Ph.D.

教　授　　 理学博士　 山　梨　裕　司
准教授　　 博士（薬学） 舘　林　和　夫

IMSUT Hospital　附属病院

Department of Medicine (Department of Hematology/Oncology) �������������200
内科（血液腫瘍内科）

Professor Arinobu Tojo, M.D., D.M.Sc.
Associate Professor Satoshi Takahashi, M.D., D.M.Sc.
Associate Professor Yoichi Imai, M.D., Ph.D.
Associate Professor Tkiko Nagamura-Inue M.D., Ph.D.
Project Associate Professor Hiroshi Yasui, M.D., D.M.Sc.
Assistant Professor Tomohusa Fukuyama M.D., D.M.Sc.
Assistant Professor Seiko Kato M.D., D.M.Sc.
Assistant Professor Takaaki Konuma M.D., D.M.Sc.
Assistant Professor Masamichi Isobe M.D., D.M.Sc.
Assistant Professor Muneyosi Futami M.D., D.M.Sc.
Assistant Professor Toyotaka Kawamata M.D., D.M.Sc.
Assistant Professor Kazuaki Yokoyama M.D., D.M.Sc.
Assistant Professor Aki Sato, M.D., D.M.Sc. 

教　授　　 医学博士　 東　條　有　伸
准教授　　 博士（医学） 高　橋　　　聡
准教授　　 博士（医学） 今　井　陽　一
准教授　　 博士（医学） 長　村　登紀子
特任准教授 博士（医学） 安　井　　　寛
助　教　　 博士（医学） 福　山　朋　房
助　教　　 博士（医学） 加　藤　せい子
助　教　　 博士（医学） 小　沼　貴　晶
助　教　　 博士（医学） 磯　部　優　理
助　教　　 博士（医学） 二　見　宗　孔
助　教　　 博士（医学） 川　俣　豊　隆
助　教　　 博士（医学） 横　山　和　明
助　教　　 博士（医学） 佐　藤　亜　紀

Department of Infectious Diseases and Applied Immunology � ��������������204
感染免疫内科

Head, Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Associate Professor Takeya Tsutsumi, M.D., D.M.Sc.
Assistant Professor Michiko Koga, M.D., D.M.Sc
Assistant Professor Eisuke Adachi, M.D., D.M.Sc.
Assistant Professor Makoto Saito, M.D., D.M.Sc

教　授　　 博士（医学） 四　柳　　　宏
准教授　　 博士（医学） 堤　　　武　也
助　教　　 博士（医学） 古　賀　道　子
助　教　　 博士（医学） 安　達　英　輔
助　教　　 博士（医学） 齋　藤　　　真

Department of Rheumatology and Allergy � �������������������������208
アレルギー免疫科

Professor Hirotoshi Tanaka, M.D., D.M.Sc.
Associate Professor Motohisa Yamamoto, M.D., D.M.Sc.
Senior Assistant Professor Noritada Yoshikawa, M.D., D.M.Sc.
Assistant Professor Hiroki Yamazaki, M.D., D.M.Sc.

教　授　　 医学博士　 田　中　廣　壽
准教授　　 博士（医学） 山　本　元　久
講　師　　 博士（医学） 吉　川　賢　忠
助　教　　 博士（医学） 山　崎　広　貴
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Department of Surgery � ������������������������������������225
外科

Professor Dai Shida, MD, PhD
Associate Professor Susumu Aiko, MD, PhD
Associate Professor Masaru Shinozaki, MD, PhD
Senior Assistant Professor Giichiro Tsurita, MD, PhD
Clinical Senior Assistant Professor Kentaro Yazawa, MD, PhD
Assistant Professor Tomohiro Kurokawa, MD, PhD
Assistant Professor Yuka Ahiko, MD

教　授　　 博士（医学） 志　田　　　大
准教授　　 博士（医学） 愛　甲　　　丞
准教授　　 博士（医学） 篠　崎　　　大
講　師　　 博士（医学） 釣　田　義一郎
病院講師　 博士（医学） 谷　澤　健太郎
助　教　　 博士（医学） 黒　川　友　博
助　教　　　　　　　　阿　彦　友　佳

Department of Radiological Technology � ��������������������������217
放射線部

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Head Radiologic Technologist Tomio Inoshita, RT

准教授　　 博士（医学） 國　松　　　聡
放射線技師長　　　　　　井　下　富　夫

Department of General Medicine ��������������������������������211
総合診療科

Head, Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Project Professor Kenzaburo Tani, M.D., Ph.D. 
Project Professor Takayuki Morisaki, M.D., D.M.Sc.
Associate Professor Takeya Tsutsumi, M.D., D.M.Sc.
Associate Professor Yoshihiro Hirata, M.D., D.M.Sc.
Senior Assistant Professor Yasuo Matsubara, M.D., D.M.Sc.
Project Senior Assistant Professor Yasuki Hijikata, M.D., D.M.Sc
Project Assistant Professor Koichi Kimura, M.D., D.M.Sc.

教　授　　 博士（医学） 四　柳　　　宏
特任教授　 医学博士　 谷　　　憲三朗
特任教授　 博士（医学） 森　崎　隆　幸
准教授　　 博士（医学） 堤　　　武　也
准教授　　 博士（医学） 平　田　喜　裕
講　師　　 博士（医学） 松　原　康　朗
特任講師　 博士（医学） 土　方　康　基
特任助教　 博士（医学） 木　村　公　一

Department of Applied Genomics � ������������������������������215
ゲノム診療科

Professor Yoichi Furukawa M.D., Ph.D.
Associate Professor Tsuneo Ikenoue M.D., Ph.D.

教　授　　 医学博士　 古　川　洋　一
准教授　　 医学博士　 池　上　恒　雄

Department of Radiology ������������������������������������217
放射線科

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Senior Assistant Professor Hiroyuki Akai, M.D., D.M.Sc.
Assistant Professor Koichiro Yasaka, M.D., D.M.Sc.
Project Assistant Professor Haruto Sugawara, M.D., D.M.Sc.

准教授　　 博士（医学） 國　松　　　聡
講　師　　 博士（医学） 赤　井　宏　行
助　教　　 博士（医学） 八　坂　耕一郎
特任助教　 博士（医学） 菅　原　暖　斗

Department of Palliative Medicine/Advanced Clinical Oncology ��������������220
緩和医療・先端臨床腫瘍科

Professor Arinobu Tojo, M.D., D.M.S
Project Senior Assistant Professor Yasuki Hijikata, M.D., PhD.
Assistant Professor Tetsuya Ito, M.D., PhD.

教　授　　 医学博士　 東　條　有　伸
特任講師　 博士（医学） 土　方　康　基
助　教　　 博士（医学） 伊　藤　哲　也

Department of Diagnostic Pathology � ����������������������������223
病理診断科

Department of Pathology
病理部

Associate Professor Yasunori Ota, M.D., Ph.D. 准教授　　 医学博士　 大　田　泰　徳
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Department of Anesthesia  �����������������������������������227
麻酔科

Associate Professor Ryo Orii, M.D. , Ph.D. 
Assistant Professor Miho Asahara, M.D. , Ph.D.

准教授　　 博士（医学） 折　井　　　亮
助　教　　 博士（医学） 浅　原　美　保

Department of Joint Surgery ����������������������������������229
関節外科

Senior Assistant Professor Hideyuki Takedani, M.D. D.M.Sc.
Assistant Professor Kumiko Ono, M.D. D.M.Sc.

講　師　　 博士（医学） 竹　谷　英　之
助　教　　 博士（医学） 大　野　久美子

Department of Surgical Neuro-Oncology ���������������������������230
脳腫瘍外科

Professor Tomoki Todo, M.D., Ph.D.
Project Associate Professor Minoru Tanaka, M.D., Ph.D.
Assistant Professor Seisaku Kanayama, M.D.
Assistant Professor Yoshinori Sakata, M.D., Ph.D.
(Thoracic surgeon) 
Assistant Professor Hirotaka Ito, M.D., Ph.D.

教　授　　 博士（医学） 藤　堂　具　紀
特任准教授 博士（医学） 田　中　　　実
助　教　　　　　　　　金　山　政　作
助　教　　 博士（医学） 坂　田　義　詞
　　　　　 （呼吸器外科医）
助　教　　 博士（医学） 伊　藤　博　崇

Department of Medical Informatics � �����������������������������236
医療情報部

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Senior Assistant Professor Hiroyuki Akai, M.D., D.M.Sc.
Assistant Professor Koichiro Yasaka, M.D., D.M.Sc.

准教授　　 博士（医学） 國　松　　　聡
講　師　　 博士（医学） 赤　井　宏　行
助　教　　 博士（医学） 八　坂　耕一郎

Department of Cell Processing and Transfusion �����������������������237
セルプロセッシング・輸血部

Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D. 
Assistant Professor Kazuaki Yokoyama, M.D., Ph.D. 
Assistant Professor Toyotaka Kawamata, M.D., Ph.D.

病院教授　 博士（医学） 長　村　登紀子
助　教　　 博士（医学） 横　山　和　明
助　教　　 博士（医学） 川　俣　豊　隆

Surgical Center � ����������������������������������������240
手術部

Professor Tomoki Todo, M.D., Ph.D.
Project Associate Professor Minoru Tanaka, M.D., Ph.D.

教　授　　 博士（医学） 藤　堂　具　紀
特任准教授 博士（医学） 田　中　　　実

Department of Laboratory Medicine ������������������������������242
検査部

Professor Arinobu Tojo, M.D., Ph.D.
Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D.
Assistant Professor Tomohiro Ishigaki, M.D., Ph.D.

教　授　　 医学博士　 東　條　有　伸
病院教授　 博士（医学） 長　村　登紀子
助　教　　 博士（医学） 石　垣　知　寛

Department of Urology � ������������������������������������233
泌尿器科

Professor Haruki Kume, M.D., Ph.D.
Project Senior Assistant Professor Sayuri Takahashi, M.D., Ph.D.
Project Assistant Professor Akihiro Naito, M.D., Ph.D.

教　授　　 博士（医学） 久　米　春　喜
特任講師　 博士（医学） 高　橋　さゆり
特任助教　 博士（医学） 内　藤　晶　裕
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Department of Nursing � ������������������������������������257
看護部

Director Eiko Yoshii, RN, CNA.
Deputy Director Minayo Hisahara, RN. 
Deputy Director Junko Izumi, RN, CNA.
Nurse Manager Mayumi Tanii, RN, MSN, CNA.

Nurse Manager Hatsuko Narita, RN.
Nurse Manager Mika Kogayu, RN. MSN.
Nurse Manager Tomoko Sato, RN.
Nurse Manager Masako Ozawa, RN. 
Nurse Manager Hiromi Isshiki, RN.
Nurse Manager Nozomi Linzbichler, RN.
Nurse Manager Yukari Tsuru, RN.
Nurse Manager Fumie Kameda, RN.

看護部長　 認定看護管理者 吉　井　栄　子
副看護部長　　　　　　久　原　みな代
副看護部長 認定看護管理者 和　泉　純　子
看護師長　 修士（看護学）・認定看護管理者
　　　　　　　　　　　谷　井　真　弓
看護師長　　　　　　　成　田　初　子
看護師長　 修士（看護学） 小　粥　美　香
看護師長　　　　　　　佐　藤　朋　子
看護師長　　　　　　　小　澤　昌　子
看護師長　　　　　　　一　色　裕　美
看護師長　　　　　　　リンツビヒラ希
看護師長　　　　　　　都　留　由香里
看護師長　　　　　　　亀　田　史　絵

Department of Pharmacy ������������������������������������259
薬剤部

Director Seiichiro Kuroda
Pharmacist Yohei Iimura
Pharmacist Mika Yamamura
Pharmacist Mai Yokota

薬剤部長　　　　　　　黒　田　誠一郎
薬剤師　　　　　　　　飯　村　洋　平
薬剤師　　　　　　　　山　村　実　佳
薬剤師　　　　　　　　横　田　　　舞

Department of AIDS Vaccine Development ��������������������������260
エイズワクチン開発担当

Professor Tetsuro Matano, M.D., D.M.Sc.
Visiting Associate Professor Ai Kawana-Tachikawa, D.M.Sc.

教授（委嘱） 博士（医学） 俣　野　哲　朗
客員准教授 博士（医学） 立川（川名）　愛

Center for Antibody and Vaccine Therapy � �������������������������246
抗体・ワクチンセンター

Professor Hirotoshi Tanaka, M.D., D.M.Sc.
Professor Kouhei Tsumoto, Ph.D.
Project Professor Yataro Daigo, M.D., D.M.Sc.
Project Associate Professor Satoru Nagatoishi, Ph.D.
Senior Assistant Professor Noritada Yoshikawa, M.D., D.M.Sc.
Project Senior Assistant Professor Atsushi Takano, M.D., D.M.Sc.

教　授　　 医学博士　 田　中　廣　壽
教　授　　 博士（工学） 津　本　浩　平
特任教授　 博士（医学） 醍　醐　弥太郎
特任准教授 博士（生命科学） 長門石　　　暁
講　師　　 博士（医学） 吉　川　賢　忠
特任講師　 博士（医学） 高　野　　　淳

Therapeutic Vector Development Center � ��������������������������254
治療ベクター開発センター

Professor Tomoki Todo, M.D., Ph.D. 
Project Associate Professor Minoru Tanaka, M.D., Ph.D. 

教　授　　 博士（医学） 藤　堂　具　紀
特任準教授 博士（医学） 田　中　　　実

IMSUT CORD �������������������������������������������255
臍帯血・臍帯バンク

Clinical Professor Tokiko Nagamura-Inoue, M.D., PhD. 病院教授　 博士（医学） 長　村　登紀子

Center for Translational Research �������������������������������244
トランスレーショナルリサーチ・治験センター

Professor Fumitaka Nagamura, M.D., D.M.Sc 
Associate Professor Masanori Nojima, M.D., Ph.D., M.P.H.
Project Associate Professor Hiroshi Yasui, M.D., Ph.D.

教　授　　 博士（医学） 長　村　文　孝
准教授　　 博士（医学） 野　島　正　寛
特任准教授 博士（医学） 安　井　　　寛
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IMSUT Distinguished Professor Units　東京大学特任教授部門

Division of Stem Cell Therapy � ��������������������������������263
幹細胞治療部門

Project Professor Hiromitsu Nakauchi, M.D., Ph.D
Project Assistant Professor Hideki Masaki, Ph.D.

特任教授　 医学博士　 中　内　啓　光
特任助教　 博士（理学） 正　木　英　樹

Division of Mucosal Immunology � ������������������������������266
粘膜免疫学部門

Project Professor Hiroshi Kiyono, D.D.S., Ph.D.
Project Associate Professor Yosuke Kurashima, Ph.D.
Project Senior Assistant Professor Rika Nakahashi, Ph.D.

特任教授　 医学博士　 清　野　　　宏
特任准教授 博士（医学） 倉　島　洋　介
特任講師　 博士（医学） 中　橋　理　佳

Corporate Sponsored Research Programs / Social Cooperation Research Programs
寄附研究部門 /社会連携研究部門

Project Division of Molecular and Developmental Biology � ����������������268
再生基礎医科学国際研究拠点寄付研究部門

Project Professor Sumiko Watanabe, Ph.D. 特任教授　 博士（医学） 渡　辺　すみ子

Project Division of RNA Medical Science ���������������������������271
RNA医科学社会連携研究部門

Project Associate Professor Masaki Takahashi, Ph.D. 特任准教授 博士（理学） 高　橋　理　貴

Project Division of International Advanced Medical Research � ��������������273
国際先端医療社会連携研究部門

Project Associate Professor Koichiro Yuji, M.D., Ph.D. 特任准教授 博士（医学） 湯　地　晃一郎

Project Division of Fundamental Study on Cutting Edge of Genome Medicine ������274
先端ゲノム医療の基盤研究寄付研究部門

Professor Arinobu Tojo, M.D., D.M.Sc.
Project Associate Professor Hiroshi Yasui, M.D., D.M.Sc.

教　授　　 医学博士　 東　條　有　伸
特任准教授 博士（医学） 安　井　　　寛

Project Division of Advanced Biopharmaceutical Science � ����������������277
先進的バイオ医薬品学社会連携研究部門

Professor Hirotoshi Tanaka, Ph.D.
Professor Kouhei Tsumoto, Ph.D.
Project Associate Professor Satoru Nagatoishi, Ph.D.

教　授　　 医学博士　 田　中　廣　壽
教　授　　 博士（工学） 津　本　浩　平
特任准教授 博士（生命科学） 長門石　　　曉

Project Division of Cancer Biomolecular Therapy ����������������������281
がん生体分子治療社会連携研究部門

Project Professor Hideaki Tahara, M.D., Ph.D. 
Project Associate Professor Hiroaki Uchida, M.D., Ph.D.

特任教授　 医学博士　 田　原　秀　晃
特任准教授 博士（医学） 内　田　宏　昭

Project Division of Genomic Medicine and Disease Prevention � �������������283
ゲノム予防医学社会連携研究部門

Professor Yoshinori Murakami, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.

教　授　　 医学博士　 村　上　善　則
特任教授　 医学博士　 森　崎　隆　幸
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Common Research Facilities　共通施設等

Culture Media Section
培地室

Head Yuji Yamanashi, Ph.D. 室長 理学博士 山　梨　裕　司

Library
図書室

Head Makoto Nakanishi, M.D., Ph.D. 室長 医学博士 中　西　　　真

Radioisotope Center
放射線管理室

Head Kensuke Miyake, M.D., Ph.D. 室長 医学博士 三　宅　健　介

IT Service Room
IT サービス室

Head Makoto Nakanishi, M.D., Ph.D. 室長 医学博士 中　西　　　真

Photographic Laboratory
写真室

Head Makoto Nakanishi, M.D., Ph.D. 室長 医学博士 中　西　　　真

Genetically Modified Microorganism Support Office
遺伝子組換え・微生物研究支援室

Head Yasushi Kawaguchi, D.V.M., Ph.D. 室長 博士（獣医学） 川　口　　　寧

Research Platform Office ������������������������������������287
学術研究基盤支援室

Chair and Senior Professor Jun-ichiro Inoue, Ph.D. 
Vice chair and Professor Mutsuhiro Takekawa, M.D., Ph.D.

特命教授・室長 薬学博士　 井　上　純一郎
教授・副室長 博士（医学） 武　川　睦　寛

International Affairs Office � ����������������������������������289
国際学術連携室

Professor Makoto Nakanishi, M.D., Ph.D. 教　授　　 医学博士　 中　西　　　真

BioBank Japan ������������������������������������������290
バイオバンク・ジャパン

Professor Yuji Yamanashi, Ph.D.
Professor Koichi Matsuda, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.

教　授　　 理学博士　 山　梨　裕　司
連携教授　 博士（医学） 松　田　浩　一

（大学院新領域創成科学研究科）
特任教授　 医学博士　 森　崎　隆　幸

Dean’s Office　所長オフィス

Project Coordination Office �����������������������������������285
プロジェクトコーディネーター室

Professor Makoto Nakanishi, M.D., Ph.D. 教　授　　 医学博士　 中　西　　　真
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Office of Research Ethics
研究倫理支援室

Head Kaori Muto, Ph.D.
Associate Professor Ayako Kamisato, Ph.D.

室長 博士（保健学） 武　藤　香　織
准教授 博士（法学） 神　里　彩　子

Office of Health and Safety
安全衛生管理室

Head Shin-Ichiroh Saitoh, Ph.D. 室長 博士（医学） 齋　藤　伸一郎

Office of lntellectual Property
知的財産室

Head Mutsuhiro Takekawa, M.D., Ph.D. 室長 博士（医学） 武　川　睦　寛

Advisory Room for Conflict of lnterest
利益相反アドバイザリー室

Head Yoichi Furukawa, M.D., Ph.D. 室長 博士（医学） 古　川　洋　一

Pathology Core Laboratory
病理コアラボラトリー

Head of Laboratory I Yoshinori Murakami, M.D., Ph.D.
Head of Laboratory II Yasunori Ota, M.D., Ph.D.

Ⅰ室室長 医学博士 村　上　善　則
Ⅱ室室長 博士（医学） 大　田　泰　徳

Imaging Core Laboratory
顕微鏡コアラボラトリー

Head Mutsuhiro Takekawa, M.D., Ph.D. 室長 博士（医学） 武　川　睦　寛

IMSUT Clinical Flow Cytometry Laboratory
IMSUT臨床フローサイトメトリー・ラボ

Head Arinobu Tojo, M.D., D.M.Sc. 管理者 医学博士 東　條　有　伸

Administration Office
事務部

General Manager Shoichi Matsui
Manager of Administrative Affairs Division Ryuta Takemoto
Manager of Research Support Division Takaaki Fukuoka
Manager of Hospital Division Hideki Hirano

事務部長  松　井　正　一
管理課長  竹　元　龍　太
研究支援課長  福　岡　高　明
病院課長  平　野　秀　紀
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RESEARCH ACTIVITIES
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Department of Microbiology and Immunology

Division of Virology
ウイルス感染分野

Professor Yoshihiro Kawaoka, D.V.M., Ph.D.
Associate Professor Masaki Imai, D.V.M., Ph.D.
Project Associate Professor Seiya Yamayoshi, D.V.M., Ph.D.
Assistant Professor Kiyoko Iwatsuki-Horimoto, D.V.M., Ph.D.
Assistant Professor Shinya Yamada, Ph.D.
Project Assistant Professor Maki Kiso, D.V.M., Ph.D.
Project Assistant Professor Hiroshi Ueki, D.V.M., Ph.D.
Research Associate Yuko Sakai-Tagawa, Ph.D.

教　授　　　獣医学博士　　　河　岡　義　裕
准教授　　　博士（獣医学）　　今　井　正　樹
特任准教授　博士（医学）　　　山　吉　誠　也
助　教　　　博士（獣医学）　　岩附（堀本）研子
助　教　　　博士（医学）　　　山　田　晋　弥
特任助教　　博士（医学）　　　木　曽　真　紀
特任助教　　博士（医学）　　　植　木　紘　史
助　手　　　博士（医学）　　　坂井（田川）優子

Viruses can cause devastating diseases. The long-term goal of our research is to 
understand the molecular pathogenesis of viral diseases by using influenza virus, 
Ebola virus, and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
infections as models. Interactions between viral and host gene products during viral 
replication determine the consequences of infection (i.e., the characteristics of 
disease manifestation, whether limited or widespread); hence, our research has 
centered on such interactions during these viral infections.

1.  Protective Immunity and Persistent Lung Se-
qualae in Domestic Cats after SARS-CoV-2 In-
fection. 

Chiba S1, Halfmann PJ1, Hatta M1, Maemura T1, 
Fan S1, Armbrust T1, Swartley OM1, Crawford LK1, 
Kawaoka Y: 1Department of Pathobiological Scienc-
es, School of Veterinary Medicine, University of 
Wisconsin-Madison, USA. 

SARS-CoV-2 readily transmits between domestic 
cats (see also Project 6 in this report). We found that 
domestic cats that recover from an initial infection 
might be protected from reinfection. However, we 
also found long-term persistence of inflammation and 
other lung lesions after infection in cats, despite a lack 
of clinical symptoms and limited viral replication in 
the lungs.

2.  Comparison of Rapid Antigen Tests for COV-
ID-19. 

Yamayoshi S, Sakai-Tagawa Y, Koga M2, Akasaka 
O3, Nakachi I4, Koh H5, Maeda K6, Adachi E7, Saito 
M2, Nagai H7, Ikeuchi K2, Ogura T8, Baba R4, Fujita 
K8, Fukui T5, Ito F5, Hattori SI6, Yamamoto K9, Na-
kamoto T9, Furusawa Y, Yasuhara A, Ujie M, Yama-
da S, Ito M, Mitsuya H6, Omagari N9, Yotsuyanagi 
H2, Iwatsuki-Horimoto K, Imai M, Kawaoka Y: 2Di-
vision of Infectious Diseases, Advanced Clinical Re-
search Center, Institute of Medical Science, Univer-
sity of Tokyo, Japan. 3Emergency Medical Center, 
Fujisawa City Hospital, Japan. 4Pulmonary Divi-
sion, Department of Internal Medicine, Saiseikai Ut-
sunomiya Hospital, Japan. 5Division of Pulmonary 
Medicine, Department of Internal Medicine, Ta-
chikawa Hospital, Japan. 6Department of Refracto-
ry Viral Infections, National Center for Global 
Health and Medicine Research Institute, Japan. 
7Department of Infectious Diseases and Applied Im-
munology, IMSUT Hospital of Institute of Medical 
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Science, the University of Tokyo, Japan. 8Depart-
ment of Emergency Medicine and Critical Care 
Medicine, Saiseikai Utsunomiya Hospital, Japan. 
9Disease Control and Prevention Center, National 
Center for Global Health and Medicine Hospital, 
Japan. 

Reverse transcription-quantitative PCR (RT-qP-
CR)-based tests are widely used to diagnose corona-
virus disease 2019 (COVID-19). Because local clinics 
lack the capability to do RT-qPCR testing, rapid anti-
gen tests (RATs) for COVID-19 based on lateral flow 
immunoassays are used for rapid diagnosis. Howev-
er, their sensitivity compared with each other and 
with RT-qPCR and infectious virus isolation has not 
been examined. Here, we compared the sensitivity 
among four RATs by using SARS-CoV-2 isolates and 
several types of COVID-19 patient specimens and 
compared their sensitivity with that of RT-qPCR and 
infectious virus isolation. Although the RATs read the 
samples containing large amounts of virus as posi-
tive, even the most sensitive RAT read samples con-
taining small amounts of virus as negative. Moreover, 
all RATs tested failed to detect viral antigens in sever-
al specimens from which virus was isolated. The cur-
rent RATs will likely miss some COVID-19 patients 
who are shedding infectious SARS-CoV-2.

3.   SARS-CoV-2  D614G  variant  exhibits  efficient 
replication ex vivo and transmission in vivo.

Hou YJ10, Chiba S1, Halfmann P1, Ehre C11, Kuroda 
M1, Dinnon KH 3rd12, Leist SR10, Schäfer A10, Naka-
jima N13, Takahashi K13, Lee RE11, Mascenik TM11, 
Graham R10, Edwards CE10, Tse LV10, Okuda K11, 
Markmann AJ14, Bartelt L14, de Silva A12, Margolis 
DM10, Boucher RC11, Randell SH11, Suzuki T13, Gra-
linski LE10, Kawaoka Y, Baric RS10: 10Department of 
Epidemiology, University of North Carolina at 
Chapel Hill, USA. 11Marsico Lung Institute, Univer-
sity of North Carolina at Chapel Hill, USA. 12De-
partment of Microbiology and Immunology, Uni-
versity of North Carolina at Chapel Hill, USA. 
13Department of Pathology, National Institute of In-
fectious Diseases, Japan. 14Department of Medicine, 
University of North Carolina at Chapel Hill, USA.

The spike aspartic acid–614 to glycine (D614G) 
substitution is prevalent in global SARS-CoV-2 
strains, but its effects on viral pathogenesis and trans-
missibility remain unclear. We, therefore, engineered 
a SARS-CoV-2 variant containing this substitution. 
The variant exhibits more efficient infection, replica-
tion, and competitive fitness in primary human air-
way epithelial cells but maintains similar morpholo-
gy and in vitro neutralization properties, compared 
with the ancestral wild-type virus. Infection of human 
angiotensin-converting enzyme 2 (ACE2) transgenic 
mice and Syrian hamsters with the variant or wild-

type virus resulted in similar viral titers in respiratory 
tissues and pulmonary disease. However, the D614G 
variant transmitted much faster and displayed in-
creased competitive fitness compared with the wild-
type virus in hamsters. These data show that the 
D614G substitution enhances SARS-CoV-2 infectivi-
ty, competitive fitness, and transmissibility in prima-
ry human cells and animal models.

4.   Effectiveness of Face Masks in Preventing Air-
borne Transmission of SARS-CoV-2. 

Ueki H, Furusawa Y, Iwatsuki-Horimoto K, Imai M, 
Kabata H14, Nishimura H15, Kawaoka Y: 14Division 
of Pulmonary Medicine, Department of Medicine, 
Keio University School of Medicine, Japan. 15Clini-
cal Research Division, Virus Research Center, Na-
tional Hospital Organization Sendai Medical Center, 
Japan

Guidelines from the CDC and the WHO recom-
mend the wearing of face masks to prevent the spread 
of COVID-19; however, the protective efficiency of 
such masks against airborne transmission of infec-
tious SARS-CoV-2 droplets/aerosols is unknown. 
Here, we developed an airborne transmission simula-
tor of infectious SARS-CoV-2-containing droplets/
aerosols produced by human respiration and coughs 
and assessed the transmissibility of the infectious 
droplets/aerosols and the ability of various types of 
face masks to block the transmission. We found that 
cotton masks, surgical masks, and N95 masks all have 
a protective effect with respect to the transmission of 
infective droplets/aerosols of SARS-CoV-2 and that 
the protective efficiency was higher when masks were 
worn by a virus spreader. Importantly, medical masks 
(surgical masks and even N95 masks) were not able to 
completely block the transmission of virus droplets/
aerosols even when completely sealed. Our data will 
help medical workers understand the proper use and 
performance of masks and determine whether they 
need additional equipment to protect themselves 
from infected patients.

5.  Syrian hamsters as a small animal model for 
SARS-CoV-2 infection and countermeasure 
development. 

Imai M, Iwatsuki-Horimoto K, Hatta M1, Loeber 
S16, Halfmann PJ1, Nakajima N13, Watanabe T, Ujie 
M, Takahashi K13, Ito M, Yamada S, Fan S1, Chiba 
S1, Kuroda M1, Guan L1, Takada K, Armbrust T1, 
Balogh A1, Furusawa Y, Okuda M, Ueki H, Yasu-
hara A, Sakai-Tagawa Y, Lopes TJS, Kiso M, 
Yamayoshi S, Kinoshita N9, Ohmagari N9, Hattori 
SI6, Takeda M17, Mitsuya H6, Krammer F18, Suzuki 
T13, Kawaoka Y: 16Department of Surgical Sciences, 
School of Veterinary Medicine, University of Wis-
consin-Madison, USA. 17Department of Virology 3, 
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National Institute of Infectious Diseases, Japan. 
18Department of Microbiology, Icahn School of 
Medicine at Mount Sinai, USA.

Here, we assessed the replicative ability and 
pathogenesis of SARS-CoV-2 isolates in Syrian ham-
sters. SARS-CoV-2 isolates replicated efficiently in the 
lungs of hamsters, causing severe pathological lung 
lesions following intranasal infection. In addition, mi-
crocomputed tomographic imaging revealed severe 
lung injury that shared characteristics with SARS-
CoV-2−infected human lung, including severe, bilat-
eral, peripherally distributed, multilobular ground 
glass opacity, and regions of lung consolidation. 
SARS-CoV-2−infected hamsters mounted neutraliz-
ing antibody responses and were protected against 
subsequent rechallenge with SARS-CoV-2. Moreover, 
passive transfer of convalescent serum to naïve ham-
sters efficiently suppressed the replication of the virus 
in the lungs even when the serum was administrated 
two days post-infection of the serum-treated ham-
sters. Collectively, these findings demonstrate that 

this Syrian hamster model will be useful for under-
standing SARS-CoV-2 pathogenesis and testing vac-
cines and antiviral drugs. 

6.  Transmission of SARS-CoV-2 in Domestic 
Cats.

Halfmann PJ1, Hatta M1, Chiba S1, Maemura T1, 
Fan S1, Takeda M17, Kinoshita N9, Hattori SI6, 
Sakai-Tagawa Y, Iwatsuki-Horimoto K, Imai M, 
Kawaoka Y

Reports of human-to-feline transmission of SARS-
CoV-2 prompted us to evaluate nasal shedding of this 
virus from inoculated cats and its subsequent trans-
mission by direct contact between virus-inoculated 
cats and cats with no previous infection with the vi-
rus.  SARS-CoV-2 replicated efficiently in cats and 
transmitted well between cats without any symp-
toms. These results suggest that cats may be a silent 
intermediate host of SARS-CoV-2.
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1.  Elucidation of the pathogenic mechanism of 
overlap syndrome with both autoimmune hep-
atitis (AIH) and primary biliary cholangitis 
(PBC) symptoms

Shin-Ichiroh Saitoh 1, Kenichi Harada3, Yoshiko 
Mori Saitoh 1, Ge-Hong Sun-Wada 4, Yoh Wada 5, 
and Kensuke Miyake 1, 2

1Division of Infectious Genetics, Department of Mi-
crobiology and Immunology. 2Laboratory of Innate 
Immunity, The Institute of Medical Science, The 
University of Tokyo, 4-6-1 Shirokanedai, Minatoku, 
Tokyo 108-8639, Japan.
3Department of Human Pathology, Kanazawa Uni-
versity School of Medicine, Kanazawa 920-8640, Ja-
pan.
4Department of Biochemistry, Faculty of Pharma-
ceutical Sciences, Doshisha Women’s College, 
Kohdo, Kyotanabe, Kyoto 610-0395, Japan.
5Division of Biological Science, Institute of Scientific 

and Industrial Research, Osaka University, 8-1 Mi-
hogaoka, Ibaraki, Osaka 567-0047, Japan.

Autoimmune hepatitis (AIH) and primary biliary 
cholangitis (PBC) are intractable diseases whose path-
ogenic mechanism is largely unknown. Patients with 
features of both AIH and PBC are diagnosed with 
overlap syndrome.  The mechanism of the onset of 
overlap syndrome is completely unknown, and it is 
currently regarded only as variants of AIH or variants 
of PBC. We focused on dendritic cells (DCs), which 
play a central role in both acquired immunity and in-
nate immunity. Antigen presentation for T cell activa-
tion is performed on DCs to activate acquired immu-
nity. It has been reported that intracellular vesicle 
transport plays an important role in antigen presenta-
tion. We were interested in what happens to the im-
mune system if the vesicle transport is suppressed in 
DCs. To solve this question, we generated a gene-de-
ficient mouse that specifically stops the vesicle trans-
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Immune cells express multiple Toll-like receptors (TLRs) that are simultaneously 
activated by various pathogen products derived from microorganisms and viruses. 
Recent reports have shown that an imbalance in TLR responses results in 
autoimmune disease. Nucleic acid-sensing (NA-sensing) TLRs detect not only 
bacterial and viral NAs, but also host-derived NAs. To avoid excessive immune 
responses to host-derived NA, there may be regulatory mechanisms that control 
TLRs expression, localization, and function. From this speculation, it is considered 
that TLRs are involved not only in autoimmune diseases but also in the onset of 
many diseases. Our research focuses on regulatory mechanisms that control TLR-
mediated recognition of pathogenic ligands and identification of endogenous 
ligands. Our research goal is to elucidate the pathogenic mechanisms of 
histiocytosis and autoimmune diseases that are thought to be caused by TLRs.
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port in DCs. Then, all gene-deficient mice died until 
41 weeks old. We found that the overlap syndrome 
characterized by both AIH and PBC developed in the 
mice. In the lymph nodes of the mice, CD4 T cells 
were activated and differentiated into Tfh cells and 
Th1 cells, and in the liver, CD8 T cells were strongly 
activated and differentiated into cytotoxic T cells ex-
pressing granzyme B. In the DCs with abnormal vesi-
cle transport, the expression of major histocompati-
bility complex (MHC) was significantly enhanced, 
and the delayed degradation of MHC enhanced the 
antigen presentation to CD8 T cells. From now on, we 
plan to elucidate the onset mechanism of this overlap 
syndrome.

2.  Nucleosides drive histiocytosis in SLC29A3 
disorders by activating TLR7

Takuma Shibata1, Masato Taoka2, Shin-Ichiroh Sai-
toh1, Yoshio Yamauchi2, Yuji Motoi1, Mayumi 
Komine4, Etsuko Fujita4, Ryota Sato1, Hiroshi Saga-
ra3, Takeshi Ichinohe5, Mimi Kawazoe1, Chiharu 
Kato1, Katsuhiro Furusho1, Yusuke Murakami1, 
Ryutaro Fukui1, Mamitaro Ohtsuki4, Umeharu 
Ohto6, Toshiyuki Shimizu6, Nobuaki Yoshida7, Toshi-
aki Isobe2, Kensuke Miyake1

1Division of Innate Immunity, Department of Micro-
biology and Immunology, The Institute of Medical 
Science, The University of Tokyo, 4-6-1 Shirokane-
dai, Minato-ku, Tokyo 108-8639, Japan. 2Depart-
ment of Chemistry, Graduate School of Science, To-
kyo Metropolitan University, Minami-osawa 1-1, 
Hachioji, Tokyo 192-0397, Japan. 3Medical Pro-
teomics Laboratory, The Institute of Medical Sci-
ence, The University of Tokyo, 4-6-1 Shirokanedai, 
Minato-ku, Tokyo 108-8639, Japan. 4Department of 
Dermatology, Jichi Medical University, 3311-1 Yak-
ushiji, Shimotsuke, Tochigi 329-0498, Japan. 5Divi-
sion of Viral Infection, Department of Infectious 
Disease Control, International Research Center for 
Infectious Diseases, Institute of Medical Science, 
The University of Tokyo, Minato-ku, Tokyo 108-
8639, Japan.6Graduate School of Pharmaceutical 
Sciences, The University of Tokyo, 7-3-1 Hongo, 
Bunkyo-ku, Tokyo 113-0033, Japan. 7Laboratory of 
Developmental Genetics, Center for Experimental 
Medicine and Systems Biology, The Institute of 
Medical Science, The University of Tokyo, 4-6-1 Shi-
rokanedai, Minato-ku, Tokyo 108-8639, Japan.

A lysosomal transmembrane protein SLC29A3 
transports nucleosides from lysosomes to the cyto-
plasm. Loss-of-function mutations of the SLC29A3 
gene cause lysosomal nucleoside storage in mono-
cyte/macrophages, leading to their accumulation 

called histiocytosis in humans and mice. Little is 
known, however, about a mechanism behind nucleo-
side-dependent histiocytosis. TLR7, an innate im-
mune sensors for single stranded RNA, bind and re-
spond to nucleosides. We here show that they drive 
nucleoside-mediated histiocytosis. Patrolling mono-
cyte/macrophages accumulate in the spleen of Sl-
c29a3‒/‒ mice but not Slc29a3‒/‒ Tlr7‒/‒ mice. Accu-
mulated patrolling monocyte/macrophages stored 
nucleosides derived from cell corpse. TLR7 was re-
cruited to phagosomes and activated as evidenced by 
TLR7-dependent phagosomal maturation. TLR7 in-
duced hyper-responsiveness to M-CSF in Slc29a3‒/‒ 
monocyte/macrophages. These results suggest that 
TLR7 drives histiocytosis in SLC29A3 disorders.

3.   Toll-like receptor 7 is a factor of type 1 diabe-
tes in NOD mice

Ryutaro Fukui1, Atsuo Kanno1, Yuji Motoi1, Yusuke 
Murakami1, 2, Kensuke Miyake1,3: 1Division of Innate 
Immunity, Department of Microbiology and Immu-
nology, 3Laboratory of Innate Immunity, Center for 
Experimental Medicine and Systems Biology, The 
Institute of Medical Science, The University of To-
kyo. 2Department of Pharmacotherapy, Research 
Institute of Pharmaceutical Sciences, Musashino 
University

Type 1 diabetes (T1D) is an autoimmune disease 
characterized by the destruction of beta cells by infil-
trating CD8+ T cells in the islet. Autoantibody produc-
tion (e.g. anti-GAD65) also contributes to the devel-
opment of T1D, thus acquired immune system is 
thought as main player of progression for T1D. Al-
though pathogenic roles of the acquired immune sys-
tem are well established, a role of the innate immune 
system in T1D remains unclear.

Toll-like receptor 7 (TLR7), an RNA-sensing TLR, 
is known to drive a variety of autoimmune diseases. 
We here show that TLR7 drives disease progression in 
T1D. In WT Non-Obese Diabetes (NOD) mice, the on-
set rate of T1D reached about 70% by 7 mo of age, 
whereas the onset rate of Tlr7-/- NOD mice was as low 
as 30 % at 7 mo. The infiltration of immune cells into 
islets was attenuated in Tlr7-/- NOD mice. The number 
of CD11b+/Ly6C-/FcγR4+/TLR7+ monocytes (patrolling 
monocyte, patMC) in spleen and the expression of 
FcγR4 on the subset were decreased by TLR7 defi-
ciency. Autoantibody production was reduced by 
TLR7 deficiency, however, the number of plasma cells 
was not changed. These results suggest that TLR7 
drives disease progression through the activation of 
patrolling monocyte/macrophages in NOD mice.
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1.   Identification of a Herpes Simplex Virus 1 Gene 
Encoding Neurovirulence Factor by Chemical 
Proteomics

Akihisa Kato, Shungo Adachi1, Shuichi Kawano2, 
Kousuke Takeshima, Mizuki Watanabe, Shinobu 
Kitazume3, Ryota Sato4, Hideo Kusano1, Naoto Koy-
anagi, Yuhei Maruzuru, Jun Arii, Tomohisa Hatta1, 
Tohru Natsume1 & Yasushi Kawaguchi: 1Molecular 
Profiling Research Center for Drug Discovery (mol-
prof), National Institute of Advanced Industrial Sci-
ence and Technology (AIST), Tokyo 2Department of 
Computer and Network Engineering, Graduate 
School of Informatics and Engineering, The Univer-
sity of Electro-Communications, Tokyo 3Preparing 
Section for New Faculty of Medical Science, Fukus-
hima Medical University, Fukushima City, Fukush-
ima 4Division of Innate Immunity, Department of 
Microbiology and Immunology, The Institute of 
Medical Science, The University of Tokyo

Identification of the complete set of translated 
genes of viruses is important to understand viral rep-
lication and pathogenesis as well as for therapeutic 
approaches to control viral infection. Here, we use 
chemical proteomics, integrating bio-orthogonal 

non-canonical amino acid tagging and high-resolu-
tion mass spectrometry, to characterize the newly 
synthesized herpes simplex virus 1 (HSV-1) proteome 
in infected cells. In these infected cells, host cellular 
protein synthesis is shut-off, increasing the chance to 
preferentially detect viral proteomes. We identify 
nine previously cryptic orphan protein coding se-
quences whose translated products are expressed in 
HSV-1-infected cells. Functional characterization of 
one identified protein, designated piUL49, shows that 
it is critical for HSV-1 neurovirulence in vivo by regu-
lating the activity of virally encoded dUTPase, a key 
enzyme that maintains accurate DNA replication. 
Our results demonstrate that cryptic orphan protein 
coding genes of HSV-1, and probably other large 
DNA viruses, remain to be identified.

2.  Phosphoregulation of a conserved herpesvi-
rus tegument protein by a virally encoded pro-
tein kinase in viral pathogenicity and potential 
linkage between its evolution and viral phylog-
eny

Misato Shibazaki, Akihisa Kato, Kosuke Takeshi-
ma, Jumpei Ito1, Mai Suganami1, Naoto Koyanagi, 
Yuhei Maruzuru, Kei Sato1, Yasushi Kawaguchi: 
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In our laboratory, we are promoting strategic fundamental research aimed at 
developing a novel method of viral infection control by elucidating the mechanism 
underlying viral proliferation/pathology. Moreover, using viruses as a biological 
probe, we are also challenging next-generation virology to reconsider viruses as a 
homeostasis factor and explore their significance, in addition to unraveling cells 
and physiological control mechanisms that cannot be elucidated by research on 
normal human hosts.
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1Division of Systems Virology, Department of Infec-
tious Disease Control, International Research 
Center for Infectious Diseases, Institute of Medical 
Science, University of Tokyo

Us3 proteins of herpes simplex virus 1 (HSV-1) 
and HSV-2 are multifunctional serine-threonine pro-
tein kinases. Here, we identified an HSV-2 tegument 
protein, UL7, as a novel physiological substrate of 
HSV-2 Us3. Mutations in HSV-2 UL7, which preclud-
ed Us3 phosphorylation of the viral protein, signifi-
cantly reduced mortality, viral replication in the vagi-
na, and development of vaginal disease in mice 
following vaginal infection. These results indicated 
that Us3 phosphorylation of UL7 in HSV-2 was re-
quired for efficient viral replication and pathogenicity 
in vivo. Of note, this phosphorylation was conserved 
in UL7 of chimpanzee herpesvirus (ChHV), which 
phylogenetically forms a monophyletic group with 
HSV-2 and the resurrected last common ancestral 
UL7 for HSV-2 and ChHV. In contrast, the phospho-
rylation was not conserved in UL7s of HSV-1, which 
belongs to a sister clade of the monophyletic group, 
the resurrected last common ancestor for HSV-1, 
HSV-2, and ChHV, and other members of the genus 
Simplexvirus that are phylogenetically close to these 
viruses. Thus, evolution of Us3 phosphorylation of 
UL7 coincided with the phylogeny of simplex viruses. 
Furthermore, artificially induced Us3 phosphoryla-
tion of UL7 in HSV-1, in contrast to phosphorylation 
in HSV-2, had no effect on viral replication and path-
ogenicity in mice. Our results suggest that HSV-2 and 
ChHV have acquired and maintained Us3 phos-
phoregulation of UL7 during their evolution because 
the phosphoregulation had an impact on viral fitness 
in vivo, whereas most other simplex viruses have not 
because the phosphorylation was not necessary for 
efficient fitness of the viruses in vivo.

3.  Role of phosphatidylethanolamine biosynthe-
sis in herpes simplex virus 1-infected cells on 
progeny virus morphogenesis in the cyto-
plasm and on viral pathogenicity in vivo

Jun Arii1, Ayano Fukui, Yuta Shimanaka2, Nozomu 
Kono2, Hiroyuki Arai2, Yuhei Maruzuru, Naoto 
Koyanagi, Akihisa Kato, Yasuko Mori1, Yasushi Ka-
waguchi: 1 Division of Clinical Virology, Center for 
Infectious Diseases, Kobe University Graduate 
School of Medicine, Kobe, Hyogo 2Laboratory of 
Health Chemistry, Graduate School of Pharmaceu-
tical Sciences, The University of Tokyo

Glycerophospholipids are major components of 
cell membranes. Phosphatidylethanolamine (PE) is a 
glycerophospholipid that is involved in multiple cel-
lular processes, such as membrane fusion, the cell cy-
cle, autophagy, and apoptosis. In this study, we in-
vestigated the role of PE biosynthesis in herpes 

simplex virus 1 (HSV-1) infection by knocking out the 
host cell gene encoding phosphate cytidylyltrans-
ferase 2, ethanolamine (Pcyt2), which is a key rate-lim-
iting enzyme in one of the two major pathways for PE 
biosynthesis. Pcyt2 knockout reduced HSV-1 replica-
tion and caused an accumulation of unenveloped and 
partially enveloped nucleocapsids in the cytoplasm of 
an HSV-1-infected cell culture. A similar phenotype 
was observed when infected cells were treated with 
meclizine, which is an inhibitor of Pcyt2. In addition, 
treatment of HSV-1-infected mice with meclizine sig-
nificantly reduced HSV-1 replication in the mouse 
brains and improved their survival rates. These re-
sults indicated that PE biosynthesis mediated by 
Pcyt2 was required for efficient HSV-1 envelopment 
in the cytoplasm of infected cells and for viral replica-
tion and pathogenicity in vivo. The results also iden-
tified the PE biosynthetic pathway as a possible novel 
target for antiviral therapy of HSV-associated diseas-
es and raised an interesting possibility for meclizine 
repositioning for treatment of these diseases, since it 
is an over-the-counter drug that has been used for 
decades against nausea and vertigo in motion sick-
ness.

4.  ESCRT-III controls nuclear envelope deforma-
tion induced by progerin

Jun Arii, Fumio Maeda, Yuhei Maruzuru, Naoto 
Koyanagi, Akihisa Kato, Yasuko Mori & Yasushi 
Kawaguchi

Hutchinson-Gilford progeria syndrome (HGPS) is 
a premature aging disorder, caused by mutation in 
the gene encoding lamin A/C, which produces a trun-
cated protein called progerin. In cells from HGPS pa-
tients, progerin accumulates at the nuclear membrane 
(NM), where it causes NM deformations. In this 
study, we investigated whether progerin-induced 
NM deformation involved ESCRT-III, a protein com-
plex that remodels nuclear and cytoplasmic mem-
branes. The ESCRT-III protein CHMP4B was recruit-
ed to sites of aberrant NM proliferation in human 
cells ectopically expressing progerin and in pa-
tient-derived HGPS fibroblasts. Derepression of NM 
deformation in these cells was observed following 
depletion of CHMP4B or an ESCRT-III adaptor, ALIX. 
Treatment with rapamycin (which induce autophagic 
clearance of progerin and reverse progerin-induced 
cellular phenotypes) down-regulated progerin-in-
duced NM deformation, whereas treatment with bafi-
lomycin A1 (an inhibitor of autophagy and lyso-
some-based degradation) or CHMP4B depletion 
antagonized the effects of rapamycin. These results 
indicate that the ALIX-mediated ESCRT-III pathway 
plays a suppressive role in progerin-induced NM 
deformation and suggest that autophagy down-regu-
lates progerin-induced NM deformation in a manner 
dependent on ESCRT-III machinery.
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1.  Researches and development of a mRNA vac-
cine and monoclonal antibodies against SARS-
CoV-2

In 2020, the coronavirus disease (COVID-19) pan-
demic caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) led to the successful de-
velopment of two mRNA-based vaccines, encoding 
the full length of the viral surface spike protein, with 
high efficacy and reasonable safety. However, reacto-
genicity, such as fever, caused by innate immune re-
sponses to the vaccine formulation remains to be im-
proved. To overcome this potential issue, we 
developed a lipid nanoparticle (LNP)-based mRNA 
vaccine, encoding the SARS-CoV-2 spike protein re-
ceptor-binding domain (LNP-mRNA-RBD), that im-
proved immunogenicity by removing reactogenic 
materials from the vaccine formulation in mice and 
conferred protection against SARS-CoV-2 infection. 
The vaccine is filed for patent, finished for pre-clinical 
development, and is underway to first in human clin-
ical trial by the end of March 2021.

In addition to vaccine development, we started to 
generate monoclonal antibody against SARS-CoV-2 
obtained from the volunteer recovered from COV-
ID-19. We have obtained several clones with very 

high affinity, filed for patent, and now is underway 
for its efficacy in the animal model. 

2.   Discovery of Self-Assembling Small Molecules 
as Vaccine Adjuvants

Immune potentiators, termed adjuvants, trigger 
early innate immune responses to ensure the genera-
tion of robust and long-lasting adaptive immune re-
sponses of vaccines. Presented here is a study that 
takes advantage of a self-assembling small-molecule 
library for the development of a novel vaccine adju-
vant. Cell-based screening of the library and subse-
quent structural optimization led to the discovery of a 
simple, chemically tractable deoxycholate derivative 
(molecule 6, also named cholicamide) whose well-de-
fined nanoassembly potently elicits innate immune 
responses in macrophages and dendritic cells. Func-
tional and mechanistic analyses indicate that the vi-
rus-like assembly enters the cells and stimulates the 
innate immune response through Toll-like receptor 7 
(TLR7), an endosomal TLR that detects single-strand-
ed viral RNA. As an influenza vaccine adjuvant in 
mice, molecule 6 was as potent as Alum, a clinically 
used adjuvant. The studies described here pave the 
way for a new approach to discovering and designing 
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Primary goal of our laboratory is to understand the immunological mechanisms of 
the intra- and inter-cellular signaling pathways that mediate the immunogenicity of 
successful vaccines, as well as biological responses to adjuvants.  Such knowledge 
will enable us to develop novel concepts, modalities and next generation immuno-
preventive and/or therapeutic agents against infectious diseases, cancer and 
allergy as well as other non-communicable diseases.
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self-assembling small-molecule adjuvants against 
pathogens, including emerging viruses. 

3.   IL-33  Is  Essential  for  Adjuvant  Effect  of  Hy-
droxypropyl-β-Cyclodexrin  on  the  Protective 
Intranasal Influenza Vaccination

Vaccine adjuvants are traditionally used to aug-
ment and modulate the immunogenicity of vaccines, 
although in many cases it is unclear which specific 
molecules contribute to their stimulatory activity. We 
previously reported that both subcutaneous and in-
tranasal administration of hydroxypropyl-β-cyclo-
dextrin (HP-β-CD), a pharmaceutical excipient wide-
ly used to improve solubility, can act as an effective 
adjuvant for an influenza vaccine. However, the 
mechanisms by which mucosal immune pathway is 
critical for the intranasal adjuvant activity of HP-β-
CD have not been fully delineated. Here, we show 
that intranasally administered HP-β-CD elicits a tem-
porary release of IL-33 from alveolar epithelial type 2 

cells in the lung; notably, IL-33 expression in these 
cells is not stimulated following the use of other vac-
cine adjuvants. The experiments using gene deficient 
mice suggested that IL-33/ST2 signaling is solely re-
sponsible for the adjuvant effect of HP-β-CD when it 
is administered intranasally. In contrast, the subcuta-
neous injection of HP-β-CD and the intranasal admin-
istration of alum, as a damage-associated molecular 
patterns (DAMPs)-inducing adjuvant, or cholera tox-
in, as a mucosal adjuvant, enhanced humoral immu-
nity in an IL-33-independent manner, suggesting that 
the IL-33/ST2 pathway is unique to the adjuvanticity 
of intranasally administered HP-β-CD. Furthermore, 
the release of IL-33 was involved in the protective im-
munity against influenza virus infection which is in-
duced by the intranasal administration of 
HP-β-CD-adjuvanted influenza split vaccine. In con-
clusion, our results suggest that an understanding of 
administration route- and tissue-specific immune re-
sponses is crucial for the design of unique vaccine ad-
juvants.
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1.   The host targeting effect of chloroquine in ma-
laria

Cevayir Coban1,2: 1Division of Malaria Immunology, 
Department of Microbiology and Immunology, The 
Institute of Medical Science (IMSUT), The Univer-
sity of Tokyo; 2Laboratory of Malaria Immunology, 
Immunology Frontier Research Center (IFReC), 
Osaka University. 

Due to the rapid onset and spread of the COV-
ID-19 pandemic, the treatment of COVID-19 patients 
by hydroxychloroquine alone or in combination with 
other drugs has captured a great deal of attention and 
triggered considerable debate. Historically, the 
worldwide use of quinoline based-drugs has led to a 
spectacular reduction in death from malaria. Unfortu-
nately, scientists have been forced to seek alternative 
drugs to treat malaria due to the emergence of chloro-
quine-resistant parasites in the 1960s. The repurpos-
ing of hydroxychloroquine against viral infections, 
various types of cancer and autoimmune diseases has 
been ongoing for more than 70 years, with no clear 
understanding of its mechanism of action (MOA). 
Here, in the current review article, we closely exam-
ine the MOA of this old but influential drug in and 
beyond malaria. Better insights into how chloroquine 
targets the host’s cellular and immune responses may 

help to develop applications against to new patho-
gens and diseases, and perhaps even restore the clini-
cal utility of chloroquine against malaria. 

2.  Heparin induces neutrophil elastase-depend-
ent vital and lytic NET formation

Patrick M. Lelliott1, Masatoshi Momota2,3, Takayuki 
Shibahara2,3, Michelle S. J. Lee1, Nicholas I Smith4, 
Ken J. Ishii2,3,5, and Cevayir Coban1,6: 1Laboratory 
of Malaria Immunology, and 2Laboratory of Vac-
cine Science, Immunology Frontier Research Center 
(IFReC), Osaka University, 3Laboratory of Adju-
vant Innovation, National Institutes of Biomedical 
Innovation, Health and Nutrition (NIBIOHN), Osa-
ka, 4Biophotonics Laboratory, Immunology Fron-
tier Research Center (IFReC), Osaka University, 
5Division of Vaccine Science, and 6Division of Malar-
ia Immunology, The Institute of Medical Science 
(IMSUT), The University of Tokyo

We recently developed an automated analysis 
method by using imaging flow cytometry that allows 
quantifying neutrophil extracellular traps (NETs) in 
vitro and in vivo (Lelliott et al., Cytometry A, 2019). We 
next demonstrated a new finding, an ability of hepa-
rin to induce NETs. Heparin is used extensively as an 
anticoagulant in a broad range of diseases and proce-

Department of Microbiology and Immunology

Division of Malaria Immunology
マラリア免疫学分野

Professor Cevayir Coban M.D., Ph.D. 
Project Assistant Professor Michelle S.J. Lee, Ph.D.

教　授　　博士（医学）　　チョバン　ジェヴァイア
特任助教　博士（医学）　　リー ミシェル

Malaria, caused by Plasmodium parasites, often leads to severe complications 
such as cerebral malaria and death. The immune pathology causing these 
complications is poorly defined. In our lab, we elucidate the mechanisms involved 
in the host immune system and Plasmodium parasites interactions. We develop 
new techniques to understand these interactions. Our final goal is to develop 
vaccines and vaccine modalities against malaria and other infectious diseases.
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dures; however, its biological effects are not limited to 
coagulation and remain incompletely understood. 
For instance, heparin usage can lead to the life-threat-
ening complication known as heparin-induced 
thrombocytopenia (HIT), caused by the development 
of antibodies against heparin/PF4 complexes. We 
found that after heparin stimulation, NETs occurred 
with cell lysis and death, but live neutrophils releas-
ing extracellular DNA strands, known as vital NETs, 
also occurred abundantly. Formation of NETs was 

time and dose dependent, and required reactive oxy-
gen species and neutrophil elastase. Other com-
pounds related to heparin such as low molecular 
weight heparin, fondaparinux and heparan sulfate 
either failed to induce NETs, or did so to a much less-
er extent. Our findings suggest the ability of heparin 
to directly induce NET formation and it should be 
considered in the context of heparin treatment and 
HIT pathogenesis.

Publications

Coban C. The host targeting effect of chloroquine in 
malaria. Curr Opinion Immunol. Oct;66:98-107, 
2020. 

Lelliott PM, Momota M, Shibahara T, Lee MSJ, Smith 
NI, Ishii KJ, Coban C. Heparin induces neutrophil 
elastase dependent vital and lytic NET formation. 
Int. Immunol. May 8;32(5):359-368, 2020. 

Momota M, Lelliott P, Kubo A, Kusakabe T, Kobi-
yama K, Kuroda E, Imai Y, Akira S, Coban C, Ishii 
KJ. ZBP1 governs the inflammasome-independent 
IL-1α and neutrophil inflammation that play a dual 
role in anti-influenza virus immunity. Int. Immu-
nol. Mar 7;32(3):203-212, 2020. 
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1.  The biological functions of cell-cell interaction 
in human oncogenesis

Takeshi Ito, Yumi Tsuboi, Yutaka Kasai, Toko Funa-
ki, Yuki Azuma, Yoshiaki Kanamura, Etsu Kaku, 
Ryuki Shibata, Yuto Tanaka, Mizuki Tominaga, 
Miko Komiya, Yuya Sohinohara, Tomoko Masuda, 
Hiromi Ichihara, Kaoru Kiguchi, Motoi Oba, Zen-
ichi Tanei1, Akiteru Goto2, Daisuke Matsubara3 and 
Yoshinori Murakami; 1Department of Cancer Pa-
thology, Faculty of Medicine, Hokkaido University, 
Sapporo, 2Department of Cellular and Organ Pa-
thology, Graduate School of Medicine, Akita Uni-
versity, Akita, 3Department of Integrative Patholo-
gy, Jichi Medical University, Shimotsuke, Japan

Disruption of cell adhesion is a critical step to in-
vasion and metastasis of human cancer and their ac-
quired resistance to several anti-cancer and molecular 
targeting drugs. CADM1/TSLC is an immunoglobu-
lin superfamily cell adhesion molecule (IgCAMs) and 
acts as a tumor suppressor in various epithelial can-
cers. By contrast, CADM1 promotes cell invasion and 
metastasis in adult T-cell leukemia (ATL) or small cell 

lung cancer (SCLC). We are currently investigating 
molecular pathways of CADM1 underlying its dual 
roles in oncogenesis. For this purpose, we investigat-
ed CADM1-associated proteins comprehensively us-
ing mass spectrometry of immune-precipitates of 
CADM1 and identified a transmembrane adaptor 
protein, Csk-binding protein (Cbp), known to sup-
press Src-mediated transformation, as a binding part-
ner of CADM1. CADM1 co-immunoprecipitated with 
Cbp and c-Src and suppresses c-Src activation, wound 
healing and tumorigenicity of a human colon cancer 
cell. CADM1 would act as a colon tumor suppressor 
by intervening oncogenic c-Src signaling through 
binding with Cbp besides its authentic cell adhesion 
activity (1). 

On the other hand, CADM1 is highly expressed in 
SCLC and promotes colony formation of SCLC cells 
in soft agar. We found that one of the 4.1-binding pro-
teins, 4.1R, was responsible for suppression of colony 
formation by CADM1 in SCLC cells. In primary 
SCLC, CADM1 expression was correlated with mem-
branous localization of 4.1R and was associated with 
more advanced tumor stage. These results suggest 
that the formation of CADM1–4.1R complex would 
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Human cancers develop and progress toward malignancy through accumulation of 
multiple genetic and epigenetic alterations. Elucidation of these alterations is 
essential to provide molecular targets for prevention, diagnosis, and treatment of 
cancer. Our current interest is to understand the roles of cell-cell interaction in 
invasion, metastasis, drug resistance and immunological responses of cancer. 
Genomic and epigenomic abnormalities involved in human tumors, including small 
cell lung cancer, adult T-cell leukemia, cholangiocarcinoma, lung, breast, head and 
neck and urological cancers, as well as genetic susceptibility to various common 
diseases are also being investigated.
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promote malignant features of SCLC (2).
We are also investigating possible crosstalk of Ig-

CAMs and its biological and immunological signifi-
cance comprehensively by cloning more than 300 Ig-
CAMs expressed in human cells and analyzing 
molecule-molecule interactions using the surface 
plasmon resonance imaging (SPRi) and the amplified 
luminescence proximity homogenous assay (AL-
PHA). Significant interaction was then evaluated indi-
vidually using biological assay generated in our labo-
ratory. We have identified several candidate IgSFs 
involved in cancer metastasis and tumor im-
mune-checkpoint regulation. 

2.  Studies for establishing novel diagnostic and 
therapeutic approaches to small cell lung can-
cer and several human cancer 

Takeshi Ito, Motoi Oba, Tomoko Masuda, Zenichi 
Tanei1, Daisuke Matsubara3 and Yoshinori Mu-
rakami: 

CADM1 is overexpressed in adult T-cell leukemia 
(ATL) and small cell lung cancer (SCLC), conferring 
invasive or metastatic phenotypes characteristic to 
ATL or SCLC. Interestingly, SCLC expresses a splic-
ing variant of CADM1v8/9 containing a unique jux-
ta-membrane fragment, which is specific to normal 
testis and SCLC. Since CADM1v8/9 fragments are di-
gested by protease and released into blood stream, 
this fragment could provide a novel serum marker of 
SCLC. Thus, to establish a sensitive and specific se-
rum marker for diagnosis of SCLC, monoclonal anti-
bodies against the fragments of CADM1v8/9 have 
been generated and characterized (PCT/
JP2019/011201). This detection systems of SCLC are 
being validated using the serum from SCLC patients 
in collaboration with clinical oncologists in the Uni-
versity of Tokyo Hospital and National Cancer Center 
Hospital. Additional antibodies against CADM1 are 
being tested for their anti-tumor activity against 
SCLC by radioisotope- or drug-conjugated antibod-
ies. 

3.  Analyses of genomic and epigenomic altera-
tions of human lung, breast and other cancers.  

Fumi Murakami, Ayaka Sato, Takeshi Ito, Diasuke 
Matsubara3, and Yoshinori Murakami:

To unveil additional molecular mechanisms un-
derlying multistage carcinogenesis, genomic, epig-
enomic, and transcriptional alterations in key mole-
cules in human tumorigenesis were examined in 
various cancers. We examined somatic alterations at 
sites of CNV in DNA from 92 breast cancers using a 
CNV-specific Comparative Genomic Hybridization 
array with 412,000 sites or quantitative PCR analysis. 
Somatic copy number alterations (CNAs) were de-
tected in 39.9% of the CNV probes examined. When 
CNA fragments were categorized according to their 
size, CNAs smaller than 10kb correlated significantly 
with ER-positivity and lower NG, providing a novel 
mechanism in ER-positive breast carcinogenesis (3).

Furthermore, germline mutations of cancer-relat-
ed genes were examined in a large number of patients 
from prostate, pancreatic and colorectal cancer using 
the samples in BioBank Japan (BBJ) in collaboration 
with scientist in Riken (4-6). Molecular mechanisms 
of cancer progression in response to hypoxia and 
transcriptional regulation of lung cancer were also 
analyzed in collaboration with former colleagues (7-
10).

4.  Genomic-epidemiological studies of various 
human diseases and phenotypes using the 
materials and information of Biobank Japan.

Yoshinori Murakami, Takayuki Morisaki, Masaru 
Koido, Atsuko Hiraishi, Makoto Hirata, Yoichiro 
Kamatani4 and Koichi Matsuda; 4Laboratory of 
Complex Trait Genomics and 5Laboratory of Clini-
cal Genome Sequencing, Graduate School of Fron-
tier Sciences, The University of Tokyo

To understand the molecular mechanisms of dis-
eases and their genetic risks of individuals, ge-
nome-wide association studies (GWAS) were carried 
out or polygenic risk scores (PRS) were evaluated 
(11,12) using genomic and clinical information of pa-
tients accumulated in BBJ in collaboration with oth-
ers. The targets include pancreatic, endometrial and 
cervical cancers (13-15), coronary artery diseases and 
other common diseases (16-19), hematopoietic clonal-
ity (20-22) and various phenotypes (23-29). These re-
sults provide not only direct information for prevent-
ing and treating human diseases but also a novel 
concept in understanding various diseases and 
genomic heterogeneity.   

Publications
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subara D, Murakami Y. CADM1 suppresses c-Src 
activation by binding with Cbp on membrane li-
pid rafts and intervenes colon carcinogenesis. Bio-
chem. Biophys. Res. Commun., 529:854-860, 2020. 

2.   Funaki T, Ito T, Tanei Z, Goto A, Niki T, Matsubara 

D, Murakami Y.  CADM1 promotes malignant fea-
tures of small-cell lung cancer by recruiting 4.1R 
to the plasma membrane. Biochem. Biophys. Res. 
Commun., 534:172-178, 2021.
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Saito M, Murakami Y. Short somatic alterations at 
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1.  Molecular mechanism of the regulation of NF-
KB transcription factor

Jin Gohda1, Takao Seki2, Taishin Akiyama2 and 
Jun-ichiro Inoue: 1Center for Asian Infectious Dis-
eases, IMSUT; 2RIKEN Center for Integrative Med-
ical Sciences

Transcription factor NF-κB binds specifically to a 
decameric motif of nucleotide, κB site, and activates 
transcription. The activation of NF-κB has been 
demonstrated to be carried out post-translationally 
upon extracellular stimuli through membrane recep-

tors such as members of the TLR/IL-1R family and of 
TNFR superfamily. In canonical NF-κB pathway, NF-
κB forms a complex with regulatory protein, IκB, and 
is sequestered in the cytoplasm prior to stimulation. 
Upon stimulation, IκB is rapidly phosphorylated on 
two specific serine residues by IκB kinase (IKK) com-
plex followed by lysine 48 (K48)-linked ubiquitina-
tion and proteasome-dependent degradation of IκB. 
NF-κB subsequently translocates to the nucleus to ac-
tivate transcription of target genes. This project is to 
identify molecules that regulate signal from mem-
brane receptors to NF-κB/IκB complex. We have pre-
viously identified upstream activators of NF-κB, tu-
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Gene expression is largely regulated by signal transduction triggered by various 
stimulations. Several lines of evidence indicate that genetic defects of molecules 
involved in the signal transduction or the gene expression lead to abnormal cell 
differentiation or tumor formation. Our goal is to understand the molecular 
mechanisms of disease pathogenesis and oncogenesis by elucidating normal 
regulation of intracellular signal transduction and gene expression involved in cell 
proliferation and differentiation. We have identified and been interested in Tumor 
necrosis factor receptor-associated factor 6 (TRAF6), which acts as an E3 ubiquitin 
ligase to generate Lys63-linked polyubiquitin chains that are crucial for transducing 
signals emanating from the TNFR superfamily or the TLR/IL-1R family leading to 
activation of transcription factor NF-κB and AP-1. By generating TRAF6-deficient 
mice, we found that TRAF6 is essential for osteoclastogenesis, immune self-
tolerance, lymph node organogenesis and formation of skin appendices. We are 
currently focusing on molecular mechanisms underlying TRAF6-mediated activation 
of signal transduction pathways and how TRAF6 is involved in osteoclastogenesis 
and self-tolerance. In addition, NF-κB is constitutively activated in various cancer 
cells and this activation is likely involved in the malignancy of tumors. Thus, we are 
also investigating the molecular mechanisms of the constitutive activation of NF-κB 
and how this activation leads to the malignancy of breast cancers and adult T cell 
leukemia (ATL). In addition, we are investigating novel molecular mechanisms how 
tumor microenvironments and inflammation are regulated.
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mor necrosis factor receptor-associated factor (TRAF) 
6. TRAF6 contains RING domain in the N-terminus 
and acts as an E3 ubiquitin-ligase to catalyze the ly-
sine 63 (K63)-linked polyubiquitination of several sig-
naling molecules and TRAF6 itself. To understand the 
molecular mechanisms of TRAF6-mediated NF-κB 
activation, we try to identify proteins that are ubiquit-
inated by TRAF6 upon stimulation. We took advan-
tage of using the peptide that specifically binds K63-
linked polyubiquitin chain to purify such proteins. 
We have confirmed that the peptide-based affinity 
column is useful for specific concentration of recom-
binant K63-linked polyubiquitin chain, suggesting 
that it also works for purification of the proteins of 
our interest. We are also interested in noncanonical 
NF-κB pathway, which is crucial for immunity by es-
tablishing lymphoid organogenesis and B-cell and 
dendritic cell (DC) maturation. RelB is a major NF-κB 
subunit in the pathway. To elucidate the mechanism 
of the RelB-mediated immune cell maturation, a pre-
cise understanding of the relationship between cell 
maturation and RelB expression and activation at the 
single-cell level is required. Therefore, we generated 
knock-in mice expressing a fusion protein between 
RelB and fluorescent protein (RelB-Venus) from the 
Relb locus. The RelbVenus/Venus mice developed without 
any abnormalities observed in the Relb–/– mice, allow-
ing us to monitor RelB-Venus expression and nuclear 
localization as RelB expression and activation. RelbVe-

nus/Venus DC analyses revealed that DCs consist of RelB–

, RelBlow and RelBhigh populations. The RelBhigh popula-
tion, which included mature DCs with projections, 
displayed RelB nuclear localization, whereas RelB in 
the RelBlow population was in the cytoplasm. Al-
though both the RelBlow and RelB– populations barely 
showed projections, MHC II and co-stimulatory mol-
ecule expression were higher in the RelBlow than in the 
RelB– splenic conventional DCs. Taken together, our 
results identify the RelBlow population as a possible 
novel intermediate maturation stage of cDCs and the 
RelbVenus/Venus mice as a useful tool to analyze the dy-
namic regulation of the non-canonical NF-κB path-
way. 

2.  Molecular mechanism of RANK signaling in 
osteoclastogenesis

Saya Bando, Mizuki Yamamoto and Jun-ichiro In-
oue

Bone is an important organ, which supports body 
structure and hematopoiesis. Osteoclasts are large 
multinucleated cells, which have ability to degrade 
bone matrixes, and play a crucial role in bone homeo-
stasis in concert with osteoblast, which generates 
bone matrix. As a result of excess formation or activa-
tion of osteoclasts, pathological bone resorption is ob-
served in postmenopausal osteoporosis, rheumatoid 
arthritis and bone metastasis. Therefore, elucidating 

the molecular mechanism of osteoclastogenesis is im-
portant for understanding bone diseases and devel-
oping novel strategies to treat such diseases. Osteo-
clasts are differentiated from hematopoietic stem cells 
upon stimulation with macrophage colony-stimulat-
ing factor (M-CSF) and receptor activator of NF-κB 
ligand (RANKL). It is known that the activation of 
signal transduction pathway emanating from recep-
tor RANK is essential for osteoclastogenesis. The 
RANK signal activates transcriptional factors, NF-κB 
and AP-1, through the E3 ubiquitin ligase TRAF6, and 
induces activation of PLCγ2-mediated Ca2+ signaling 
pathway. These signals lead to the induction of 
NFATc1, a master transcriptional factor in osteoclas-
togenesis. We have previously demonstrated that 
RANK has a functional amino acid sequences, named 
Highly Conserved domain in RANK (HCR), which 
does not have any homology of amino-acid sequence 
with other proteins. The HCR acts as a platform for 
formation of signal complex including TRAF6, PLCγ2 
and adaptor protein Gab2. This formation of signal 
complex is involved in sustaining activation of RANK 
signaling, and is essential for the NFATc1 induction 
and osteoclastogenesis. To elucidate the physiological 
function of HCR, we have generated mice lacking 
HCR domain of RANK.

3.  Intratumoral bidirectional transitions between 
epithelial and mesenchymal cells in triple-neg-
ative breast cancer

Mizuki Yamamoto, Aya Watanabe, Yoko Hirayama 
and Jun-ichiro Inoue

Epithelial-mesenchymal transition (EMT) and its 
reverse process, MET, are crucial in several stages of 
cancer metastasis. EMT allows cancer cells to move to 
proximal blood vessels for intravasation. However, 
because EMT and MET processes are dynamic, mes-
enchymal cancer cells are likely to undergo MET tran-
siently and subsequently re-undergo EMT to restart 
the metastatic process. Therefore, spatiotemporal-
ly-coordinated mutual regulation between EMT and 
MET could occur during metastasis. 

To elucidate such regulation, we chose HCC38, a 
human triple-negative breast cancer cell line, because 
HCC38 is composed of epithelial and mesenchymal 
populations at a fixed ratio. We established E-cadher-
in- and Vimentin-reporter expressing HCC38 cells to 
analyze EMT status using FACS analysis. Using this 
cell, we performed CRISPR/Cas9-mediated screening 
for intratumoral EMT/MET-regulating genes and 
found 21 EMT-inducers and 3 MET-inducers. Now, 
we are analyzing molecular mechanisms of EMT and 
MET by candidate genes to develop novel therapeutic 
strategies for triple-negative breast cancer.
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4.  Molecular mechanism of the Flavi virus E-pro-
tein-mediated membrane fusion.

Mizuki Yamamoto, Yusuke Fujinami, Aya Watanabe 
and Jun-ichiro Inoue

We have developed a cell-based fusion assay for 
prME protein of Flavi virus in a low pH-dependent 
manner, using Aedes albopictus cell line C6/36 cells 
expressing Renilla luciferase (RL)-based split reporter 
proteins. Using this assay, we are performing chemi-
cal screening to investigate molecular mechanisms 
for the E-protein-mediated membrane fusion.

5.  Mint3 depletion attenuates proliferation in pan-
creatic cancer cells

Akane Kanamori, Jun-ichiro Inoue and Takeharu 
Sakamoto 

Pancreatic cancer is one of the deadliest cancers. 
Although severe hypoxia is characteristic for pancre-
atic cancer, most cancer cells grow in normoxic and 
modest hypoxic areas. Hypoxia inducible factor-1 
(HIF-1) is a master transcriptional factor for hypoxic 
response and thought to promote the malignancy of 
pancreatic cancer not only in severe hypoxic area but 
also in normoxic and modest hypoxic areas where 
cancer cells grow. However, the importance of HIF-1 
in pancreatic cancer proliferation under the normoxic 
condition remains unclear. To address this, we fo-
cused on Mint3 which activates HIF-1 even in nor-
moxia in cancer cells. Mint3 depletion attenuated pro-
liferation in human pancreatic cancer AsPC1, BxPC3, 
Panc-1, and MIA-PaCa2 cells. Further analyses re-
vealed that Mint3 depletion caused cell cycle arrest 
with increased p21 and p27 expression in pancreatic 

cancer cells in a HIF-1-dependent manner. In addi-
tion, Mint3 depletion attenuated epithelial mesenchy-
mal transition, stemness features, and chemore-
sistance in pancreatic cancer cells. Even in vivo, Mint3 
depletion attenuated orthotopic tumor growth of 
AsPC1 cells in immunodeficient mice. Database anal-
yses showed that high Mint3 expression correlates 
with poor prognosis of pancreatic cancer patients. 
Thus, Mint3 is a possible target for pancreas cancer 
treatment.

6.  Mint3 controls polarization of tumor-associat-
ed macrophages

Yuya Fukui, Jun-ichiro Inoue and Takeharu Saka-
moto 

Tumor-associated macrophages (TAMs) are 
thought to promote tumor malignancy. TAMs can be 
classified into two subtypes; an inflammatory M1-like 
subtype and an immune-suppressive M2-like sub-
type. Most TAMs polarize to the M2-like subtype, re-
sulting in decreased anti-tumor immunity and en-
hanced tumor progression. It has been reported that 
HIF-1 depletion attenuates expression of M2-related 
genes in TAMs. This prompted us to evaluate wheth-
er a HIF-1 activator, Mint3, can also control   TAM 
polarization in vivo. Myeloid-cell specific Mint3 
knockout (cKO) mice showed decreased tumor 
growth of subcutaneously inoculated LLC and MC38 
cells compared with control mice. TAMs from tumors 
of Mint3 cKO mice less polarized to the M2-like sub-
type. Further analyses of tumor infiltrated leucocytes 
showed that CD8+ T cells increased while Tregs de-
creased in tumors of Mint3 cKO mice, indicating im-
proved anti-tumor immunity in tumors of Mint3 cKO 
mice.

Publications

Niederkorn, M., Hueneman, K, Choi, K, Varney, M.E., 
Romano, L., Pujato, M.A., Greis, K.D., Inoue, J., 
Meetei, R. and Starczynowski. D.T. TIFAB regulates 

USP15-mediated p53 signaling during stressed and 
malignant hematopoiesis. Cell Rep. 30, 2776-2790.
e6. doi:10.1016/j.celrep.2020.01.093
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1.  Activation of the receptor tyrosine kinase 
MuSK by the cytoplasmic protein Dok-7 in neu-
romuscular synaptogenesis.

Eguchi, T., Tokuoka, T., Ueta, R., Tezuka, T.1, 
Weatherbee, SD.2, Watanabe, Y.3, Sagara, H.3, Naga-
toishi, S.3, Tsumoto, K.3, and Yamanashi, Y.: 1Center 
for the Promotion of Interdisciplinary Education 
and Research, Kyoto University. 2Department of 
Genetics, Yale University. 3Medical Proteomics Lab-
oratory, IMSUT. 

Protein-tyrosine kinases (PTKs) play crucial roles 
in a variety of signaling pathways that regulate prolif-
eration, differentiation, motility, and other activities 
of cells. Therefore, dysregulated PTK signals give rise 
to a wide range of diseases such as neoplastic disor-
ders. To understand the molecular bases of PTK-me-
diated signaling pathways, we identified Dok-1 as a 
common substrate of many PTKs in 1997. Since then, 
the Dok-family has been expanded to seven mem-
bers, Dok-1 to Dok-7, which share structural similari-
ties characterized by N-terminal pleckstrin homology 
(PH) and phosphotyrosine binding (PTB) domains, 
followed by Src homology 2 (SH2) target motifs in the 

C-terminal moiety, suggesting an adaptor function. 
Indeed, as described below, Dok-1 and Dok-2 recruit 
p120 rasGAP upon tyrosine phosphorylation to sup-
press Ras-Erk signaling. However, we found that 
Dok-7 acts as an essential cytoplasmic activator of the 
muscle-specific receptor tyrosine kinase (RTK) MuSK 
in the formation of the neuromuscular junction (NMJ), 
providing a new insight into RTK-mediated signal-
ing. It seems possible that local levels of cytoplasmic 
activators, like Dok-7, control the activity of RTKs in 
concert with their extracellular ligands.

The NMJ is a synapse between a motor neuron 
and skeletal muscle, where the motor nerve terminal 
is apposed to the endplate (the region of synaptic spe-
cialization on the muscle). The contraction of skeletal 
muscle is controlled by the neurotransmitter acetyl-
choline (ACh), which is released from the presynaptic 
motor nerve terminal. To achieve efficient neuromus-
cular transmission, acetylcholine receptors (AChRs) 
must be densely clustered on the postsynaptic muscle 
membrane of the NMJ. Failure of AChR clustering is 
associated with disorders of neuromuscular transmis-
sion such as congenital myasthenic syndromes and 
myasthenia gravis, which are characterized by fatiga-
ble muscle weakness. The formation of NMJs is or-
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The major interest of this division is in molecular signals that regulate a variety of 
cellular activities. Our aim is to address how dysregulated cellular signals give rise 
to neoplastic, immune, neural, metabolic, or developmental disorders. Our goal is 
to understand the molecular bases of tumorigenesis and the development of other 
intractable diseases as a path toward uncovering therapeutic targets. Currently, we 
are investigating regulatory mechanisms in protein-tyrosine kinase (PTK)-mediated 
signaling pathways, their pathophysiological roles and the potential for therapeutic 
intervention.
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chestrated by MuSK and by neural agrin, an extracel-
lular activator of MuSK. However, experimentally 
when motor nerves are ablated, AChRs form clusters 
in the correct, central region of muscle during embry-
ogenesis in a MuSK-dependent process known as 
prepatterning of the receptors. In addition, in vivo 
overexpression of MuSK causes neuromuscular syn-
apse formation in the absence of agrin, suggesting 
that muscle-intrinsic, cell-autonomous activation of 
MuSK may be adequate to trigger presynaptic and 
postsynaptic differentiation in vivo. However, the 
mechanisms by which MuSK is activated inde-
pendently of nerve and agrin had long been unclear.

Because both MuSK and the adaptor-like cyto-
plasmic protein Dok-7 are localized to the postsynap-
tic region of NMJs, we examined their interaction and 
found that Dok-7 is an essential cytoplasmic activator 
of MuSK. In addition, we found that Dok-7 directly 
interacts with the cytoplasmic portion of MuSK and 
activates the RTK, and that neural agrin requires Dok-
7 in order to activate MuSK. Indeed, in vivo overex-
pression of Dok-7 increased MuSK activation and 
promoted NMJ formation. Conversely, mice lacking 
Dok-7 formed neither NMJs nor AChR clusters. In ad-
dition, we found that postnatal knockdown of dok-7 
gene expression in mice causes structural defects in 
NMJs and myasthenic pathology, suggesting an es-
sential role for Dok-7 not only in the embryonic for-
mation but also in the postnatal maintenance of NMJs. 
Furthermore, we have recently found that forced ex-
pression of Dok-7 lacking the C-terminal region res-
cued Dok-7 knockout mice from neonatal lethality 
caused by the lack of NMJs, indicating restored MuSK 
activation and NMJ formation. However, these mice 
showed only marginal activation of MuSK and died 
by 3 weeks of age apparently due to an abnormally 
small number and size of NMJs. Therefore, Dok-7’s 
C-terminal region plays a key, but not fully essential, 
role in MuSK activation and NMJ formation.

Interestingly, mice lacking Lrp4, which forms a 
complex with MuSK and acts as an essential 
agrin-binding module, do not show MuSK-depend-
ent AChR prepatterning or NMJ formation. This sug-
gests that Lrp4 is required for MuSK activation under 
physiological conditions, in contrast to our observa-
tion that Dok-7 can activate MuSK in the absence of 
Lrp4 or its ligand agrin, at least in vitro. Thus, we ex-
amined the effects of forced expression of Dok-7 in 
skeletal muscle on NMJ formation in the absence of 
Lrp4 and found that it indeed induces MuSK activa-
tion in mice lacking Lrp4. However, the activation 
level of MuSK was significantly lower in the absence 
than in the presence of Lrp4. Together, these data in-
dicate that Lrp4 is required for efficient activation of 
MuSK by Dok-7 in the muscle. Since Lrp4 is also es-
sential for presynaptic differentiation of motor nerve 
terminals in the embryonic NMJ formation (Nature 
489:438-442, 2012), this apparent cooperation between 
Lrp4 and Dok-7 in MuSK activation may be compli-

cated. 
The NMJs are cholinergic synapses characterized 

by ultrastructural specializations, including the pre-
synaptic active zones, the acetylcholine (ACh) release 
sites of the motor nerve terminal, and the postsynap-
tic junctional folds of muscle membrane, where ACh 
receptors (AChRs) cluster for efficient neuromuscular 
transmission. Interestingly, overexpression of Dok-7 
in skeletal muscle abnormally activates MuSK, lead-
ing to the formation of abnormally large NMJs in 
mice. However, these mice with abnormally large 
NMJs show no obvious motor dysfunction. Recently, 
we have found that Dok-7 overexpression enhances 
NMJ transmission less markedly than NMJ size. Con-
sistent with this, ultrastructural analyses revealed 
that the densities of active zones and synaptic vesicles 
in the presynaptic motor nerve terminals were re-
duced. In addition, the density and size of postsynap-
tic junctional folds in the muscle membrane were also 
reduced. Moreover, terminal Schwann cells (tSCs) ex-
hibits significantly greater penetration of their pro-
cesses into the synaptic clefts, which connect the pre- 
and post-synaptic specializations. Together, our 
findings demonstrate that forced expression of Dok-7 
in muscle enhances neuromuscular transmission with 
significant enlargement and ultrastructural altera-
tions of NMJs, providing implications in robustness 
of neuromuscular transmission. We are investigating 
Dok-7-mediated signaling, including downstream ef-
fectors, in regulating structure and function of NMJs 
to develop new therapeutic approaches against NMJ 
pathologies. 

2.  Agrin’s role aside from MuSK activation in the 
postnatal maintenance of NMJs.

Eguchi, T., Tezuka, T., Ochiai, C., Burgess, RW.1, 
Ueta, R., and Yamanashi, Y.: 1The Jackson Labora-
tory. 

Although NMJ formation requires agrin under 
physiological conditions, it is dispensable for NMJ 
formation experimentally in the absence of the neuro-
transmitter acetylcholine, which inhibits postsynaptic 
specialization. Thus, it was hypothesized that MuSK 
needs agrin together with Lrp4 and Dok-7 to achieve 
sufficient activation to surmount inhibition by acetyl-
choline. To test this hypothesis, we examined the ef-
fects of forced expression of Dok-7 in skeletal muscle 
on NMJ formation in the absence of agrin and found 
that it indeed restores NMJ formation in agrin-defi-
cient embryos. However, these NMJs rapidly disap-
peared after birth, whereas exogenous Dok-7-mediat-
ed MuSK activation was maintained. These findings 
indicate that the MuSK activator agrin plays another 
role essential for the postnatal maintenance, but not 
for embryonic formation, of NMJs. Because patho-
genic mutations of agrin in patients with congenital 
myasthenic syndromes (see below) did not show im-
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paired ability to activate MuSK at least in vitro (Am. J. 
Hum. Genet., 85:155-167, 2009; JCI Insight, 5:e132023, 
2020), the novel role of agrin may be relevant to path-
ogenicity of the mutations. We are investigating mo-
lecular mechanisms underlying the agrin-mediated 
postnatal maintenance of NMJs. 

3.  Pathophysiological mechanisms underlying 
DOK7 myasthenia.

Eguchi, T., Tezuka, T., Ueta, R., Fukudome, T.1, 
Watanabe, Y., Sagara, H., Motomura, M.2, Beeson, 
DMW.3, and Yamanashi, Y.: 1Department of Neurol-
ogy, Nagasaki Kawatana Medical Center. 2Depart-
ment of Engineering, Faculty of Engineering, Naga-
saki Institute of Applied Science. 3Weatherall 
Institute of Molecular Medicine, University of Ox-
ford. 

As mentioned above, impaired clustering of 
AChRs could underlie NMJ disorders, be they auto-
immune (MuSK antibody-positive myasthenia gravis) 
or genetic (congenital myasthenic syndromes (CMSs)) 
in origin. Therefore, our findings that Dok-7 activates 
MuSK to cluster AChRs and to form NMJs suggested 
DOK7 as a candidate gene for mutations associated 
with CMS. Indeed, we demonstrated that biallelic 
mutations in DOK7 underlie a major subgroup of 
CMS with predominantly proximal muscle weakness 
that did not show tubular aggregates on muscle biop-
sy but were found to have normal AChR function de-
spite abnormally small and simplified NMJs. We fur-
ther demonstrated that several mutations, including 
one associated with the majority of patients with the 
disease, impaired Dok-7’s ability to activate MuSK. 
This new disease entity is termed “DOK7 myasthe-
nia.”

To investigate pathophysiological mechanisms 
underlying DOK7 myasthenia, we established knock-
in mice (Dok-7 KI mice) that have a mutation associat-
ed with the majority of patients with DOK7 myasthe-
nia. As expected, Dok-7 KI mice showed characteristic 
features of severe muscle weakness and died between 
postnatal day 13 and 20. Furthermore, they showed 
abnormally small NMJs lacking postsynaptic folding, 
a pathological feature seen in patients with DOK7 
myasthenia. Consistent with this, Dok-7 KI mice ex-
hibited decreased MuSK activity in skeletal muscle, 
indicating that the Dok-7 KI mice develop defects 
similar to those found in patients with DOK7 myas-
thenia, although the mice exhibit a more severe phe-
notype. In collaboration with Prof. David Beeson’s 
group, we examined NMJ functions in the Dok-7 KI 
mice in the absence or presence of salbutamol, a 
β2-adrenergic agonist, which is an effective treatment 
for DOK7 myasthenia. This study revealed that sal-
butamol can prolong survival and increase NMJ 
number in Dok-7 KI mice, suggesting a similar mode 
of action in patients. We are investigating molecular 

pathways underlying NMJ defects and muscle weak-
ness in Dok-7 KI mice.

4.  DOK7 gene therapy that enlarges NMJs.

Eguchi, T., Ueta, R., Sugita, S.1, Minegishi, Y.1, 
Motomura, M., Beeson, DMW., Shimotoyodome, A. 

1, Ota, N. 1, Ogiso, N. 2, Takeda, S.3, Okada, T.4, and 
Yamanashi, Y.: 1Biological Science Research, Kao 
Corporation. 2Laboratory of Experimental Animals, 
National Center for Geriatrics and Gerontology. 
3Department of Molecular Therapy, National Insti-
tute of Neuroscience. 4Division of Molecular and 
Medical Genetics, Center for Gene and Cell Thera-
py, IMSUT

As mentioned above, DOK7 myasthenia is associ-
ated with impaired NMJ formation due to decreased 
ability of Dok-7 to activate MuSK in myotubes at least 
in part. Interestingly, in vivo overexpression of Dok-7 
increased MuSK activation and promoted NMJ for-
mation in the correct, central region of the skeletal 
muscle. Because these genetically manipulated mice 
did not show obvious defects in motor activity, over-
expression of Dok-7 in the skeletal muscle of patients 
with DOK7 myasthenia might ameliorate NMJ forma-
tion and muscle weakness. To test this possibility, we 
generated an Adeno-associated virus-based vector 
(AAV-D7), which strongly expressed human Dok-7 in 
myotubes and induced AChR cluster formation. In-
deed, therapeutic administration of AAV-D7 to Dok-7 
KI mice described above resulted in enlargement of 
NMJs and substantial increases in muscle strength 
and life span. Furthermore, when applied to model 
mice of another neuromuscular disorder, autosomal 
dominant Emery-Dreifuss muscular dystrophy, ther-
apeutic administration of AAV-D7 (DOK7 gene thera-
py) likewise resulted in enlargement of NMJs as well 
as positive effects on motor activity and life span. In-
terestingly, DOK7 gene therapy suppressed denerva-
tion (nerve detachment) at NMJs, and enhanced mo-
tor activity and life span in a mouse model of familial 
amyotrophic lateral sclerosis (ALS), a progressive, 
multifactorial motor neurodegenerative disease with 
severe muscle atrophy. These results suggest poten-
tial for DOK7 gene therapy in age-related decline in 
motor function, where NMJ denervation appears to 
play a crucial role similar to that observed in ALS 
model mice.  Indeed, we have recently found that 
DOK7 gene therapy significantly enhances motor 
function and muscle strength together with NMJ in-
nervation in aged mice. We are further investigating 
the effects, including ultrastructural and electrophys-
iological ones, of AAV-D7 administration in multiple 
types of muscle weakness.

5.  Roles of Dok-1 to Dok-6.

Inoue-Yamauchi, A., Wu, W., Sato, T., Jozawa, H., 
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Kanno, T., Arimura, S.1, and Yamanashi, Y.: 1De-
partment of Biology and Biochemistry, University of 
Houston. 

Dok-family proteins can be classified into three 
subgroups based on their structural similarities and 
expression patterns; namely, 1) Dok-1, -2, and -3, 
which are preferentially expressed in hematopoietic 
cells, 2) Dok-4, -5, and -6, which are preferentially ex-
pressed in non-hematopoietic cells, and 3) Dok-7, 
which is preferentially expressed in muscle cells. As 
mentioned above, Dok-1 and its closest paralog, Dok-
2, recruit p120 rasGAP upon tyrosine phosphoryla-
tion to suppress Ras-Erk signaling. Although Dok-3 
does not bind with p120 rasGAP, it also inhibits Ras-
Erk signaling. Consistently, we demonstrated that 
Dok-1, Dok-2 and Dok-3 are key negative regulators 
of hematopoietic growth and survival signaling. For 
example, Dok-1, Dok-2, and Dok-3 cooperatively in-
hibit macrophage proliferation and Dok-1-/-Dok-2-/-

Dok-3-/- mice develop histiocytic sarcoma, an aggres-
sive malignancy of macrophages. Also, we found that 
Dok-1 and Dok-2 negatively regulate intestinal in-
flammation in the dextran sulfate sodium-induced 
colitis model, apparently through the induction of IL-
17A and IL-22 expression. However, we recently 
found that Dok-3 and Dok-1/-2 play distinctive roles 
in cell fusion and proliferation during osteoclastogen-
esis and cooperatively protect mice from osteopenia. 
We are currently investigating molecular mechanisms 
underlying Dok-3-mediated suppression of osteoclast 
fusion, which may lead to developing new therapeu-
tic approaches against disorders associated with os-
teopenia. Also, we are investigating physiological 
and pathological roles of Dok-1 to Dok-6, including 
those in tumor malignancy, inflammatory disorders, 
and other types of intractable diseases. 

6.   Roles of C/EBPδ.

Inoue-Yamauchi, A., Jozawa, H., Wu, W., and 
Yamanashi, Y.

The CCAT/enhancer-binding protein delta (C/
EBPδ), a basic leucine zipper transcription factor, reg-
ulates many biological processes such as inflamma-
tion, cell proliferation, differentiation and genomic 
stability. We recently demonstrated that C/EBPδ 
plays an essential role in suppressing dextran sulfate 
sodium-induced colitis, likely by attenuating intesti-
nal epithelial cell apoptosis. We are further investigat-

ing pathological roles of C/EBPδ in inflammatory dis-
eases, including studies with tissue-specific gene 
manipulation.

7.  Omic analyses.

Eguchi, T., Jozawa, H., Fan, W., Tokuoka, Y., Wu, 
W., Ueta, R., Iemura, S.1, Natsume, T.2, Kozuka-Ha-
ta, H.3, Oyama, M.3, and Yamanashi, Y.: 1Transla-
tional Research Center, Fukushima Medical Univer-
sity. 2National Institute of Advanced Science and 
Technology, Molecular Profiling Research Center 
for Drug Discovery. 3Medical Proteomics Laborato-
ry, IMSUT.

To gain insights into signaling mechanisms un-
derlying a variety of physiological and pathophysio-
logical events, including NMJ formation, muscle atro-
phy, inflammation, tumorigenesis, and tumor 
metastasis, we have performed proteomic and tran-
scriptomic analyses. We are investigating the roles of 
candidate proteins and genes that appear to be in-
volved in each of these biological events. For instance, 
we recently performed transcriptomic analyses relat-
ed to mucosal inflammation, which suggested the im-
portance of Th-17-related pathways. Thus, we are in-
vestigating how the pathways play roles in mucosal 
inflammation. In addition, we have prepared experi-
mental settings for other omic approaches such as 
metabolomic analysis.

8.  Screening of chemical compound and siRNA 
libraries.

Eguchi, T., Ueta, R., Nagatoishi, S., Tsumoto, K., 
and Yamanashi, Y.

In addition to the omic analyses described above, 
we performed high throughput screenings of chemi-
cal compound and siRNA libraries, aiming to inter-
vene in pathogenic signals or to gain insights into sig-
naling mechanisms underlying a variety of biological 
events. We are investigating in vivo effects, including 
therapeutic ones in mouse models of human diseases, 
of hit compounds or down-regulation of candidate 
genes, and continue the ongoing screenings to further 
collect appropriate hit compounds and candidate 
genes that may regulate important signalings. We are 
also investigating target proteins for the hit com-
pounds to understand their modes of actions. 

Publications

Eguchi T., Tezuka T., Fukudome T., Watanabe Y., 
Sagara H., Yamanashi Y. Overexpression of Dok-7 
in skeletal muscle enhances neuromuscular trans-
mission with structural alterations of neuromuscu-

lar junctions: Implications in robustness of neuro-
muscular transmission. Biochem Biophys Res 
Commun.  523(1):214-219, 2020.
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Webster RG., Vanhaesebrouck AE., Maxwell SE., 
Cossins JA., Liu W., Ueta R., Yamanashi Y., Beeson 
DMW. Effect of salbutamol on neuromuscular junc-
tion function and structure in a mouse model of 
DOK7 congenital myasthenia. Hum Mol Genet. 
29(14):2325-2336, 2020.

Ueta R., Sugita S., Minegishi Y., Shimotoyodome A., 
Ota N., Ogiso N., Eguchi T., Yamanashi Y. DOK7 
Gene Therapy Enhances Neuromuscular Junction 
Innervation and Motor Function in Aged Mice. iSci-
ence. 23(8):101385, 2020.
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1.  Generation of p16 reporter mouse models and 
characterization of p16high cells in vivo

Yoshikazu Johmura, Chieko Konishi, Sayaka 
Yamane, Yoshie Chiba, Dan Li, Wang Tehwei, Take-
hiro Yamanaka, Harris Alexander Stephen, Narumi 
Suzuki, Satotaka Ohmori, Liu Xianuyang, Yue 
Zhang, Sakura Yumoto, Lindo Nakamura, Yao Ji-
ayi, Kim Jiwoo, Toshiro Migita, Yasuhiro Yamada1, 
Masashi Yanagisawa2, Seiya Imoto3, Yoichi Furuka-
wa4, Kouji Matsushima5, Hiroki R Ueda6, Atsushi 
Miyajima7, and Makoto Nakanishi: 1Division of 
Stem Cell Pathology, 3Division of Health Medical In-
telligence, Human Genome Center, 4Division of 
Clinical Genome Research, IMSUT, 2International 
Institute for Integrative Sleep Medicine (WPI-IIIS), 
University of Tsukuba, 5Division of Molecular Regu-
lation of Inflammatory and Immune Diseases, Re-
search Institute of Biomedical Sciences, Tokyo Uni-
versity of Science, 6Department of Systems 
Pharmacology, Graduate School of Medicine, The 
University of Tokyo, 7Laboratory of Stem Cell Ther-
apy, Institute for Quantitative Biosciences, The Uni-

versity of Tokyo,

Cell senescence plays a key role in age-associated 
organ dysfunction, but the in vivo pathogenesis is 
largely unclear. To address this question, we generat-
ed a p16-CreERT2-tdTomato mouse model to analyze 
the in vivo characteristics of p16high cells at a single-cell 
level. We found tdTomato-positive p16high cells detect-
able in all organs, which were enriched with age. We 
also found that these cells failed to proliferate, and 
had half-lives ranging from 2.6 to 4.2 months, de-
pending on the tissue examined. Single-cell transcrip-
tomics in the liver and kidneys revealed that p16high 
cells were present in various cell types, though most 
dominant in hepatic endothelium and in renal proxi-
mal and distal tubule epithelia, and that these cells 
exhibited heterogeneous senescence-associated phe-
notypes. Further, elimination of p16high cells amelio-
rated nonalcoholic steatohepatitis-related hepatic li-
pidosis and immune cell infiltration. Our new mouse 
model and single-cell analysis provide a powerful 
resource to enable the discovery of previously uni-
dentified senescence functions in vivo. 
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Division of Cancer Cell Biology
癌防御シグナル分野

Professor Makoto Nakanishi, M.D., Ph.D.
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教　授　医学博士　　　中　西　　　真
准教授　博士（理学）　　西　山　敦　哉
助　教　博士（薬学）　　城　村　由　和

Several lines of evidence have underpinned the prominent role of senescent cells 
in aging and healthspan although a general understanding of molecular basis 
underlying senescence-associated pathogenesis is still in its early stages. Our 
research interests are to understand the common pathological basis underlying 
various age-associated disorders. We are currently focusing on identification and 
characterization of senescent cells in vivo. To do so, we have generated a mouse 
model in which p16-positive senescent cells are visualized by fluorescent labelling. 
In addition, we are interested in developing innovative anti-aging technologies 
through regulating and/or eliminating senescent cells in vivo (senotherapy). A 
molecular link between DNA methylation and genomic integrity is also under 
investigation.
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2.  A novel senolytic strategy targeting glutami-
nolysis ameliorates various age-associated 
disorders

Yoshikazu Johmura, Chieko Konishi, Sayaka 
Yamane, Yoshie Chiba, Dan Li, Wang Tehwei, Take-
hiro Yamanaka, Harris Alexander Stephen, Narumi 
Suzuki, Satotaka Ohmori, Liu Xianuyang, Yue 
Zhang, Sakura Yumoto, Lindo Nakamura, Yao Ji-
ayi, Kim Jiwoo, Toshiro Migita, Makoto Suematsu1, 
Masaki Matsumoto2, Makoto Arita3, Masataka Sug-
imoto4, Keiichi I Nakayama5, Yoichi Furukawa6, Sei-
ya Imoto7, and Makoto Nakanishi: 1Department of 
Biochemistry, Keio University School of Medicine,
2Department of Omics and Systems Biology, Niigata 
University Graduate School of Medical and Dental 
Sciences, 3RIKEN Center for Integrative Medical 
Sciences, 4Research Institute, National Center for 
Geriatrics and Gerontology, 5Department of Molec-
ular and Cellular Biology, Medical Institute of Bi-
oregulation, Kyushu University, 6Division of Health 
Medical Intelligence, Human Genome Center, 7Divi-
sion of Clinical Genome Research, IMSUT

Removal of senescent cells (senolysis) has been 
proposed to be beneficial for improving age-associat-
ed pathologies, but the molecular pathways for such 
senolytic activity have not yet emerged. In order to 
address this question, we performed genome wide 
screening to identify genes essential for senescence 
survival. We then identified glutaminase 1 (GLS1) as 
an essential gene for the survival of senescent cells. 
The intracellular pH in senescent cells was lowered 
by lysosomal membrane damage, and this lowered 
pH induced kidney-type glutaminase (KGA) expres-
sion. The resulting enhanced glutaminolysis induced 
the ammonia production, which neutralized the low-
er pH and improved survival of the senescent cells. 
Inhibition of KGA dependent glutaminolysis in aged 
mice eliminated senescent cells specifically and ame-
liorated age-associated organ dysfunction. Our re-
sults suggest that senescent cells rely on glutaminoly-
sis, and its inhibition offers a promising strategy for 
inducing senolysis in vivo.

3.  p53-Fbxo22-TFEB controls basal autophagy to 
govern hormesis

Yoshikazu Johmura, Chieko Konishi, Sayaka 
Yamane, Yoshie Chiba, Dan Li, Wang Tehwei, Take-
hiro Yamanaka, Harris Alexander Stephen, Narumi 
Suzuki, Satotaka Ohmori, Liu Xianuyang, Yue 
Zhang, Sakura Yumoto, Lindo Nakamura, Yao Ji-
ayi, Kim Jiwoo, Toshiro Migita, Tamotsu Yoshi-
mori1, Tomohiko Ohta2, and Makoto Nakanishi: 
1Department of Genetics, Graduate School of Medi-
cine, Osaka University, 2Department of Translation-
al Oncology, St. Marianna University Graduate 

School of Medicine

Preconditioning with a mild stressor such as fast-
ing is a promising way to reduce severe side effects 
from subsequent chemo- or radio-therapy. However, 
the underlying mechanisms have been largely unex-
plored. In order to address this question, we exam-
ined the role of p53 in hermetic responses to a 
mild-stressor. We found that the p53-Fbxo22-TFEB 
axis played an essential role in this process through 
upregulating basal autophagy. Mild stress-activated 
p53 transcriptionally induced Fbxo22, which in turn 
ubiquitylated KDM4B complexed with Myc-N-CoR 
suppressors for degradation, leading to transcription-
al induction of TFEB. Upregulation of autophagy re-
lated genes by increased TFEB dramatically enhanced 
autophagic activity and cell survival upon following 
severe stressor. Mitogen-induced AKT activation 
counteracted this process through phosphorylation of 
KDM4B, which inhibited Fbxo22-mediated ubiquityl-
ation. Fbxo22-/- mice died within 10 hours of birth and 
their MEFs showed a lowered basal autophagy, 
whereas Fbxo22 overexpressing mice were resistant 
to chemotherapy. Taken together, these results sug-
gest that p53 upregulates basal autophagy through 
the Fbxo22-TFEB axis, which governs the hormetic 
effect in chemotherapy.

4.  HPF1-dependent PARP activation promotes 
LIG3-XRCC1-mediated backup pathway of 
Okazaki fragment ligation.

Atsuya Nishiyama, Chieko Konishi, Yoshie Chiba, 
Soichiro Kumamoto, Ryota Miyashita, Tomomi Na-
gatani, and Makoto Nakanishi:

DNA Ligase 1 (LIG1) is known as the major DNA 
ligase responsible for Okazaki fragment joining. Re-
cent studies have implicated LIG3 complexed with 
XRCC1 as an alternative player in Okazaki fragment 
joining in cases where LIG1 is not functional, al-
though the underlying mechanisms are largely un-
known. Using a cell-free system derived from Xeno-
pus egg extracts, we demonstrated the essential role of 
PARP1-HPF1 in LIG3-dependent Okazaki fragment 
joining. We found that Okazaki fragments were even-
tually ligated even in the absence of LIG1, employing 
in its place LIG3-XRCC1 which was recruited onto 
chromatin. Concomitantly, LIG1 deficiency induces 
ADP-ribosylation of histone H3 in a PARP1-HPF1-de-
pendent manner. The depletion of PARP1 or HPF1 
resulted in a failure to recruit LIG3 onto chromatin 
and a subsequent failure in Okazaki fragment joining 
in LIG1-depleted extracts. Importantly, Okazaki frag-
ments were not ligated at all when LIG1 and XRCC1 
were co-depleted. Our results suggest that a unique 
form of ADP-ribosylation signaling promotes the re-
cruitment of LIG3 on chromatin and its mediation of 
Okazaki fragment joining as a backup system for 
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LIG1 perturbation.

Publications

1.	  Omori, S., Wang, T-W., Johmura, Y., Kanai, T., Na-
kano, Y., Kido, T., Susaki, E.A., Nakajima, T., Shi-
chino, S., Ueha, S., Ozawa, M., Yokote, K., Kum-
amoto, S., Nishiyama, A., Sakamoto, T., Yamaguchi, 
K., Hatakeyama, S., Shimizu, E., Katayama, K., 
Yamada, Y., Yamazaki, S., Iwasaki, K., Miyoshi, C., 
Funato, H., Yanagisawa, M., Ueno, H., Imoto, S., 
Furukawa, Y., Yoshida, N., Matsushima, K., Ueda, 
H.R., Miyajima, A., and Nakanishi, M. Generation 
of a p16 reporter mouse and its use to characterize 
and target p16high Cells in vivo. Cell Metab, 32: 
814-828, e6. doi: 10.1016/j.cmet.2020.09.006. 2020.

2.	  Nishiyama, A., Mulholland, C.B., Bultmann, S., 
Kori, S., Endo, A., Saeki, Y., Qin, W., Trummer, C., 
Chiba, Y., Yokoyama, H., Kumamoto, S., Ka-
wakami, T., Hojo, H., Nagae, G., Aburatani, H., 
Tanaka, K., Arita, K., Leonhardt, H., and Nakani-
shi, M. Two distinct modes of DNMT1 recruitment 
ensure stable maintenance DNA methylation. Na-
ture Commun, 11: 1222. doi: 10.1038/s41467-020-
16006-4. 2020

3.	  Mulholland, C.B., Nishiyama, A., Ryan, J., Naka-
mura, R., Yigit, M., Gluck, I.M., Trummer, C., Qin, 
W., Bartoschek, M.D., Traube, F.R., Parsa, E., 
Ugur, E., Modic, M., Acharya, A., Stolz. P., Ziegen-
hain, C., Wierer, M., Enard, W., Carell, T., Lamb, 
D.C., Takeda, H., Nakanishi, M., Bultmann, S., and 
Leonhardt, H. Recent evolution of a TET-con-
trolled and DPPA3/STELLA-driven pathway of 
passive DNA demethylation in mammals. Nature 

Commun, 11: 5972. doi: 10.1038/s41467-020-19603-
1. 2020.

4.	  Pauty, J., Nakano, S., Usuba, R., Nakajima, T., 
Johmura, Y., Omori, S., Sakamoto, N., Kikuchi, A., 
Nakanishi, M., and Matsunaga, Y.T. A 3D tissue 
model-on-a-chip for studying the effects of human 
senescent fibroblasts on blood vessels. Biomater 
Sci. 9: 199. doi: 10.1039/d0bm01297a. 2021.

5.	  Ieda, D., Negishi, Y., Miyamoto, T., Johmura, Y., 
Kumamoto, N., Kato, K., Miyoshi, I., Nakanishi, 
M., Ugawa, S., Iushi, H., and Saito, S. Two mouse 
models carrying truncating mutations in Magel 2 
show distinct phenotypes. Plos One. 15: e0237814. 
doi: 10.1371/journal.pone.0237814. 2020.

6.	  Johmura, Y., Harris, A.S., Ohta, T., and Nakanishi, 
M. FBXO22, an epigenetic multiplayer coordinat-
ing senescence, hormone signaling, and metasta-
sis. Cancer Sci. 111: 2718-2725. Doi: 10.111/
cas.14534. 2020.

7.	  中西　真，城村由和，太田智彦.　乳がんにおけ
るSERMsの抗腫瘍効果を規定する分子機構.	医学
のあゆみ.	272,	181-182,	2020.

8.		 	中西真.　多様な疾患の原因となるDNA損傷応答
不全.　医学のあゆみ.	274,	2020

9.		 	中西真.　総論　多細胞生物体における非ゲノム
情報の堅牢性と可塑性.　月刊「細胞」52.	2020.

10.		西山敦哉，中西真.　DNAメチル化複製機構.　	月
刊「細胞」52.	2020.
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1.  Impairment of spatial memory accuracy im-
proved by Cbr1 copy number resumption and 
GABAB receptor-dependent enhancement of 
synaptic inhibition in Down syndrome model 
mice

Arima-Yoshida, F., Raveau, M.1, Shimohata, A.1, 
Amano, K.1, Fukushima, A., Watanave, M., 
Kobayashi, S., Hattori, S.2, Usui, M.3, Sago, H.4, 
Mataga, N.3, Miyakawa, T.2, Yamakawa, K.1 and 
Manabe, T.: 1Laboratory for Neurogenetics, RIKEN 
Center for Brain Science, Saitama, Japan, 2Division 
of Systems Medical Science, Institute for Compre-
hensive Medical Science, Fujita Health University, 
Aichi, Japan, 3Research Resources Division, RIKEN 
Center for Brain Science, Saitama, Japan, 4Center 
for Maternal-Fetal, Neonatal and Reproductive 
Medicine, National Center for Child Health and De-
velopment, Tokyo, Japan

Down syndrome is a complex genetic disorder 
caused by the presence of three copies of the chromo-
some 21 in humans. The most common models, carry-
ing extra-copies of overlapping fragments of mouse 
chromosome 16 that is syntenic to human chromo-

some 21, are Ts2Cje, Ts1Cje and Ts1Rhr mice. In elec-
trophysiological analyses using hippocampal slices, 
we found that the later phase of the depolarization 
during tetanic stimulation, which was regulated by 
GABAB receptors, was significantly smaller in Ts1Cje 
and Ts2Cje mice than that in WT controls but not in 
Ts1Rhr mice. Furthermore, isolated GABAB recep-
tor-mediated inhibitory synaptic responses were larg-
er in Ts1Cje mice. To our knowledge, this is the first 
report that directly shows the enhancement of GAB-
AB receptor-mediated synaptic currents in Ts1Cje 
mice. These results suggest that GABAB receptor-me-
diated synaptic inhibition was enhanced in Ts1Cje 
and Ts2Cje mice but not in Ts1Rhr mice. The Cbr1 
gene, which is present in three copies in Ts1Cje and 
Ts2Cje but not in Ts1Rhr, encodes carbonyl reductase 
that may facilitate GABAB-receptor activity through a 
reduction of prostaglandin E2 (PGE2). Interestingly, 
we found that a reduction of PGE2 and a memory im-
pairment in Ts1Cje mice were alleviated when only 
Cbr1 was set back to two copies (Ts1Cje;Cbr1+/+/-). 
However, the GABAB receptor-dependent enhance-
ment of synaptic inhibition in Ts1Cje mice was unal-
tered in Ts1Cje;Cbr1+/+/- mice. These results indicate 
that Cbr1 is one of the genes responsible for DS cogni-
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Our major research interest is the molecular mechanisms of higher brain functions 
in mammals such as emotion and memory. We are especially focusing on the roles 
of functional molecules localized in synapses, for instance, neurotransmitter 
receptors, signal transduction molecules and adhesion molecules, in neuronal 
information processing. We are examining receptor functions, synaptic transmission 
and plasticity, and their roles in the whole animal with electrophysiological, 
biochemical, molecular genetic and behavioral approaches. We are also trying to 
elucidate fundamental aspects of psychiatrical and neurological disorders using 
model animals.
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tive impairments and the gene(s) other than Cbr1, 
which is included in Ts1Cje but not in Ts1Rhr, is re-
sponsible for the GABAB receptor-dependent over-in-
hibition.

2.  Hyperactivity, impulsiveness and abnormal 
motor coordination observed in lemur kinase 1 
knockout mice

Kobayashi, S., Takahashi, M.5, Sugiyama, A.5, Wei, 
R.5, Fukuda, K.6, Nishino, H.5, Takahashi, R.5, Tsut-
sumi, K.5, Kita, I.7, Ando, K.5, Kamiguchi, H.8, To-
momura, M.9, Hisanaga, S.-i.5 and Manabe, T.: 
5Laboratory of Molecular Neuroscience, Depart-
ment of Biological Sciences, Graduate School of Sci-
ence, Tokyo Metropolitan University, Tokyo, Japan, 
6Developmental Biology, Department of Biological 
Sciences, Tokyo Metropolitan University, Tokyo, Ja-
pan, 7Laboratory of Behavioral Neuroscience, De-
partment of Human Health Sciences, Tokyo Metro-
politan University, Tokyo, Japan, 8Laboratory for 
Neural Cell Dynamics, RIKEN Center for Brain 
Science, Saitama, Japan, 9Department of Oral 
Health Sciences, Meikai University School of Health 
Sciences, Chiba, Japan.

Lemur kinase 1 (LMTK1), previously called apop-
tosis-associated tyrosine kinase (AATYK), remains an 
uncharacterized Ser/Thr protein kinase that is pre-
dominantly expressed in the brain. It is recently re-
ported that LMTK1A, an isoform of LMTK1, binds to 
recycling endosomes through its palmitoylation and 
regulates endosomal trafficking by suppressing the 
activity of Rab11 small GTPase. In neurons, knock-
down or knockout of LMTK1 results in longer axons 
and greater branching of dendrites, suggesting that 
LMTK1 plays a role in neuronal circuit formation. 
However, its in vivo function remained to be investi-
gated. Here, we examined the brain structures and 
behaviors of LMTK1 knockout (KO) mice. LMTK1 
was expressed in most neurons throughout the brain. 
The overall brain structure appeared to be normal in 
LMTK1 KO mice, but the numbers of presynaptic 
puncta and area of synaptic vesicles in the presynap-

tic region were increased. LMTK1 KO mice exhibited 
psychiatric behaviors such as hyperactivity, impul-
siveness and high motor coordination without im-
pairment of social interaction. Some of these abnor-
mal behaviors represent core features of 
attention-deficient hyperactive disorder (ADHD), 
suggesting the possible involvement of LMTK1 in the 
pathogenesis of ADHD.

3.   Protrudin-deficient  mice  manifest  depres-
sion-like behavior with abnormalities in activi-
ty, attention, and cued fear-conditioning

Kobayashi, S., Shirane, M.10, Shoji, H.2, Hashimoto, 
Y.11, Katagiri, H., Miyakawa, T.2, Nakayama, K. I.11 
and Manabe, T.: 10Department of Molecular Biolo-
gy, Graduate School of Pharmaceutical Sciences, 
Nagoya City University, Aichi, Japan, 11Department 
of Molecular and Cellular Biology, Medical Institute 
of Bioregulation, Kyushu University, Fukuoka, Ja-
pan.

Protrudin is a protein that resides in the mem-
brane of the endoplasmic reticulum and is highly ex-
pressed in the nervous system. Although mutations 
in the human protrudin gene (ZFYVE27, also known 
as SPG33) give rise to hereditary spastic paraplegia 
(HSP), the physiological role of the encoded protein 
has been largely unclear. We therefore generated mice 
deficient in protrudin and subjected them to a battery 
of behavioral tests designed to examine their interme-
diate phenotypes. The protrudin-deficient mice were 
found to have a reduced body size and to manifest 
pleiotropic behavioral abnormalities, including hy-
peractivity, depression-like behavior, and deficits in 
attention and fear-conditioning memory. They exhib-
ited no signs of HSP, however, consistent with the no-
tion that HSP-associated mutations of protrudin may 
elicit neural degeneration, not as a result of a loss of 
function, but rather as a result of a gain of toxic func-
tion. Overall, our results suggest that protrudin might 
play an indispensable role in normal neuronal devel-
opment and behavior.

Publications

Arima-Yoshida, F., Raveau, M., Shimohata, A., Ama-
no, K., Fukushima, A., Watanave, M., Kobayashi, S., 
Hattori, S., Usui, M., Sago, H., Mataga, N., Miyaka-
wa, T., Yamakawa, K. and Manabe, T. Impairment 
of spatial memory accuracy improved by Cbr1 copy 
number resumption and GABAB receptor-depend-
ent enhancement of synaptic inhibition in Down 
syndrome model mice. Sci. Rep. 10:14187, 2020.

Takahashi, M., Sugiyama, A., Wei, R., Kobayashi, S., 
Fukuda, K. Nishino, H., Takahashi, R., Tsutsumi, 
K., Kita, I., Ando, K., Manabe, T., Kamiguchi, H., 

Tomomura, M. and Hisanaga, S.-i. Hyperactive and 
impulsive behaviors of LMTK1 knockout mice. Sci. 
Rep. 10:15461, 2020.

Shirane, M., Shoji, H., Hashimoto, Y., Katagiri, H., 
Kobayashi, S., Manabe, T. Miyakawa, T. and Na-
kayama, K. I. Protrudin-deficient mice manifest de-
pression-like behavior with abnormalities in activi-
ty, attention, and cued fear-conditioning. Mol. Brain 
13:146, 2020.
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1.  Stress-responsive MTK1 SAPKKK serves as a 
redox sensor that mediates delayed and sus-
tained activation of SAPKs by oxidative stress.

Moe Matsushita, Takanori Nakamura, Hisashi 
Moriizumi, Hiroaki Miki1, and Mutsuhiro Takeka-
wa: 1Department of Cellular Regulation, Research 
Institute for Microbial Diseases, Osaka University.

Living organisms are frequently exposed to a vari-
ety of cellular stresses such as ultraviolet (UV)-light, γ 
irradiation, DNA-damaging reagents, osmotic stress, 
heat shock, accumulation of misfolded proteins, and 
oxidative stress. Of these stressors, oxidative stress is 
an inevitable consequence of aerobic life and arises 
because of an imbalance between reactive oxygen 
species (ROS) generation and the extent of antioxi-
dant defenses. When the excessive ROS production 
overwhelms the defense system in vivo, various bio-
logical macromolecules, including proteins and nu-
cleic acids, undergo oxidative damage, which eventu-
ally leads to the perturbation of cellular homeostasis 
and functions. Indeed, oxidative damage is a major 

cause of cell injury and death under various patholog-
ical conditions including aging, cancer, neurodegen-
erative disorders, diabetes, atherosclerosis, and in-
flammatory diseases.

Besides these etiological aspects, ROS also serve as 
second messengers in physiological signaling events 
that regulate key biological processes such as cell pro-
liferation, differentiation, apoptosis, and innate im-
munity. For instance, upon contact with microorgan-
isms, phagocytic cells [e.g., macrophages (MFs)] 
generate large amounts of ROS by activating NADPH 
oxidases. This process, termed the respiratory burst, 
initiates the killing of infected pathogens and pro-
motes the production of proinflammatory cytokines 
including TNFα and IL-6, and is vital for the host de-
fense against pathogens. Therefore, elucidation of the 
effects of ROS on cellular homeostasis is of paramount 
importance to understand these critical biological 
processes and to develop therapeutic interventions 
for many chronic and degenerative diseases. Never-
theless, the molecular mechanisms underlying the 
cellular responses to ROS remain elusive.

This year, we discovered that the MAP three ki-

Department of Basic Medical Sciences

Division of Cell Signaling and Molecular 
Medicine
分子シグナル制御分野

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Assistant Professor Yuji Kubota, Ph.D.
Assistant Professor Takanori Nakamura, Ph.D.

教　授　博士（医学）　　武　川　睦　寛
助　教　博士（理学）　　久保田　裕　二
助　教　博士（理学）　　中　村　貴　紀

The aims of the ongoing research projects in our laboratory are to elucidate the 
regulatory mechanisms of intracellular signal transduction systems responsible for 
cell-fate decisions, such as MAP kinase cascades and Stress granules.  
Perturbation of these signaling systems is involved in a variety of life-threatening 
diseases, including cancer, autoimmune diseases, neurodegenerative disorders 
and type 2 diabetes.  Our laboratory also aims to develop new diagnostic or 
therapeutic tools for currently intractable disorders in which these pathways are 
involved.

03基礎医科学部門_sk.indd   5103基礎医科学部門_sk.indd   51 2021/05/10   13:24:502021/05/10   13:24:50



52

nase 1 (MTK1) MAPKKK functions as an oxida-
tive-stress sensor that perceives the cellular redox 
state and transduces it into stress-activated p38 and 
JNK signaling. Following oxidative stress, MTK1 is 
rapidly oxidized and subsequently gradually reduced 
at evolutionarily conserved cysteine residues in its 
N-terminal regulatory domain. These coupled oxida-
tion-reduction modifications of MTK1 elicit its cata-
lytic activity. Therefore, this novel stress sensor is 
unique in that it does not simply detect intracellular 
oxidation events but it responds to coupled oxidation 
and reduction reactions, and it also acts as an effector 
to induce delayed and sustained activation of SAPK 
signaling through its C-terminal kinase domain. Gene 
knockout experiments showed that oxidative stress–
induced p38/JNK signaling is mediated by coordinat-
ed activation of the two MAPKKKs, MTK1 and apop-
tosis signal–regulating kinase 1 (ASK1), which have 
different time and dose-response characteristics. We 
found that the MTK1-mediated redox sensing system 
is crucial for delayed and sustained p38/JNK activi-
ties and dictates cell fate decisions including cell 
death and IL-6 production during respiratory burst in 
macrophages. Our results delineate a molecular 
mechanism by which cells generate optimal biologi-
cal responses under fluctuating redox environments. 
Given that oxidative stress–induced cell death and 
IL-6 production are both involved in various patho-
logical conditions including chronic inflammatory 
diseases, metabolic disorders, cancer, and neurode-
generative diseases and that anti-IL-6 therapies are 
highly effective against certain diseases, MTK1 could 
be a potential target for the development of novel 
therapeutic interventions for human diseases in 
which oxidative insults are involved.

2.   Identification of novel substrates of human mi-
togen-activated protein kinases.

Seina Oe, Mariko Saito, Hitomi Seki, Natusno Su-
zuki, Yuji Kubota, and Mutsuhiro Takekawa

Sequential activation of protein kinases within 
MAPK cascades is an evolutionary-conserved mecha-
nism of intracellular signaling in the eukaryotic 
world. In mammals, at least three distinct subfamilies 
of MAPKs are present, namely, ERK, JNK, and p38.  
While the classical ERK MAPK is mainly activated by 
mitogenic stimuli, two relatively newly identified 
MAPKs, p38 and JNK, are preferentially activated by 
various environmental stresses. Therefore, p38 and 
JNK MAPKs are collectively called stress-activated 
protein kinases (SAPKs). Each of these MAPK cas-
cades can regulate several different and sometimes 
overlapping biological functions. In general, the ERK 
pathway mediates growth-promoting and anti-apop-
totic signaling, while the p38 and JNK pathways play 
pivotal roles in cellular stress responses such as 
growth arrest and apoptosis. In addition, the p38 and 

JNK pathways are involved in inflammatory respons-
es. Perturbation of these crucial signal transduction 
pathways is involved in the pathophysiology of vari-
ous life-threatening diseases, including cancer, auto-
immune diseases, and neurodegenerative disorders.

Since these MAPKs exert their biological effects 
through the phosphorylation of their specific sub-
strate proteins, the identification of which is a prereq-
uisite for the understanding of regulatory mecha-
nisms of critical biological phenomena. By developing 
a unique screening strategy using budding yeast cells, 
we have isolated several new types of human MAPK 
substrate proteins from human cDNA libraries. These 
substrates include regulatory molecules for the ex-
pression of growth-promoting genes, and for cell cy-
cle progression and centrosome integrity, and protein 
kinases and phosphatases that regulate cell prolifera-
tion and inflammation. We confirmed that these mol-
ecules were indeed directly phosphorylated by one 
(or more) of the human MAPKs in vitro and in vivo in 
response to mitogenic and/or stress stimuli. Thus, 
these molecules are bona fide substrates of MAPKs. 
The physiological relevance and pathological impli-
cations of these novel substrate proteins are currently 
under investigation in our laboratory.

3.  Role of stress granule assembly in cellular 
stress response.

Daisuke Yoshioka, Aoi Matsuda, Natsuha Hashimo-
to, Takanaori Nakamura, and Mutsuhiro Takekawa

In dealing with environmental stresses, human 
cells either activate defense mechanisms to survive or 
initiate apoptosis, depending on the level and type of 
stress. One of the major cellular defense mechanisms 
is the assembly of stress granules (SGs). SGs are cyto-
plasmic ribonucleoprotein foci that appear when eu-
karyotic cells are exposed to specific types of stress 
such as ER stress, heat shock, hypoxia or viral infec-
tion. The core components of SGs are large aggregates 
of stalled translation pre-initiation complexes that 
contain mRNA, 40S ribosomal subunits, translation 
initiation factors and several RNA-binding proteins 
(RBPs). In general, the assembly of SGs is triggered by 
stress-induced phosphorylation of eIF2α, and re-
quires self-oligomerization of certain RBPs such as 
G3BP. In cells under various stresses, eIF2α is phos-
phorylated by several different stress-sensing kinas-
es. Phosphorylation of eIF2α suppresses productive 
translation initiation by preventing formation of the 
eIF2-GTP-Met-tRNAi complex. Under the stress con-
ditions, specific RBPs such as G3BP, instead of the ter-
nary complex, interact with an mRNA in the 43S com-
plex, leading to the assembly of a translationally 
stalled 48S complex. Self-oligomerization of RBPs by 
liquid-liquid phase separation (LLPS) promotes the 
formation of discrete cytoplasmic foci termed SGs. In 
addition to the standard mechanism, SGs can be 
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formed by other mechanisms. For instance, drugs or 
lipid mediators that target eIF4F, such as pateamine 
A, hippuristanol and 15d-PGJ2, inhibit translation in-
itiation and thereby initiate SG assembly inde-
pendently of eIF2α phosphorylation.

We have previously reported that when cells are 
exposed to SG-inducing stresses, the signaling adap-
tor protein RACK1 is sequestered into SGs, and this 
sequestration inhibits the SAPK pathways and subse-
quent apoptosis. Thus, formation of SGs serves as a 
cellular adaptive defense mechanism and protects 
cells from apoptosis under adverse conditions, by 
regulating mRNA translation as well as by sequester-
ing signaling molecules. This year, by developing 
strategies to identify the molecules that reside in SGs, 
we discovered novel SG-components including nu-
cleotide-binding proteins, cytoskeletal proteins, and 
signaling molecules. By analyzing some of these 
SG-components, we elucidated the molecular mecha-
nism as to how SG assembly regulates stress-induced 
apoptosis, and unraveled a novel role of SG formation 
in cellular stress responses and carcinogenesis.

4.  Regulation of the stress-responsive p38 and 
JNK MAPKs under stress conditions

Saeko Kawataki, Yukari Shiozaki, Ryuhei Otsuka, 
Hisashi Moriizumi, Takanori Nakamura, Yuji 
Kubota, and Noriko Nishizumi-Tokai, Mutsuhiro 
Takekawa

We have previously identified three GADD45 
family proteins as activators of the MTK1 MAPKKK. 
Although the optimal stress stimuli for each gene are 
different, all GADD45 family genes are induced by 
various stress stimuli such as DNA-damaging rea-
gents and cytokines. Expression of any of these 
GADD45 proteins in cells leads to the activation of 
MTK1 and its downstream p38 and JNK MAPKs. 
GADD45-mediated activation of SAPK pathways is 
important particularly in the late phase of cellular 
stress responses, because it requires transcriptional 
induction and protein synthesis of GADD45 prior to 
activation of MTK1. Thus, GADD45-mediated MTK1 
activation provokes delayed and prolonged activa-
tion of SAPK signaling, which is particularly impor-
tant for cell fate decisions, such as apoptotic cell death 
and inflammation, under stress conditions. This year, 
by establishing MTK1 or GADD45 deficient cells, we 
investigated the regulation and function of MTK, and 
uncovered novel roles of MTK1 in DNA-damage re-

sponse and cell growth control. Furthermore, using 
molecular imaging techniques, we elucidated unique 
spatio-temporal regulation of SAPK signaling under 
certain stress conditions, and identified its role in the 
regulation of cytokine production and embryonic de-
velopment.

5.   Identification  of  novel  genes  whose  expres-
sion is controlled by MAPK signaling path-
ways.

Ayaka Sakurai, Shiho Sameshima, Shiho Hirose, 
Mariko Saito, Yusuke Takagi, Noriko Nishizumi-To-
kai, Yuji Kubota, and Mutsuhiro Takekawa

The initial cellular response to various environ-
mental cues, such as growth factors, environmental 
stresses, and cytokines, is the transcriptional regula-
tion of a set of genes that control a wide variety of bi-
ological functions. MAPK signaling pathways are 
known to play crucial roles in this process. Previous 
studies have shown that MAPKs directly phosphoryl-
ate and activate a bunch of transcription factors and 
regulators. For instance, the transcription factor ELK-
1, which is a member of the ternary complex factor 
(TCF) subfamily, is a substrate of ERK. TCFs interact 
with a second transcription factor, serum response 
factor (SRF), and these two transcription factors joint-
ly bind and activate serum response elements (SREs) 
in the promoters of immediately early genes (IEGs). 
Moreover, upon stress stimulation, p38 and JNK 
MAPKs directly phosphorylate activating transcrip-
tion factor 2 (ATF2). ATF2 binds either to CRE re-
sponse elements as a homodimer, or to both AP-1 and 
CRE sequences as a heterodimer, in which ATF2 
forms a complex with other members of the ATF fam-
ily or with Jun/Fos family members, thereby inducing 
target gene expression.

We have comprehensively searched for human 
genes whose expression is transcriptionally regulated 
by the MAPK signaling pathways, and have succeed-
ed in identifying dozens of such genes. Interestingly, 
these transcripts include not only protein-coding mR-
NAs but also various non-coding, functional RNAs. 
We confirmed that some of these transcripts were in-
deed expressed preferentially in cancer cells with hy-
per-ERK activity or in cells treated with certain types 
of stresses. The roles of these MAPK-dependent tran-
scripts in the regulation of cell fate decisions are cur-
rently under investigation in our laboratory.

Publications

Matsushita M, Nakamura T, Moriizumi H, Miki 
H, and Takekawa M. Stress-responsive MTK1 SAPK-
KK serves as a redox sensor that mediates delayed 
and sustained activation of SAPKs by oxidative stress. 

Science Advances 6: eaay9778 doi:10.1126/sciadv.
aay9778 (2020)

Watanabe M, Arii J, Takeshima K, Fukui A, Shimo-
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jima M, Kozuka-Hata H, Oyama M, Minamitani T, 
Yasui T, Kubota Y, Takekawa M, Kosugi I, Maruzuru 
Y, Koyanagi N, Kato A, Mori Y, and Kawaguchi Y. 
Prohibitin-1 contributes to the cell-to-cell transmis-

sion of herpes simplex virus 1 via the MAPK/ERK sig-
naling pathway. Journal of Virology. 95: e01413-20 
(2021)
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1.   Profiling  the  principles  of  the  transcriptional 
control encoded in the genomic regulatory se-
quences  of  co-expressed  genes  from  scR-
NA-seq

Luis Augusto Eijy Nagai, Alexis Vandenbon1 and 
Kenta Nakai: 1Institute for Frontier Life and Medi-
cal Sciences, Kyoto University

Previous works of this lab have demonstrated that 
a common structure exists in the upstream region of 
co-expressed genes, exhibiting tissue-specific or de-
velopmental time-specific gene expression programs 
of various organisms. However, a tissue is composed 
of multiple cell-types with different expression pat-
terns. With the advance of NGS, transcriptomics in a 
single-cell resolution can trace cell differentiation at 
all developmental stages in nematodes. Using this 

kind of data we aim to attempt to extract a group of 
co-expressed genes in high accuracy and establish a 
method that automatically extracts the common 
structures existing in the upstream sequence. Using a 
published atlas of C. elegans developmental stages, we 
were able to re-analyze and extract the promoter se-
quences from scRNA-seq data. We then obtained sets 
of co-expressed genes based on the distribution of the 
principal components. These sets of genes had more 
statistically meaningful gene ontology terms that 
could describe each cluster than the shuffled groups 
used as control. Preliminary results have shown that 
distinct enriched transcription factor motifs could be 
identified in different clusters suggesting a clus-
ter-specific profile. Further results are still necessary 
to confirm the validity of our analysis.
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The mission of our laboratory is to conduct computational (“in silico”) studies on the 
functional aspects of genome information. At present, we mainly focus on the 
analysis of regulatory information of gene expression in the non-coding region, 
using a variety of next generation sequencing (NGS) data. In addition, we are 
actively collaborating with researchers from various fields.
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2.   Searching for a novel epigenetic code that af-
fects the nature of human embryonic stem cell

Yasuhisa Ishikawa and Kenta Nakai

It is well known that epigenetic factors such as 
DNA methylation and histone modifications influ-
ence gene expression and cell-specific natures. For 
example, DNA demethylation modifications produc-
ing 5-hydroxymethylcytosine (5hmC) are highly ac-
cumulated in embryonic stem cells (ESCs) and 
thought to interact with histone modifications to in-
fluence the acquisition of ESC potency. Furthermore, 
in recent years, the concept of “epigenetic code” has 
been proposed. This is a concept corresponding to 
“genetic code”, in which a plurality of epigenetic fac-
tors form a kind of code, which results in a change in 
gene expression and influences cell-specific natures. 
Therefore, we conducted research aiming to discover 
a novel epigenetic code containing 5hmC, which has 
the possibility to influence the natures of human 
ESCs. As a result, a novel epigenetic code candidate 
consisting of 5hmC and two histone modifications 
(H3K4me1 and H4K8ac) was discovered. It was con-
firmed that these epigenetic factors caused ESC-spe-
cific expression by co-occurring. Furthermore, this 
co-occurrence was found to be present in pluripotent 
stem cell marker genes (Nanog, Oct3/4). Theses find-
ing has the potential to help better understand the na-
ture of ESCs and its relationship to epigenetic factors.

3.   A semi-supervised deep learning approach for 
predicting  the  functional  effects  of  genomic 
non-coding variations

Hao Jia, Sung-Joon Park and Kenta Nakai

Understanding the functional effects of non-cod-
ing variants is important as they are often associated 
with gene-expression alteration and disease develop-
ment. In this work, we propose a novel method, em-
ploying a semi-supervised deep-learning model with 
pseudo labels, which takes advantage of learning 
from both experimentally annotated and unannotat-
ed data. We prepared known functional non-coding 
variants with histone marks, DNA accessibility, and 
sequence context in GM12878, HepG2, and K562 cell 
lines. Applying our method to the dataset demon-
strated its outstanding performance, compared with 
that of existing tools. Our results also indicated that 
the semi-supervised model with pseudo labels 
achieves higher predictive performance than the su-
pervised model without pseudo labels. The semi-su-
pervised deep learning model coupled with pseudo 
labeling has advantages in studying with limited da-
tasets, which is not unusual in biology. Our study 
provides an effective approach in finding non-coding 
mutations potentially associated with various biolog-
ical phenomena, including human diseases.

4.   Characterizing  promoter  and  enhancer  se-
quences by a deep learning method

Xin Zeng, Sung-Joon Park and Kenta Nakai

Promoters and enhancers are well known regula-
tory elements modulating gene expression. As con-
firmed by high-throughput sequencing technologies, 
these regulatory elements are bidirectionally tran-
scribed. That is, promoters produce stable mRNA in 
the sense direction and unstable RNA in the antisense 
direction, while enhancers transcribe unstable RNA 
in both directions. Although it is thought that enhanc-
ers and promoters share a similar architecture of tran-
scription start sites (TSSs), how the transcriptional 
machinery distinctly uses these genomic regions as 
promoters or enhancers remains unclear. To address 
this issue, we developed a deep learning method by 
utilizing a Convolutional Neural Network (CNN) 
and the saliency algorithm. In comparison with other 
classifiers, our CNN presented higher predictive per-
formance, suggesting the overarching importance of 
the high-order sequence features, captured by the 
CNN. Moreover, our method revealed that there are 
substantial sequence differences between the enhanc-
ers and promoters. Our CNN-based method can cap-
ture the complex TSS architectures. We found that the 
genomic regions around TSSs for promoters and en-
hancers contribute to RNA stability and show some 
GC-biased characteristics as a critical determinant for 
promoter TSSs.

5.   Developing a database and web application for 
detecting  microbial  contaminants  from  next 
generation sequencing data

Sung-Joon Park, Satoru Onizuka2, Masahide Seki3, 
Yutaka Suzuki3, Takanori Iwata4 and Kenta Nakai: 
2Division of Periodontology, Department of Oral 
Function, Kyushu Dental University: 3Department 
of Computational Biology and Medical Sciences, 
Graduate School of Frontier Sciences, The Universi-
ty of Tokyo: 4Department of Periodontology, Gradu-
ate School of Medical and Dental Sciences, Tokyo 
Medical and Dental University

Microorganisms infect and contaminate eukaryot-
ic cells during the course of biological experiments. 
Because microbes influence host cell biology and may 
therefore lead to erroneous conclusions, a computa-
tional platform that facilitates decontamination is in-
dispensable. Recent studies show that next-genera-
tion sequencing (NGS) data can be used to identify 
the presence of exogenous microbial species. Howev-
er, as one of the difficulties, since the host cells are 
often contaminated by multiple microorganisms that 
possess higher sequence homology, it is required 
careful attention to intra- and interspecies sequence 
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similarities among potential contaminants. We are 
developing a computational approach to improve de-
tection rates. We are building it as a web application 
along with a large-scale database. Currently, the data-
base includes over 700 statistically significant micro-
bial genera that have been detected from the public-
ly-available 5,000 WGS and RNA-seq dataset. Since 
contaminants have complex characteristics, including 
variability across laboratories and sequencing proto-
cols, we believe that our computational platform is 
useful to improve our understanding of how and why 
microbial species infect and contaminate host cells 
and the impact on the interpretation of experimental 
results.

6.   Transcriptome analysis of multipotent mesen-
chymal stem cells derived from oral and maxil-
lofacial tissues

Sung-Joon Park, Satoru Onizuka2, Takanori Iwata4 
and Kenta Nakai

Multipotent mesenchymal stem cells (MSCs) are a 
well-known candidate for therapeutic applications 
and they are isolated from various tissues. Despite 
their importance, the molecular characteristics of 
MSCs are strongly relying on the origin of tissue. 
Here, we analyzed RNA-seq data from human MSCs 
from three different bones and publicly-available var-
ious MSCs and embryonic stem cells. Although the 
MSCs may be divided into two distinct groups that 
are originated from over the neck or not, the expres-
sion patterns of all CD antigen genes were similar 
among different types of MSCs, except for ESCs. Re-
markably, we found that the MSCs derived from tis-
sues of the maxillofacial regions are HOX-negative, 
those derived from other tissues are HOX-positive. 
The genes including MSX1, LHX8, and BARX1, an es-
sential regulator of craniofacial development, were 
highly expressed in maxillofacial tissue-derived 
MSCs. These results revealed that MSCs from differ-
ent anatomical locations have remarkable differences 
in gene expression and positional memory, implying 
the importance of choosing an appropriate cell source 
for regenerative therapy.

7.   Analyzing  ploidy-dependent  gene  expression 
in mouse early embryos by bulk and single-cell 
RNA-seq data

Sung-Joon Park, Miho Ohsugi5 and Kenta Nakai: 
5Department of Biological Sciences, Graduate 
School of Science, The University of Tokyo

Polyploidy is a biological phenomenon that domi-
nates the genome evolution in various organisms. In 
particular, mammalian diploid embryos exhibits 
higher rates in development compared to haploid 
embryos that arrest development before implanta-

tion. However, the molecular mechanisms underly-
ing the ploidy dependency remain unclear. Here, we 
analyzed gene expression patterns at bulk and sin-
gle-cell resolutions during mouse early embryonic 
stages; 1-cell, 2-cell, and 4-cell stages. The embryos 
are parthenogenetic diploid (D/C=1.0), conventional 
haploid (D/C=0.5), and another type of haploid em-
bryos (D/C=1.0) whose total amount of genomic DNA 
and the DNA/cytoplasm ratio (D/C ratio) have been 
halved. This study revealed that although the onset of 
zygotic gene activation occurs for all types, the 
ploidy-dependent marker genes are different from 
each other.  Particularly, the up-regulated genes in D/
C=0.5 haploid 2-cell embryos exhibit abnormality in 
the regulation of apoptosis and translation elonga-
tion. By investigating such transcriptomic features in 
the three types of embryos, we seek to understand 
how the reduced D/C ratio causes early developmen-
tal arrest and why.

8.   Analyzing the impact of inter-chromosomal in-
teractions on B cell development by linear re-
gression modeling

Sung-Joon Park and Kenta Nakai

Recent advances in characterizing 3D genome or-
ganization have highlighted the functional involve-
ment of the higher-order chromatin structures during 
cell differentiation and disease development. In par-
ticular, intra-chromosomal interactions and TADs 
have been intensively studied. On the other hand, 
non-homologous chromosomal contacts (NHCCs) 
that are interactions among different chromosomes 
are also thought to play a crucial role in the coordina-
tion of chromatin structure with transcription but re-
main poorly understood. Here, with the public NGS 
datasets of human B cells, we designed a regres-
sion-based computational approach and applied it to 
analyze the impact of NHCCs on gene regulation. As 
a result, the modeling captured significant regulators 
attributed to the 3D chromatin structure, which sug-
gests dynamic and complex NHCC regulatory activi-
ties during B cell development. As previous studies 
have reported that NHCCs form poised chromatin 
hubs, our results implied the involvement of NHCCs 
for rapid cytokine response in activated B cells.

9.   Extreme value theory as a general framework 
for  understanding  mutation  frequency  distri-
bution in cancer genomes

Natsuki Tokutomi, Kenta Naka and Sumio Sugano6: 
6Medical Research Institute, Tokyo Medical and 
Dental University

Currently, there is no recognized population ge-
netics framework describing the population dynam-
ics of cancer cells that is applicable to real cancer ge-
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nome data. By focusing on cancer as a Darwinian 
evolutionary system, we formulated and analyzed 
the observed mutation frequency among tumors 
(MFaT) as a proxy for the hypothesized sequence 
read frequency and beneficial fitness effect of a cancer 
driver mutation. Analogous to intestinal crypts, we 
assumed that sample donor patients are separate cul-
ture tanks where proliferating cells follow certain 
population dynamics described by extreme value the-
ory (EVT). To validate this, we analyzed three large-
scale cancer genome datasets, each harboring > 10 000 
tumor samples and in total involving > 177 898 ob-
served mutation sites. We clarified the necessary 
premises for the application of EVT in the strong se-
lection and weak mutation (SSWM) regime in relation 
to cancer genome sequences at scale. We also con-
firmed that the stochastic distribution of MFaT is like-
ly of the Fr_echet type, which challenges the well-
known Gumbel hypothesis of beneficial fitness effects. 
Based on statistical data analysis, we demonstrated 
the potential of EVT as a population genetics frame-
work to understand and explain the stochastic behav-
ior of driver-mutation frequency in cancer genomes 
as well as its applicability in real cancer genome se-
quence data.

10.   Investigating  putative  dendritic  cell  precur-
sors (pre-DC) with neutrophil progenitor prop-
erties

Phit Ling Tan, Ken Ishii7, Florent Ginhoux8 and 
Kenta Nakai: 7Division of Vaccine Science, The In-
stitute of Medical Science, The University of Tokyo, 
8Singapore Immunology Network (SIgN), A*STAR

Previously, we found a potentially interesting 
new group of cells while studying the aggregated sin-
gle-cell transcriptome data of human blood/bone 
marrow cells: a subtype of putative dendritic cell pre-
cursors (pre-DCs) that expresses certain neutrophil 
progenitor markers. Other than expressing some neu-
trophil progenitor markers, this subtype of putative 
pre-DCs exhibits similar expression profiles to con-
ventional dendritic cells (cDCs) and Axl+Si-
glec6+pre-cDCs. Despite having similar expression 
profiles to cDCs and pre-cDCs, trajectory inference 
analyses suggest that this group of cells is a precursor 
of DCs. In order to validate these in silico results that 
suggest the existence of such putative pre-DCs, flow 
cytometry and in vitro DC differentiation experiments 
are being prepared to identify this group of cells and 
to study its potential differentiation behaviors. We 
will also perform index sort single-cell RNA-seq ex-
periments based on the previous validation analysis 
to definitively validate our analysis.
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Somatic mutations in cancer genomes are caused 
by multiple mutational processes, each of which gen-
erates a characteristic mutational signature. Here, as 
part of the Pan-Cancer Analysis of Whole Genomes 
(PCAWG) Consortium of the International Cancer 
Genome Consortium (ICGC) and The Cancer Ge-
nome Atlas (TCGA), we characterized mutational sig-
natures using 84,729,690 somatic mutations from 
4,645 whole-genome and 19,184 exome sequences 
that encompass most types of cancer. We identified 49 
single-base-substitution, 11 doublet-base-substitu-
tion, 4 clustered-base-substitution and 17 small inser-
tion-and-deletion signatures. The substantial size of 
our dataset, compared with previous analyses, ena-
bled the discovery of new signatures, the separation 
of overlapping signatures and the decomposition of 
signatures into components that may represent asso-
ciated-but distinct-DNA damage, repair and/or repli-
cation mechanisms. By estimating the contribution of 
each signature to the mutational catalogues of indi-
vidual cancer genomes, we revealed associations of 
signatures to exogenous or endogenous exposures, as 
well as to defective DNA-maintenance processes. 
However, many signatures are of unknown cause. 
This analysis provides a systematic perspective on the 
repertoire of mutational processes that contribute to 
the development of human cancer.

2.   Genetic  landscape  of  external  auditory  canal 
squamous cell carcinoma

Sato K1,2, Komune N2, Hongo T2,3, Koike K2,4, Niida 
A5, Uchi R2, Noda T2, Kogo R2, Matsumoto N3, 
Yamamoto H3, Masuda M1, Oda Y3, Mimori K4, Na-
kagawa T2; 1Department of Head and Neck Surgery, 
National Hospital Organization KyushuCancer 
Center, Fukuoka, Japan. 2Department of Otorhi-
nolaryngology, Graduate School of Medical Scienc-
es, Kyushu University, Fukuoka, Japan. 3Depart-
ment of Anatomic Pathology, Graduate School of 

Medical Sciences, Kyushu University, Fukuoka, Ja-
pan. 4Department of Surgery, Kyushu University 
Beppu Hospital, Beppu, Oita, Japan 5Laboratory of 
Molecular Medicine, Human Genome Center, The 
Institute of Medical Science, The University of To-
kyo, Tokyo, Japan.

External auditory canal squamous cell carcinoma 
(EACSCC) is an extremely rare and aggressive malig-
nancy. Due to its rarity, the molecular and genetic 
characteristics of EACSCC have not yet been elucidat-
ed. To reveal the genetic alterations of EACSCC, we 
performed whole exome sequencing (WES) on 11 pri-
mary tumors, 1 relapsed tumor and 10 noncancerous 
tissues from 10 patients with EACSCC, including 1 
with a rare case of synchronous bilateral EACSCC of 
both ears. WES of the primary tumor samples showed 
that the most frequently mutated gene is TP53 (63.6%). 
In addition, recurrent mutations in CDKN2A, 
NOTCH1, NOTCH2, FAT1 and FAT3 were detected 
in multiple samples. The mutational signature analy-
sis of primary tumors indicated that the mutational 
processes associated with the activation of apolipo-
protein B mRNA- editing enzyme catalytic polypep-
tide-like (APOBEC) deaminases are the most com- 
mon in EACSCC, suggesting its similarity to SCC 
from other primary sites. Analysis of arm-level copy 
number alterations detected notable amplification of 
chromosomes 3q, 5p and 8q as well as deletion of 3p 
across multiple samples. Focal chromosomal aberra-
tions included amplifications of 5p15.33 (ZDHH-
C11B) and 7p14.1 (TARP) as well as deletion of 9p21.3 
(CDKN2A/B). The protein expression levels of ZDH-
HC11B and TARP in EACSCC tissues were validated 
by immunohistochemistry. Moreover, WES of the pri-
mary and relapsed tumors from a case of synchro-
nous bilateral EACSCC showed the intrapatient ge-
netic heterogeneity of EACSCC. In summary, this 
study provides the first evidence for genetic altera-
tions of EACSCC. Our findings suggest that EACSCC 
mostly resembles other SCC.
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1.   Genome-wide  association  study  of  various 
diseases and phenotypes

Identification of a novel uterine leiomyoma GWAS 
locus in a Japanese population.

Uterine leiomyoma is one of the most common gy-
naecologic benign tumours, but its genetic basis re-
mains largely unknown. Six previous GWAS identi-
fied 33 genetic factors in total. Here, we performed a 
two-staged GWAS using 13,746 cases and 70,316 con-
trols from the Japanese population, followed by a rep-
lication analysis using 3,483 cases and 4,795 controls. 
The analysis identified 9 significant loci, including a 
novel locus on 12q23.2 (rs17033114, P = 6.12 × 10-25 
with an OR of 1.177 (1.141-1.213), LINC00485). Sub-
group analysis indicated that 5 loci (3q26.2, 5p15.33, 
10q24.33, 11p15.5, 13q14.11) exhibited a statistically 
significant effect among multiple leiomyomas, and 2 
loci (3q26.2, 10q24.33) exhibited a significant effect 
among submucous leiomyomas. Pleiotropic analysis 
indicated that all 9 loci were associated with at least 
one proliferative disease, suggesting the role of these 
loci in the common neoplastic pathway. Furthermore, 
the risk T allele of rs2251795 (3q26.2) was associated 
with longer telomere length in both normal and tu-

mour tissues. Our findings elucidated the significance 
of genetic factors in the pathogenesis of leiomyoma.

Large-scale genome-wide association study in a Jap-
anese population identifies novel susceptibility loci 
across different diseases

The overwhelming majority of participants in cur-
rent genetic studies are of European ancestry. To elu-
cidate disease biology in the East Asian population, 
we conducted a genome-wide association study 
(GWAS) with 212,453 Japanese individuals across 42 
diseases. We detected 320 independent signals in 276 
loci for 27 diseases, with 25 novel loci (P < 9.58 × 10-9). 
East Asian-specific missense variants were identified 
as candidate causal variants for three novel loci, and 
we successfully replicated two of them by analyzing 
independent Japanese cohorts; p.R220W of ATG16L2 
(associated with coronary artery disease) and p.
V326A of POT1 (associated with lung cancer). We fur-
ther investigated enrichment of heritability within 
2,868 annotations of genome-wide transcription fac-
tor occupancy, and identified 378 significant enrich-
ments across nine diseases (false discovery rate < 0.05) 
(for example, NKX3-1 for prostate cancer). This large-
scale GWAS in a Japanese population provides in-
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sights into the etiology of complex diseases and high-
lights the importance of performing GWAS in 
non-European populations.

Claudin-2 deficiency associates with hypercalciuria 
in mice and human kidney stone disease

The major risk factor for kidney stone disease is 
idiopathic hypercalciuria. Recent evidence implicates 
a role for defective calcium reabsorption in the renal 
proximal tubule. We hypothesized that claudin-2, a 
paracellular cation channel protein, mediates proxi-
mal tubule calcium reabsorption. We found that clau-
din-2-null mice have hypercalciuria due to a primary 
defect in renal tubule calcium transport and papillary 
nephrocalcinosis that resembles the intratubular 
plugs in kidney stone formers. Our findings suggest 

that a proximal tubule defect in calcium reabsorption 
predisposes to papillary calcification, providing sup-
port for the vas washdown hypothesis. Claudin-2-
null mice were also found to have increased net intes-
tinal calcium absorption, but reduced paracellular 
calcium permeability in the colon, suggesting that 
this was due to reduced intestinal calcium secretion. 
Common genetic variants in the claudin-2 gene were 
associated with decreased tissue expression of clau-
din-2 and increased risk of kidney stones in 2 large 
population-based studies. Finally, we describe a fam-
ily in which males with a rare missense variant in 
claudin-2 have marked hypercalciuria and kidney 
stone disease. Our findings indicate that claudin-2 is a 
key regulator of calcium excretion and a potential tar-
get for therapies to prevent kidney stones.
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1.   Creating New Genomic Medicine  by  Integrat-
ing  Human  Whole  Genome  and  Commensal 
Microbiota

Shimizu E, Kasajima R, Katayama K, Yamaguchi 
K, Yokoyama K, Fujimoto K, Yadome M, Hyugaji T, 
Komura M, Yamamoto M, Saito A, Kobayashi M, 
Ogawa M, Takei T, Yuji K, Takane K, Ikenoue T, 
Robert B, Shibuya T, Hiroshima Y, Miyagi Y, Muto 
K, Uematsu S, Tojo A, Furukawa Y, Miyano S, 
Yamaguchi R, Imoto S 

Using state-of-the-art genome analysis and artifi-
cial intelligence, our mission is to implement “new 
genomic medicine” by integrating human genome in-
formation and human symbiotic microbial metagen-

ome information. 
In Japan, gene panel testing was covered by na-

tional health insurance from Jun 2019, however, it 
analyzed several hundreds of genes, which were 
known cancer-related genes. Since the gene panel has 
trivial limitation due to its focused genes, Japanese 
government considered to extend the gene panel to 
whole genome. However, it remains a question that 
whether the whole genome sequence information is 
enough to realize precision medicine. 

Although human genome has 20 thousand genes, 
intestinal microbiota has 20 million genes, and they 
work together with human genes for keeping homeo-
stasis of our lives. In recent years, with the advance-
ment of sequencing technology, we could have a 
whole figure of intestinal microbiota and found its 
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dysbiosis leads to various diseases. We are proceed-
ing a research for utilizing the information of intesti-
nal microbiota (meta-genome) and human genome to 
create new genomic medicine in Society5.0. For this 
purpose, we need to establish an artificial intelligence 
to translate the information of human genome and 
meta-genome to clinical actions of physicians. 

2.   Metagenome Analysis of Intestinal Microbiota

a.   Unveiling viral dark matter by whole metagen-
ome analysis of bacteriome and virome

Fujimoto K, Kimura Y, Shimohigoshi M, Satoh M, 
Sato S, Tremmel G, Uematsu M, Kawaguchi Y, Usui 
Y, Nakano Y, Hayashi T, Kashima K, Yuki Y, Yama-
guchi K, Furukawa Y, Kakuta M, Akiyama Y1, 
Yamaguchi R, Crowe SE2, Ernst PB3, Miyano S, Ki-
yono H, Imoto S, Uematsu S.: 1Department of Com-
puter Science, Tokyo Institute of Technology, 2De-
partment of Medicine, University of California, San 
Diego, 3CU-UCSD Center for Mucosal Immunology, 
Allergy and Vaccines, University of California San 
Diego

The application of bacteriophages (phages) is pro-
posed as a highly specific therapy for intestinal patho-
biont elimination. However, the infectious associa-
tions between phages and bacteria in the human 
intestine, which is essential information for the devel-
opment of phage therapies, have yet to be fully eluci-
dated. Here, we report the intestinal viral microbi-
omes (viromes), together with bacterial microbiomes 
(bacteriomes), in 101 healthy Japanese individuals. 
Based on the genomic sequences of bacteriomes and 
viromes from the same fecal samples, the host bacte-
ria-phage associations are illustrated for both temper-
ate and virulent phages. To verify the usefulness of 
the comprehensive host bacteria-phage information, 
we screened Clostridioides difficile-specific phages 
and identified antibacterial enzymes whose activity is 
confirmed both in vitro and in vivo. These compre-
hensive metagenome analyses reveal not only host 
bacteria-phage associations in the human intestine 
but also provide vital information for the develop-
ment of phage therapies against intestinal pathobi-
onts.

b.   Genome-wide association studies and herita-
bility analysis  reveal  the  involvement of host 
genetics in the Japanese gut microbiota

Ishida S4, Kato K5, Tanaka M4, Odamaki T5, Kubo 
R4, Mitsuyama E5, Xiao J5, Yamaguchi R, Uematsu 
S, Miyano S, Imoto S: 4DeNA Life Science, 5Morina-
ga Milk Industry Co., Ltd. 

Numerous host extrinsic and intrinsic factors af-
fect the gut microbiota composition, but their cumu-

lative effects do not sufficiently explain the variation 
in the microbiota, suggesting contributions of missing 
factors. The Japanese population possesses homoge-
neous genetic features suitable for genome-wide as-
sociation study (GWAS). Here, we performed GWASs 
for human gut microbiota using 1068 healthy Japa-
nese adults. To precisely evaluate genetic effects, we 
corrected for the impacts of numerous host extrinsic 
and demographic factors by introducing them as co-
variates, enabling us to discover five loci significantly 
associated with microbiome diversity measures: 
HS3ST4, C2CD2, 2p16.1, 10p15.1, and 18q12.2. Never-
theless, these five variants explain only a small frac-
tion of the variation in the gut microbiota. We subse-
quently investigated the heritability of each of the 21 
core genera and found that the abundances of six gen-
era are heritable. We propose that the gut microbiota 
composition is affected by a highly polygenic archi-
tecture rather than several strongly associated vari-
ants in the Japanese population.

3.   Development  of  Computational  Methods  for 
Genomic Data

a.   Neoantimon:  a multifunctional R package  for 
identification of tumor-specific neoantigens

Hasegawa T, Hayashi S, Shimizu E, Mizuno S6, Nii-
da A, Yamaguchi R, Miyano S, Nakagawa H7, Imoto 
S: 6Kyushu University, 7Riken

It is known that some mutant peptides, such as 
those resulting from missense mutations and 
frameshift insertions, can bind to the major histocom-
patibility complex and be presented to antitumor T 
cells on the surface of a tumor cell. These peptides are 
termed neoantigen, and it is important to understand 
this process for cancer immunotherapy. Here, we in-
troduce an R package termed Neoantimon that can 
predict a list of potential neoantigens from a variety 
of mutations, which include not only somatic point 
mutations but insertions, deletions and structural 
variants. Beyond the existing applications, Neoanti-
mon is capable of attaching and reflecting several ad-
ditional information, e.g. wild-type binding capabili-
ty, allele specific RNA expression levels, single 
nucleotide polymorphism information and combina-
tions of mutations to filter out infeasible peptides as 
neoantigen.

b.   Theoretical  foundation of  the performance of 
phylogeny-based somatic variant detection

Moriyama T, Imoto S, Miyano S, Yamaguchi R

We study the performance of a variant detection 
method that is based on a property of tumor phyloge-
netic tree. Our major contributions are two folds. 
First, we show the property of tumor phylogenetic 
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tree: the total patterns of mutations are restricted if a 
multi-regional mutation profile follows a correspond-
ing tumor phylogenetic tree, where a multi-regional 
mutation profile is a matrix in which predictions of 
somatic mutations at the corresponding tumor re-
gions are listed. Second, we evaluate the lower and 
upper bounds of specificity and sensitivity of a phy-
logeny-based somatic variant detection method un-
der several situations. In the evaluation, we conduct 
patient-wise variant detection from a noisy multi-re-
gional mutation profile matrix for some genomic po-
sitions by utilizing the phylogenetic property; we as-
sume that the phylogenetic information can be 
extracted from another mutation profile matrix that 
contains accurate candidates at different genomic po-
sitions from the noisy ones. From the evaluation, we 
find that higher sensitivity is not guaranteed in the 
phylogeny-based variant detection, but higher speci-
ficity is guaranteed for several cases. These findings 
indicate the tumor phylogeny gives more merit for 
variant detection based on erroneous long-read se-
quencers (e.g. Oxford nanopore sequencers) than that 
based on accurate short-read sequencers (e.g., Illumi-
na sequencer).

Publications (Jan 2020 – March 2020)

c.   Nanopore basecalling from a perspective of in-
stance segmentation

Zhang Y-Z, Akdemir A, Tremmel G, Imoto S, Mi-
yano S, Shibuya T, Yamaguchi R

Nanopore sequencing is a rapidly developing 
third-generation sequencing technology, which can 
generate long nucleotide reads of molecules within a 
portable device in real-time. Through detecting the 
change of ion currency signals during a DNA/RNA 
fragment’s pass through a nanopore, genotypes are 
determined. Currently, the accuracy of nanopore ba-
secalling has a higher error rate than the basecalling 
of short-read sequencing. Through utilizing deep 
neural networks, the-state-of-the art nanopore base-
callers achieve basecalling accuracy in a range from 
85% to 95%.

In this work, we proposed a novel basecalling ap-
proach from a perspective of instance segmentation. 
Different from previous approaches of doing typical 
sequence labeling, we formulated the basecalling 
problem as a multi-label segmentation task. Mean-
while, we proposed a refined U-net model which we 
call UR-net that can model sequential dependencies 
for a one-dimensional segmentation task. The experi-
ment results show that the proposed basecaller UR-
nano achieves competitive results on the in-species 
data, compared to the recently proposed CTC-fea-
tured basecallers.

d.   Halcyon: an accurate basecaller exploiting an 
encoder-decoder model with monotonic atten-
tion

Konishi H, Yamaguchi R, Yamaguchi K, Furukawa 
Y, Imoto S

In recent years, nanopore sequencing technology 
has enabled inexpensive long-read sequencing, which 
promises reads longer than a few thousand bases. 
Such long-read sequences contribute to the precise 
detection of structural variations and accurate haplo-
type phasing. However, deciphering precise DNA se-
quences from noisy and complicated nanopore raw 
signals remains a crucial demand for downstream 
analyses based on higher quality nanopore sequenc-
ing, although various basecallers have been intro-
duced to date.

To address this need, we developed a novel base-
caller, Halcyon, that incorporates neural-network 
techniques frequently used in the field of machine 
translation. Our model employs monotonic-attention 
mechanisms to learn semantic correspondences be-
tween nucleotides and signal levels without any 
pre-segmentation against input signals. We evaluated 
performance with a human whole genome sequenc-
ing dataset and demonstrated that Halcyon outper-
formed existing third party basecallers and achieved 
competitive performance against the latest Oxford 
Nanopore Technologies’ basecallers.

Publications (2020.4~)

1.    Johmura Y, Yamanaka T, Omori S, Wang T-W, Su-
giura Y, Matsumoto M, Suzuki N, Kumamoto S, 
Yamaguchi K, Hatakeyama S, Takami T, Yamagu-
chi R, Shimizu E, Ikeda K, Okahashi N, Mikawa R, 
Suematsu M, Arita M, Sugimoto M, Nakayama K, 
Furukawa Y, Imoto S, and Nakanishi M. Senolysis 
by glutaminolysis inhibition ameliorates various 
age-associated disorders. Science, 15 Jan 2021:371 
(6526) 265-270. DOI: 10.1126/science.abb5916 Press 
Release: https://www.ims.u-tokyo.ac.jp/imsut/jp/
about/press/page_00065.html

2.    Ishida S, Kato K, Tanaka M, Odamaki T, Kubo R, 
Mitsuyama E, Xiao J, Yamaguchi R, Uematsu S, 
Imoto S, Miyano S. Genome-wide association 
studies and heritability analysis reveal the in-
volvement of host genetics in the Japanese gut mi-
crobiota. Communications Biology, 3, Article num-
ber: 686 (2020) Press Release: https://www.ims.u- 
tokyo.ac.jp/imsut/jp/about/press/page_00048.
html

3.    Imoto S, Hasegawa T, Yamaguchi R., Data science and 
precision health care. Nutr Rev. 2020 Dec 1;78(Supple-
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The Department of Public Policy contributes to achieving the following major 
missions: research ethics consultation for scientists to comply with ethical 
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surrounding COVID-19 pandemic; public policy science studies of translational 
research and its societal impact; and developing “minority-centered” scientific 
communication. Through qualitative and quantitative social science studies and 
policy analysis, we facilitate discussion of challenges arising from medical science 
advances.

1.   Japanese  insurers’  attitudes  toward  adverse 
selection and genetic discrimination

Since the 1990s, insurance has been the primary 
field focused on the social disadvantages of using ge-
netic test results because of the concerns related to 
adverse selection. Although life insurance is popular 
in Japan, Japan does not currently have any regula-
tions on the use of genetic information and insurers 
have largely kept silent for decades. To reveal insur-
ers’ attitudes on the topic, we conducted an anony-
mous questionnaire survey with 100 insurance com-
pany employees and recruited nine interviewees from 
the survey respondents. We found that genetic dis-
crimination is not generally considered as a topic of 
human rights. We also found that insurers have un-
certain fears and concerns about adverse selection in 
terms of actuarial fairness but not regarding profits. 
When it comes to preparing guidelines on the use of 
genetic information by Japanese insurers, we believe 
that public dialog and consultation are necessary to 
gain understanding of the people.

2.   Japanese  citizens’  behavioral  changes  and 
preparedness against COVID-19

The Japanese government instituted countermeas-
ures against COVID-19, a pneumonia caused by the 
new coronavirus, in January 2020. Seeking “people’s 
behavioral changes,” in which the government called 
on the public to take precautionary measures or exer-
cise self-restraint, was one of the important strategies. 
The purpose of this study is to investigate how and 
from when Japanese citizens have changed their pre-
cautionary behavior under circumstances in which 
the government has only requested their cooperation. 
This study uses micro data from a cross-sectional sur-
vey conducted on an online platform of an online re-
search company, based on quota sampling that is rep-
resentative of the Japanese population. By the end of 
March 2020, a total of 11,342 respondents, aged from 
20 to 64 years, were recruited. About 85 percent re-
ported practising the social distancing measures rec-
ommended by the government including more fe-
males than males and more older than younger 
participants. Frequent handwashing is conducted by 
86 percent of all participants, 92 percent of female, 
and 87.9 percent of over-40 participants. The most im-
portant event influencing these precautionary actions 
was the infection aboard the Diamond Princess cruise 
ship, which occurred in early February 2020 (23 per-
cent). Information from the central and local govern-

04ヒトゲノム解析センター_sk.indd   7204ヒトゲノム解析センター_sk.indd   72 2021/05/10   16:47:292021/05/10   16:47:29



73

ments, received by 60 percent of the participants, was 
deemed trustworthy by 50 percent. However, the re-
sults also showed that about 20 percent of the partici-
pants were reluctant to implement proper prevention 
measures. The statistical analysis indicated that the 
typical characteristics of those people were male, 
younger (under 30 years old), unmarried, from low-
er-income households, a drinking or smoking habit, 
and a higher extraversion score. To prevent the spread 
of infection in Japan, it is imperative to address these 
individuals and encourage their behavioural changes 
using various means to reach and influence them.

3.   Professional  Commitment  to  Ethical  Discus-
sions  Needed  From  Epidemiologists  in  the 
COVID-19 Pandemic

The global threat due to the novel coronavirus 
2019 infection (COVID-19) pandemic has given rise to 
various ethical challenges in public health, and in-
creasingly more articles are being published in medi-
cal journals on ethical issues concerning COVID-19. 
One major theme concerns the moral distress of bal-
ancing the importance of epidemiological surveil-
lance and digital patient tracing with privacy con-
cerns. Given the extraordinary current circumstances, 
other pressing ethical questions have also been posed, 
including the following: Which studies should be 
continued or cancelled? What constitutes an ethical 
study design and rationale? How should the partici-
pant burden/risk be balanced against the benefits of 
research? Should protocol procedures be limited or 
modified to ensure participant safety, at the risk of 
decreasing research integrity? Should we justify a 
shortcut through a fast-track research review and an 
expedited submission-review process, with the po-
tential downside of lower research quality and more 
faulty publications? How should the scientific com-
munity avoid jeopardizing the pandemic public 
health management by the rapid and uncontrolled 
flood of clinical/epidemiological data dissemination 
in the media? Should we justify conducting urgently 
required research in developing countries with more 
treatment-naïve potential research populations, even 
though the peak of infection expansion in developed 
countries has already waned?    Conventionally, aca-
demic journals have been one of the most powerful 
venues for scholarly discussion. However, since the 
COVID-19 expansion, the extent to which scholarly 
journals of epidemiology have served as discussion 
forums for ethical issues on COVID-19 has become 
unclear, even though many of the ethical questions 
noted above would likely be important for epidemiol-
ogists as well. Against that backdrop, we conducted a 
small bibliometric survey on June 11, 2020. Specifical-
ly, we performed a database search of PubMed using 
the constraints of “COVID-19,” and “ethics.” This 
identified 424 articles, of which approximately two-
thirds (285) were published in scholarly journals; the 

remaining 139 were in commercial journals. Of the 
former 424, 13 were published in Nature/Science, 33 
in five major medical journals (NEJM, BMJ, JAMA, 
Lancet, Annals of Internal Medicine), 192 in other medi-
cal journals, 39 in public health/epidemiological jour-
nals, 64 in bioethics journals, and 36 in others. Of the 
39 published in public health/epidemiological jour-
nals, only one was published in an epidemiological 
journal. Accordingly, our findings suggest that unfor-
tunately, epidemiologist engagement in ethical issues 
on COVID-19 is minimal at best. 

We speculate that this may be caused by the fol-
lowing factors:(1) Not all—but many—epidemiolo-
gists might be indifferent to ethical issues on epidemi-
ology, or have left these arguments in the hands of 
others such as bioethicists; (2) While they may be con-
cerned with ethical issues, epidemiologists may be 
less familiar with developing ethical arguments; (3) 
Appropriate forums for mediation of ethical discus-
sions in epidemiological journals may be few in num-
ber. Notably, this third factor should be rejected be-
cause nearly all of the top 10 epidemiological journals 
with “epidmiol-” or the equivalent in their names, be-
ing indexed in the 2018 Journal Citation Reports® (ex-
cept Journal of Epidemiology, ranked 10th), provide suf-
ficient space for unsolicited and unstructured longer 
articles (1,500–3,000 words) for development of de-
bates or perspectives, in addition to the Letter to the 
Editor section. Therefore, we suspect that most epide-
miologists are simply not using the available forums 
well. We believe that ethical issues directly concern-
ing epidemiology should be shared and discussed, 
first and foremost, among epidemiologists. Because 
epidemiologists are health professionals, they shoul-
der the responsibility to maintain ethical integrity in 
their epidemiological endeavors. Utilizing such fo-
rums effectively and actively to exchange opinions on 
the ethics of epidemiology will promote the healthy 
development of epidemiology as a science and will 
contribute greatly to public health policy making as 
well.

4.   An  educational  workshop  designed  for  re-
search ethics consultants  to educate  investi-
gators on ethical considerations

The role of research ethics consultants in biomedi-
cal research has increased to the point that they have 
an advisory capacity at all research institutes. For 
such professionals, we have established an education-
al system, which includes teaching materials, training 
methods, and nationwide educational workshops. 
These workshops have served to examine the devel-
oped system’s usefulness and to provide realistic 
training for consultant candidates. In addition, we 
have used the current workshop to encourage clinical 
research investigators (and related personnel) to par-
ticipate. Subsequently, we examined its usefulness as 
an opportunity to provide exposure to research eth-
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ics. In October 2019, we held a 1-day pilot workshop 
in Tokushima, Japan, which included a basic lecture 
in research ethics. During the lecture, two sets of ma-
terials were used for case discussion: case 1, covering 
issues related to a clinical trial, and case 2, covering 
issues related to human biological specimens. At the 
end of the workshop, a 30-item self-reporting anony-
mous questionnaire was provided. Of the 13 total par-
ticipants, 9 (70%) were clinical research investigators 

and related personnel, while 6 (46%) had no direct 
intention to act as consultants. Respondents indicated 
that case 2 was more difficult than case 1. However, 
both cases were generally accepted as educational 
materials; thus, satisfaction was expressed in relation 
to both. As the evaluations of the cases were generally 
positive, we will further examine the usefulness of 
participation in the workshop in the cultivation of re-
search ethics in the investigator community.
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The objective of Division of Medical Data Informatics is to develop fundamental 
data informatics technologies for medical data, such as algorithm theory, big data 
technologies, artificial intelligence, data mining, and privacy preserving 
technologies. Medical data, especially genome data are increasing exponentially in 
medical science from basics to clinical research. Our aim is to innovate the entire 
medical science with novel data informatics solutions.

1.   Development of Artificial Intelligence Technol-
ogies for Biomedical Data

a.   Natural Language Processing Methods for In-
ternational Medical Text Databases

Arda Akdemir1, Tetsuo Shibuya1, Tunga Güngör2: 
1Division of Medical Data Informtatics, Institute of 
Medical Science, the University of Tokyo, 2Depart-
ment of Computer Engineering, Bogaziçi University

Morphological information is important for many 
sequence labeling tasks in Natural Language Process-
ing (NLP). Yet, existing approaches rely heavily on 
manual annotations or external software to capture 
this information. We propose using subword contex-
tual embeddings for languages with rich morpholo-
gy. Evaluated on Dependency Parsing (DEP) and 
Named Entity Recognition (NER) tasks, which are 
shown to benefit highly from morphological informa-
tion, subword contextual embeddings consistently 
outperformed other approaches on all languages test-
ed (Hungarian, Finnish, Czech and Turkish). Besides, 
the novel network architecture we propose, coupled 
with a Bayesian hyperparameter optimization suite, 
achieved state-of-the-art results for both tasks for the 
Turkish language. Finally, we experimented with dif-
ferent multi-task learning architectures to analyze the 

effect of jointly learning the two tasks.
Deep Neural Network (DNN) based Machine 

Learning models achieved remarkable success in 
many fields of research. Yet, many recent studies 
show the limitations of these approaches to general-
ize to unseen examples and to new domains such as 
the biomedical domain. Besides, supervised-learning 
based DNN models require a substantial amount of 
labeled data which is not readily available for many 
tasks such as the biomedical question answering task. 
Transfer Learning is shown to mitigate these chal-
lenges by transferring information from auxiliary 
tasks to improve the performance on a source task, 
and shown to be especially useful for low-resource 
tasks. These observations and findings motivated us 
to investigate the effect of transfer learning and mul-
ti-task learning on the biomedical question answering 
task. We proposed a novel multi-task learning model 
to learn biomedical entities and questions simultane-
ously. In this work, we explain the three different 
neural models we used to participate for the BioASQ 
8B challenge. Our results showed that transferring in-
formation from the biomedical entity recognition task 
brings improvement for the biomedical question an-
swering task.
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b.   Artificial Intelligence Techniques for Molecular 
Data Analysis

Xiao Shaobin1, Robert Daniel Barish1, Tetsuo 
Shibuya1, Adnan Sljoka3: 3Center for Advanced In-
telligence Project, RIKEN.

We are developing artificial intelligence tech-
niques for various molecular data analysis, including 
protein 3-D structures, metagenome NGS data. As for 
the metagenome data, we developed deep learning 
models that couple CNN (Convolutional Neural Net-
work) with RNN (Recurrent Neural Network) for vi-
rus classification from metagenome next generation 
sequencer data. Our model called BiRNN_CNN 
achieves 0.891 AUC, which outperforms previous 
state-of-the-art methods. 

2.   Development of Privacy Preserving Technolo-
gies for Medical Data

a.   Differential Privacy Methods for Medical Data

Tatsuki Koga1, Akito Yamamoto1, Robert Daniel Ba-
rish1, Tetsuo Shibuya1

Privacy-preserving machine learning is being in-
creasingly important for a variety of applications in 
medical science because we often need to handle sen-
sitive data including personal information. Using dif-
ferentially private empirical risk minimization (DP-
ERM) algorithms is one of the most common 
approaches to obtain privatized predictors in super-
vised learning. However, minimizing the empirical 
risk with current algorithms may negatively affect the 
classification performance under class imbalance in 
terms of metrics suited for imbalanced datasets. In 
this case, ERM with class-dependent weights is a pro-
cedure typically used for non-private ERM. We ex-
tend two fundamental DP-ERM algorithms to mini-
mize the empirical risk with class-dependent weights 
so that they perform better on imbalanced datasets. 
We also propose an algorithm to tune hyperparame-
ters in terms of the area under the receiver operating 
characteristic curve (AUC) with the privacy guaran-
tee. We show through experiments that when data-
sets have class imbalance and are large enough, the 
proposed algorithms outperform the existing algo-
rithms.

Analyses of datasets which contain personal 
genomic information are very important for revealing 
associations between diseases and genomes. Ge-
nome-wide association studies (GWAS), which are 
large-scale genetic statistical analyses, often involve 
tests with contingency tables. However, if the statis-
tics obtained by these tests are made public as they 
are, sensitive information of individuals might be 
leaked. Existing studies have proposed privacy pro-
tection methods for statistics in the chi-squared test 

with 3 × 2 contingency tables, but they do not cover all 
the tests used in GWAS. In addition, existing methods 
for releasing p-values are not practical. In this work, 
we propose methods to release p-values in the chi-
squared test with a 3 × 2 contingency table, chi-
squared statistics and p-values in the chi-squared test 
with a 2 × 2 contingency table, p-values in the Fisher’s 
exact test, and chi-squared statistics and p-values in 
the Cochran-Armitage ’s trend test while preserving 
both personal privacy and utility. The above statisti-
cal tests are used for comparative evaluation of allele 
frequencies and genotype frequencies, and the Fish-
er’s exact test is often applied when the entries of con-
tingency tables are small. We make theoretical guar-
antees by showing the sensitivity of the above 
statistics based on the concept of differential privacy. 
From our experimental results, we evaluate the utility 
of the proposed methods and show the appropriate 
thresholds for using the private statistics in statistical 
tests.

b.   RAM  Simulator  Data  Structures  for  Privacy 
Preserving Computation

Taku Onodera4, Tetsuo Shibuya1: 4Department of 
Computer Science, University of Helsinki

Wear leveling — a technology designed to balance 
the write counts among memory cells regardless of 
the requested accesses — is important for securi-
ty-critical applications. We completely determine the 
problem parameter regime for which Security Re-
fresh — one of the most well-known existing wear 
leveling schemes for PCM — is optimal by providing 
a positive result and a matching negative result. In 
particular, Security Refresh does not achieve optimal-
ity for the practically relevant regime of large-scale 
memory. We also propose a novel scheme that 
achieves an almost optimal lifetime, time/space over-
head, and wear-free space for the relevant regime not 
covered by Security Refresh. Unlike existing studies, 
we give rigorous theoretical lifetime analyses, which 
is necessary to assess and control the security risk.

3.   Development of Biomedical Database Technol-
ogies

a.   Development  of Algorithms  for  Next  Genera-
tion Sequencer Data

Kazushi Kitaya1, Tetsuo Shibuya1

Many bioinformatics tasks are achieved using a 
set of k-mers and the de Bruijn Graph represented by 
it for fast and space-saving processing. While much 
work has been done on how to efficiently compress 
and store a single set of k-mers or a de Bruijn Graph, 
methods for compressing multiple k-mer sets have 
been less studied. We propose a data structure that 
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can efficiently represent multiple k-mer sets con-
structed from genomic data and from which it is pos-
sible to efficiently reconstruct the original data. In ad-
dition, the proposed data structure does not require 
reference data, i.e., no additional information other 
than the data to be compressed is needed. Given 3292 
k-mer sets constructed from whole genome sequence 
data for E. coli, we successfully reduced the amount 
of data by more than 50% compared to compressing 
them individually. This data structure is useful for re-
searchers who want to use multiple k-mer sets or 
multiple de Bruijn Graphs and for administrators of 
genome-related databases who want to store their 
data on disk efficiently. 

b.   Integrating Viruses and Cellular Organisms for 
Pathway Maps

Mari Ishiguro-Watanabe1, Minoru Kanehisa5: 5In-
stitute for Chemical Research, Kyoto University.

KEGG is a manually curated resource integrating 
eighteen databases categorized into systems, genom-
ic, chemical and health information. It also provides 

KEGG mapping tools, which enable understanding of 
cellular and organism-level functions from genome 
sequences and other molecular datasets. KEGG map-
ping is a predictive method of reconstructing molecu-
lar network systems from molecular building blocks 
based on the concept of functional orthologs. Since 
the introduction of the KEGG NETWORK database, 
various diseases have been associated with network 
variants, which are perturbed molecular networks 
caused by human gene variants, viruses, other patho-
gens and environmental factors. The network varia-
tion maps are created as aligned sets of related net-
works showing, for example, how different viruses 
inhibit or activate specific cellular signaling path-
ways. The KEGG pathway maps are now integrated 
with network variation maps in the NETWORK data-
base, as well as with conserved functional units of 
KEGG modules and reaction modules in the MOD-
ULE database. The KO database for functional ort-
hologs continues to be improved and virus KOs are 
being expanded for better understanding of virus-cell 
interactions and for enabling prediction of viral per-
turbations.

Publications

1. Arda Akdemir, Tetsuo Shibuya. Transfer Learning 
for Biomedical Question Answering. CLEF 2020, 
22-25. 2020.

2. Arda Akdemir. Research on Task Discovery for 
Transfer Learning in Deep Neural Networks. Proc. 
58th Annual Meeting of the Association for Com-
putational Linguistics: Student Research Work-
shop, 33-41, 2020.

3. Arda Akdemir, Tetsuo Shibuya, and Tunga Güngör. 

Subword Contextual Embeddings for Languages 
with Rich Morphology,  ICMLA 2020, in press.

4. Taku Onodera, Tetsuo Shibuya, Wear Leveling Re-
visited, Leibniz International Proceedings in Infor-
matics (LIPIcs) 181(65):1-65:17, 2020.

5. Minoru Kanehisa, Miho Furumichi, Yoko Sato, 
Mari Ishiguro-Watanabe, and Mao Tanabe. KEGG: 
integrating viruses and cellular organisms. Nucleic 
Acids Res. 49(D1), in press.
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Abnormal compositions of intestinal microbiota have been reported to be 
associated with various diseases. We analyze intestinal bacteriome and virome in 
various diseases and search for “pathobiont” that causes the diseases. By making 
use of bioinformatics, we are constructing an analysis pipeline for intestinal 
microbiome, conducting comprehensive metagenomic analysis, and developing 
phage therapy for the specific control of pathobionts.

1.   Analysis of intestinal microbiota.

Kosuke Fujimoto1, Seiya Imoto2 and Satoshi Uemat-
su1: 1Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The 
University of Tokyo. 2Division of Health Medical In-
teligence, Human Genome Center, The Institute of 
Medical Science, The University of Tokyo. 3Division 
of Metagenome Medicine, Human Genome Center, 
The Institute of Medical Science, The University of 
Tokyo.

Our intestinal tract carries a lot of bacteria in the 
lumen as the resident microorganism. In addition to 
resident bacteria, viruses are also present in our intes-
tinal tract, most of which are bacteriophages. Howev-
er, it is still unclear what kind of bacteriophage exist 
in our intestinal tract, and what kind of bacteria they 
infect with. As one of the reasons, isolation of viral 
nucleic acids and preparation of libraries have not 
been established. Since conserved sequence such as 
16s rRNA gene do not exist in virus, whole genome 
analysis is necessary. Even if comprehensive whole 
genome analysis of intestinal viruses were performed, 
most of the sequence fragments couldn’t be classified 
by homology search due to the insufficient public da-
tabases. Thus, virome analysis is relatively difficult 
compared with bacteiome analysis and this situation 

is expressed by the word “vral dark matter”. We are 
now developing the isolation method of intestinal vi-
ruses and are generating analysis pipeline of metage-
nome analysis of them. We also generating the meth-
od to analyze host-parasite association identified 
based on the shotgun sequencing data of the bacterial 
flora and viral plexus.

2.   Development of treatments for dysbiosis-relat-
ed diseases by  comprehensive metagenomic 
analysis

In recent years, not only in intestinal diseases such 
as inflammatory bowel disease, but also in autoim-
mune diseases, diabetes, cardiovascular diseases, and 
autism, dysbiosis have been detected. It is now clear 
that dysbiosis is closely related to the pathogenesis of 
the diseases. In our laboratory, we perform metagen-
omic analysis of intestinal bacteria and virrus in dys-
biosis-related diseases, search for microorganisms 
related to the pathological condition (pathobiont), 
and develop phage therapy to specifically control the 
pathobiont.
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1.   Identification of distinct loci for de novo DNA 
methylation by DNMT3A and DNMT3B during 
mammalian development

Masaki Yagi, Mio Kabata1,2, Akito Tanaka1, Tomoyo 
Ukai , Sho Ohta , Kazuhiko Nakabayashi3, Masahito 
Shimizu2, Kenichiro Hata3, Alexander Meissner 4,5,6, 
Takuya Yamamoto 1,7,8,9, Yasuhiro Yamada7 : 1De-
partment of Life Science Frontiers, Center for iPS 
Cell Research and Application (CiRA), Kyoto Uni-
versity, 2Department of Gastroenterology/Internal 
Medicine, Gifu University Graduate School of Med-
icine, 3Department of Maternal-Fetal Biology, Na-
tional Research Institute for Child Health and De-
velopment, 4Department of Genome Regulation, 
Max Planck Institute for Molecular Genetics, 5De-
partment of Stem Cell and Regenerative Biology, 
Harvard University, 6 Broad Institute of MIT and 
Harvard, 7AMED-CREST, AMED, 8 Institute for 
the Advanced Study of Human Biology (WPI-ASH-
Bi), Kyoto University, 9 Medical-risk Avoidance 
based on iPS Cells Team, RIKEN Center for Ad-
vanced Intelligence Project (AIP)

De novo establishment of DNA methylation is ac-

complished by DNMT3A and DNMT3B. Here, we 
analyze de novo DNA methylation in mouse embry-
onic fibroblasts (2i-MEFs) derived from DNA-hypo-
methylated 2i/L ES cells with genetic ablation of Dn-
mt3a or Dnmt3b. We identify 355 and 333 uniquely 
unmethylated genes in Dnmt3a and Dnmt3b knockout 
(KO) 2i-MEFs, respectively. We find that Dnmt3a is 
exclusively required for de novo methylation at both 
TSS regions and gene bodies of Polycomb group 
(PcG) target developmental genes, while Dnmt3b has 
a dominant role on the X chromosome. Consistent 
with this, tissue-specific DNA methylation at PcG tar-
get genes is substantially reduced in Dnmt3a KO em-
bryos. Finally, we find that human patients with 
DNMT3 mutations exhibit reduced DNA methylation 
at regions that are hypomethylated in Dnmt3 KO 
2i-MEFs. In conclusion, here we report a set of unique 
de novo DNA methylation target sites for both 
DNMT3 enzymes during mammalian development 
that overlap with hypomethylated sites in human pa-
tients.

Center for Experimental Medicine and Systems Biology

Division of Stem Cell Pathology
先進病態モデル研究分野

Professor Yasuhiro Yamada M.D., Ph.D.
Assistant Professor Sho Ohta Ph.D.

教　授　博士（医学）　　　　山　田　泰　広
助　教　博士（生命科学）　　太　田　　　翔

Epigenetic regulation plays a critical role for the cellular differentiation, the stable 
maintenance of cellular identity, and the reprogramming process. Accumulating 
evidence suggests that epigenetic abnormalities represented by abnormal DNA 
methylation have been involved in various diseases as well. We are interested in 
unveiling epigenetic regulation in the cellular differentiation, the maintenance of 
cellular identity, and the pathogenesis including age-related diseases such as 
cancer. Particularly, taking advantage of reprogramming technology to actively alter 
epigenetic regulation, we are investigating the role of epigenetic regulation on 
cancer development, maintenance, and progression. Finally, we will try to develop 
a novel approach targeting epigenetic regulation to treat cancer patients.

05システム疾患モデル研究センター_sk.indd   8105システム疾患モデル研究センター_sk.indd   81 2021/05/10   16:48:552021/05/10   16:48:55



82

2.   DMRT1-mediated in vivo reprogramming drives 
development of cancer resembling human germ 
cell tumors with features of totipotency

Jumpei Taguchi, Hirofumi Shibata1, Mio Kabata1, 
Masaki Kato10, Kei Fukuda3, Akito Tanaka1, Sho 
Ohta, Tomoyo Ukai, Kanae Mitsunaga1, Yosuke 
Yamada1, So Nagaoka11, Sho Yamazawa12, Kotaro 
Ohnishi1, Knut Woltjen1, Tetsuo Ushiku12, Manabu 
Ozawa13, Mitinori Saitou1,11,8, Yoichi Shinkai10, 
Takuya Yamamoto1,7,8,9 and Yasuhiro Yamada7  : 10 

Cellular Memory Laboratory, RIKEN Cluster for 
Pioneering Research, 11 Department of Anatomy and 
Cell Biology, Graduate School of Medicine, 12 De-
partment of Pathology, Graduate School of Medi-
cine, The University of Tokyo, 13Laboratory of Re-
productive Systems Biology, Center for Experimental 
Medicine and Systems Biology, Institute of Medical 
Science, The University of Tokyo

In vivo reprogramming provokes a wide range of 
cell fate conversion. We found that in vivo induction 
of higher levels of OSKM in mouse somatic cells leads 

to increased expression of primordial germ cell (PG-
C)-related genes and provokes genome-wide erasure 
of genomic imprinting, which takes place exclusively 
in PGCs. In vivo OSKM reprogramming caused prop-
agation of OCT4/NANOG-positive cells, resulting in 
development of cancer that resembled human germ 
cell tumors. Like a subgroup of germ cell tumors, 
propagated tumor cells could differentiate into troph-
oblasts. Moreover, these tumor cells gave rise to in-
duced pluripotent stem cells (iPSCs) with expanded 
differentiation potential that could contribute to adult 
mice. DMRT1, which is expressed in PGCs, drove the 
reprogramming and propagation of the tumor cells in 
vivo. Furthermore, DMRT1-mediated reprogramming 
is associated with trophoblast competence of the re-
programmed cells and provides a therapeutic target 
for germ cell tumors. These results reveal a novel 
route for somatic cell reprogramming and underscore 
the impact of reprogramming in development of 
germ cell tumors. Furthermore, our findings may 
have implications regarding acquisition of totipoten-
cy-like features by somatic cells.
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cells promote the regeneration of injured tendons 
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1.   Targeting  the nucleic  acids-sensing TLRs  for 
therapeutic  intervention  in  autoimmune  dis-
eases

Yuji Motoi1, Ryutaro Fukui1, Takuma Shibata1, 
Kensuke Miyake1,2: 1Division of Innate Immunity, 
Department of Microbiology and Immunology, 
2Laboratory of Innate Immunity, Center for Exper-
imental Medicine and Systems Biology, The Insti-
tute of Medical Science, The University of Tokyo, 
4-6-1 Shirokanedai, Minatoku, TOKYO1208-8639, 
Japan.

TLR7 senses microbial-derived RNA in endolyso-
some, but can also erroneously respond to self-de-
rived RNA. In fact, it has been reported that TLR7-de-
pendent signaling promote autoimmune diseases. 
Thus, TLR7 can be therapeutic target. Although anti-
bodies (Abs) are powerful tools for therapeutic inter-
vention, TLR7 has been excluded from targets for 
Ab-mediated intervention because of its lack of cell 
surface expression. Despite this expectation, we 
found an anti-TLR7 Ab dose-dependently inhibits 
TLR7 responses in dendritic cells, macrophages and B 
cells. For this reason, we evaluated the therapeutic ef-
fect of anti-TLR7 Ab in Unc93b1D34A/D34A mice that 

cause thrombocytopenia, splenomegaly and chronic 
active hepatitis due to TLR7 hyper-responsiveness, 
and found that thrombocytopenia in Unc93b1D34A/D34A 
mice was significantly improved by the treatment 
with anti-TLR7 mAb. Furthermore, splenomegaly 
and hepatitis in mice treated with the anti-TLR7 mAb 
were also significantly remedy compared with con-
trol antibody.

On basis of these results, we established anti-hu-
man TLR7 Ab for blocking human TLR7 responses in 
vitro. Moreover, we generated human TLR7 trans-
genic (huTLR7 Tg) mice. We plan to use HuTLR7 Tg 
mice to evaluate the effects of anti-human TLR7 Ab in 
vivo.

In addition, TLR8 also recognize mouse TLR7 lig-
ands in human and is involved in exacerbation of 
Rheumatoid Arthritis. Thus, in case of human dis-
ease, the anti-human TLR8 Ab that inhibits human 
TLR8 responses might work in clinical application. 
For this reason, we also constructed both anti-human 
TLR8 Abs and human TLR8 transgenic mice to verify 
our hypothesis.

2.   TLR3-mTORC2  axis  is  required  for  response 
against HSV-1 infection

Center for Experimental Medicine and Systems Biology

Laboratory of Innate Immunity
自然免疫研究分野

Professor　Kensuke Miyake, M.D., Ph.D. 教　授　医学博士　　三　宅　健　介

Pathogen sensors, such as Toll-like receptor (TLR), play sentinel roles in detecting 
pathogenic ligands during infection and induce both innate and acquired immune 
responses. Meanwhile, excessive TLR responses are strongly associated with fatal 
diseases such as septic shock and autoimmune diseases. For this reason, immune 
system must strictly control TLR responses to avoid disruption of homeostasis. 
However, molecular mechanisms involved in TLR regulation are not fully elucidated. 
We have previously shown that TLRs are regulated by various TLR associating 
molecules including MD-2, PRAT4A and Unc93B1. Our goal is to uncover molecular 
mechanism that is indispensable for appropriate TLR responses using genetically 
engineered mice.

05システム疾患モデル研究センター_sk.indd   8305システム疾患モデル研究センター_sk.indd   83 2021/05/10   16:48:552021/05/10   16:48:55



84

Ryota Sato1*, Akihisa Kato2, 3, Takahiko Chimura4, 
Shin-Ichiroh Saitoh1, Takuma Shibata1, Ryutaro 
Fukui1, Jun Arii2, 3, Tsuneo Ikenoue5, Toshiya 
Manabe4, Yasushi Kawaguchi2, 3, Kensuke Miyake1,6   
1Division of Innate Immunity, Department of Micro-
biology and Immunology, 2Division of Molecular Vi-
rology, Department of Microbiology and Immunolo-
gy, 3Department of Infectious Disease Control, 
International Research Center for Infectious Dis-
eases, 4Division of Neuronal Network, Department 
of Basic Medical Sciences, 5Division of Clinical Ge-
nome Research, Advanced Clinical Research Center, 
6Laboratory of Innate Immunity, Center for Exper-
imental Medicine and Systems Biology, Institute of 
Medical Science, The University of Tokyo, Tokyo, 
108-8639, Japan.

Toll-like receptor 3 (TLR3) is a double-stranded 
RNA (dsRNA) sensor indispensable for defense 
against Herpes Simplex Virus (HSV-1) infection in the 
brain. We show here that TLR3 was required for in-
nate immune responses to HSV-1 in neurons and as-
trocytes. In HSV-1 infection, TLR3 recruited the mam-
malian target of rapamycin complex 2 (mTORC2) that 
lead to induction of chemokines and trafficking of 
TLR3 to the cell periphery. TLR3 trafficking enabled 
activation of molecules required for type I interferon 
(type I IFN) induction including mTORC1. Intracrani-
al HSV-1 infection in mice was exacerbated by im-
pairing TLR3 responses with an mTOR inhibitor, and 
significantly rescued by potentiating TLR3 responses 
with an agonistic anti-TLR3 antibody. These results 
suggest that the TLR3-mTORC2 axis might be a ther-
apeutic target to combat herpes simplex encephalitis.

3.   The  impact  of  cell maturation  and  tissue mi-
croenvironments  on  the  expression  of  endo-
somal  Toll-like  receptors  in  monocytes  and 
macrophages

Ryota Sato 1, Tatjana Reuter 1 2, Ryosuke Hiranuma 

1, Takuma Shibata 1, Ryutaro Fukui 1, Yuji Motoi 1, 
Yusuke Murakami 1, Hiroki Tsukamoto 3 4, Satoshi 
Yamazaki 5, Kaiwen Liu 1, Shin-Ichiroh Saitoh 1, 
Eicke Latz 2 6 7, Kensuke Miyake 1,8 Division of Innate 
Immunity, Department of Microbiology and Immu-
nology, 2 Institute of Innate Immunity, Biomedical 
Center, Venusberg-Campus, University of Bonn, 

Bonn, Germany. 3Laboratory of Oncology, Pharma-
cy Practice and Sciences, Graduate School of Phar-
maceutical Sciences, Tohoku University, Sendai, Ja-
pan. 4Department of Pharmaceutical Sciences, 
School of Pharmacy at Fukuoka, International Uni-
versity of Health and Welfare, Fukuoka, Japan. 
5Laboratory of Stem Cell Therapy, Faculty of Medi-
cine, University of Tsukuba, Tsukuba, Japan. 6Ger-
man Center for Neurodegenerative Diseases 
(DZNE), Bonn, Germany. 7Department of Infectious 
Diseases and Immunology, UMass Medical School, 
Worcester, MA, USA. 8Laboratory of Innate Immu-
nity, Center for Experimental Medicine and Sys-
tems Biology, The Institute of Medical Science, The 
University of Tokyo, Tokyo, Japan

Toll-like receptors (TLRs) impact myeloid cell re-
sponsiveness to environmental cues such as pathogen 
components and metabolites. Although TLR protein 
expression in monocytes and tissue macrophages is 
thought to be optimized for microenvironments in 
each tissue, a comprehensive study has not been re-
ported. We here examined protein expression of en-
dogenous TLRs in tissue-resident myeloid cells. Neu-
trophils in peripheral blood, spleen, liver and lung 
expressed TLR2, TLR4 and TLR5 in all tissues. Ly6C+ 
MHC II‒ classical monocytes mature into Ly6C‒ 
MHC II+ monocyte-derived dendritic cells (moDCs) 
or Ly6C‒ MHC II‒ patrolling monocytes. These sub-
sets were found in all the tissues studied. TLR2 and 
TLR4 were displayed on all of these subsets, regard-
less of location. In contrast, expression of endosomal 
TLRs did vary with tissues and subsets. moDCs ex-
pressed TLR9, but much less TLR7. In contrast, TLR7, 
not TLR3 or TLR9, was highly expressed in classical 
and patrolling monocytes. Tissue macrophages such 
as red pulp macrophages in the spleen, Kupffer cells 
in the liver, microglia in the brain, alveolar mac-
rophages in the lung and adipose tissue macrophages 
all expressed TLR2, TLR4 and TLR3. TLR7 was also 
expressed in these tissue macrophages except Kupffer 
cells in the liver. TLR9 expression in tissue mac-
rophages was much lower or hard to detect. These 
results suggest that expression of endosomal TLRs in 
myeloid cells is influenced by their differentiation sta-
tus and tissue-specific microenvironments.
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1.   NELL2-mediated  lumicrine  signaling  through 
OVCH2 is required for male fertility

Daiji Kiyozumi1,2, Taichi Noda1,2, Ryo Yamaguchi2,3, 
Tomohiro Tobita2,4, Takafumi Matsumura2,3, Kenta-
ro Shimada2,3, Mayo Kodani2,3, Takashi Kohda5 , 
Yoshitaka Fujihara1,2, Manabu Ozawa , Zhifeng Yu6 , 
Gabriella Miklossy6, Kurt M. Bohren6, Masato 
Horie7 , Masaru Okabe1,2,3, Martin M. Matzuk6,8,9,10, 
Masahito Ikawa1,2,3,4 : 1Immunology Frontier Re-
search Center, Osaka University, 2Research Insti-
tute for Microbial Diseases, Osaka University, 
3Graduate School of Pharmaceutical Sciences, Osa-
ka University, 4Graduate School of Medicine, Osaka 
University, 5Faculty of Life and Environmental 
Sciences, 6Center for Drug Discovery and Depart-
ment of Pathology and Immunology, Baylor College 
of Medicine, 7Department of CNS Research, Otsuka 
Pharmaceutical, 8 Department of Molecular and 
Cellular Biology, Baylor College of Medicine, 9 De-
partment of Molecular and Human Genetics, Baylor 
College of Medicine, 10 Department of Pharmacolo-

gy and Chemical Biology, Baylor College of Medi-
cine.

The lumicrine system is a postulated signaling 
system in which testis-derived (upstream) secreted 
factors enter the male reproductive tract to regulate 
epididymal (downstream) pathways required for 
sperm maturation. Until now, no lumicrine factors 
have been identified. We demonstrate that a testicular 
germ-cell–secreted epidermal growth factor–like pro-
tein, neural epidermal growth factor–like–like 2 
(NELL2), specifically binds to an orphan receptor ty-
rosine kinase, c-ros oncogene 1 (ROS1), and mediates 
the differentiation of the initial segment (IS) of the 
caput epididymis. Male mice in which Nell2 had been 
knocked out were infertile. The IS-specific secreted 
proteases, ovochymase 2 (OVCH2) and A disintegrin 
and metallopeptidase 28 (ADAM28), were expressed 
upon IS maturation, and OVCH2 was required for 
processing of the sperm surface protein ADAM3, 
which is required for sperm fertilizing ability. This 
work identifies a lumicrine system essential for tes-
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Project Professor Masahito Ikawa   Ph.D.
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In the “post-genome project era,” genetically modified animals play a key role in 
basic molecular biological investigations and act as models of human disease. Our 
laboratory studies the mechanisms underlying the mammalian reproductive system 
in gene-manipulated mice. We are the first group in the world to generate 
transgenic mice expressing GFP throughout the body (Green mice). We also 
established the ES cells that give green fluorescent spermatozoa to trace their 
movement and acrosome reaction during fertilization. Another tool invented in our 
laboratory is the placenta-specific gene manipulation system using lentiviral (LV) 
vectors. Using these techniques, we are trying to elucidate the mechanism 
underlying gametogenesis, fertilization, implantation, and placentation. Our recent 
interest is using the CRISPR/Cas9 system as a genome-editing tool. The 
combination of GWAS studies with genome editing will pave the way to understand 
and control human fertility problems. 
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tis-epididymis-spermatozoa (NELL2-ROS1-OVCH2-
ADAM3) signaling and male fertility.

2.   RNA-binding protein Ptbp1  regulates  alterna-
tive splicing and transcriptome in spermatogo-
nia and maintains spermatogenesis in concert 
with Nanos3

Manami Senoo11, Hiroshi Hozoji11, Yu Ishika-
wa-Yamauchi, Takashi Takijiri,11 Sho Ohta12, To-
moyo Ukai12, Mio Kabata13, Takuya Yamamo-
to13,14,15,16, Yasuhiro Yamada12, Masahito Ikawa2, and 
Manabu Ozawa  :  11The Graduate School of Fron-
tier Sciences, The University of Tokyo, 12Division of 
Stem Cell Pathology, Center for Experimental Med-
icine and Systems Biology, Institute of Medical Sci-
ence, The University of Tokyo, 13Department of Life 
Science Frontiers, Center for iPS Cell Research and 
Application (CiRA), Kyoto University, 14 Institute 
for the Advanced Study of Human Biology 
(WPI-ASHBi), 15AMED-CREST, 16 Medical-risk 
Avoidance based on iPS Cells Team, RIKEN Center 
for Advanced Intelligence Project (AIP)

PTBP1, a well-conserved RNA-binding protein, 
regulates cellular development by tuning posttran-
scriptional mRNA modification such as alternative 
splicing (AS) or mRNA stabilization. We previously 
revealed that the loss of Ptbp1 in spermatogonia caus-
es the dysregulation of spermatogenesis, but the mo-
lecular mechanisms by which PTBP1 regulates sper-
matogonium homeostasis are unclear. In this study, 
changes of AS or transcriptome in Ptbp1-knockout 
(KO) germline stem cells (GSC), an in vitro model of 
proliferating spermatogonia, was determined by next 
generation sequencing. We identified more than 200 
differentially expressed genes, as well as 85 genes 
with altered AS due to the loss of PTBP1. Surprising-
ly, no differentially expressed genes overlapped with 
different AS genes in Ptbp1-KO GSC. In addition, we 
observed that the mRNA expression of Nanos3, an 
essential gene for normal spermatogenesis, was sig-
nificantly decreased in Ptbp1-KO spermatogonia. We 
also revealed that PTBP1 protein binds to Nanos3 
mRNA in spermatogonia. Furthermore, Nano-
s3+/−;Ptbp1+/− mice exhibited abnormal spermato-
genesis, which resembled the effects of germ cell-spe-
cific Ptbp1 KO, whereas no significant abnormality 

was observed in mice heterozygous for either gene 
alone. These data implied that PTBP1 regulates alter-
native splicing and transcriptome in spermatogonia 
under different molecular pathways, and contributes 
spermatogenesis, at least in part, in concert with NA-
NOS3. Key words: Alternative splicing, PTBP1, 
RNA-binding protein, Spermatogonia, Spermatogen-
esis

3.   Polypyrimidine  tract  binding  protein  (Ptbp1) 
expression  by  Sertoli  cells  is  essential  for 
sperm production

Alternative splicing (AS), by which multiple forms 
of protein from a single gene are translated, is an im-
portant mechanisms for regulating proper develop-
ment or homeostasis of specific type of cells in mam-
mals. Testis shows more AS than any other tissue 
except bran. Although AS regulation in testicular 
germ cells during spermatogenesis is becoming to be 
uncovered, its role in Sertoli cells, testicular somatic 
cells and play an essential role to support spermato-
genesis through the life period, is almost unknown. In 
the present study, we showed that expression of 
polypyrimidine tract binding protein (PTBP1), known 
as one of key factors to regulate AS, in Sertoli cells is 
essential for spermatogenesis. We show that PTPB1 is 
abundantly expressed by Sertoli cells and sper-
matogonia in the testis, and less evident or none in 
spermatocyte or spermatid. Eighty-three percent (five 
out of six) of Sertoli cell specific Ptbp1 KO male (Ptbp1 
cKO) were infertile, and sperm counts from 
epididymis at 8 to 9-week-old was almost 50-fold 
lower compared to the Control (0.5 x 106 vs 24.2 x 106, 
P<0.01). Immunohistochemical analysis revealed that 
Ptbp1 cKO shows an increase of apoptosis of germ 
cells but not of Sertoli cells, and the presence of giant 
multinucleated cells in the lumen of seminiferous tu-
bules. Furthermore, aberrant expression of Connex-
in43, a key protein of gap junction contributing 
blood-testis-barrier, and abnormal detachment of Ser-
toli cells from basal membrane were frequently ob-
served in the Ptbp1 cKO. The data suggests that Ptbp1 
plays an important role to regulate germ cell differen-
tiation into spermatid. NGS analysis for determining 
transcriptome and splicome of Ptbp1 cKO Sertoli cells 
are currently ongoing.
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1. Omori S, Wang TW, Johmura1 Y, Kanai T, Nakano 
Y, Kido T, Susaki EA, Nakajima T, Shichino S, Ueha 
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Development of CRISPR-Cas3 system for human 
genome editing

Kazuto Yoshimi, Yoko Yamauchi, Hiromi Taniguchi, 
Tomoaki Fujii and Tomoji Mashimo

Although single-component Class 2 CRISPR sys-
tems, such as type II Cas9 or type V Cas12a (Cpf1), are 
widely used for genome editing in eukaryotic cells, 
the application of multi-component Class 1 CRISPR 
has yet to be developed. We demonstrate that type I-E 
CRISPR, which is composed of Escherichia coli Cas-
cade, Cas3, and programmable pre-crRNA, mediates 
distinct DNA cleavage activity in human cells. Nota-
bly, Cas3, which possesses helicase and nuclease ac-
tivity, predominantly triggered several thousand 
base pair deletions upstream of the 5’-ARG proto-
spacer adjacent motif (PAM), without prominent 
off-target activity. This Cas3-mediated directional 
and broad DNA degradation can be used to introduce 
functional gene knockouts and knock-ins. As an ex-
ample of potential therapeutic applications, we show 
Cas3-mediated exon-skipping of the Duchenne mus-
cular dystrophy (DMD) gene in patient-induced 
pluripotent stem cells (iPSCs). These findings broad-
en our understanding of the Class 1 CRISPR system, 
which may serve as a novel and unique genome edit-
ing tool in eukaryotic cells distinct from the Class 2 
CRISPR system.

Rapid and accurate detection of novel coronavi-
rus SARS-CoV-2 using CRISPR-Cas3

Kazuto Yoshimi, Kohei Takeshita1, Seiya Yamay-
oshi2, Satomi Shibumura3, Yuko Yamauchi, Masaki 
Yamamoto1, Hiroshi Yotsuyanagi4,Yoshihiro Kawa-
oka2,5, and Tomoji Mashimo : 1Life Science Research 
Infrastructure Group,Advanced Photon Technology 
Division, RIKEN SPring-8 Center, Hyogo 679-5148 
Japan, 2Division of Virology, Department of Micro-
biology and Immunology, Institute of Medical Sci-
ence, University of Tokyo, Minato-ku, 108-8639, To-
kyo, Japan, 3C4U Corporation, Osaka 565-0871, 
Japan, 4Division of Infectious Diseases and Applied 
Immunology, Institute of Medical Science, Universi-
ty of Tokyo, Minato-ku, 108-8639,Tokyo, Japan, 
5Department of Pathobiological Sciences, School of 
Veterinary Medicine, University of Wisconsin-Mad-
ison, Madison 53711, Wisconsin, USA

Novel coronavirus SARS-CoV-2 outbreaks have 
rapidly spread to multiple countries, highlighting the 
urgent necessity for fast, sensitive, and specific diag-
nostic tools for virus surveillance. Here, the previous-
ly unknown collateral single-stranded DNA cleavage 
we observed with type I CRISPR-Cas3 highlights its 
potential for development as a Cas3-mediated rapid 
(within 40 min), low-cost, instrument-free detection 

Center for Experimental Medicine and Systems Biology

Division of Genome Engineering
ゲノム編集研究分野

Professor Tomoji Mashimo, Ph.D.
Senior Assistant Professor Kazuto Yoshimi, Ph.D.

教　授　博士（人間・環境学）　真　下　知　士
講　師　博士（医科学）　　　　吉　見　一　人

Genome engineering technologies, such as Zinc finger nucleases (ZFNs), TAL 
effector nucleases (TALENs), and clustered regularly interspaced short palindromic 
repeats (CRISPR)-associated (Cas) nucleases (CRISPR/Cas), have widely used in 
life science and medical science. We are developing novel genome editing tools to 
overcome technical and patent limitation of CRISPR-Cas9 system. We are also 
developing the efficient genome editing strategies with these tools in rodents. 
These technologies facilitate easy and flexible gene editing in living organisms.
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method for SARS-CoV-2. This Cas3-based assay is 
comparable with Cas12- and real-time reverse-tran-
scriptase PCR-based assays in its speed and sensitivi-
ty, but offers greater specificity for single-base-pair 
discrimination while negating the need for highly 
trained operators. These findings support the use of 
CRISPR diagnostics for point-of-care testing in pa-
tients with suspected SARS-CoV-2 infections.

Combination of NHEJ and HDR  for  efficient  and 
precise plasmid knock-ins in mice and rats

Kazuto Yoshimi, Yuichiro Oka1,2, Yoshiki Miyasa-
ka3, Yuko Kotani3, Misato Yasumura1, Yoshihiro 
Uno3, Kosuke Hattori3, Arisa Tanigawa3, Manami 
Oya4, Kazuhiro Nakamura4, Toshihide Yamashita5, 
Makoto Sato1,2, Natsuki Matsushita6, Kazuto 
Kobayashi7, and Tomoji Mashimo : 1Department of 
Anatomy and Neurosciences, Graduate School of 
Medicine, Osaka University, Osaka 565-0871, Ja-
pan, 2Department of Child Development, United 
Graduate School of Child Development, Osaka Uni-
versity, Osaka 565-0871, Japan, 3Institute of Exper-
imental Animal Sciences, Graduate School of Medi-
cine, Osaka University, Osaka 565-0871, Japan, 
4Department of Integrative Physiology, Nagoya Uni-
versity Graduate School of Medicine, Nagoya 466-
8550, Japan, 5Department of Molecular Neurosci-
ence, Graduate School of Medicine, Osaka 
University, Osaka 565-0871, Japan

6, Division of Laboratory Animal Research, Aichi 
Medical University School of Medicine, Aichi 480-
1195, Japan
7, Department of Molecular Genetics, Institute of 
Biomedical Sciences, Fukushima Medical Universi-
ty School of Medicine, Fukushima 960-1295, Japan

CRISPR-Cas9 systems have been widely used for 
gene targeting in mice and rats. The non-homologous 
end joining (NHEJ) repair pathway, which is domi-
nant in zygotes, efficiently induces insertion or dele-
tion (indel) mutations as gene knockouts (KOs) at tar-
geted sites, whereas gene knock-ins (KIs) via 
homology-directed repair (HDR) are difficult to gen-
erate. In this study, we used a double-stranded DNA 
(dsDNA) donor template with Cas9 and two single 
guide RNAs (sgRNAs), one designed to cut the tar-
geted genome sequences and the other to cut both the 
flanked genomic region and one homology arm of the 
dsDNA plasmid, resulting in 20%–50% KI efficiency 
among G0 pups. G0 KI mice carried NHEJ-dependent 
indel mutations at one targeting site that was de-
signed at the intron region, and HDR-dependent pre-
cise KIs of the various donor cassettes spanning from 
1 to 5 kbp, such as EGFP, mCherry, Cre, and genes of 
interest, at the other exon site. These findings indicate 
that this combinational method of NHEJ and HDR 
mediated by the CRISPR-Cas9 system, named Com-
bi-CRISPR, facilitates the efficient and precise KIs of 
plasmid DNA cassettes in mice and rats.

Publications

1. Photoactivatable Cre knock-in mice for spatiotem-
poral control of genetic engineering in vivo. Yoshi-
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Laboratories that consist the Core

‘Core Laboratory for Developing Advanced Ani-
mal models’ has been newly launched in 2020 for the 
purpose of providing gene manipulated mice or rats 
model to domestic or international academic institu-
tions. The core consists of two divisions, Division or 
Stem Cell Pathology and Division of Genome engi-
neering, and one laboratory, Laboratory of Reproduc-
tive Systems Biology, all of which belong to Center for 
Experimental Medicine and Systems Biology.

Cutting edge genome editing technologies

For making indel mutants, large deletion, or short 
DNA fragment KI such as SNPs, or peptide tags, we 
offer direct genome editing using mouse or rat zygote 
through NEPA electroporation systems (NEPA Gene). 
In mice, embryos from C57BL/6J strain are routinely 
served for genome editing, but other strains such as 
C57BL/6N or BDF1 are also applicable if necessary. In 
the rat, F344/Jcl strain is served for zygote genome ed-
iting. For large size gene manipulations in mice, such 
as Cre/loxP conditional allele, fluorescein reporters 

KI, gene conversion from mice to human, or drug-in-
ducible Tet-on/off system, we offer CRISPR/Cas9-as-
sisted plasmid KI using ES cells through Neon Elec-
troporation system (ThermoFisher) followed by 
blastocyst injection for developing chimeric mice. ES 
cells from C57BL/6J, C57BL/6N, 129, B6129F1, or Bal-
b/c strains are available for chimera productions. For 
producing large size gene manipulated rat, e.g., re-
porter KI or humanized rat models, direct zygote ge-
nome editing technique, terms Combi-CRISPR, is ap-
plicable. 

Supporting generation of gene manipulated mouse 
or rat models through the core lab and AdAMS plat-
form

We provide our cutting-edge animal models 
through our core lab as well as Advanced Animal 
Model Support, AdAMS. Our core is a member of Ad-
AMS, which belongs to the Committee on Promoting 
Collaboration in Life Science, MEXT, and is an aca-
demic platform for generating gene manipulated ani-
mals. Any researchers who have KAKENHI, Grant-
in-Aid for Scientific Research, are eligible for applying 

Center for Experimental Medicine and Systems Biology

Core Laboratory for Developing Advanced Animal Models
先進モデル動物作製コア

Professor Yasuhiro Yamada M.D., Ph.D.
Professor Tomoji Mashimo Ph.D.
Associate Professor Manabu Ozawa Ph.D

教　授　博士（医学）　　　　　山　田　泰　広
教　授　博士（人間・環境学）　真　下　知　士
准教授　博士（農学）　　　　　小　沢　　　学

The aim of the ‘Core Laboratory for Developing Advanced Animal Models’ is to 
support basic sciences in the life science field by generating and providing gene 
manipulated mice or rats for human disease modeling. Using cutting-edge genome 
editing technologies, we produce various types of gene manipulated animals 
including indel mutation, large fragment deletion, SNPs, conditional Cre/loxP, drug 
inducible gene expression/silencing, reporter gene knock-in (KI), or gene 
conversion for making humanized mice or rat models either by direct gene editing 
in zygote or highly efficient ES cell-mediated gene targeting followed by chimera 
animal productions.
https://www.ims.u-tokyo.ac.jp/cemsb/public_html/index.html
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to this platform.

Number of mice or rat strains we have developed 
in 2020

In 2020, our core has provided 20 and 11 strains of 
gene manipulated mice through the core lab and Ad-
AMS, respectively. In case of rats, 1 and 8 strains of 
gene manipulated rats have also been provided 
through the core lab and AdAMS, respectively.
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The main theme of our research is toward the development of novel therapeutic 
options against intractable malignant disorders including leukemia, lymphoma 
and various cancers. For this purpose, we are making every effort to master the 
mechanisms of normal and neoplastic stem cells on the basis of molecular and 
cellular biology as well as medical informatics. We also try to develop novel 
therapies in the field of regenerative medicine using bone marrow-derived 
mesenchymal stromal cells.
(1)  Molecular and cellular analysis of hematological malignancies toward clinical 

practice: Tumor-specific genetic alterations often result in transcriptional 
dysregulation  and activation of signal transduction pathways as well as 
defective tumor suppressors, which appear to be the primary cause of those 
tumors. We are studying the molecular and cellular aspects of hematological 
malignancies as a model system. Furthermore, we performed clinical 
sequencing in tight collaboration with Human Genome Center to establish a 
platform for precision medicine. 

(2)  Development of a novel cell therapy using the genome editing with CRISPR/ 
Cas9: Cell therapy using mesenchymal stem cells and chimeric antigen 
receptor expressing-T cells (CAR-T cells) are promising therapeutic options 
for refractory diseases. While cell therapies are remarkably effective, very 
expensive cost hampers them to be applied for regular clinical use. We used 
CRISPR/Cas9 for the gene editing to generate a universal cell therapy.

(3)  Clinical study of clonal evolution of HTLV-1-infected T cells into leukemia: 
Adult T-cell leukemia is a T cell malignancy which develops in HTLV-1 
infected individuals after long latency period. HTLV-1 infected cells are 
regarded to transform through multi-step oncogenesis process. We are 
analyzing HTLV-1 infected cells in different stages of transformation whose 
phenotypes such as CD7 and CADM1 expression vary in each stage by 
sorting them using flow cytometer. These analyses will provide useful 
information regarding molecular mechanism to develop ATL.

1.  Development of a novel cell therapy using the 
genome editing with CRISPR/Cas9

Meshitsuka S, Ikeda M, Futami M, Tojo A

Division of Molecular Therapy

Cell therapies using mesenchymal stem cells 
(MSCs) are effective for the treatment of graft versus 
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host disease (GvHD) following allogeneic stem cell 
transplantation. However, human leukocyte antigen 
(HLA) alleles differ between patients and donors, and 
transplanted MSCs are eventually rejected by the host 
T cells. The knockout (KO) of HLA gene would un-
lock the HLA restriction and facilitate the develop-
ment of universal cell therapy. For better retention of 
transplanted MSCs in recipients, a genome modifica-
tion to knockout HLA molecule was performed. Be-
cause HLA class I molecules are expressed on the cell 
surface together with β-2 microglobulin (B2M), 
knockout (KO) of B2M leads to loss of expression of 
HLA. Using the electroporation, MSCs were trans-
fected with Cas9 protein and a short guide RNA (sgR-
NA) targeting B2M. Successful KO of B2M and HLA 
class I was confirmed with a high efficiency. We con-
firmed that B2M-/- MSCs retains the immunosup-
pressive effect as strong as parental MSCs using the 
mixed lymphocyte reaction (MLR) in the presence of 
MSCs. Although loss of HLA would protect MSCs 
from cytotoxic T lymphocytes (CTLs), loss of HLA de-
prives a protective effect of HLA through the binding 
to inhibitory receptors on the natural killer (NK) cells. 
To avoid from both CTLs and NK cells, HLA-G, an 
almost invariant non-classical HLA, was fused with 
B2M, and the B2M/HLA-G fusion was introduced. 
Fer the better and safer gene transduction into MSCs, 
we compared with different transduction methods in-
cluding lentiviral vector, AAV vector, and electropo-
ration, and we found that AAV vector is the most safe 
and efficient method to insert the B2M/HLA-G fusion 
into MSCs. Using the method that we have confirmed, 
two different MSCs (B2M-/-, B2M-/- substituted with 
B2M/HLA-G) were co-cultured with peripheral blood 
nuclear cells. The substitution of B2M/HLA-G into 
B2M clearly protected MSCs from cytotoxicity by NK 
cells, and the MSCs showed a longer retention and 
prolonged anti-T cell effects (eg. inhibition of IFN-g 
and TNF-α). These gene modified MSCs retained the 
pluripotency to differentiate into osteoblasts, chon-
drocytes, adipocytes, as compared with parent MSCs. 
In summary, B2M-/- breaks the HLA barrier, substitu-
tion of B2M with B2M/HLA-G prolongs MSC reten-
tion and immunomodulatory effects, and the 
gene-modified cells retained an equivalent pluripo-
tency to parent MSCs. These results encourage us to 
utilize the B2M/HLA-G modified MSCs for a novel 
cellular therapy.

2.  Immunoglobulin Superfamily Member 8 is in-
dispensable for myeloid leukemia via Wn-
t/β-catenin signaling pathway

Jimbo K1, Konuma T1,2, Ito T3, Nakajima-Takagi 
Y4, Iwama A4, Tojo A1,2

1  Division of Molecular Therapy
2   Department of Hematology/Oncology, IMSUT Hos-

pital
3   Laboratory of Cell Fate Dynamics and Therapeu-

tics, Institute for Frontier Life and Medical 
Sciences, Kyoto University

4  Division of Stem Cell and Molecular Medicine, 

Immunoglobulin superfamily member 8 (IGSF8 or 
CD316), a cell surface protein containing 4 IG do-
mains, interacts with several tetraspanins including 
CD9 and CD81, and modulates cell migration and 
motility. We examined the role of Igsf8 in normal and 
leukemic hematopoiesis using conditional knockout 
mice (Igsf8 f/f; Vav-Cre or Igsf8 f/f; Rosa26-CreERT). 
Igsf8 was ubiquitously expressed in normal blood 
cells and leukemia cells. Igsf8-/- did not significantly 
affect adult hematopoiesis in peripheral blood and 
bone marrow. Igsf8-/- LT-HSC (CD34- Flk2- KSL cells) 
reduced colony forming ability in vitro, and showed 
comparable donor chimerism by 3 months, but led to 
reduced donor chimerism at 4 months and those after 
second transplantation in vivo, suggesting that Igsf8 
does not affect adult hematopoiesis, but that may af-
fect repopulating ability of HSCs. In MLL-AF9 and 
NRASG12V-driven AML, or BCR-ABL and NUP98-
HOXA9-driven CML-BC mice models, Igsf8-/- led to a 
dramatic decrease in the number of leukemic colonies 
formed in vitro. Igsf8-/- leukemia mice showed signifi-
cantly longer survival and depleted leukemia cells in 
bone marrow and spleen in vivo. Igsf8-/- leukemia cell 
triggered an increment of apoptotic cell death, which 
contribute to significantly lower proportion of LSCs 
in spleen of Igsf8-/- leukemic mice. Given that Igsf8-/- 
did not affect homing ability of leukemia cells, these 
results indicate that Igsf8 is required for propagation 
of myeloid leukemia and maintenance of LSC.

Gene set enrichment analysis exhibited increase 
apoptosis related genes and decrease Wnt/β-catenin 
related genes in Igsf8-/- leukemic cells, but not in LT-
HSCs. Increase pro-apoptosis genes and decrease an-
ti-apoptosis genes and Wnt/β-catenin target genes in 
Igsf8-/- AML stem cells were validated in quantitative 
polymerase chain reaction analysis. Further, expres-
sion levels of β-catenin protein in Igsf8-/- leukemic 
cells were significantly lower compared to Igsf8+/+ leu-
kemic cells, but not in normal hematopoietic stem and 
progenitor cells. These results suggest that Igsf8 
might be critical for myeloid leukemia maintenance 
via Wnt/β-catenin signaling pathway. Knockdown of 
IGSF8 by small hairpin RNA in myeloid leukemia cell 
lines (THP-1, MV4-11, SKM-1, and K562) and primary 
patient-derived AML cells exhibited reduced num-
bers of colony forming cells in vitro. Knockdown of 
IGSF8 also caused decrease expression of β-CAT-
ENIN in AML cell lines. Taken together, our present 
study reveals that Igsf8 is indispensable for myeloid 
leukemia, but not adult hematopoiesis, suggesting 
that IGSF8 inhibition should be considered for target-
ing myeloid leukemia.
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3.  A gain-of-function mutant of WASp perturbs 
hematopoiesis and causes impaired neutro-
phil development.

Ikeda M, Futami M, Bidisha C, Kobayashi M, Tojo A
Division of Molecular Therapy 

X-linked neutropenia (XLN) is a very rare type of 
severe congenital neutropenia (SCN) caused by a 
gain-of-function mutation in the Wiscott-Aldrich syn-
drome gene (WAS), the product of which (WASp) is 
expressed only in blood cells and upregulated espe-
cially during neutrophil maturation. Four types of 
WASp mutations in its GBD domain (L270P, S272P, 
I290T, and I294T) have been described so far, and we 
reported the first case with WAS p.I290T. Thereafter, 2 
mouse models harboring WASp.L272P or I296T (XLN 
WASp homologs) were developed. Both mutations 
render neutrophils hyperactive, but neither could re-
capitulate neutropenic phenotype. Herein, we estab-
lished a novel knock-in mouse carrying WASp.I292T 
and extensively analyzed its peripheral blood and 
bone marrow. Confocal microscopy after phalloi-
din-staining demonstrated constitutively enhanced 
actin polymerization in WASp.I292T neutrophils in 
contrast with wild type neutrophils. While the num-
ber of PB neutrophils and the relative proportion of 
BM progenitor compartments were comparable be-
tween WASp.I292T mutant and wild type mice, mu-
tant mice showed significantly increased number of 
BM neutrophils and prominent extramedullary he-
matopoiesis in spleen, suggesting ineffective granulo-
poiesis. Intriguingly, in vitro colony forming ability of 
KSL cells from mutant mice was up- or down-regulat-
ed depending on the combination of stimulating fac-
tors. Furthermore, BM neutrophils from mutant mice 
had reduced transmigration ability in response to 
various chemokines and chemoattractants. Gene set 
enrichment analysis of granulocyte-macrophage pro-
genitors from wild type and mutant mice revealed 
attenuation of both NF-κB and TP53 signaling path-
ways in mutant progenitors. These data suggests that 
WASp.I292T-triggered enhancement of actin polym-
erization perturbs hematopoiesis and causes im-
paired neutrophil development possibly through 
suppression of both NF-κB and TP53 signaling path-
ways.

4.  Small-molecule HDAC and Akt inhibitors sup-
press tumor growth and enhance immunother-
apy in multiple myeloma

Hirano M1, ImaiY1, 2, Kaito Y1, Sato K1, Futami M1, 

2, Yasui H2, 3, Tojo A1, 2.
1 Division of Molecular Therapy, The Advanced 
Clinical Research Center
2 Department of Hematology/Oncology, Research 
Hospital
3 Project Division of Fundamental Study on Cutting 

Edge of Genome Medicine

Multiple myeloma (MM) patients may undergo 
relapse and experience resistance to existing thera-
pies. Cereblon (CRBN) is key mediator of the bioac-
tivities of immunomodulatory drugs (IMiDs), includ-
ing lenalidomide. Moreover, genetic alteration of 
CRBN is frequently detected in IMiD-resistant pa-
tients and considered to contribute to IMiD resist-
ance. Thus, overcoming resistance to IMiDs, is expect-
ed to improve clinical outcomes. Binding of IMiDs to 
CRBN mediates the recruitment of IKZF1 or IKZF3 to 
E3 ubiquitin ligase for subsequent degradation, re-
sulting in c-Myc downregulation. We revealed that 
histone deacetylase (HDAC) inhibitors suppressed 
tumor growth in CRBN-disrupted MM cells through 
downregulation of IKZF1 and IKZF3. It was previ-
ously reported that IKZF1 and IKZF3 are negative 
regulators for NK cell-activating ligands including 
MICA. We found that HDAC inhibitors augmented 
the antibody-dependent cellular cytotoxicity (ADCC) 
of therapeutic antibodies via enhancing expression of 
MICA. Analysis of an integrated gene expression pro-
file and disease prognosis database comprising gene 
expression profiles from 414 newly diagnosed MM 
patients (GenomicScape, http://www.genomicscape.
com) demonstrated that higher MICA expression is 
significantly associated with better overall survival 
(OS) of MM patients. Lenalidomide resistance is also 
attributed to increased stabilization of c-Myc by phos-
phorylation and inhibition of glycogen synthase ki-
nase-3 (p-GSK-3), a down-stream target of PI3K/Akt. 
GSK-3 α/β actively reduces c-Myc, while p-GSK-3 α/β 
is an inactive form leading to increase in c-Myc. We 
found that CRBN knockdown in MM cells enhanced 
p-GSK-3 and c-Myc expression by lenalidomide. Akt 
inhibitor downregulated c-Myc by blocking GSK-3 
phosphorylation, which was enhanced by HDAC in-
hibitors. HDAC and Akt inhibitors showed a syner-
gistic effect on cell cytotoxicity and c-Myc suppres-
sion when combined. This anti-myeloma effect of 
HDAC and Akt inhibitors was partially restored by 
GSK-3 inhibitors. According to clinical trial data, pa-
tients with high GSK-3 α/β expression had better OS 
than those with low GSK-3 α/β expression. Further, 
patients with high Myc expression had poorer OS 
than those with low expression. These results are sug-
gestive of the negative effect of GSK-3 α/β inactiva-
tion-related c-Myc stabilization on MM patient prog-
nosis. CUDC-907, a dual HDAC and PI3K inhibitor, 
showed a cytotoxic effect and enhanced immunother-
apy in myeloma cell lines including multi drug-resist-
ant and primary cells from lenalidomide-resistant 
patients. CUDC-907 was also effective in myeloma 
xenograft model of using CRBN-knockout cells. In 
conclusion, the use of a dual HDAC and Akt inhibitor 
with or without therapeutic antibodies, is a promis-
ing therapeutic approach for relapsed/refractory MM 
patients.
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5.  Reconstitution of circulating mucosal-associ-
ated invariant T cells after allogeneic stem cell 
transplantation; its association with the ribo-
flavin synthetic pathway of gut microbiota in 
cord blood transplant recipients.

Konuma T1, 2, Kohara C1, Watanabe E3, Takahashi 
S4, Ozawa G4, Suzuki K5, Mizukami M5, Nagai E5, 
Jimbo K1, Kaito Y1, Isobe M1,2, Kato S1,2, Takahashi 
S1,2,Chiba A6, Miyake S6, Tojo A1,2 

1 Division of Molecular Therapy
2  Department of Hematology/Oncology, IMSUT 

Hospital
3 IMSUT Clinical Flow Cytomery Laboratory 
4 TechnoSuruga Laboratory
5  Department of Laboratory Medicine, IMSUT Hos-

pital
6  Department of Immunology, Juntendo University 

School of Medicine 

Mucosal-associated invariant T (MAIT) cells are a 
type of innate lymphocyte and recognize riboflavin 
(vitamin B2) synthesis products presented by 
MHC-related protein 1. We investigated long-term re-
constitution of MAIT cells and its association with 
chronic graft-versus-host disease (cGVHD) in a 
cross-sectional cohort of 173 adult patients after allo-
geneic hematopoietic cell transplantation. According 
to donor source, the number of MAIT cells signifi-
cantly correlated with time after cord blood trans-
plantation (CBT) but not with time after bone marrow 
transplantation or peripheral blood stem cell trans-
plantation. The number of MAIT cells was significant-
ly lower in patients with cGVHD compared with pa-
tients without cGVHD. We also examined the 
association between MAIT cell reconstitution and gut 
microbiota as evaluated by 16S ribosomal sequencing 
of stool samples 1 mo post-CBT in 27 adult patients 
undergoing CBT. The diversity of gut microbiota was 
positively correlated with better MAIT cell reconstitu-
tion after CBT. Phylogenetic Investigation of Commu-
nities by Reconstruction of Unobserved States analy-
sis indicated that amounts of ribB and ribA genes were 
significantly higher in the microbiomes of patients 
with subsequent MAIT cell reconstitution after CBT. 
In conclusion, long-term MAIT cell reconstitution is 
dependent on the type of donor source. Our data also 
unveiled an important role for the interaction of cir-
culating MAIT cells with gut microbiota in humans.

6.  Elucidation of immune checkpoints CD155/
CD112 as possible targets of FLT3 inhibitors in 
acute myeloid leukemia and generation of ge-
netic engineered NK cells with enhanced an-
ti-tumor cytotoxicity.

Kaito Y1, Hirano M1, 2, Futami M1, 2, Tojo A1, 2, Imai 
Y1, 2.

1 Division of Molecular Therapy
2  Department of Hematology/Oncology, IMSUT Hos-

pital

Acute myeloid leukemia (AML) relapse is consid-
ered to occur due to escape of tumor cells from an-
ti-tumor immunity and contribution of immune 
checkpoints CD155/CD112 to AML progression is as-
sumed. However, both the activation receptor 
DNAM-1 and inhibitory receptor TIGIT present on 
natural killer (NK) and T cells bind to CD155/CD112. 
It is unclear how changes in the expression of CD155/
CD112 affect tumor immunity. The Raf-MEK-ERK 
pathway, related to regulation of CD155/CD112 ex-
pression, is one of the targets of FLT3 inhibitors. We 
investigated the effect of FLT3 inhibitors on the ex-
pression of CD155/CD112 and its effects on NK and T 
cell cytotoxicity. CD155/CD112 expression in AML 
cell lines with or without treatment of the FLT3 inhib-
itor quizartinib was analyzed. The direct cytotoxicity 
and antibody-dependent cellular cytotoxicity (ADCC) 
of NK cells under FLT3 inhibition were determined 
by luciferase reporter assay. The cytotoxicity of γδ T 
cells was also analyzed. CD155/CD112 expression 
was specifically downregulated by the FLT3 inhibitor 
in FLT3 mutated cell lines. The direct cytotoxicity and 
ADCC of NK cells were enhanced. However, the cy-
totoxicity of γδ T cells with decreased TIGIT expres-
sion as compared to that of NK cells was not en-
hanced. Analysis of clinical trials from the database 
revealed that high CD155/CD112 expression is associ-
ated with poor overall survival. The enhanced cyto-
toxicity of NK cells against the cells that were treated 
with FLT3 inhibitors suggests that CD155/CD112 are 
possible target of FLT3 inhibitors in AML. 

In addition, we tried to generate genetic engi-
neered NK cells with enhanced anti-tumor cytotoxic-
ity. First, we introduced human IL-15 using lentivirus 
vector into NK-92 cells, NK cell lines derived from 
human NK cell lymphoma. Although NK-92 cells are 
cytokine dependent cell lines, the introduction of IL-
15 made NK-92 cells proliferative independent of cy-
tokines. This genetic engineered NK cells were sup-
posed to be useful for our future analyses especially 
in in vivo analyses using patient-derived xenografts 
(PDX) mouse model. Furthermore, we performed ge-
nome editing in NK-92 cells using CRISPR-Cas9 sys-
tems. The cytotoxicity of DNAM-1+/TIGIT- NK-92 
cells against AML cells with or without FLT3 muta-
tions was enhanced as compared with that of DNAM-
1-/TIGIT+ NK-92 cells. These results indicate the use-
fulness of genome editing of immune check 
point-related genes in NK cells to enhance their an-
ti-tumor cytotoxicity. We are in the process of genome 
editing of immune check point-related genes in in-
duced pluripotent stem (iPS) cells and differentiation-in-
duction of genome edited iPS cells into NK cells.
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7.  The impact of circulating tumor DNA status on 
acute myeloid leukemia and myelodysplastic 
syndromes with alloSCT: Interim results of a 
prospective study.

Ogawa M1, Yokoyama K1, 2, Yusa N3, Kondo K1, 
Takei T1, Nakamura S1, Ito M1, Kasajima R4, 
Yamamoto M4, Shimizu E5, Yamaguchi R5, Imoto S4, 
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Study Group for Cell Therapy. 
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2  Department of Hematology/Oncology, IMSUT 
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tal 
4 Division of Health Medical Data Science
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We previously reported the utility of residual cir-
culating tumor DNA (ctDNA) status for identifying 
patients with acute myeloid leukemia (AML) and my-
elodysplastic syndromes (MDS) at high risk for re-
lapse post myeloablative allogeneic hematopoietic 
stem cell transplantation (alloSCT) in the retrospec-
tive setting. However, it remains to be elucidated 
whether this approach could be useful in the prospec-
tive setting as well. Here, we report the interim results 
from a Japanese multicenter prospective observation-
al study, examining the clinical utility of this ap-
proach (KSGCT1702, conducted on behalf of Kanto 
Study Group for Cell Therapy). Since June 2018, we’ve 
enrolled patients with AML and MDS planning to un-
dergo myeloablative alloSCT. We collected tumor and 
matched serum samples at diagnosis and serum sam-
ples every month until the fourth month post alloSCT. 
We subjected tumor DNA (bone marrow or peripher-
al blood), and buccal swab DNA, to next generation 
sequencing, identifying candidate driver mutations. 
We designed allele specific droplet digital PCR (ddP-
CR) assays for each to monitor ctDNA. The median 
detection limit of these assays was 0.04% (Nakamura 

et al, Blood 2019). The primary endpoint was to com-
pare the cumulative incidence of relapse rate (CIR) 
within 1 year post alloSCT according to residual ctD-
NA status. The log-rank test was used for group com-
parison. As of November 2019, a total of 38 patients 
were enrolled and 28 patients (26 AML and 2 MDS) of 
whom received alloSCT. The median follow up peri-
od post alloSCT was 119.5 (1-365) days. The median 
age was 54 years (25-66 years) including 15 males 
(53.6%). The conventional risk category was adverse 
or high risk in 42.9% of patients. To date, we’ve fin-
ished sequencing in 24 (85.7%) patients. A total of 33 
somatic driver mutations/fusion genes were detected 
in all 24 patients, with one, two and three mutations 
found in 17, 5, and 2 individuals, respectively. These 
mutations included: single nucleotide variants, DN-
MT3A, CEBPA, NRAS, CEBPA, TET2, PTPN11, 
NPM1, IDH2, TP53, SMC3, RUNX1, JAK2, and FLT3; 
structural variants, CBFB/MYH11, KMT2A/MLLT3, 
and KMT2A/AFDN. We could construct ddPCR as-
says for 20 of 24 (83.3%) patients. Notably, there was 
a clear correlation of VAF between diagnostic ctDNA 
and matched tumor DNA from BM in available pa-
tients (r2 =0.86; p=0.0009). Of these 24 patients, one pa-
tient died without relapse, with six in clinical relapse 
with a median of 4 months (range, 1 to 10 months), 
and with the remaining 17 in remission. Of 20 patients 
available for personalized assays, fourteen patients 
were available for ctDNA status 3 months post allo-
SCT, and 4 of whom were positive ctDNA status with 
the average allele frequency of 1.52 (0.12 to 5.0) %. 
Most importantly, when we compared CIR rate ac-
cording to residual ctDNA status, positive ctDNA 
status at 3 months post alloSCT was associated with 
higher CIR at 10 months: 100% in positive patients vs. 
0% in negative patients (p=0.0259, Figure1). Our ctD-
NA monitoring could identify patients who were 
more likely to relapse. Additional enrollment of pa-
tients and further follow-up are needed to confirm 
this promising result. 
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1.  Co-ordinate control of cell division and cell dif-
ferentiation of by the Rho family small GTPas-
es.  

Takeshi Fukushima, Yosuke Tanaka, Toshihiko Oki, 
Toshiyuki Kawashima, Kohtaro Nishimura, Susu-
mu Goyama, and Toshio Kitamura.

In search for key molecules that prevent murine 
M1 leukemic cells from undergoing IL-6-induced dif-
ferentiation into macrophages, we previously isolat-
ed an antisense cDNA that encodes full-length mouse 
MgcRacGAP through functional cloning. In human 
HL-60 leukemic cells, overexpression of human Mg-
cRacGAP induced differentiation to macrophages. 
Interestingly, MgcRacGAP localized to the nucleus in 
interphase, accumulated to the mitotic spindle in met-
aphase, and was condensed in the midbody during 
cytokinesis. The GAP activity of MgcRacGAP was re-
quired for completion of cytokinesis. We also found 
that MgcRacGAP is phosphorylated by Aurora B at 
the midbody. Intriguingly, this phosphorylation in-
duced the Rho-GAP activity of MgcRacGAP, which 
was critical for completion of cytokinesis. We identi-
fied S387 as a phosphorylation site responsible for the 

acquirement of Rho-GAP activity during cytokinesis 
at the midbody. On the other hand, MgcRacGAP 
mainly localizes in the nucleus in the interphase. We 
demonstrated that MgcRacGAP directly bound tran-
scription factors STAT3 and STAT5, and enhanced 
transcriptional activation of STAT proteins as a Rac 
GAP. MgcRacGAP was found to harbor functional 
NLS and works as a nuclear chaperon together with 
Rac1. 

We also found using an MgcRacGAP-GFP fusion 
protein that MgcRacGAP expression increased in the 
early G1 phase in parallel with or even earlier than 
Geminin, suggesting that MgcRacGAP may play roles 
in G1 check point. MgcRacGAP accumulates to the 
midbody during cytokinesis, and the midbody is in-
cluded in one of the daughter cells after cell division. 
It was suggested by some researchers that the mid-
body is frequently released from the cells in stem 
cells. We therefore hypothesized that the cells with 
midbody tend to differentiate and the cells without 
midbody tend to self-renew or enter G0 phase. To test 
this hypothesis, we have recently generated a trans-
genic mouse expressing the MgcRacGAP-mVenus fu-
sion protein in hematopoietic stem cells and/or pro-
genitors.
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Our major projects are (1) Co-ordinate control of cell division and differentiation by 
a crosstalk between JAK/STAT and small GTPases, (2) Molecular targeted 
therapies, and (3) Elucidation of molecular basis of leukemia, hematological 
malignancioes.
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2.  Molecular targeting therapies using small mol-
ecule compounds

Naru Sato, Yasutaka Hayashi, Yousuke Tanaka, 
Akiho Tsuchiya, Toshiyuki Kawashima, Yukinori 
Minoshima, Tomofusa Fukuyama, Susumu Go-
yama, and Toshio Kitamura: 

STAT3 is frequently activated in many cancers and 
leukemias, and is required for transformation of NI-
H3T3 cells. We previously isolated a STAT3 inhibitor 
in collaboration with a biotech venture company in 
USA. 

In addition to the STAT3 inhibitor, we have recent-
ly started a new project to develop STAT5 inhibitors 
in collaboration with a pharmaceutical company. To 
this end, we have developed a screening method to 
search for STAT5 inhibitors. In addition to STAT3/5 
inhibitors, we have started several collaborations 
with several domestic and global pharmaceutical 
companies to evaluate the efficacies of a variety of 
molecular targeted therapies in our established mouse 
MDS/AML/MPN models.

3.  Molecular basis of acute leukemia, myelodys-
plastic syndromes (MDS), MDS overt leukemia, 
and myeloproliferative neoplasms (MPN).

Daichi Inoue, Reina Nagase, Takeshi Fujino, Yasuta-
ka Hayashi, Shuji Asada, Reina Takeda, Kojin C 
Kawabata, Naoko Watanabe, Makoto Saika, Yukiko 
Komeno, Naoko Kato, Yutaka Enomoto, Toshihiko 
Oki, Yuka Harada1, Hironori Harada2, Tetsuya 
Nosaka3, Jiro Kitaura4, Yosuke Tanaka, Tomofusa 
Fukuyama, Susumu, Goyama, and Toshio Kitamu-
ra: 1Department of Clinical Laboratory Medicine, 
Bunkyo Gakuin University, Laboratory of Oncolo-
gy, 2Department of Medical Science Tokyo Universi-
ty of Pharmacy and Life Sciences, 3Mie University 
School of Medicine, and 4Allergy Center, Juntendo 
University.

Recent progress using high-speed sequencing has 
identified mutations in genes that are not categorized 
to class I and class II mutations, including epigenetic 
factors, and splicing factors. We established two MDS 
models induced by ASXL1 mutations and EZH2 mu-
tations; mice transplanted with bone marrow cells ex-
pressing C-terminal truncating mutants of ASXL1 de-
rived from MDS patients or a catalytic domain 
(SET)-deleted mutant of EZH2 (EZH2-dSET) devel-
oped MDS-like diseases in a year or two. Concerning 
the molecular mechanisms, the ASXL1 mutant 
(ASXL1-MT) suppressed PRC2 and MLL fuctions, 
leading to the derepression of posterior HoxA genes 
and miR125a via inhibition of H3K27me3 and de-
creased expression of Id2 and TJP1 via inhibition of 
HeK4me3. In addition, ASXL1-MT stabilizes and acti-

vate BAP1, leading to the derepression of IRF8 and 
Bcl2 via decreased H2AK119Ub. Thus, ASXL1-MT 
changes cellular programs via reduced H3K4me3, 
H3K27me3 and H2AK119Ub. ASXL1 mutations are 
frequently associated with SETBP1 mutations (SET-
BP1-MT) that stabilize SETBP1 and SET oncoprotein, 
leading to activation of the PI3K/Akt pathway. In the 
BMT model, combination of ASXL1-MT and SET-
BP1-MT induced AML with much shorter latencies. 
GSEA indicated that the TGF beta pathway was pro-
foundly inhibited, implying the inhibition of the TGF 
beta pathway in leukemic transformation of MDS. 
Further experiment is now under way to clarify the 
molecular mechanisms by which the TGF beta path-
way was inhibited. 

We have recently established Rosa26-knock-in 
mice for ASXL1-MT. These KI mice did not develop 
MDS in their lives, but presented disturbed differenti-
ation of erythroid cells and mild macrocytic anemia. 
Combination with other mutations (eg.Runx1muta-
tion) and insertional mutagenesis experiments have 
demonstrated that these mice are in the pre-leukemic 
states. Now we use the ASXL1-MT-KI mouse as a 
model for “clonal hematopoiesis”. Clonal hemato-
poiesis is a state in which one or in rare case 2 leu-
kemia-associated mutations are found in more than 
1~2 %blood cells in old (>65 years) healthy people. 
People with clonal hematopoiesis have 10-times high-
er risk for developing hematological malignancies. In 
addition, they have 2-times higher risks for develop-
ing stroke and acute myocardial infarction. In addi-
tion, in cancer patients after chemotherapy, clonal 
hematopoiesis is identified 20~30%. Importantly, can-
cer patients with clonal hematopoiesis have higher 
ratios of recurrence and poorer prognosis. No we are 
characterizing ASXL1-MT-KI mice to clarify how peo-
ple with clonal hematopoiesis develop a variety of 
diseases.

4.  Investigating molecular pathogenesis of 
AML1-MTG8/ETO leukemia

Tomofusa Fukuyama, Susumu Goyama, Toshio Kit-
amura

t(8;21) AML is the most common cytogenetic sub-
type of AML, and the resultant AML1-MTG8 chimer-
ic protein is believed to play an important role for 
leukemogenesis. However, the role of AML1-MTG8 is 
still unclear because persistent existence of chimeric 
gene including chimeric fusion point detected by PCR 
is observed in complete remission or healthy persons, 
even in utero. In addition, full length of AML1-MTG8 
by itself cannot cause leukemia in mouse models, 
suggesting that additional “events” should be re-
quired for leukemogenesis. We have identified a new 
splicing variant that has significant ability to induce 
leukemia in mouse model. Mechanisms of leuke-
mogenesis by it as well as clinical significance are cur-
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rently under investigation.

5.  Development of RUNX1-targeted therapy for 
AML 

Taishi Yonezawa, Tomofusa Fukuyama, Yosuke 
Tanaka, Hirotaka Takahashi5, Tatsuya Sawasaki5, 
Toshio Kitamura, Susumu Goyama
5Proteo-Science Center (PROS), Ehime University

RUNX1 is a transcription factor and plays impor-
tant roles in hematopoiesis. Recent reports have 
shown that RUNX1 promotes the development of 
leukemias as well as several solid cancers. CBFB is a 
partner protein of RUNX1 composing heterodimer, 
and it increases the stability and DNA-binding ability 
of RUNX1. Therefore, inhibition of RUNX1-CBFB in-
teraction has been considered a promising therapeu-
tic strategy for RUNX1-dependent tumors. However, 
the effects of RUNX1-CBFB inhibition have not been 
proven in clinical trials. 

To develop novel small molecule inhibitors of 
RUNX1-CBFB interaction, we developed a lumines-
cence-based interaction assay (AlphaScreen) to quan-
tify the RUNX1–CBFB interaction using recombinant 
proteins synthesized with the wheat cell-free system. 
We screened a core library collection of 9,600 com-
pounds (provided from Drug Discovery Initiative of 
Tokyo University) with the AlphaScreen, and identi-
fied several candidate compounds. We then assessed 
the effect of these candidate compounds in a cell-
based assay, and found that two compounds indeed 
inhibit the RUNX1-CBFB interaction. We also con-
firmed the growth-inhibitory effect of the compounds 
on Jurkat cells and TF-1 cells, whose growth was 
shown to be suppressed by genetic depletion of 
RUNX1. The compounds identified in this study are 
promising lead compounds to treat RUNX1-depend-
ent leukemias and cancers.

In addition to the RUNX1-CBFB interaction inhib-
itor, we are developing proteolysis-targeting chimeric 
molecules (PROTACs) to induce RUNX1 degrada-
tion. Using the above mentioned AlphaScreen, we 
identified STUB1 as an E3 ligase to promote RUNX1 
ubiquitination and degradation. We also identified 
several compounds that bind to RUNX1 and STUB1. 
These finding will be the basis to develop RUNX1-
STUB1 PROTACs in future. 

6.  Targeting TP53 and antitumor immunity for 
leukemia therapy 

Yasutaka Hayashi, Susumu Goyama, XiaoXiao Liu, 
Moe Tamura, Shuhei Asada, Yosuke Tanaka, Tomo-
fusa Fukuyama, Toshio Kitamura

The negative regulator of p53, MDM2, is frequent-
ly overexpressed in acute myeloid leukemia (AML) 
that retains wild-type TP53 alleles. Targeting of p53-

MDM2 interaction to reactivate p53 function is there-
fore an attractive therapeutic approach for AML. We 
showed that an orally active inhibitor of p53-MDM2 
interaction, DS-5272, causes drastic tumor regressions 
of MLL-AF9-driven AML in vivo with a tolerable tox-
icity. However, the antileukemia effect of DS-5272 
was markedly attenuated in immunodeficient mice, 
indicating the critical impact of systemic immune re-
sponses that drive p53-mediated leukemia suppres-
sion. In relation to this, DS-5272 triggered immune-in-
flammatory responses in MLL-AF9 cells including 
upregulation of Hif1α and PD-L1, and inhibition of 
the Hif1α-PD-L1 axis sensitized AML cells to p53 ac-
tivation. Interestingly, we found that NK cells, but not 
cytotoxic T cells, are important mediators of antileu-
kemia immunity. Our findings suggests that dual ac-
tivation p53 and NK cells could be a promising thera-
peutic strategy for AML.

7.  Development of novel combination therapies 
with TKIs for CML-LSCs

Yosuke Tanaka, Tsuyoshi Fukushima, Susumu Go-
yama, Toshio Kitamura

CML LSCs (Chronic myeloid leukemia leukemic 
stem cells) were thought to be quiescent (in G0 phase). 
Their quiescent state is thought to be a major reason 
why CML LSCs are resistant to several BCR-ABL ty-
rosine kinase inhibitors (TKIs). We planned to exam-
ine relationships between quiescent states of CML 
LSCs, their leukemia-initiating potential and their re-
sistance to TKIs. To this end, we have established 
mouse CML model with G0M. Briefly, we retrovirally 
overexpressed BCR-ABL fusion gene in bone marrow 
(BM) cells from 5FU-treated G0M mice and then in-
jected them into lethally irradiated wild type mice to 
develop CML mouse model. These mice developed 
CML within 3 weeks. We found that G0M and CD27, 
a marker for CML stem and progenitor cells, could 
split the conventional CML LSC fraction (BCR-ABL+, 
cKit+, Sca1+, lineage marker negative; CML KSL), into 
4 fractions and identified that CML LSCs and CML 
progenitor cells were enriched in G0M-postive 
CD27-postive CML KSL fraction and G0M-negative 
CD27-postive CML KSL fraction, respectively. We 
confirmed that the CML LSCs were resistant to imati-
nib. RNA-Seq analysis exhibited that NFkB signaling 
pathways were enriched in imatinib-treated CML 
LSCs as compared with vehicle-treated CML LSCs, 
indicating that NFkB signal pathways are important 
for their resistance to imatinib. To inhibit NFkB signal 
pathways, we used IRAK1/4 inhibitor, which can 
block IL1R/TLR4 signals to activate NFkB. Combina-
tion therapy of imatinib with IRAK1/4 inhibitor was 
effective at eliminating CML LSCs as compared with 
mono therapies. We extended the examination of effi-
cacy of IRAK1/4 inhibitor on CML LSCs to CML-CP 
patient samples. IRAK1/4 inhibitor in combination 
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with imatinib was effective at eliminating CD34+CD38-
CD90+ CML LSCs in vitro and xenograft model. 
These results exhibited that IRAK1/4-NFkB signal 
axis was crucial for maintenance of imatinib resistant 
CML LSCs. 

Moreover, we found that the CML LSCs expressed 
PD-L1 at higher level than the CML progenitor cells 
and normal HSCs (Hematopoietic stem cells). PD-L1 
expression is known to be regulated by NFkB. Actual-
ly, inhibition of NFkB activation by IRAK1/4 inhibitor 
attenuated PD-L1 expression on CML LSCs, indicat-
ing that the efficacy of IRAK1/4 inhibitor on eradica-
tion of CML LSCs could be partially due to the atten-
uation of PD-L1 expression on CML LSCs. To assess 
this possibility, we performed the combination thera-
py of imatinib and PD-L1 blocking antibody for erad-
ication of CML LSCs. The combination was more ef-
fective at eliminating CML LSCs than mono therapies. 

We also observed that the combination efficacy was 
abolished in the absence of T cell immunity. 

IRAK1/4 inhibitor in combination with imatinib 
eradicated CML LSCs in the absence of T cell immu-
nity, indicating that IRAL1/4 inhibitor directly eradi-
cates CML LSCs probably by its proapoptotic func-
tion. Moreover, IRAK1/4 inhibitor attenuated PD-L1 
expression on CML LSCs and anti-PD-L1 antibody 
with imatinib also eradicated CML LSCs in the pres-
ence of T cell immunity. In summary, the IRAK1/4 
inhibitor in combination with imatinib eradicated 
CML LSCs by ducal functions. One is its proapoptotic 
function and the other is induction of anti-tumor im-
munity by the attenuation of immune check point 
molecules. Thereby, IRAK1/4 inhibitor is an attractive 
and powerful drug in eradicating CML LSCs with 
TKIs.
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1.  Clinical research of COVID-19

Makoto Saito, Eisuke Adachi1, Hiroyuki Nagai1, 
Shinya Yamamoto, Lim Lay Ahyoung, Kazuhiko 
Ikeuchi, Michiko Koga, Takeya Tsutsumi, Hiroshi 
Yotsuyanagi
1 Department of Infectious Diseases and Applied Im-
munology, IMSUT hospital, IMSUT

Since the emergence and spread of SARS-CoV2 in 
Japan in the beginning of 2020, many patients with 
COVID-19 were admitted to the IMSUT Hospital. 
There are more than 250 COVID-19 patients in 2020. 
By the observation of these patients, we noticed a lot 
of clinical questions and investigated various factors 
such as patients’ backgrounds, clinical findings, and 
laboratory data. We have obtained many novel and 
interesting findings and published them in interna-
tional journals. The medical care for COVID-19 pa-
tients is ongoing at the IMSUT Hospital and the num-
ber of patients is accumulating, therefore we continue 
the investigation which will contribute to the im-
provement of patient care and understanding of 
COVID-19.

2.  Basic research for the control of COVID-19

Michiko Koga, Makoto Saito, Eisuke Adachi1, Hi-
royuki Nagai1, Shinya Yamamoto, Kazuhiko Ike-
uchi, Takeya Tsutsumi, Aya Ishizaka2, Taketoshi Mi-
zutani2, Ai Tachikawa-Kawana3, Ken Ishii4, 
Yoshihiro Kawaoka5, Hiroshi Yotsuyanagi
2 Division of Mucosal Barriology, International Re-
search and Development Center for Mucosal Vac-
cines, IMSUT
3 AIDS Research Center, National Institute of Infec-
tious Diseases
4 Division of Vaccine Science, IMSUT
5 Division of Virology, IMSUT

Several laboratories at IMSUT and external insti-
tutes started COVID-19-related research at the begin-
ning of 2020, and we have been working in collabora-
tion with some of these laboratories. Our main 
mission is to obtain and share clinical samples from 
COVID-19 patients, but we are also conducting basic 
research by ourselves such as microbiomes in those 
patients. Additionally, we are attempting to perform 
high-resolution transcriptomic analysis of blood im-
mune cells from disease progression to recovery in 
COVID-19 in order to enhance a better understanding 
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Our overall goal is medical sciences on infectious diseases in two directions, from 
clinic to bench and from bench to clinic. Our main subjects have been 
immunopathogenesis of HIV-1 infection in addition to other viruses, especially 
hepatitis viruses. Since the emergence of SARS-CoV2, we started the basic and 
clinical research using clinical samples obtained from SARS-CoV2-infected patients 
admitted to the IMSUT Hospital, in order to settle down COVID-19. (68/70 words)
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of the protective and pathogenic immune responses 
of the disease. Specifically, we are performing sin-
gle-cell RNA sequencing (scRNA-seq) to obtain a bi-
as-free and comprehensive imaging of immune re-
sponses in peripheral blood mononuclear cells 
(PBMCs) from patients with COVID-19.

3.  Analysis of genetic sequence of hepatitis vi-
ruses. 

Takeya Tsutsumi, Kazuaki Takahashi, Kazuhiko 
Ikeuchi, Eisuke Adachi1, Michiko Koga, Hiroshi 
Yotsuyanagi

We sometimes see patients with acute hepatitis at 
IMSUT Hospital. Most of the causes are viral hepati-
tis, induced by hepatitis A, B, C, or E virus. Actually, 
in 2018, there was the outbreak of hepatitis A in 
HIV-infected patients, and still in 2020, we see some 
patients with hepatitis A. Concerning hepatitis B and 
C, due to the similar route of infection, every year we 
see some patients who are also infected with HIV. Us-
ing sera and/or stools obtained from these patients, 
we cloned a total or part of viral genome and deter-
mined the genetic sequence of the viruses, to identify 
the transmission route of the viruses and also the 
drug-resistant mutations or vaccine escape muta-
tions. Concerning hepatitis B, we have also been ex-
amining the HBV-positive samples derived from 
blood donors who were accidentally found to be 
HBsAg-positive. As for hepatitis E, we are collaborat-
ing with outside researchers in Tokyo as well as Hok-
kaido where the hepatitis E virus infection is some-
times observed. By cloning the virus from samples 
derived from not only the patients but also suspecta-
ble foods or wild animals, we try to investigate the 
transmission routes of the virus. 

4.  Evaluation of the efficacy of HA vaccine for 
HIV-MSM

Michiko Koga, Takeya Tsutsumi, Kazuhiko Ikeuchi, 
Lay Ahyoung Lim1,Tadashi Kikuchi1, Eisuke Ad-
achi1, Hiroshi Yotsuyanagi

Due to the outbreak of hepatitis A in Japan around 
2018, we started to vaccinate HIV-MSM with HA vac-
cine “Aimmugen®” in IMSUT Hospital. Aimmugen® 
is shown to be highly effective and induce IgG-HA 
antibodies for almost all of healthy people by twice 
vaccination. However, there have been the efficacy for 
HIV-infected people, especially in case of twice vacci-
nation. Therefore, we evaluated the efficacy of Aim-
mugen® among HIV-MSM, particularly focused on 
twice vaccination. By October 2019, 147 HIV-MSM 
were vaccinated at least once with Aimmugen®. 
Among them, 134 finished the second vaccination 
and 114 were tested for IgG-HA antibodies. Nine-
ty-five HIV-MSM were seropositive for IgG-HA, indi-

cating the seropositive rate after second vaccination is 
71.1%, which is lower than healthy adults. Now we 
are investigating the factors associated with the effica-
cy of Aimmugen® among HIV-MSM.

5.  Characteristics of Transmitted Drug-Resistant 
HIV-1 in Recently Infected Treatment-Naive Pa-
tients in Japan.

Michiko Koga, Kazuhiko Ikeuchi, Eisuke Adachi1, 
Tadashi Kikuchi1, Takeya Tsutsumi, Hiroshi Yotsuy-
anagi

Progress in antiretroviral treatment has led to few-
er virological failure cases, but about 10% of treat-
ment-naive HIV/AIDS cases are reported to harbor 
drug-resistant strains (RS), suggesting transmission 
of drug-resistant HIV. We have determined the trend 
in prevalence of transmitted drug-resistant (TDR) 
HIV in Japan from 2003.

Drug-resistance test had been performed on na-
tional-wide HIV-1-infected cases newly diagnosed. 
The overall prevalence of TDR was about 6.4% in 
2019. 

6.  Study of HIV and the host genome database 
construction

Michiko Koga, Ayako Kamisato6, Eisuke Adachi1, 
Tadashi Kikuchi1,3, Takeya Tsutsumi, Hiroshi Yot-
suyanagi, Ai Tachikawa-Kawana3, Teiichiro Shiino3, 
Tetsuro Matano3

6Division of Bioethics, IMSUT

We have made the database of HIV genome, the 
enterobacterial flora gene of feces and the host ge-
nome with Japan Agency for Medical Research and 
Development grant. Database of the viral genome, the 
host genome, the clinical information of HIV cases ex-
amined in HIV researches will contribute to HIV pre-
vention by promoting elucidation of HIV transmis-
sion trend, prevention of disease progression, research 
on the disease pathology. It is another important 
thing that the public use of the genome information 
related to infectious disease has many ethical, legal 
and social issues (ELSI), so we have the study to solve 
the ELSI problem also.

7.  Identification of drugs which reactivate latent 
HIV-1 reservoir

Ayako Sedohara, Michiko Koga, Makoto Saito, Ka-
zuhiko Ikeuchi, Eisuke Adachi1, Tomohiko Koibu-
chi1, Hiroshi Yotsuyanagi

The eradication of HIV provirus from HIV-infect-
ed patients is a critical point in curing HIV. A popula-
tion of HIV-infected CD4+ T-cells represents a latent 
infection, or reservoir. The latently infected cells can 
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be reactivated by treatment with a latency-reversing 
agent, allowing eradication by the host immune sys-
tem. This approach is known as the “kick-and-kill” 
strategy. It has been reported that histone acetyltrans-
ferase inhibitor SAHA strongly reactivates latent HIV 
reservoir. To identify the novel chemical which act as 
a latency-reversing agent, we investigated the reacti-
vation of latently infected cells ex vivo by treatment 
with Inhibitor A, a specific inhibitor of histone modi-
fying enzyme, using CD4+ T-cells derived from 
HIV-infected patients. Consequently, Inhibitor A 
treatment triggered the expression of cellular HIV-1 
mRNA derived from provirus at the same levels as 
observed with the HDAC inhibitor SAHA treatment, 
indicating that Inhibitor A acts as a latency-reversing 
agent on latent CD4+ T-cells.

8.  Analysis of the HIV-associated gut microbiome

Aya Ishizaka2, Michiko Koga, Prince Kofi Parbie3, 
Tadashi Kikuchi1,3, Eisuke Adachi1, Tomohiko Koi-
buchi1, Taketoshi Mizutani2, Tetsuro Matano3,7, Hi-
roshi Yotsuyanagi
7 Division of Mucosal Symbiosis, International Re-
search and Development Center for Mucosal Vac-
cines, IMSUT

Loss of gut mucosal barrier function persists dur-
ing HIV infection and allows translocation of gut-de-
rived bacteria as well as microbial products into circu-
lation. In this study, we aimed to understand 
compositional changes in gut microbiome and its role 
in chronic inflammation in Japanese people living 
with HIV infection (PLWH).  We obtained fecal sam-
ples from 115 Japanese PLWH and 68 uninfected Jap-
anese controls. Among PLWH, 112 had been treated 
with ART for more than 16 months and the remaining 
3 were ART naïve. The microbiome was characterized 
by sequencing of the 16S rRNA V3-V4 region.  We ob-
served a reduced alpha-diversity of gut microbiome 
in PLWH with low CD4 count (<250 cells/μl, n=10, 
P=0.04) but not in those with high CD4 counts (>500 
cells/ul, n=105) compared to uninfected controls. Fur-
thermore, inter-group dissimilarity of bacterial com-
position was observed between PLWH with high CD4 
count and uninfected controls. PLWH with high CD4 
counts exhibited a significant abundance of bacteria 
groups in the classes of Negativicutes, Bacilli, and Co-
riobacteriia compared to uninfected controls. Among 
PLWH, the abundance of these bacterial taxa correlat-
ed positively with inflammatory cytokines such as IL-
1β and IFN-γ; But correlated negatively with several 
anti-inflammatory cytokines including IL-19 and IL-
35. Our observation confirmed that decreased bacteri-
al richness and evenness in Japanese PLWH were 
linked to low CD4 counts. After CD4 recovery, al-
pha-diversity was restored, but bacterial composition 
of gut microbiota differed from that of uninfected 
controls. Notably, bacterial taxa enriched in PLWH 

were associated with inflammatory cytokine profiles, 
suggesting the relevance between gut dysbiosis and 
chronic inflammation in PLWH.

9.  Exploration of drugs to restore mitochondrial 
dysfunction by hepatitis C virus

Takeya Tsutsumi, Kazuhiko Ikeuchi, Diki Prawisu-
da, Kazuya Okushin8, Kyoji Moriya8, Kazuhiko 
Koike9, Hiroshi Yotsuyanagi
8Department of Infectious Control and Prevention, 
Graduate School of Medicine, The University of To-
kyo
9Department of Gastroenterology, Graduate School 
of Medicine, The University of Tokyo

HCV infection is closely associated with hepato-
cellular carcinoma (HCC) development, and dysfunc-
tion of mitochondria and subsequent reactive oxygen 
species (ROS) accumulation by HCV, especially the 
core protein, may contribute to the pathogenesis. So 
far, we found that the core protein disrupts the func-
tion of a mitophagy receptor Bnip3 by suppressing 
the dimerization of Bnip3, therefore, we are investi-
gating candidate chemicals which rescue the function 
of mitochondria by using HCV core-transgenic mice, 
which may lead to the improvement or prevention of 
the unfavorable pathogenesis. In addition, since the 
changes in the microbiome are closely associated with 
pathogenesis in several diseases, we are also investi-
gating the microbiome in the transgenic mice. If sig-
nificant changes are present, we will attempt to ad-
minister probiotics to improve the dysbiosis, to 
examine if the restoration of the dysbiosis may im-
prove the pathogenesis observed in the transgenic 
mice.

10. Clinical epidemiology of malaria in pregnancy

Makoto Saito

Malaria is the leading cause of mortality in the 
tropics. Pregnant women are particularly vulnerable 
and malaria in pregnancy causes an adverse impact 
on the mother and fetus. In the global collaboration 
with the colleagues in sub-Saharan Africa and Asia, 
we have conducted a pooled meta-analysis of the clin-
ical data on falciparum malaria in pregnancy world-
wide. Currently, further analyses of a clinical trial 
conducted in Thailand are being conducted, focusing 
on the impact of antimalarial resistance on the treat-
ment outcomes in pregnant women.
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1.  Understanding the role of Wnt/β-catenin signa-
ling pathway in gastrointestinal carcinogene-
sis

Kiyoshi Yamaguchi, Yoichi Furukawa

Aberrant activation of the Wnt/β-catenin signal-
ing pathway has been found in various types of can-
cers. This activation leads to the accumulation of 
β-catenin in the nucleus, followed by the transactiva-
tion of the TCF/LEF family. Therefore, comprehen-
sive understanding of genes directly transactivated 
by the heterodimeric β-catenin/TCF transcriptional 
complex results in the better understanding of the 
role of Wnt/β-catenin pathway in human carcinogen-
esis. To date, we have identified the Wnt target genes 
such as RNF43, SP5, CLDN1, ENC1, APCDD1, and 
FRMD5 in colorectal cancer cells. Recently, we also 
identified another set of Wnt target genes through the 
transcriptome analysis of hepatocellular carcinoma 
(HCC) cells carrying activated Wnt signaling. One of 
the target genes, odontogenic ameloblast associated 
(ODAM), has been reported to be associated with the 
formation of the bone, dentin, and enamel, whereas 
association of ODAM with the pathway and its bio-
logical role in hepatoma cells remains largely un-

known. Promoter analysis and subsequent ChIP as-
say determined the direct transcriptional regulation 
of ODAM by the β-catenin/TCF. In addition, we per-
formed RNA-seq analysis of ODAM-depleted HCC 
cells. Interpretation of the differentially expressed 
genes will help understanding of the biological role of 
ODAM and uncover a new role of the pathway in-
volved in carcinogenesis.

2.  Cancer drug discovery through a large chemi-
cal library screening

Kiyoshi Yamaguchi, Yoichi Furukawa, Yoshitaka 
Ohishi, Satoru Nagatoishi1, Kouhei Tsumoto1,2,3: 
1Project Division of Advanced Biopharmaceutical 
Science, 2Medical Proteomics Laboratory, IMSUT, 
3Department of Bioengineering, School of Engineer-
ing, The University of Tokyo

Establishment of well-designed high-throughput 
screening system is an essential for the identification 
of small molecules that inhibit a signaling pathway or 
a molecule of interest. Various types of cell-based as-
says have contributed to the discovery of small mole-
cules that modulate Wnt signaling. We developed a 
sensitive and specific cell-based reporter assay for the 
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Our research is aimed to apply results of basic cancer research in clinics. We have 
been working on the following five projects, 1) elucidation of the role of Wnt/
β-catenin signaling pathway in gastrointestinal carcinogenesis, 2) discovery of Wnt 
inhibitor through a screening of large-scale chemical libraries, 3) establishment and 
investigation of mouse models of human cancer, 4) understanding the genetic 
features of rare cancers and mechanisms of their development, and 5) clinical 
sequencing for the implementation of genomic medicine. 
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detection of the Wnt/β-catenin signaling activity. By 
leveraging this assay, we established a high-through-
put screening system, and performed a screening of 
small molecule and natural compound libraries. As a 
result, we have identified several candidate chemicals 
for the Wnt inhibitors. With the support of the Basis 
for Supporting Innovative Drug Discovery and Life 
Science Research (BINDS) program, we have investi-
gated the structure-activity relationship (SAR) of 
these chemical probes. In addition, we have started 
target identification of the probes.

3.  Establishment and investigation of novel 
mouse models of human cancer

Tsuneo Ikenoue, Yoichi Furukawa

Genetically engineered mice are useful tools for 
studying human diseases, including cancer. In this 
project, we have demonstrated that liver-specific ex-
pression of oncogenic Kras cooperates homozygous 
Pten deletion induced intrahepatic cholangiocarcino-
ma (ICC) but not hepatocellular carcinoma (HCC) in 
mice. We have also established another ICC mouse 
model carrying a cancer-associated mutant allele of 
Fbxw7 in combination with an oncogenic Kras allele. 

In addition, we have investigated roles of can-
cer-associated hotspot mutations of IDH1 and IDH2 
in hepatocarcinogenesis using liver-specific knockin 
mice of these mutations. We have shown that IDH1 
and IDH2 mutations promote the development ICCs 
in the background oncogenic Kras mutation. Intensive 
analysis of these mice should provide better under-
standing of mechanisms of carcinogenesis associated 
with IDH1/2 mutations and facilitate the develop-
ment of new therapies to tumors carrying these muta-
tions.

4.  Elucidation of genetic characteristics of hu-
man tumors and mechanisms of their develop-
ment

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Kotoe Katayama1, Seiya 
Imoto1, Rui Yamaguchi2, Satoru Miyano3: 1Division 
of Health Medical Intelligence, Human Genome 
Center, IMSUT, 2Division of Cancer Systems Biolo-
gy, Aichi Cancer Center Research Institute, 3Sys-
tems Biology for Intractable Diseases, Medical Re-
search Institute, Tokyo Medical and Dental 
University

Pseudomyxoma peritonei (PMP) is a rare disease 
with an incidence of 1 – 2 cases per million, character-
ized by the presence of mucin-producing tumors in 
the abdominal cavity. Primary tumor of PMP devel-
ops most frequently in the appendix and occasionally 
in other organs including the ovary, colorectum, gall-
bladder, stomach, pancreas, fallopian tube, urachus, 

lung, and breast. To elucidate the molecular mecha-
nisms underlying PMP, we previously analyzed 18 
PMPs in appendix by targeted sequencing using the 
Cancer Hotspot Panel. Consequently, we found that 
KRAS and/or GNAS mutations are common genetic 
features of PMP. In addition, we suggested that muta-
tions in TP53 and/or genes related to the PI3K-AKT 
pathway might provide malignant properties to PMP.

Recently, we performed DNA methylome analy-
sis of 15 clinical PMPs and 10 non-cancerous samples 
using Infinium 850K BeadChip. After merging two 
cases from the GEO database into the methylome 
data, we stratified PMPs by hierarchical clustering 
analysis. PMP was stratified into two epigenotypes: 
high-methylation and normal like-methylation. 
High-methylation PMP neoplasms were significantly 
correlated with KRAS mutations, but not GNAS mu-
tation. To comprehensively understand genetic alter-
ations in PMP, we extensively analyze PMP tumors 
and matched normal colonic mucosa by the whole 
genome sequencing and RNA sequencing. Analysis 
of these data will facilitate the discovery of biomark-
ers of PMP, selection of effective anti-cancer drugs, 
and personalized medical care.

5.  Clinical sequencing for the implementation of 
genomic medicine

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Eigo Shimizu1, Rika Kasaji-
ma1, Seiya Imoto1, Tetsuo Shibuya2, Kazuaki 
Yokoyama3, Arinobu Tojo3, Koichiro Yuji4, Rui 
Yamaguchi5, Satoru Miyano6: 1Division of Health 
Medical Intelligence, 2Division of Medical Data In-
formatics, Human Genome Center, 3Division of Mo-
lecular Therapy, 4Project Division of International 
Advanced Medical Research, Advanced Clinical Re-
search Center, IMSUT, 5Division of Cancer Systems 
Biology, Aichi Cancer Center Research Institute, 
6Systems Biology for Intractable Diseases, Medical 
Research Institute, Tokyo Medical and Dental Uni-
versity

The application of next-generation sequencing 
(NGS) technology in clinical medicine has revolution-
ized molecular diagnostics by enabling multiple gene 
testing, or analysis of the entire exon or whole ge-
nome with a limited amount of DNA. In collaboration 
with Human Genome Center and Advanced Clinical 
Research Center, we have been working on the genet-
ic diagnosis of patients with suspected hereditary 
cancer predisposition, and the implementation of pre-
cision medicine for patients with rare or intractable 
cancer. 

We have applied NGS technology for molecular 
diagnostics of hereditary colon cancer syndromes 
such as familial adenomatous polyposis (FAP), poly-
merase proofreading-associated polyposis (PPAP), 
and Lynch syndrome (LS). LS, also known as heredi-
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tary nonpolyposis colorectal cancer syndrome (HN-
PCC), is the most common cause of hereditary colon 
cancer. Germline variants in the mismatch repair 
(MMR) genes are responsible for the disease. In the 
collaborative study with the Japanese Society for 
Colorectal Cancer (JSCCR), we have previously iden-
tified substantial number of structural variations 
(SVs) in the MMR genes. Since detection of SVs using 
short-read NGS is a challenging work, we took ad-
vantage of Oxford Nanopore MinION, a long read-se-
quencer, and tested the efficacy of long read-sequenc-
ing coupled with target enrichment for the detection 
of SVs. Application of this system successfully identi-
fied all SVs tested including large deletions and du-
plication. These data suggest that long read-sequenc-
ing will be help the identification of pathogenic SVs in 

patients with hereditary diseases.
In addition, we have been working on the imple-

mentation of genomic data in clinics. We opened an 
outpatient clinic in IMSUT hospital for the consulta-
tion of patients with rare or intractable cancer. Pa-
tients who visited this clinic and gave informed con-
sent for genetic analysis and prediction of treatment 
using artificial intelligence were enrolled in this 
study. Genetic alterations in their tumors were deter-
mined by NGS and the data were subsequently ana-
lyzed by IBM Watson for Genomics (WfG). The re-
sults of WfG including predicted driver mutations 
and suggested actionable drugs were discussed in the 
Tumor Board meeting of this project, which is held 
every two weeks.
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Development of novel recombinant oncolytic 
HSV-1

With a steady increase in cancer mortality, there 
has been a strong need for novel therapeutics for can-
cers. Oncolytic virus therapy utilizing genetically en-
gineered virus can not only destroy tumor cells by its 
lytic effect but also shows robust antitumor effect by 
eliciting systemic tumor-specific antitumor immuni-
ty, and is expected as a novel therapeutic for cancer.  
Various kinds of virus have been modified and uti-
lized as oncolytic viruses, but genetically engineered 
HSV-1 is particularly useful because of following fa-
vorable characteristics: (1) a high specificity for tumor 
cells while maintaining safety to normal tissues, (2) a 
high stability of viral genome, (3) a potent oncolytic 
activity in a wide range of cancer cells, (4) minimally 
affected by antiviral antibodies on cell-to-cell spread 
of the virus, (5) a safety net against undesired events 
by utilizing antiviral drugs, (6) a high capacity for 
large or multiple transgenes owing to its large ge-
nome size of virus (<152kb). We developed G47Δ, an 
oncolytic HSV-1 with triple gene mutations with high 
efficacy and safety. While conventional homologous 
recombination techniques had required time-con-
suming processes to create a new recombinant onco-

lytic HSV-1, our original recombinant HSV-1 con-
struction  system, T-BAC, enabled quick and accurate 
generation of a new recombinant HSV-1 with desired 
transgenes inserted into a specific locus by utilizing 
two sets of recombinases  (Cre/loxP and FLP/FRT). 

Translational research of G47∆ was performed to-
tally by this laboratory, including invention, preclini-
cal tests, clinical lot manufacturing and clinical trials 
since 2003.  It is expected that G47∆ be approved as 
the world’s first oncolytic virus product for malignant 
brain tumors in 2021. Besides malignant brain tum-
ors, we have meticulously accumulated pre-clinical 
data with the intention to expand the application of 
G47Δ for other cancers, including renal cancer, pros-
tate cancer, bladder cancer, malignant mesothelioma, 
tongue cancer, esophageal cancer, gastric cancer, co-
lon cancer, lung cancer, breast cancer, nasopharynge-
al cancer, cholangiocarcinoma, hepatic cancer, pan-
creatic cancer, malignant melanoma, and malignant 
lymphoma. Preclinical research has revealed that 
G47Δ is universally effective for all types of solid tu-
mors, and is expected as an innovative treatment for 
cancers in the near future.  Human IL-12-expressing 
G47∆ (T-hIL12) has been developed and a joint clini-
cal trial with Shinshu University has started in Janu-
ary 2020 in patients with melanoma.
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Our Laboratory is focused on developing oncolytic virus therapies for various 
malignant tumors. Oncolytic viruses are engineered to kill tumor cells without 
affecting normal cells. G47∆, a recombinant, triple-mutated oncolytic herpes 
simplex virus type 1 (HSV-1), exhibits potent anti-tumor efficacy while maintaining 
safety. Three clinical trials using G47∆ and one using IL-12 expressing virus 
(T-hIL12) have been conducted at IMSUT Hospital.
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1.  Assistance of Clinical Trials/TRs at Research 
Hospital

Minako Kouno, Riyo Owada,, Masanori Nojima, 
Fumitaka Nagamura

At IMSUT Hospital, we work together with staffs 
of Center for Translational Research. The assistance of 
Translational (Clinical) Research Coordinators is in-
dispensable for the conduct of clinical trials, especial-
ly for TR. The activities of Coordinators are results of 
the collaboration between Division of Advanced 
Medicine Promotion and Center for Translational Re-
search. In 2020, we supported 4 sponsor-investigator 
clinical trials and 3 non-IND clinical studies. 

2.  Management of “Translational Research Net-
work Program” of Japan Agency for Medical 
Research and Development.

Miwako Okada, Fumitaka Nagamura

Ministry of Education, Culture, Sports, Science 
and Technology launched “Translational Research 
Network Program” to promote translational research 
based on the results of basic science at academia. This 
grogram was transferred to Japan Agency for Medical 

Research and Development in 2015 and has been ex-
pected to support TRs from basic science to seek ob-
taining intellectual property to early stage of clinical 
trial. In 2020, we supported 23 basic researches (11: 
other than IMSUT), 14 preclinical studies (5: other 
than IMSUT), and 12 clinical studies (3: other than 
IMSUT). The number of studies we assist has been in-
creasing year by year. Organization reinforcement is 
the urgent problem.

3.  Approach for epigenome and multi-omics re-
search by methodology of bioinformatics and 
biostatistics 

Masanori Nojima

Epigenome and multi-omics research using clini-
cal samples in collaborative study or public database 
of comprehensive omics-analysis. We are now focus-
ing on the multi-omics approach integrating DNA 
methylation, mRNA expression, and miRNA, and 
building statistical models to assess functional link-
age. 

4.  Statistical consulting for basic research

Masanori Nojima

Advanced Clinical Research Center

Division of Advanced Medicine Promotion
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Division of Advanced Medicine Promotion was established in 2011. Our mission is 
to assist the clinical development and the conduct of clinical trials, especially for 
translational research. For this purpose, it is critical to discover new “seeds” and to 
eradicate blockades until the clinical utilization. In this sense, our role is the 
translation from the results of basic research to the conduct of clinical trials at 
IMSUT Hospital. At IMSUT Hospital, we work together with staffs of Center for 
Translational Research. Concurrently, to concur blockades on translational 
research, we have been engage in research on regulatory science and biostatistics. 
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For basic researchers, we suggest exploratory sta-
tistical approach and molecular epidemiological ap-

proach.
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1.  Role of IL-33 in the gastrointestinal homeosta-
sis

Yoshihiro Hirata, Yuka Kurihara, Aya Yamashita1, 
Nobumi Suzuki1, Keisuke Tateishi1, Kazuhiko 
Koike1. 1Department of Gastroenterology, The Uni-
versity of Tokyo

Our previous study unveiled the important role of 
IL-33 in the carcinogenesis of bile duct. To investigate 
the role of IL-33 in intestinal tract, we have estab-
lished conditional IL-33 expression mouse (LSL-IL-33 
mouse) and crossed with GI-tract specific cre expres-
sion mice line. Stomach specific IL-33 expression 
(TFF1-LSL-IL33, Mist1creERT-LSL-IL33) induced 
gastritis characterized by inflammatory cell infiltra-
tion not only in the lamina propria, but also in the 
muscular layer and serosa. Gastric epithelial cells also 
showed loss of parietal cells and chief cells indicating 
gastric atrophy with metaplasia. In clear contrast, in-
testine specific IL-33 expression (villin-LSL-IL33) did 
not exhibit inflammatory phenotype. We are current-
ly investigating the characteristics and the mecha-
nism of IL-33 mediated gastrointestinal diseases. 

2.  Pathogenesis of squamo-columnar junction 
cancer of the stomach

Yoshihiro Hirata

Squamo-columnar junction (SCJ) is one of the 
transitional zones in body where two different cell 
types merge. The origin of SCJ tumors and the pro-
cess of tumorigenesis are largely unknown. We have 
established a mouse model in which invasive tumors 
developed specifically at gastric SCJ. We try to identi-
fy cancer initiating cells as well as stem cells specific 
to gastric SCJ. 

3.  Role of acetylcholine signaling in the inflam-
matory bowel diseases

Aya Yamashita1, Yoshihiro Hirata, Sozaburo Ihara2, 
Yoku Hayakawa1, Hayato Nakagawa1, Kazuhiko 
Koike1, Lars Eckmann2. 2Department of Gastroen-
terology, Faculty of Medicine, University of Califor-
nia, San Diego

Intestinal homeostasis is governed by multiple 
factors of host and luminal contents like microbes and 
food antigens. However, little is known about the role 
of hormonal and neural responses in the develop-
ment of IBD. We examined the role of acetylcholine 
signaling using murine colitis model. Administration 
of nicotine, a ligand of nicotinic acetylcholine recep-
tor, to IL-10 knockout mice showed reduced inflam-
matory cell infiltration in the colonic mucosa and re-
tained goblet cells. Intestinal organoids underwent 

Advanced Clinical Research Center

Division of Advanced Genome Medicine
先端ゲノム医学分野

Associate Professor  Yoshihiro Hirata, M.D., Ph.D. 准教授　博士（医学）　　平　田　喜　裕

The goals of our researches are to identify the mechanisms and to establish novel 
therapies especially for cancers and inflammatory diseases of the digestive system. 
One of the research fields is the inflammatory diseases, in which we investigated 
the molecular pathogenesis of gastritis, cholangitis and inflammatory bowel 
disease. Another research field is the malignancies. Using genetically engineered 
mice, we have elucidated the carcinogenic mechanisms driven by gene mutations.
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cystic ballooning morphological changes after co-cul-
ture with pathogenic dendritic cells, which are atten-
uated by the treatment of nicotine, but this nicotine 
induced phenotype was absent in organoids co-cul-
tured with dendritic cells (DCs) from alpha7nicotinic 
acetylcholine receptor KO mice. IL-10 KO mice with 
DC-specific alpha7nicotinic acetylcholine receptor 
deletion exhibited more severe colitis than IL-10 KO 
mice indicating the importance of acetylcholine sign-
aling on DCs.

4.  Mechanism of gastric metaplasia and cancer 
development

Masahiro Hata1, Mayo Tsuboi1, Hiroto Kinoshita, 
Yoku Hayakawa, Yuki Hayata1, Hayato Nakagawa, 
Yoshihiro Hirata, Kazuhiko Koike. 

Gastric metaplasia is recognized as a precursor of 
intestinal type gastric cancer. Its origin and pathogen-
esis is not defined so far. To examine the molecules 
involved in gastric metaplasia, we developed stom-
ach epithelial cell specific genetic modification mouse 
(TFF1-cre mouse), which enabled gene manipulation 
predominantly in gastric pit cell lineage. Kras activa-
tion or Pten inactivation in gastric pit cell lineage 
leads to foveolar hyperplasia and metaplastic change 
of gastric gland. When cdh1 gene encoding E-cadher-
in is inactivated in gastric pit cells, transient signet 
ring cell formation and spontaneous pit cell shedding 
in gastric gland lead to metaplastic squamous cell ex-
pansion from squamo-columnar junction.  

5.  Molecular mechanism of the development and 
the progression of sclerosing cholangitis and 
biliary cancer

Yoshihiro Hirata, Hisayoshi Natomi, Hayato Nak-
agawa, Kazuhiko Koike

Primary sclerosing cholangitis is a rare form of bil-
iary inflammation which can progress to cirrhosis 
and cancer. The cause of the disease is not clarified so 
far. Especially, the life style factors which affect the 
severity and the progression of biliary diseases are 
not well understood, and the mechanisms of disease 
modification are not clarified. We are currently inves-
tigating the effects of life style factors, such as smok-
ing and obesity, as well as the role of intestinal micro-
flora, on cholangitis and biliary cancer using 
originally developed mouse biliary disease models. 

6.  The role of fusion HBx from HBV integrant in 
the hepatocarcinogenesis

Ryosuke Muroyama, Naoya Kato, Yoshihiro Hirata

We identified fusion HBx translated from HBV in-
tegrant in human hepatocellular carcinoma cell line. 
In HBx KD cells, cell proliferation, invasion ability as 
well as tumor formation in nude mice, were signifi-
cantly reduced. The fusion HBx had anchorage-inde-
pendent growth ability in soft agar although the fu-
sion HBx completely abrogated its transactivation 
ability. We also found that the fusion HBx dysregulat-
ed ER stress response via the modification of ATF3, 
ATF4, and ATF6 transcription. 
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1.  The REC Education program for Research Eth-
ics Committees (RECs)

Ayako Kamisato, Kazuyo Arisawa, Hong Hyunsoo 

Japanese ethical guidelines “Ethical Guidelines for 
Medical and Health Research Involving Human Sub-
jects” and “Regulation for Enforcement of Clinical Tri-
als Act” now mandate that institutions with estab-
lished RECs should offer education and training 
programs to REC members at least once a year. How-
ever, the guidelines do not make any provisions re-
garding the contents of programs and the way of im-
plementation. As implementation of education and 
training programs require manpower and economic 
resources, most institutions are unable to provide 
high-quality education and training. To address this 
situation, we have constructed the REC Education 
program with support from the Japan Agency for 
Medical Research and Development (AMED) since 
FY 2016.

Our programs have the following salient fea-
tures:1)programs are animated, 2)in order to offer the 
learners how to review from their place, we created 
four characters: two experts in natural science and 
law, a lay member, and a secretariat, 3)each program 
has an agenda of discussion, 4)an external expert 
committee evaluates each program prior to release, 5)
each program is about 20 minutes long, 6)the pro-

grams are offered at no charge on the website,7)REC 
which successfully complete the program could re-
ceive a certificate of completion.

We have produced and released fourteen video 
programs on our website:

●  Module 1. Revision of the Privacy Act
●  Module 2. Procedure of Informed Consent 

for using human samples and information
●  Module 3. Why REC is necessary? What is the 

role of each REC member? 
●  Module 4. Checklist for Effective Reviewing
●  Module 5. Invasive Research and Interven-

tional Study  
●  Module 6. Basic knowledge of clinical trials 1
●  Module 7. Basic knowledge of clinical trials 2
●  Module 8. Basic knowledge of clinical trials 3
●  Module 9. Outline of “Clinical Research Act”
●  Module 10. The points for reviewing on In-

formed Consent 1
●  Module 11. The points for reviewing on In-

formed Consent 2
●  Module 12. The points for reviewing on In-

formed Consent 3
●  Module 13. The points for reviewing on In-

formed Consent 4
●  Module 14. Handling of personal informa-

tion
Currently, we have 1635 members and 629 institu-

tions registered with our program as of 15 January, 

Advanced Clinical Research Center

Division of Bioethics
生命倫理研究分野

Associate Professor   Ayako Kamisato, Ph.D. 准教授　博士（法学）　　神　里　彩　子

Division of Bioethics is a laboratory established in 2017. 
New ethical, legal and social issues (ELSI) may occur when conducting advanced 
clinical research or clinical practice. In our laboratory, we study about how and what 
decisions should be made by a nation, society, or individual when such issues 
arise.
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2021. We constantly assess our programs through 
questionnaires to improve each program. We have 
consistently received high scores from our users. 

2.  The REC Education program for Researchers

Ayako Kamisato, Kazuyo Arisawa, Hong Hyunsoo 

“Ethical Guidelines for Medical and Health Re-
search Involving Human Subjects” and “Regulation 
for Enforcement of Clinical Trials Act “requires re-
searchers to receive ethical education and training 
programs at least once a year. However, there are the 
same problems as education and training programs 
to REC members. That are the problems of manpower 
and economic resources. To address this problems, 
we have produced the REC Education program for 
researchers with support from the Japan Agency for 
Medical Research and Development (AMED) since 
FY 2019. We have already produced and released two 
video programs.

●  Module 1. Clinical Research Act-What kind 
of research is subject to Clinical Research 
Act?

●  Module 2. Clinical Research Act-Procedures 
for conducting specific clinical research.

3.  Large scale survey of medical doctors on pub-
lic understanding of medical research terms

Ayako Kamisato, Kazuyo Arisawa, Hong Hyunsoo

In 2019, we conducted an Internet survey to un-
derstand the public’s “recognition rate” and “under-
standing rate” of basic 12 medical research terms, 
such as “informed consent” “clinical trial” “cohort 
study” “intervention study” “double blind rand-
omized trial”. The results revealed that most of these 
medical research terms had a low recognition rate 
and also that the understanding rate was very low, in 
general. 

Based on this result, we conducted an Internet sur-
vey of medical doctors in 2020 to investigate how doc-
tors predict the general public understanding on 
medical research terms. This survey found that doc-
tors predict that the general public have a low level of 
understanding.

4.  Survey on ordinances of fetal appendage “Ena”

Ayako Kamisato, Hong Hyunsoo

Recently, fetal appendages are attracting attention 
as raw materials for regenerative medicine products. 
However, some areas have special ordinances called 

“Ena ordinance” that regulate the handling of fetal ap-
pendages. We identified where these special ordi-
nances were in place. Then, in order to understand 
whether the fetal appendages can be used in regener-
ative medicine products, we conducted interview 
survey with the persons in charge of each local gov-
ernment.

5.  Survey of public attitude on triage in Covid-19 
pandemic

Ayako Kamisato

As the infection with the new coronavirus spreads, 
it is expected that patients who need to use a ventila-
tor or ECMO will be triaged. Dr.Kamisato conducted 
an Internet survey to see the public’s understanding 
and attitude on triage. 

6.  Policy making of research using genome edit-
ing technology for human embryos

Ayako Kamisato

The Expert Panel on Bioethics of Council for Sci-
ence, Technology and Innovation at Cabinet Office set 
research using genome editing technology for human 
embryos as an agenda. Dr.Kamisato participated as a 
member of the Expert Panel and contributed for poli-
cy making. She is also a member of the Council on 
research using genomic editing technology for hu-
man fertilized embryos set by the Ministry of Educa-
tion, Culture, Sports, Science and Technology (MEXT) 
and Health, Labour and Welfare Ministry (MHLW) 
and contributed for developing guideline.

In addition, she is a member of the Council on 
clinical use of using genomic editing technology for 
human fertilized embryos set by the Ministry of 
Health, Labour and Welfare Ministry (MHLW) and 
she recommended that a law be enacted.

7.  Production of Common IC Form for “Center of 
Healthy Aging Innovation project”

Ayako Kamisato, Kazuyo Arisawa

“Center of Healthy Aging Innovation project” pro-
moted by Hirosaki University is one of the projects of 
JST Center of Innovation (COI) Program. One goal of 
this project is to build a platform of big data on medi-
cal and health. In order to achieve this goal, it is nec-
essary to integrate data obtained from multiple co-
hort studies. To accelerate data integration, we 
support researchers on making ethical review docu-
ments. 

06先端医療研究センター_sk.indd   11806先端医療研究センター_sk.indd   118 2021/05/10   16:50:112021/05/10   16:50:11



119

Publication

・神里彩子「第6章　臨床研究のルールと手続き」 
有田悦子・足立智孝編集『薬学人のための事例で
学ぶ倫理学』（南江堂，2020年）

・神里彩子，吉田幸恵. 「医学研究用語に対する一般
市民の認知度・理解度調査 ― インターネット調査
結果からの考察 ―」臨床薬理第51巻第4号pp.187-
198（2020年7月）

・神里彩子・長村文孝・洪賢秀・長村登紀子「再生
医療等製品への周産期付属物の利用と胞衣条例」
再生医療vol.19, No.4（メディカルレビュー社， 
2020年11月）

・神里彩子「胞衣取扱条例からみる周産期付属物 
（胞衣）の価値」医学のあゆみ274巻7号（医歯薬
出版株式会社，2020年8月）

・神里彩子「「ヒト受精胚に遺伝情報改変技術等を
用いる研究に関する倫理指針」の概要とヒト受精
胚研究に関する制度設計」医事法研究第2号（甲斐
克則責任編集，信山社，2020年6月）

・神里彩子「臨床研究法」周産期医学（特集　知っ
ておきたい周産期にかかわる法律・制度）Vol.50, 
No.1（東京医学社）2020年1月）
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1.  Introduction

This division was newly established in September 
2020 by professor Shida and Dr. Ahiko. On November 
16th, professor Dr. Aiko also joined this new division. 
We named our new division as ‘Frontier Surgery’, be-
cause we want to greedily open up undeveloped are-
as of surgery and contribute to the development of 
surgery.

2.  Treatment for diseases of colon, rectum, anus 
and stomach in IMSUT hospital

All of us are also members of Department of Sur-
gery, IMSUT hospital. We treat diseases of colon, rec-
tum, anus, and stomach, especially colorectal cancer 
and gastric cancer.

See NO17-9 (Department of Surgery, IMSUT Hos-
pital).

3.  Making Evidence for gastrointestinal malig-
nancy

While performing surgery as gastrointestinal sur-
geons, we are planning to conduct translational re-
search as academic surgeons in the near future.

4.  Publications (as a member of IMSUT)

Kudose Y, Ahiko Y, Shida D.

Response to: Comment on “Evaluation of Recur-
rence Risk After Curative Resection for Patients With 
Stage I to III Colorectal Cancer Using the Hazard 
Function: Retrospective Analysis of a Single-institu-
tion Large Cohort”.

Ann Surg. 2020 Dec 18;Publish Ahead of Print. 
doi: 10.1097/SLA.0000000000004686. Online ahead of 
print.

Takamizawa Y, Shida D, Boku N, Nakamura Y, 
Ahiko Y, Yoshida T, Tanabe T, Takashima A, Kane-
mitsu Y.

Nutritional and inflammatory measures predict 
survival of patients with stage IV colorectal cancer.

BMC Cancer. 2020 Nov 11;20(1):1092. doi: 10.1186/
s12885-020-07560-3.

Yasui K, Shida D, Nakamura Y, Ahiko Y, Tsukamoto 
S, Kanemitsu Y.

Postoperative, but not preoperative, inflamma-
tion-based prognostic markers are prognostic factors 
in stage III colorectal cancer patients.

Br J Cancer. 2020 Dec 1. doi: 10.1038/s41416-020-
01189-6. Online ahead of print.

Advanced Clinical Research Center

Division of Frontier Surgery
フロンティア外科学分野

Professor Dai Shida, MD, PhD
Associate Professor Susumu Aiko, MD, PhD
Assistant Professor Yuka Ahiko, MD

教　授　博士（医学）　　志　田　　　大
准教授　博士（医学）　　愛　甲　　　丞
助　教　　　　　　　　阿　彦　友　佳

The mission of our division is to create solid evidence of surgical treatment for 
colorectal cancer as well as gastric cancer by continuously publishing the papers of 
clinical research and basic research. If our research can help rewrite various 
clinical guidelines around the world, we as surgeons can not only cure the patients 
in front of us but also contribute to the development of surgical treatment for 
gastrointestinal cancer.
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1.   Development of markers for detecting undiffer-
entiated cells during human iPSC-LB produc-
tion 

Keisuke Sekine1, Yasuharu Ueno1, Yoshiki Kuse1, 
Syusaku Tsuzuki1, Eriko Kanai1, Takashi Okumu-
ra1, Yumi Horie1, Toshiharu Kasai1, Shinya Matsu-
moto1 and Hideki Taniguchi1,2: 1 Division of Regen-
erative Medicine, Center for Stem Cell Biology and 
Regenerative Medicine, The Institute of Medical 
Science, The University of Tokyo, 2 Department of 
Regenerative Medicine, Graduate School of Medical 
Science, Yokohama City University

Organ transplantation is the only curative method 
for treating end-stage organ failure. Over the past 
decade, the demand for organ transplantation has in-
creased worldwide because of the increased incidence 

of organ failure. However, a critical shortage of donor 
organs has highlighted the urgent need to generate 
organs from human induced pluripotent stem cells 
(iPSCs). Human iPSCs derived liver bud (iPSC-LB) is 
a potential solution to the ongoing donor-organ short-
age in liver transplantation. Notably, the production 
of iPSC-LBs for clinical application has to follow the 
national guidelines strictly. Here, we developed 
chemically defined, animal origin-free (CD-AOF) me-
dia under BSE/TSE guideline (EMEA/410/01 Rev.3) 
for iPSC-LBs production with the collaboration of 
Ajinomoto Co., Inc. (Sekine K, Taniguchi H, et al., Sci 
Rep. 21; 10 (1): 17937, 2020.). Meanwhile, to ensure 
therapeutic safety, it is essential to establish a method 
of evaluating the frequency of undifferentiated iPSCs 
in iPSC-LBs. LIN28A has been reported as a potential 
marker for evaluating the residual undifferentiated 
iPSCs during cellular differentiation. However, he-

Center for Stem Cell Biology and Regenerative Medicine

Division of Regenerative Medicine
再生医学分野

Professor Hideki Taniguchi, MD, PhD
Project Associate Professor Tomoyuki Yamaguchi, PhD
Assistant Professor Yun-Zhong Nie, PhD
Project Assistant Professor Yasuharu Ueno, PhD

教　授　　　博士（医学）　　谷　口　英　樹
特任准教授　博士（医学）　　山　口　智　之
助　教　　　博士（医学）　　聶　　　運　中
特任助教　　博士（医学）　　上　野　康　晴

For patients with end-stage organ failure, organ transplantation is the only effective 
treatment; however, the scarcity of transplantable organs hinders this treatment for 
most patients. Recently, regenerative medicine on the generation of transplantable 
organs has attracted much attention. Regenerative medicine is a challenging 
scientific field that converts the pioneering knowledge of developmental biology and 
stem cell biology to clinical application. Our laboratory is developing a novel 
therapeutic strategy to substitute organ transplantation. We have established novel 
organoid culture technologies to reconstruct human organs from stem cells, 
including human induced pluripotent stem cells (iPSCs). Currently, we try to realize 
transplantation of human liver primordia (liver buds [LBs]) generated from iPSCs to 
treat liver diseases, such as metabolic disease and liver failure. Moreover, we also 
expand the established technologies to reconstruct artificial refractory cancer tissue 
(cancer organoid) with a tumor microenvironment. Based on this unique cancer 
organoid, we develop a new drug-screening platform to discover potential 
compounds that prevent cancer relapse and metastasis.
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patic endoderm cells differentiated from iPSCs ex-
press LIN28A at a high level, making it impossible to 
detect the residual undifferentiated iPSCs in hepatic 
endoderm cells. Therefore, we searched for markers 
for detecting undifferentiated cells during the differ-
entiation of hepatic endoderm cells from hiPSCs and 
extracted three promising markers (Sekine K, Tanigu-
chi H, et al., Sci Rep. 10(1):10293. 2020. Patent applica-
tion 2018-115025). In collaboration with EIKEN 
CHEMICAL CO., LTD. (Manuscript in preparation. 
Patent application 2019-207004, 2019-207002), we also 
established the high-precision detection method 
(Loop-mediated isothermal amplification: LAMP 
method) for those markers under the serious nucleic 
acid contamination (world’s highest detection sensi-
tivity 0.0001%). This cell evaluation technique with 
the extracted markers is considered useful for the safe 
clinical application of iPSC-LBs.

2.   Therapeutic  effects  of  human  iPSC-LB  trans-
plantation for urea cycle disorders

Yasuharu Ueno1, Tomoyuki Yamaguchi1, Yoshiki 
Kuse1, Takashi Okumura1, Yumi Horie1, Toshiharu 
Kasai1, Eriko Kanai1, Syusaku Tsuzuki1, Shinya 
Matsumoto1, Satoshi Okamoto2, Tomomi Tadokoro2, 
Soichiro Murata2 and Hideki Taniguchi1,2: 1 Division 
of Regenerative Medicine, Center for Stem Cell Bi-
ology and Regenerative Medicine, The Institute of 
Medical Science, The University of Tokyo, 2 Depart-
ment of Regenerative Medicine, Graduate School of 
Medical Science, Yokohama City University

Urea cycle disorders are inherited metabolic defi-
ciencies with hyperammonemia caused by a single 
gene defect of the urea cycle enzymes or transporters. 
Ornithine transcarbamylase (OTC) is a rate-limiting 
enzyme in the urea cycle, and OTC deficiency (OTCD) 
is the most common urea cycle disorder in humans. 
Unlike diffuse liver diseases, most urea cycle disorder 
patients show normal liver histology. Therefore, the 
transplantation of iPSC-LB with OTC activity might 
be an expected regenerative medicine technique for 
the treatment of OTCD. To establish a new therapy 
with human iPSC-LB transplantation for patients 
with urea cycle disorders, we are proceeding with 
verification of the effectiveness of iPSC-LB transplan-
tation and preparation for clinical research. For the 
proof of principle (POC) experiment, we performed 
genome editing technology to establish NOG-OTCspf 
mice, a severe OTCD immunodeficiency model with 
abnormally high blood ammonia and urinary orotic 
acid. The renal capsule transplantation of iPSC-LBs 
could exhibit hepatic functions in NOG-OTCspf mice 
with an improvement of hyperammonemia, indicat-
ing the effective iPSC-LBs transplantation for OTCD. 
Currently, we are preparing to carry out clinical trials 
of OTCD. 

3.  Generation of 3D cancer tissue using pa-
tient-derived pancreatic cancer cells

Tomoyuki Yamaguchi1, Yasuharu Ueno1, Yoshiki 
Kuse1, Kenta Takeuchi1, Eriko Kanai1, Takashi 
Okumura1, Yumi Horie1, Syusaku Tsuzuki1, and 
Hideki Taniguchi1,2: 1 Division of Regenerative Med-
icine, Center for Stem Cell Biology and Regenera-
tive Medicine, The Institute of Medical Science, The 
University of Tokyo, 2 Department of Regenerative 
Medicine, Graduate School of Medical Science, Yo-
kohama City University

Early detection of pancreatic cancer is difficult be-
cause of poor characteristic clinical symptoms. Pan-
creatic cancer is highly recurrent and has a high me-
tastasis rate, resulting in a poor prognosis. Based on 
the organ bud technology developed in our regenera-
tive medicine studies, we used primary pancreatic 
cancer cells isolated from Japanese pancreatic cancer 
patients to create a human primary pancreatic cancer 
organoid that reproduces the pancreatic cancer mi-
croenvironment. In this year, we developed an im-
proved method in generating pancreatic cancer orga-
noids, which closely recapitulated the structure of 
clinical tissue compared to conventional organoids. 
These new pancreatic cancer organoids possess can-
cer cells with cyst structures, vascular networks, and 
organoids are rich in the stroma. Moreover, cancer 
cells in new organoids retain their proliferation abili-
ty as primary cancer cells and have cancer stem cell 
characteristics and epithelial-mesenchymal transition 
(EMT). The formation of tumor blood vessels is also 
observed in this organoid. To conclude, this novel 
cancer organoid has successfully improved in repro-
ducing the characteristic of pancreatic cancer in vitro. 
Therefore, applying this new cancer organoid in ther-
apeutic drug screening and biological analysis may 
play a vital role in contributing to the new findings.

4.  Space Organogenesis (Development of ad-
vanced 3D organ culture system utilizing mi-
crogravity environment)

Tomomi Tadokoro2, Yoshiki Kuse1, Yasuharu Ueno1, 
Takashi Okumura1, Tomoyuki Yamaguchi1 and 
Hideki Taniguchi1,2: 1 Division of Regenerative Med-
icine, Center for Stem Cell Biology and Regenera-
tive Medicine, The Institute of Medical Science, The 
University of Tokyo, 2 Department of Regenerative 
Medicine, Graduate School of Medical Science, Yo-
kohama City University

Microgravity in orbit does not cause subsidence or 
convection and is considered advantageous in ex-
panding cells in three-dimension. By utilizing this mi-
crogravity environment, we aim to develop a novel 
method for generating human iPSCs-derived liver 
tissue in collaboration with Japan Aerospace Explora-
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tion Agency (JAXA). In detail, we attempt to establish 
the new technique of generating three-dimensional 
organs containing large blood vessels. We prepared 
human iPSCs derived liver buds (hiPSC-LBs) and ar-
tificial vessels on the earth. These were placed into the 
culture container and launched to the International 
Space Station “KIBO”. We confirmed that hiPSC-LBs 
were successfully gathered onto the artificial vessel 
under microgravity, as in silico simulation suggested. 
After culturing hiPSC-LBs for a predetermined peri-
od in the incubator installed in “KIBO”, samples are 
planning to transfer to the earth. We will compare the 
difference in their growth and differentiation with the 
ground control group. This finding will uncover the 
effects of gravity on cell growth and differentiation. 
We expect the research results obtained in space ex-
periment contribute to the subsequent development 
and understanding: (1) Development of a new tech-
nique in human three-dimensional tissue preserva-
tion and transportation, which is crucial to the prod-
uct under regenerative medicine before practical use. 
(2) Establishment of a novel technique in generating 
human organs joined with large blood vessels. (3) De-
velopment of a new three-dimensional culture device 
simulating the microgravity environment on the 
earth.

5.   Effectively  massive  production  of  liver  orga-
noid with human iPSC derived proliferative 
progenitors

Yun-Zhong Nie1, Xia Yang1, Yang Li1, Richie Plum-
mer1, Eriko Kanai1, Hideki Taniguchi1,2: 1 Division of 
Regenerative Medicine, Center for Stem Cell Biolo-
gy and Regenerative Medicine, The Institute of 
Medical Science, The University of Tokyo, 2 Depart-
ment of Regenerative Medicine, Graduate School of 
Medical Science, Yokohama City University

The development of new transplantable human 
livers from human induced pluripotent stem cells (iP-
SCs) is urgently needed due to the persistent pro-
found shortage of transplantable donors to treat end-
stage liver diseases. By mimicking the process of liver 
organogenesis, our lab has developed three-dimen-
sional vascularized liver organoids (LOs) from iPSCs 
that can help to rescue the drug-induced lethal liver 
failure model in vivo. We are currently investigating 
the clinical application of the LOs for liver diseases, 
including inherited metabolic liver disease and liver 
cirrhosis; however, the established method for LO 
generation is not suitable for human-scale production 
because of the time-consuming, expensive, and high-
risk of iPSC contamination. Here, we aim to develop 
an efficiently massive production system of LOs 
based on iPSC derived proliferative progenitors, in-
cluding hepatoblasts, fetal hepatic stellate cells, and 
endothelial progenitors, and hope to find a promis-
ing, safe, and effective therapeutic strategy for liver 
diseases.

Publications

1.   Enomura M, Murata S, Terado Y, Tanaka M, 
Kobayashi S, Oba T, Kagimoto S, Yabuki Y, Morita 
K, Uemura T, Maegawa J, Taniguchi H. Develop-
ment of a Method for Scaffold-Free Elastic Carti-
lage Creation. Int J Mol Sci. 21: E8496, 2020.

2.   Tsuchida T, Murata S, Hasegawa S, Mikami S, 
Enosawa S, Hsu HC, Fukuda A, Okamoto S, Mori 
A, Matsuo M, Kawakatsu Y, Matsunari H, Nakano 
K, Nagashima H, Taniguchi H. Investigation of 
Clinical Safety of Human iPS Cell-Derived Liver 
Organoid Transplantation to Infantile Patients in 
Porcine Model. Cell Transplant. 29: 
963689720964384, 2020. 

3.   Sekine K, Ogawa S, Tsuzuki S, Kobayashi T, Ikeda 
K, Nakanishi N, Takeuchi K, Kanai E, Otake Y, 
Okamoto S, Kobayashi T, Takebe T, Taniguchi H. 
Generation of human induced pluripotent stem 
cell-derived liver buds with chemically defined 
and animal origin-free media. Sci Rep. 10:17937, 
2020.

4.   Ge JY, Zheng YW, Tsuchida T, Furuya K, Isoda H, 
Taniguchi H, Ohkohchi N, Oda T. Hepatic stellate 
cells contribute to liver regeneration through ga-

lectins in hepatic stem cell niche. Stem Cell Res 
The. 11: 425, 2020.

5.   Takada K, Aizawa Y, Sano D, Okuda R, Sekine K, 
Ueno Y, Yamanaka S, Aoyama J, Sato K, Kuwahara 
T, Hatano T, Takahashi H, Arai Y, Nishimura G, 
Taniguchi H, Oridate N. Establishment of PDX-de-
rived salivary adenoid cystic carcinoma cell lines 
using organoid culture method. Int J Cancer. 148: 
198-202, 2020.

6.   Sekine K, Tsuzuki S, Yasui R, Koybayashi T, Ikeda 
K, Hamada Y, Kanai E, Camp JG, Treutlein B, 
Ueno Y, Okamoto S, Taniguchi H. Robust detec-
tion of undifferentiated iPSC among differentiat-
ed cells. Sci Rep. 10:10293, 2020. 

7.   Qiu R, Murata S, Oshiro K, Hatada Y, Taniguchi 
H. Transplantation of fetal liver tissue coated by 
ultrapurified alginate gel over liver improves he-
patic function in the cirrhosis rat model. Sci Rep. 
10: 8231, 2020. 

8.   Yazawa K, Nakamura F, Masukawa D, Sato S, Hi-
roshima Y, Yabushita Y, Mori R, Matsuyama R, 
Kato I, Taniguchi H, Goshima Y, Endo I. Low Inci-
dence of High-Grade Pancreatic Intraepithelial 
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Neoplasia Lesions in a Crmp4 Gene–Deficient 
Mouse Model of Pancreatic Cancer. Transl Oncol. 
13: 100746, 2020.   

9.   Matsuo M, Murata S, Hasegawa S, Hatada Y, Oht-
suka M, Taniguchi H. Novel liver fibrosis model in 
Macaca fascicularis induced by thioacetamide. Sci 
Rep. 10: 2450, 2020. 

10.  Ando M, Ando J, Yamazaki S, Ishii M, Sakiyama Y, 
Harada S, Honda T, Yamaguchi T, Nojima M, 
Ohshima K, Nakauchi H, Komatsu N. Long-term 
eradication of extranodal natural killer/T-cell lym-

phoma, nasal type, by induced pluripotent stem 
cell-derived Epstein-Barr virus-specific rejuvenat-
ed T cells in vivo. Haematologica.  105:796-807, 
2020.

11.  Matsunari H, Watanabe M, Hasegawa K, Uchiku-
ra A, Nakano K, Umeyama K, Masaki H, Hamana-
ka S, Yamaguchi T, Nagaya M, Nishinakamura R, 
Nakauchi H, Nagashima H. Compensation of Dis-
abled Organogeneses in Genetically Modified Pig 
Fetuses by Blastocyst Complementation. Stem 
Cell Reports.  14: 21-33, 2020. 
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1. Limited rejuvenation of aged hematopoietic 
stem cells in young bone marrow niche 

Wakako Kuribayashi1,2, Motohiko Oshima2, Naoki 
Itokawa1,2, Shuhei Koide2, Yaeko Nakajima-Takagi2, 
Masayuki Yamashita2, Satoshi Yamazaki3,4, Bahit-
yar Rahmutulla5, Fumihito Miura6, Takashi Ito6, At-
sushi Kaneda5, and Atsushi Iwama1,2: 1Department 
of Cellular and Molecular Medicine, Graduate 
School of Medicine, Chiba University, Chiba, Ja-
pan; 2Division of Stem Cell and Molecular Medicine, 
Center for Stem Cell Biology and Regenerative 
Medicine, The Institute of Medical Science, The 
University of Tokyo, Tokyo, Japan; 3Division of 
Stem Cell Biology, Center for Stem Cell Biology and 
Regenerative Medicine, The Institute of Medical 
Science, University of Tokyo, Tokyo, Japan; 4Labo-
ratory of Stem Cell Therapy, Faculty of Medicine, 
University of Tsukuba, Ibaraki, Japan; 5Depart-
ment of Molecular Oncology, Graduate School of 
Medicine, Chiba University, Chiba, Japan; 6Depart-
ment of Biochemistry, Kyushu University Graduate 

School of Medical Sciences, Fukuoka, Japan. 

Hematopoietic stem cells (HSCs) exhibit function-
al alterations, such as reduced regenerative capacity 
and myeloid-biased differentiation, with age. The 
HSC niche, which is essential for the maintenance of 
HSCs, also undergoes marked changes with aging. 
However, it has been technically challenging to di-
rectly evaluate the contribution of niche aging to 
age-associated HSC alterations without niche-dam-
aging myeloablation in HSC transplantation assays. 
We herein transplanted an excess of aged HSCs into 
young mice without preconditioning. Although aged 
HSCs successfully engrafted in the intact young bone 
marrow niche, they poorly regenerated downstream 
progenitors and exhibited persistent myeloid-biased 
differentiation, resulting in no significant functional 
rejuvenation. Transcriptome and methylome analy-
ses revealed that the young niche largely restored the 
transcriptional profile of aged HSCs, but not their 
DNA methylation profiles. Therefore, the restoration 
of the young niche is insufficient for rejuvenating 
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Stem cells have the remarkable capacity to both self-renew and give rise to many 
types of more specialized cells in the body, which explains their great therapeutic 
potential in regenerative medicine. But that’s not the only reason stem cells have 
become such a hotbed of scientific inquiry. These cellular transformers also offer an 
invaluable research tool for probing the disease mechanisms that underpin cancer, 
aging and a host of other health problems. Our major interest is to elucidate the 
mechanisms of self-renewal and multi-lineage differentiation of hematopoietic stem 
cells (HSCs). We are also interested in how the deregulated HSC functions are 
associated with aging of our body and the development of age-related 
hematological malignancies. We approach these issues mainly from the view point 
of epigenetics.
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HSC functions, highlighting a key role for age-associ-
ated cell-intrinsic defects in HSC aging. 

2.   PRC2  insufficiency  causes  p53-dependent 
dyserythropoiesis in myelodysplastic syndrome 

Kazumasa Aoyama1,  Daisuke Shinoda1,2, Emi Su-
zuki1, Yaeko Nakajima-Takagi1,2, Motohiko Oshi-
ma1,2, Shuhei Koide1,2, Ola Rizq1,2, Sha Si1, Shiro 
Tara1, Goro Sashida1,3, Atsushi Iwama1,2 : 1Depart-
ment of Cellular and Molecular Medicine, Graduate 
School of Medicine, Chiba University, Chiba, Ja-
pan; 2Division of Stem Cell and Molecular Medicine, 
Center for Stem Cell Biology and Regenerative 
Medicine, The Institute of Medical Science, The 
University of Tokyo, Tokyo, Japan; 3. Laboratory of 
Transcriptional Regulation in Leukemogenesis, In-
ternational Research Center for Medical Sciences, 
Kumamoto University, Kumamoto, Japan.

EZH1 and EZH2 are enzymatic components of 
polycomb repressive complex (PRC) 2, which catalyz-
es histone H3K27 tri- methylation (H3K27me3) to re-
press the transcription of PRC2 target genes. We pre-
viously reported that the hematopoietic cell-specific 
Ezh2 deletion (Ezh2Δ/Δ) induced a myelodysplastic 
syndrome (MDS)-like disease in mice. We herein 
demonstrated that severe PRC2 insufficiency induced 
by the deletion of one allele Ezh1 in Ezh2-deficient 
mice (Ezh1+/−Ezh2Δ/Δ) caused advanced dyserythro-
poiesis accompanied by a differentiation block and 
enhanced apoptosis in erythroblasts. p53, which is ac-
tivated by impaired ribosome biogenesis in del(5q) 
MDS, was specifically activated in erythroblasts, but 
not in hematopoietic stem or progenitor cells in Ezh1+/−
Ezh2Δ/Δ mice. Cdkn2a, a major PRC2 target encoding 
p19Arf, which activates p53 by inhibiting MDM2 E3 
ubiquitin ligase, was de-repressed in Ezh1+/−Ezh2Δ/Δ 
erythroblasts. The deletion of Cdkn2a as well as p53 
rescued dyserythropoiesis in Ezh1+/−Ezh2Δ/Δ mice, in-
dicating that PRC2 insufficiency caused p53-depend-
ent dyserythropoiesis via the de-repression of Cd-
kn2a. Since PRC2 insufficiency is often involved in 
the pathogenesis of MDS, the present results suggest 
that p53-dependent dyserythropoiesis manifests in 
MDS in the setting of PRC2 insufficiency. 

3.   Efficacy of the novel tubulin polymerization in-
hibitor PTC-028 for myelodysplastic syndrome 

Cheng Zhong1, Kensuke Kayamori1,2, Shuhei Koide1, 
Daisuke Shinoda1,3, Motohiko Oshima1, Yaeko Na-
kajima-Takagi1, Yurie Nagai2, Naoya Mimura4, 
Emiko Sakaida2, Satoshi Yamazaki5, Satoshi Iwano6, 
Atsushi Miyawaki6, Ryoji Ito7, Kaoru Tohyama8, Ki-

yoshi Yamaguchi9, Yoichi Furukawa9, William Len-
nox10, Josephine Sheedy10, Marla Weetall10, Atsushi 
Iwama1 : 1Division of Stem Cell and Molecular Med-
icine, Center for Stem Cell Biology and Regenera-
tive Medicine, The Institute of Medical Science, The 
University of Tokyo, Tokyo, Japan; 2Department of 
Endocrinology, Hematology and Gerontology, Chi-
ba University Graduate School of Medicine, Chiba, 
Japan; 3Department of Cellular and Molecular 
Medicine, Graduate School of Medicine, Chiba Uni-
versity, Chiba, Japan; 4Department of Transfusion 
Medicine and Cell Therapy, Chiba University Hos-
pital, Chiba, Japan; 5Laboratory of Stem Cell Ther-
apy, Faculty of Medicine, University of Tsukuba, 
Ibaraki, Japan; 6Laboratory for Cell Function Dy-
namics, Center for Brain Science, RIKEN, Saitama, 
Japan; 7Humanized Model Laboratory, Central In-
stitute for Experimental Animals, Kanagawa, Ja-
pan; 8Department of Laboratory Medicine, Kawa-
saki Medical School, Okayama, Japan; 9Division of 
Clinical Genome Research, Advanced Clinical Re-
search Center, The Institute of Medical Science, The 
University of Tokyo, Tokyo, Japan; 10PTC Thera-
peutics, South Plainfield, NJ, USA 

Monomer tubulin polymerize into microtubules, 
which are highly dynamic and play a critical role in 
mitosis. Therefore, microtubule dynamics are an im-
portant target for anti-cancer drugs. The inhibition of 
tubulin polymerization or de-polymerization was 
previously targeted and exhibited efficacy against 
solid tumors. The novel small molecule PTC596 di-
rectly binds tubulin, inhibits microtubule polymeri-
zation, down-regulates MCL-1, and induces p53-in-
dependent apoptosis in acute myeloid leukemia cells. 
We herein investigated the efficacy of PTC-028, a 
structural analog of PTC596, for myelodysplastic syn-
drome (MDS). PTC-028 suppressed growth and in-
duced apoptosis in MDS cell lines. The efficacy of 
PTC028 in primary MDS samples was confirmed us-
ing cell proliferation assays. PTC-028 synergized with 
hypomethylating agents, such as decitabine and azac-
itidine, to inhibit growth and induce apoptosis in 
MDS cells. Mechanistically, a treatment with PTC-028 
induced G2/M arrest followed by apoptotic cell death. 
We also assessed the efficacy of PTC-028 in a xeno-
graft mouse model of MDS using the MDS cell line, 
MDS-L and the AkaBLI bioluminescence imaging 
system, which is composed of AkaLumine-HCl and 
Akaluc. PTC-028 prolonged the survival of mice in 
xenograft models. The present results suggest a chem-
otherapeutic strategy for MDS through the disruption 
of microtubule dynamics in combination with DNA 
hypomethylating agents.
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1.  Impact of intestinal microbiota on reconstitu-
tion of circulating monocyte, dendritic cell,and 
natural killer cell subsets in adults undergoing 
single cord blood transplantation.

Konuma T1, 2, Oiwa-Monna M1, Mizusawa M1, Isobe 
M1, 2, Kato S1, 2, Takahashi S1, 2, 3, Tojo A1, 2, 3. : 1 De-
partment of Hematology/Oncology, IMSUT Hospi-
tal, 2 Division of Molecular Therapy, 3 Division of 
Stem Cell Transplantation

The intestinal microbiota plays a fundamental role 
in the development of host innate immune cells, such 
as monocytes, dendritic cells (DCs), and natural killer 
(NK) cells. We examined the association between in-
testinal microbiota and subsequent immune reconsti-
tution of circulating monocyte, DC, and NK cell sub-
sets in 38 adult patients undergoing single-unit cord 
blood transplantation (CBT). A higher diversity of 
intestinal microbiota at 1 month was significantly as-
sociated with higher counts of plasmacytoid DCs at 7 
months after CBT, as measured by the Chao1 index. 
Principal coordinate analysis of unweighted UniFrac 
distances showed significant differences between 
higher and lower classical monocyte reconstitution at 
7 months post-CBT. The families Neisseriaceae, Burk-
holderiaceae, Propionibacteriaceae, and Coriobacte-
riaceae were increased in higher classical monocyte 

reconstitution at 7 months post-CBT, whereas the 
family Bacteroidaceae was increased in lower classi-
cal monocyte reconstitution at 7 months post-CBT. 
These data show that intestinal microbiota composi-
tion affects immune reconstitution of classical mono-
cyte and plasmacytoid DCs following single-unit 
CBT.

2.  Clinical outcomes of persistent colonization 
with multidrug-resistant Gram-negative rods is 
associated with non-relapse mortality in adult 
patients undergoing single-unit cord blood 
transplantation.

Mizusawa M1, Konuma T1, 2, Kato S1, 2, Isobe M1, 2, 
Shibata H3, Suzuki M3, Takahashi O3, Oiwa-Monna 
M2, Takahashi S1,2, 4, Tojo A1,2, 4.: 1 Department of He-
matology/Oncology, IMSUT Hospital, 2 Division of 
Molecular Therapy, 3 Department of Laboratory 
Medicine, IMSUT Hospital, 4 Division of Stem Cell 
Transplantation

Severe bacterial infections are a serious problem 
after cord blood transplantation (CBT). Colonization 
with multidrug-resistant Gram-negative rods 
(MRGNR) is associated with increased morbidity and 
mortality after allogeneic hematopoietic cell trans-
plantation. However, its impact on outcomes after 
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We are conducting clinical stem cell transplantation, especially using cord blood as 
a promising alternative donor for clinical use and investigating optimal strategies to 
obtain the best results in this area. We are also generating pre-clinical study to 
util ize virus-specific CTL for immune competent patients such as post-
transplantation. Our goal is as allogeneic transplantation to be safer therapeutic 
option and to extend for older patients.
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CBT is unclear. We aim to explore the impact of colo-
nization with MRGNRs in adult patients undergoing 
CBT. We retrospectively analyzed 145 adult patients 
who received single-unit CBT in our institute. As a 
standard practice in our institute, all patients were 
screened for colonization with MRGNR by oral cavity 
swabs, urine, and stool specimens between the day of 
admission for CBT and the day of discharge or day 
100 after CBT. There were 62 incidents of colonization 
with MRGNR in 52 patients, of which 25 involved 
Stenotrophomonas maltophilia, 19 multidrug-resist-
ant Pseudomonas spp., and 18 extended-spectrum 
beta-lactamase-producing Enterobacteriaceae. On 
multivariate analysis, MRGNR persistence signifi-
cantly affected increase in non-relapse mortality 
(NRM) (hazard ratio [HR], 8.96; 95% CI 1.85-43.46; P = 
0.006) and the subsequent development of blood-
stream infection due to MRGNR (HR 11.82; 95% CI 
2.15-64.87; P = 0.004), but not MRGNR clearance, com-
pared with non-colonized patients. These data sug-
gest that persistent colonization with MRGNR is sig-
nificantly associated with higher NRM in CBT for 
adults.

3.   Effects of Acute and Chronic Graft-versus-my-
elodysplastic Syndrome on Long-term Out-
comes  Following  Allogeneic  Hematopoietic 
Cell Transplantation

Konuma T1,2, and Adult Myelodysplastic Syndrome 
Working Group of the Japan Society for Hemato-
poietic Cell Transplantation. : 1 Department of He-
matology/Oncology, IMSUT Hospital, 2 Division of 
Molecular Therapy

The major limitation of cord blood transplantation 
(CBT) for adults remains the delayed hematopoietic 
recovery and higher incidence of graft failure, which 
result in a higher risk of early mortality in CBT. We 
evaluated early overall survival (OS), non-relapse 
mortality (NRM), neutrophil engraftment, acute 
graft-vs-host disease, and cause of early death among 
9678 adult patients who received single-unit CBT in 
Japan between 1998 and 2017. The probability of OS 
at 100 days was 64.4%, 71.7%, and 78.9% for the peri-
ods 1998 to 2007, 2008 to 2012, and 2013 to 2017, re-
spectively (P < .001). The cumulative incidences of 
NRM at 100 days during the same period were 28.3%, 

20.8%, and 14.6%, respectively (P < .001). The cumula-
tive incidences of neutrophil engraftment were also 
improved during the same period (P < .001). The most 
common cause of death within 100 days after CBT 
was bacterial infection in 1998 to 2007 and primary 
disease in the latter two time periods. Across the three 
time periods, the proportions of deaths from bacterial 
and fungal infection, graft failure, hemorrhage, sinu-
soidal obstructive syndrome, and organ failure de-
creased in a stepwise fashion. Landmark analysis of 
OS and NRM after 100 days showed that OS did not 
change over time in the multivariate analysis. Our 
registry-based data demonstrated a significant im-
provement of early OS after CBT for adults over the 
past 20 years. The landmark analysis suggested that 
improvement of early mortality could lead to an im-
provement of long-term OS after CBT.

4.  Impact of a prior history of cancer on progno-
sis after myeloablative single-unit cord blood 
transplantation

Okabe M1, Konuma T1, 2, Oiwa-Monna M2, Isobe M1, 

2, Kato S1, 2, Takahashi S1, 2, 3, Tojo A1, 2, 3. : 1 Depart-
ment of Hematology/Oncology, IMSUT Hospital, 2 

Division of Molecular Therapy, 3 Division of Stem 
Cell Transplantation

A prior history of cancer was associated with 
higher non-relapse mortality or overall mortality in 
patients undergoing allogeneic haematopoietic cell 
transplantation. Because it is unclear whether the out-
comes after cord blood transplantation are influenced 
by a prior history of cancer, we retrospectively as-
sessed the prevalence and prognostic impact of a pri-
or history of cancer in adult patients undergoing my-
eloablative single-unit cord blood transplantation in 
our institute between 2004 and 2020. The univariate 
analysis showed that a prior history of cancer did not 
affect the probability of overall survival; the cumula-
tive incidence of relapse; or non-relapse mortality. In 
the multivariate analysis, prior history of cancer was 
not associated with overall mortality, relapse or 
non-relapse mortality. No patients with a prior histo-
ry of cancer had experienced prior cancer relapse. A 
prior history of cancer was not associated with non-re-
lapse mortality or overall mortality following sin-
gle-unit cord blood transplantation.
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1.   Developing Analysis Tools  for Cell Cycle and 
Cell Division of Hematopoietic Stem Cells: Mg-
cRacGap-hmKusabiraOrange2  (MRG-hm-
KuO2) fusion protein for midbody marker.

Yosuke Tanaka, Tsuyoshi Fukushima, Toshihiko 
Oki, Kotarou Nishimura, Asako Sakaue-Sawano1, 
Atsushi Miyawaki1, Toshio Kitamura: 1Laboratory 
for Cell Function Dynamics, RIKEN, Wako, Saita-
ma and ERATO Miyawaki Life Function Dynamics 
Project, JST.

Previously, we reported that MgcRacGap is a 
marker for midbody and that MgcRacGap-mVenus 
fusion protein visualized asymmetric inheritance and 
release of midbody during cytokinesis (Nishimura et 
al., 2013). We retrovirally introduced MRG-hmKuO2 
into hematopoietic stem cells (HSCs), in order to ex-
amine whether midbody asymmetric inheritance and 
release is involved with asymmetric division of HSCs. 
HSCs showed high frequency of midbody release 
during cytokinesis in culture. Interestingly, one 
daughter cell releasing midbody differentiated earlier 
than the other daughter cell inheriting midbody. We 
generated Cre-inducible MRG-hmKuO2 mouse line. 
Briefly, the MRG-hmKuO2 fusion gene is inserted 
into Rosa26 locus following a loxP-NEO-STOP-loxP 
cassette, in order to visualize asymmetric inheritance 
and release of midbody in vivo without retroviral in-

fection. Crossing MRG-hmKuO2 mice with Vav-Cre 
mice, MRG-hmKuO2 nicely marked midbody asym-
metric inheritance and release in HSCs in culture. We 
are planning to do paired-daughter assay using HSCs 
from MRG-hmKuO2 mice to examine whether inher-
itance and release of midbody link to asymmetric di-
vision of HSCs. Given that some problems were found 
in this new mouse line, we are planning to establish 
surrogate experimental models for this.

Next we performed long-term, live single-cell im-
aging and tracking during HSC division with future 
cell-fate quantification and MRG inheritance of 
daughter cells. We expressed MRG-hmKuO2 in 
mouse HSCs, and quantified their inheritance during 
HSC division in vitro. We observed the linkage be-
tween midbody release and stem/progenitor cell po-
tential. That was more obvious after 1st division and 
the tendency was decreased by increasing dvision 
times. We also counted lineage marker positive cells 4 
days after culture. The detection antibodies (CD16/32 
for myeloid cells and CD71 for erythroid progenitor 
cells) were put in culture at the beginning of the cul-
ture. Lineage restriction was not linked to the inher-
itance of midbody. These results indicated that mid-
body release would be one of features of keeping 
stemness in HSC asymmetric division and dose not 
affect lineage commitment. 

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Signaling
幹細胞シグナル制御分野

Professor　Toshio Kitamura, M.D., D.M.Sc. 教　授　医学博士　　北　村　俊　雄

Our major interest is to elucidate the mechanisms of pluripotency, self-renewal and 
the control of cell division and differentiation of hematopoietic stem and progenitor 
cells. We have developed the retrovirus-mediated efficient gene transfer and 
several functional expression cloning systems, and utilized these system to our 
experiments. We are now conducting several projects related to stem cells to 
characterize stem cells, clarify underling mechanisms of maintenance of 
pluripotency, and differentiation.
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2.   Developing Analysis Tools  for Cell Cycle and 
Cell Division of Hematopoietic Stem Cells and 
Leukemic Stem Cells: A novel G0 marker (G0M), 
mVenus-p27K- and its transgenic mouse

Tsuyoshi Fukushima, Yosuke Tanaka, Toshihiko 
Oki, Kotarou Nishimura, Keito Adachi, Keiko Mi-
kami, Asako Sakaue-Sawano1, Atsushi Miyawaki1, 
Toshio Kitamura: 1Laboratory for Cell Function 
Dynamics, RIKEN, Wako, Saitama and ERATO 
Miyawaki Life Function Dynamics Project, JST.

One of the common features of the stem cells is 
that they are in quiescent (G0) phase of cell cycle. Sev-
eral reports indicate that tissue specific stem cells like 
hematopoietic stem cells (HSCs) and cancer stem cells 
are in G0 phase.

We have developed a novel G0 marker (G0M), 
mVenus-p27K- (Oki et al, 2013). The G0M clearly 
marked the cells in G0 and very early G1 in NIH3T3 
cells. To examine G0 status in HSCs, we generated a 
G0M mouse line where hamtopoietic cells express 
mVenus-p27K- fusion gene. Interestingly, three dif-
ferent fractions (G0M-high (70%), G0M-low (20%), 
G0M-negative (10%)) were identified in the HSC frac-
tion (CD150+CD48-cKit+Sca-1+Lineage-). G0M-high/
low fractions but not G0M-negative fraction showed 
an ability to reconstitute multi-lineage blood cells. 
BrdU-label retaining assay, a method for detection of 
dormant cells in various tissues, showed that G0M-
high population contained dormant functional HSCs 
and G0M-low population contained active functional 
HSCs. Single-cell RNA sequence (scRNA-seq) analy-

sis showed that G0M-high cells expressed well-known 
HSC-related genes including Hlf, Ifitm1, Mpl and 
Ly6a. On the other hand, highly expressed genes in 
G0M-low cells included genes associated with cell cy-
cle or differentiation, such as Gata1, Itga2b and Cdk6. 
Small-cell Mass Spec analysis showed that Cdk6 pro-
tein was detected in G0M-low fraction, but not in 
G0M-high fraction. Taken together, these data exhibit-
ed that G0M could discriminate dormant and active 
functional HSCs in the conventional HSC fraction. 
Moreover, high-throughput small molecule screening 
revealed that high concentrations of cytoplasmic cal-
cium ([Ca2+]c) were linked to dormancy of HSCs. Of 
note, upregulation [Ca2+]c by thapsigargin, a sarco/
endoplasmic reticulum calcium-ATPase (SERCA) in-
hibitor, which increases [Ca2+]c by leaking calcium 
from ER, could enhanced bone marrow multi-lineage 
reconstitution ability of LT-HSCs. These findings in-
dicate that G0M separates dormant and active adult 
HSCs, which are regulated by Cdk4/6 and [Ca2+]c. 

To get more insight about the regulaton of stem-
ness, we performed RNA-Seq analysis between 
dormant and active adult HSCs and found that their 
gene expression differecies were small. This result en-
couraged us to assess their enhancer expression dif-
ferencies, as gene expressions are regulated by en-
hancers in general. We identified about 400 enhancers 
highly expressed in doramnt HSCs. Using public 
ChipSeq data of histons and HSC-specific transcrip-
tion factors, we identified about 100 dormant 
HSC-specific enhancers. Now we are planning to fur-
ther identify functional enhancers by manupurating 
those enhancers in HSCs.

Publications

Fujino, T., Goyama, S., Sugiura, Y., Inoue, D., Asada, 
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MOZ-rearranged Leukemia. Cell Rep 32:108200.
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transformation in cooperation with mutant ASXL1. 
Blood 136:1670-1684.

Kawashima, M., Carreras, J., Higuchi, H., Kotani, R., 
Hoshina, T., Okuyama, K., Suzuki, N., Kakizaki, 
M., Miyatake, Y., Ando, K., Nakayama, M., Umezu, 

07幹細胞治療研究センター_sk.indd   13307幹細胞治療研究センター_sk.indd   133 2021/05/10   13:22:192021/05/10   13:22:19



134
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Kitamura, T., Chamoto, K., Yano, S., Nakamura, N., 
and Kotani, A. (2020) PD-L1/L2 protein levels rap-
idly increase on monocytes via trogocytosis from 
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Elucidation of pathophysiology and treatment of 
RAS-associated autoimmune lymphoproliferative 
syndrome-like disease (RALD)

Tomoyuki Yamaguchi1, Takashi Okumura1, Yumi 
Horie1, Huan-Ting Lin1, Hideki Taniguchi1,2

1 Division of Regenerative Medicine, Center for 
Stem Cell Biology and Regenerative Medicine, The 
Institute of Medical Science, The University of To-
kyo
2 Department of Regenerative Medicine, Graduate 
School of Medical Science, Yokohama City Universi-
ty

RAS-associated autoimmune lymphoproliferative 
syndrome-like disease (RALD) is a rare genetic disor-
der of the immune system. RALD is characterized by 
lymphadenopathy, splenomegaly, autoimmunity, 
and occasional abnormalities in myeloid cell com-
partments such as monocytes. RALD shares many 
features with autoimmune lymphoproliferative syn-
drome, for which a somatic oncogenic mutation in 
NRAS or KRAS is found to play a causal role. RAS is 
the most commonly mutated oncogene found in vari-
ous types of cancers. How the mutant RAS contrib-
utes to oncogenesis remains unclear amongst the 
complex genetic landscape of cancer. This issue has 

been commonly discussed in solid tumors, but many 
studies show that oncogenic RAS also has an impor-
tant role in blood cancers. In this project, we have suc-
ceeded in generation of induced pluripotent stem 
(iPS) cells from bone marrow of RALD patients. Re-
flecting a nature of somatic mutations, we obtained 
not only a group of iPS cells harboring the genomic 
change compatible with G13C-KRAS, but also those 
having intact KRAS gene. Having these isogenic sets 
of patient-iPS cells, we sought to elucidate the effects 
of this mutation, and to develop a new treatment mo-
dality for RALD. Recently, some progress has been 
made for direct targeting of the mutant RAS protein, 
although it has only been successful for the G12C iso-
form. Considering the difficulty and certain disad-
vantages in direct targeting of G13C-KRAS, we are 
aiming at development of the way to specifically tar-
get mutant cells that have developed unique biologi-
cal characteristics as a result of the mutation. Identifi-
cation of therapeutic targets uniquely equipped to the 
mutant cells would lead to discovery of drugs effec-
tive for RALD patients. Since the mutant clones in pa-
tients may easily develop drug resistance over time 
when only a single inhibitor is used, we are taking an 
approach toward establishment of combination thera-
py. The results from this project may be applied to 
improve the treatment of not only RALD, but also 

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Processing
幹細胞プロセシング分野

Professor Hideki Taniguchi, MD, PhD 教　授　博士（医学）　　谷　口　英　樹

Stem cells represent a valuable cell source in the field of regenerative medicine. 
Hematopoietic stem cells represent a valuable cell source for transplantation 
medicine, whereas pluripotent stem cells are newly emerging types of stem cells 
that have been utilized either for the basic research or to develop curative treatment 
for various diseases. We have been focusing especially on the utilization of induced 
pluripotent stem cells as a research platform to elucidate pathophysiology of 
intractable diseases based on their proper modeling. Our goal is to establish safe 
and efficacious treatment for the patients suffering from various types of devastating 
diseases with no curative treatment currently available
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other types of cancers, of which RAS mutations are 
found causative. We are now in the process of ex-
panding a series of RALD-related iPS cells, using ge-
nome-editing technologies. To accelerate the overall 
drug screening processes, modification of a protocol 
is also underway to facilitate large-scale differentia-
tion from iPS cells to hematopoietic cells. Having 

identified several inhibitors possibly usable in combi-
nation therapy, the effects of each candidate will be 
tested in our iPS cell-based study platform, of which 
results can hopefully culminate in discovery of ideal 
treatment strategies for RAS-associated intractable 
disorders.
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1.   Identification of distinct loci for de novo DNA 
methylation by DNMT3A and DNMT3B during 
mammalian development

Masaki Yagi, Mio Kabata1,2, Akito Tanaka1, Tomoyo 
Ukai , Sho Ohta , Kazuhiko Nakabayashi3, Masahito 
Shimizu2, Kenichiro Hata3, Alexander Meissner 4,5,6, 
Takuya Yamamoto 1,7,8,9, Yasuhiro Yamada7 : 1De-
partment of Life Science Frontiers, Center for iPS 
Cell Research and Application (CiRA), Kyoto Uni-
versity, 2Department of Gastroenterology/Internal 
Medicine, Gifu University Graduate School of Med-
icine, 3Department of Maternal-Fetal Biology, Na-
tional Research Institute for Child Health and De-
velopment, 4Department of Genome Regulation, 
Max Planck Institute for Molecular Genetics, 5De-
partment of Stem Cell and Regenerative Biology, 
Harvard University, 6 Broad Institute of MIT and 
Harvard, 7AMED-CREST, AMED, 8 Institute for 
the Advanced Study of Human Biology (WPI-ASH-
Bi), Kyoto University, 9 Medical-risk Avoidance 
based on iPS Cells Team, RIKEN Center for Ad-
vanced Intelligence Project (AIP)

De novo establishment of DNA methylation is ac-

complished by DNMT3A and DNMT3B. Here, we 
analyze de novo DNA methylation in mouse embry-
onic fibroblasts (2i-MEFs) derived from DNA-hypo-
methylated 2i/L ES cells with genetic ablation of Dn-
mt3a or Dnmt3b. We identify 355 and 333 uniquely 
unmethylated genes in Dnmt3a and Dnmt3b knockout 
(KO) 2i-MEFs, respectively. We find that Dnmt3a is 
exclusively required for de novo methylation at both 
TSS regions and gene bodies of Polycomb group 
(PcG) target developmental genes, while Dnmt3b has 
a dominant role on the X chromosome. Consistent 
with this, tissue-specific DNA methylation at PcG tar-
get genes is substantially reduced in Dnmt3a KO em-
bryos. Finally, we find that human patients with 
DNMT3 mutations exhibit reduced DNA methylation 
at regions that are hypomethylated in Dnmt3 KO 
2i-MEFs. In conclusion, here we report a set of unique 
de novo DNA methylation target sites for both 
DNMT3 enzymes during mammalian development 
that overlap with hypomethylated sites in human pa-
tients.

Center for Stem Cell Biology and Regenerative Medicine

Division of Experimental Pathology
幹細胞病理学分野

Professor　Yasuhiro Yamada   M.D., Ph.D. 教　授　博士（医学）　　山　田　泰　広

Stem cells play an important role in homeostasis of organ function in multicellular 
organisms. They are responsible for tissue regeneration and their functional 
impairment causes various diseases in mammals. However, considering the 
complexi ty of mult icel lular organisms, i t  remains unclear how t issue 
microenvironment affects stem cell functions. We aim to elucidate the molecular 
basis for stem cell behavior in response to altered tissue microenvironments. The 
effort should eventually unveil the fundamental basis of how stem cells affect 
organismal functions in vivo and uncover the underlying mechanisms of tissue 
regeneration, various diseases and organismal aging. These findings may 
contribute to developing a feasible strategy to control the detrimental effects of 
stem cell dysfunction in diseases and aging.
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2.   DMRT1-mediated in vivo reprogramming drives 
development of cancer resembling human germ 
cell tumors with features of totipotency

Jumpei Taguchi, Hirofumi Shibata1, Mio Kabata1, 
Masaki Kato10, Kei Fukuda3, Akito Tanaka1, Sho 
Ohta, Tomoyo Ukai, Kanae Mitsunaga1, Yosuke 
Yamada1, So Nagaoka11, Sho Yamazawa12, Kotaro 
Ohnishi1, Knut Woltjen1, Tetsuo Ushiku12, Manabu 
Ozawa13, Mitinori Saitou1,11,8, Yoichi Shinkai10, 
Takuya Yamamoto1,7,8,9 and Yasuhiro Yamada7  : 10 

Cellular Memory Laboratory, RIKEN Cluster for 
Pioneering Research, 11 Department of Anatomy and 
Cell Biology, Graduate School of Medicine, 12 De-
partment of Pathology, Graduate School of Medi-
cine, The University of Tokyo, 13Laboratory of Re-
productive Systems Biology, Center for Experimental 
Medicine and Systems Biology, Institute of Medical 
Science, The University of Tokyo

In vivo reprogramming provokes a wide range of 
cell fate conversion. We found that in vivo induction 
of higher levels of OSKM in mouse somatic cells leads 

to increased expression of primordial germ cell (PG-
C)-related genes and provokes genome-wide erasure 
of genomic imprinting, which takes place exclusively 
in PGCs. In vivo OSKM reprogramming caused prop-
agation of OCT4/NANOG-positive cells, resulting in 
development of cancer that resembled human germ 
cell tumors. Like a subgroup of germ cell tumors, 
propagated tumor cells could differentiate into troph-
oblasts. Moreover, these tumor cells gave rise to in-
duced pluripotent stem cells (iPSCs) with expanded 
differentiation potential that could contribute to adult 
mice. DMRT1, which is expressed in PGCs, drove the 
reprogramming and propagation of the tumor cells in 
vivo. Furthermore, DMRT1-mediated reprogramming 
is associated with trophoblast competence of the re-
programmed cells and provides a therapeutic target 
for germ cell tumors. These results reveal a novel 
route for somatic cell reprogramming and underscore 
the impact of reprogramming in development of 
germ cell tumors. Furthermore, our findings may 
have implications regarding acquisition of totipoten-
cy-like features by somatic cells.
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1.  Long-term ex vivo expansion of mouse he-
matopoietic stem cells.

Wilkinson AC1,2, Ishida R3,4, Nakauchi H5,6,7, 
Yamazaki S8. : 1Institute for Stem Cell Biology and 
Regenerative Medicine, Stanford University School 
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Stanford University School of Medicine, Stanford. 
3Division of Stem Cell Therapy, Distinguished Pro-
fessor Unit, The Institute of Medical Science, The 
University of Tokyo. 4Division of Stem Cell Biology, 
Center for Stem Cell Biology and Regenerative 
Medicine, The Institute of Medical Science, The 
University of Tokyo. 5Institute for Stem Cell Biology 
and Regenerative Medicine, Stanford University 
School of Medicine, Stanford. 6Department of Ge-
netics, Stanford University School of Medicine, 
Stanford, 7Division of Stem Cell Therapy, Distin-
guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo. 8Division of Stem 
Cell Biology, Center for Stem Cell Biology and Re-
generative Medicine, The Institute of Medical Sci-
ence, The University of Tokyo.

Utilizing multipotent and self-renewing capabili-
ties, hematopoietic stem cells (HSCs) can maintain 
hematopoiesis throughout life. However, the mecha-
nism behind such remarkable abilities remains undis-
covered, at least in part because of the paucity of 

HSCs and the modest ex vivo expansion of HSCs in 
media that contain poorly defined albumin supple-
ments such as bovine serum albumin. Here, we de-
scribe a simple platform for the expansion of func-
tional mouse HSCs ex vivo for >1 month under fully 
defined albumin-free conditions. The culture system 
affords 236- to 899-fold expansion over the course of a 
month and is also amenable to clonal analysis of HSC 
heterogeneity. The large numbers of expanded HSCs 
enable HSC transplantation into nonconditioned re-
cipients, which is otherwise not routinely feasible be-
cause of the large numbers of HSCs required. This 
protocol therefore provides a powerful approach 
with which to interrogate HSC self-renewal and line-
age commitment and, more broadly, to study and 
characterize the hematopoietic and immune systems.

2.   Activated HoxB4-induced hematopoietic stem 
cells from murine pluripotent stem cells via 
long-term programming

Kiyoko Izawa 1, Satoshi Yamazaki 2, Hans J Becker 1, 
Joydeep Bhadury 3, Tomoya Kakegawa 4, Momoko 
Sakaguchi 4, Arinobu Tojo 5  : 1Division of Molecular 
Therapy, Center for Experimental Medicine, The 
Institute of Medical Science, University of Tokyo. 
2Division of Stem Cell Biology, Center for Stem Cell 
Biology and Regenerative Medicine, The Institute of 
Medical Science, University of Tokyo. 3Department 

Center for Stem Cell Biology and Regenerative Medicine

Division of Stem Cell Biology
幹細胞生物学分野

Project Associate Professor　Satoshi Yamazaki, Ph.D. 特任准教授　博士（生命科学）　　山　﨑　　　聡

Our studies focus mainly on investigation of stem cell biology using the 
hematopoietic stem cell (HSC) as a research model. Recent identification of a 
variety of stem cell sources including embryonic and somatic (tissue-specific) stem 
cells has brought about substantial progress in the field of stem cell research. 
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of Clinical Chemistry and Transfusion Medicine, 
The Institute of Biomedicine, Sahlgrenska Universi-
ty Hospital, Gothenburg, Sweden; Institute for Stem 
Cell Biology and Regenerative Medicine, Stanford 
University School of Medicine. 4Division of Molecu-
lar Therapy, Center for Experimental Medicine, 
The Institute of Medical Science, University of To-
kyo. 5Division of Molecular Therapy, Center for Ex-
perimental Medicine, The Institute of Medical Sci-
ence, University of Tokyo.

Hematopoietic stem cells (HSCs) are multipotent 
cells that form the entire blood system and have the 
potential to cure several pathogenic conditions direct-
ly or indirectly arising from defects within the HSC 
compartment. Pluripotent stem cells (PSCs) or in-
duced pluripotent stem cells (iPSCs) can give rise to 
all embryonic cell types; however, efficient in vitro 
differentiation of HSCs from PSCs remains challeng-

ing. HoxB4 is a key regulator orchestrating the differ-
entiation of PSCs into all cells types across the meso-
dermal lineage, including HSCs. Moreover, the 
ectopic expression of HoxB4 enhances the in vitro 
generation and expansion of HSCs. However, several 
aspects of HoxB4 biology including its regulatory 
functions are not fully understood. Here, we describe 
the role of HoxB4 in indirectly inhibiting the emer-
gence of mature CD45+ HSCs from iPSCs in vitro. 
Forced activation of HoxB4 permitted long-term 
maintenance of functional hematopoietic stem and 
progenitor cells (HSPCs), which efficiently reconsti-
tuted hematopoiesis upon transplantation. Our meth-
od enables an easy and scalable in vitro platform for 
the generation of HSCs from iPSCs, which will ulti-
mately lead to a better understanding of HSC biology 
and facilitate preparation of the roadma for produc-
ing an unrestricted supply of HSCs for several cura-
tive therapies.
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Instruments at the FACS Core Laboratory

For cell sorting, the FACS Core is equipped with 
Three BD FACS Aria Cell sorters from BD Biosciences 
and one SH800 cell sorter from SONY. For cell analy-
sis, the FACS Core Laboratory is equipped with three 
benchtop analyzers.

FCM usage performance in 2020

FCM analysis and sorting is performed either by 
the FACS Core staff or by trained users. There were 
about 2,500 cases of FCM use in 2020.

Seminar and Training

The FACS Core provided training and technical 
seminar to students, fellows, and principal investiga-
tors at IMSUT in the theory and practical use of the 
FCM technology. 

Center for Stem Cell Biology and Regenerative Medicine

FACS Core Laboratory
FACS コアラボラトリー

Professor　Atsushi Iwama, M.D., Ph.D. 教　授　博士（医学）　　岩　間　厚　志

The FACS Core Laboratory provides high quality, cost effective state-of-art flow 
cytometry (FCM) services for internal and external researcher. We offer assistance 
in the following areas, (1) initial project planning (2) antibody panel design and 
optimization (3) instrument operation and maintenance (4) data analysis.
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Multicolor two-photon imaging of in vivo cellular 
pathophysiology upon influenza virus infec-
tion using the two-photon IMPRESS.

Ueki H, Wang IH, Zhao D, Gunzer M1, Kawaoka Y. 
: 1Institute for Experimental Immunology and Im-
aging, University Hospital, University Duisburg–Es-
sen, Essen, Germany

In vivo two-photon imaging is a valuable tech-
nique for studies of viral pathogenesis and host re-
sponses to infection in vivo. In this protocol, we de-
scribe a methodology for analyzing influenza  
virus–infected lung in vivo by two-photon imaging 
microscopy. We describe the surgical procedure, how 
to stabilize the lung, and an approach to analyzing 
the data. Further, we provide a database of fluores-
cent dyes, antibodies, and reporter mouse lines that 
can be used in combination with a reporter influenza 
virus (Color-flu) for multicolor analysis. Setup of this 
model typically takes ~30 min and enables the obser-
vation of influenza virus–infected lungs for >4 h dur-
ing the acute phase of the inflammation and at least 1 
h in the lethal phase. This imaging system, which we 
termed two-photon IMPRESS (imaging pathophysi-
ology research system), is broadly applicable to anal-
yses of other respiratory pathogens and reveals dis-
ease progression at the cellular level in vivo.

G Protein Pathway Suppressor 1 Promotes Influ-
enza Virus Polymerase Activity by Activating 
the NF-κB Signaling Pathway 

Kuwahara T1, Yamayoshi S, Noda T2, Kawaoka Y. : 
1Influenza Virus Research Center, National Institute 
of Infectious Diseases, Tokyo, Japan; 2Laboratory of 
Ultrastructural Virology, Institute for Frontier Life 
and Medical Sciences, Kyoto University, Kyoto, Ja-
pan

Influenza virus relies heavily on cellular machin-
ery to replicate in host cells. Therefore, to better un-
derstand the influenza virus life cycle, it is important 
to identify which host proteins are involved and how 
they function in virus replication. Previously, we 
identified G protein pathway suppressor 1 (GPS1) to 
be a matrix protein 2 (M2)-interacting host protein. 
GPS1 is a component of the COP9 signalosome, which 
regulates the NF-κB signaling pathway. Here, we 
found that the downregulation of GPS1 expression 
reduced influenza virus replication by more than 2 
log units. Although GPS1 was not involved in the ear-
ly and late stages of virus replication, such as viral 
entry, uncoating, assembly, or budding, we found 
that viral polymerase activity was impaired in 
GPS1-downregulated cells. Moreover, our results 
suggest that M2 activates the NF-κB signaling path-
way in a GPS1-dependent manner and that activation 

International Research Center for Infectious Diseases

Department of Special Pathogens
高病原性感染症系

Professor　Yoshihiro Kawaoka, D.V.M., Ph.D. 教　授　獣医学博士　　河　岡　義　裕

Highly pathogenic viral agents causing emerging infectious diseases are of concern 
not only to public health but also as possible biological weapons. The ultimate goal 
of our research is to unlock the secrets of the pathogenicity of such viruses in 
humans and to develop effective vaccines and antiviral compounds against these 
pathogens. We have been investigating the molecular basis of the replication cycle 
and extreme virulence of special pathogens, using Ebolavirus, influenza virus, and 
SARS-CoV-2 as model viral agents.
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of NF-κB signaling leads to the upregulation of in-
fluenza virus polymerase activity. Our findings indi-
cate that GPS1 is involved in the transcription and 
replication of influenza virus genomic RNA through 
the activation of the NF-κB signaling pathway.

Influenza A variants with reduced susceptibility to 
baloxavir isolated from Japanese patients are 
fit and transmit through respiratory droplets.

Imai M, Yamashita M, Sakai-Tagawa Y, Iwat-
suki-Horimoto K, Kiso M, Murakami J, Yasuhara 
A, Takada K, Ito M, Nakajima N1, Takahashi K1, 
Lopes TJS, Dutta J, Khan Z2, Kriti D2, van Bakel H2, 
Tokita A3, Hagiwara H4, Izumida N5, Kuroki H6, 
Nishino T7, Wada N8, Koga M9, Adachi E10, Jubishi 
D, Hasegawa H1,11, Kawaoka Y. : 1Department of Pa-

thology, National Institute of Infectious Diseases, 
Tokyo, Japan; 2Department of Genetics and Genom-
ic Sciences, Icahn School of Medicine at Mount Si-
nai, New York, NY, USA; 3Clinic Bambini, Tokyo, 
Japan; 4Hagiwara Clinic, Tokyo, Japan; 5Akebono-
cho Clinic, Tokyo, Japan; 6Sotobo Children’s Clinic, 
Chiba, Japan; 7Alpaca Kids Ent Clinic, Tokyo, Ja-
pan; 8Wada Pediatric Clinic, Tokyo, Japan; 9Divi-
sion of Infectious Diseases, Advanced Clinical Re-
search Center, Institute of Medical Science, 
University of Tokyo, Tokyo, Japan; 10Department of 
Infectious Diseases and Applied Immunology, IM-
SUT Hospital of the Institute of Medical Science, 
University of Tokyo, Tokyo, Japan; 11Influenza Virus 
Research Center, National Institute of Infectious 
Diseases, Tokyo, Japan
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1.  Role of phosphatidylethanolamine biosynthe-
sis in herpes simplex virus 1-infected cells on 
progeny virus morphogenesis in the cyto-
plasm and on viral pathogenicity in vivo

Jun Arii1, Ayano Fukui, Yuta Shimanaka2, Nozomu 
Kono2, Hiroyuki Arai2, Yuhei Maruzuru, Naoto 
Koyanagi, Akihisa Kato, Yasuko Mori1, Yasushi Ka-
waguchi: 1 Division of Clinical Virology, Center for 
Infectious Diseases, Kobe University Graduate 
School of Medicine, Kobe, Hyogo 2Laboratory of 
Health Chemistry, Graduate School of Pharmaceu-
tical Sciences, The University of Tokyo

Glycerophospholipids are major components of 
cell membranes. Phosphatidylethanolamine (PE) is a 
glycerophospholipid that is involved in multiple cel-
lular processes, such as membrane fusion, the cell cy-
cle, autophagy, and apoptosis. In this study, we in-
vestigated the role of PE biosynthesis in herpes 
simplex virus 1 (HSV-1) infection by knocking out the 
host cell gene encoding phosphate cytidylyltrans-
ferase 2, ethanolamine (Pcyt2), which is a key rate-lim-
iting enzyme in one of the two major pathways for PE 
biosynthesis. Pcyt2 knockout reduced HSV-1 replica-
tion and caused an accumulation of unenveloped and 

partially enveloped nucleocapsids in the cytoplasm of 
an HSV-1-infected cell culture. A similar phenotype 
was observed when infected cells were treated with 
meclizine, which is an inhibitor of Pcyt2. In addition, 
treatment of HSV-1-infected mice with meclizine sig-
nificantly reduced HSV-1 replication in the mouse 
brains and improved their survival rates. These re-
sults indicated that PE biosynthesis mediated by 
Pcyt2 was required for efficient HSV-1 envelopment 
in the cytoplasm of infected cells and for viral replica-
tion and pathogenicity in vivo. The results also iden-
tified the PE biosynthetic pathway as a possible novel 
target for antiviral therapy of HSV-associated diseas-
es and raised an interesting possibility for meclizine 
repositioning for treatment of these diseases, since it 
is an over-the-counter drug that has been used for 
decades against nausea and vertigo in motion sick-
ness.

2.  Phosphoregulation of a conserved herpesvi-
rus tegument protein by a virally encoded pro-
tein kinase in viral pathogenicity and potential 
linkage between its evolution and viral phylog-
eny

Misato Shibazaki, Akihisa Kato, Kosuke Takeshi-
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教　授　博士（獣医学）　　　川　口　　　寧
准教授　博士（医学）　　　　加　藤　哲　久
助　教　博士（生命科学）　　小　栁　直　人
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Our special interest is focused upon searching for effective methods to protect or 
control viral infection by using accumulated knowledge based on molecular 
pathogenicity, and developing novel anti-viral drugs and attenuated strains for novel 
vaccines.  The works have been conducted by close collaboration with Division of 
Molecular Virology, Department of Microbiology and Immunology. 
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ma, Jumpei Ito1, Mai Suganami1, Naoto Koyanagi, 
Yuhei Maruzuru, Kei Sato1, Yasushi Kawaguchi: 
1Division of Systems Virology, Department of Infec-
tious Disease Control, International Research 
Center for Infectious Diseases, Institute of Medical 
Science, University of Tokyo

Us3 proteins of herpes simplex virus 1 (HSV-1) 
and HSV-2 are multifunctional serine-threonine pro-
tein kinases. Here, we identified an HSV-2 tegument 
protein, UL7, as a novel physiological substrate of 
HSV-2 Us3. Mutations in HSV-2 UL7, which preclud-
ed Us3 phosphorylation of the viral protein, signifi-
cantly reduced mortality, viral replication in the vagi-
na, and development of vaginal disease in mice 
following vaginal infection. These results indicated 
that Us3 phosphorylation of UL7 in HSV-2 was re-
quired for efficient viral replication and pathogenicity 
in vivo. Of note, this phosphorylation was conserved 
in UL7 of chimpanzee herpesvirus (ChHV), which 
phylogenetically forms a monophyletic group with 
HSV-2 and the resurrected last common ancestral 
UL7 for HSV-2 and ChHV. In contrast, the phospho-
rylation was not conserved in UL7s of HSV-1, which 
belongs to a sister clade of the monophyletic group, 
the resurrected last common ancestor for HSV-1, 
HSV-2, and ChHV, and other members of the genus 
Simplexvirus that are phylogenetically close to these 
viruses. Thus, evolution of Us3 phosphorylation of 
UL7 coincided with the phylogeny of simplex viruses. 
Furthermore, artificially induced Us3 phosphoryla-
tion of UL7 in HSV-1, in contrast to phosphorylation 
in HSV-2, had no effect on viral replication and path-
ogenicity in mice. Our results suggest that HSV-2 and 
ChHV have acquired and maintained Us3 phos-
phoregulation of UL7 during their evolution because 
the phosphoregulation had an impact on viral fitness 
in vivo, whereas most other simplex viruses have not 
because the phosphorylation was not necessary for 
efficient fitness of the viruses in vivo.

3.  Identification of a Herpes Simplex Virus 1 Gene 
Encoding Neurovirulence Factor by Chemical 
Proteomics

Akihisa Kato, Shungo Adachi1, Shuichi Kawano2, 
Kousuke Takeshima, Mizuki Watanabe, Shinobu 
Kitazume3, Ryota Sato4, Hideo Kusano1, Naoto Koy-
anagi, Yuhei Maruzuru, Jun Arii, Tomohisa Hatta1, 
Tohru Natsume1 & Yasushi Kawaguchi: 1Molecular 
Profiling Research Center for Drug Discovery (mol-
prof), National Institute of Advanced Industrial Sci-
ence and Technology (AIST), Tokyo 2Department of 
Computer and Network Engineering, Graduate 
School of Informatics and Engineering, The Univer-
sity of Electro-Communications, Tokyo 3Preparing 
Section for New Faculty of Medical Science, Fukus-
hima Medical University, Fukushima City, Fukush-
ima 4Division of Innate Immunity, Department of 

Microbiology and Immunology, The Institute of 
Medical Science, The University of Tokyo

Identification of the complete set of translated 
genes of viruses is important to understand viral rep-
lication and pathogenesis as well as for therapeutic 
approaches to control viral infection. Here, we use 
chemical proteomics, integrating bio-orthogonal 
non-canonical amino acid tagging and high-resolu-
tion mass spectrometry, to characterize the newly 
synthesized herpes simplex virus 1 (HSV-1) proteome 
in infected cells. In these infected cells, host cellular 
protein synthesis is shut-off, increasing the chance to 
preferentially detect viral proteomes. We identify 
nine previously cryptic orphan protein coding se-
quences whose translated products are expressed in 
HSV-1-infected cells. Functional characterization of 
one identified protein, designated piUL49, shows that 
it is critical for HSV-1 neurovirulence in vivo by regu-
lating the activity of virally encoded dUTPase, a key 
enzyme that maintains accurate DNA replication. 
Our results demonstrate that cryptic orphan protein 
coding genes of HSV-1, and probably other large 
DNA viruses, remain to be identified.

4.  ESCRT-III controls nuclear envelope deforma-
tion induced by progerin

Jun Arii, Fumio Maeda, Yuhei Maruzuru, Naoto 
Koyanagi, Akihisa Kato, Yasuko Mori & Yasushi 
Kawaguchi

Hutchinson-Gilford progeria syndrome (HGPS) is 
a premature aging disorder, caused by mutation in 
the gene encoding lamin A/C, which produces a trun-
cated protein called progerin. In cells from HGPS pa-
tients, progerin accumulates at the nuclear membrane 
(NM), where it causes NM deformations. In this 
study, we investigated whether progerin-induced 
NM deformation involved ESCRT-III, a protein com-
plex that remodels nuclear and cytoplasmic mem-
branes. The ESCRT-III protein CHMP4B was recruit-
ed to sites of aberrant NM proliferation in human 
cells ectopically expressing progerin and in pa-
tient-derived HGPS fibroblasts. Derepression of NM 
deformation in these cells was observed following 
depletion of CHMP4B or an ESCRT-III adaptor, ALIX. 
Treatment with rapamycin (which induce autophagic 
clearance of progerin and reverse progerin-induced 
cellular phenotypes) down-regulated progerin-in-
duced NM deformation, whereas treatment with bafi-
lomycin A1 (an inhibitor of autophagy and lyso-
some-based degradation) or CHMP4B depletion 
antagonized the effects of rapamycin. These results 
indicate that the ALIX-mediated ESCRT-III pathway 
plays a suppressive role in progerin-induced NM 
deformation and suggest that autophagy down-regu-
lates progerin-induced NM deformation in a manner 
dependent on ESCRT-III machinery.

08感染症国際研究センター_sk.indd   14708感染症国際研究センター_sk.indd   147 2021/05/10   13:21:482021/05/10   13:21:48



148

Publications

Kato, A., Adachi, S., Kawano, S., Takeshima, K., 
Watanabe, M., Kitazume, S., Sato, R., Kusano, H., 
Koyanagi, N., Maruzuru, Y., Arii, J., Hatta, T., Nat-
sume, T., and Kawaguchi, Y. Identification of a Her-
pes Simplex Virus 1 Gene Encoding Neuroviru-
lence Factor by Chemical Proteomics. Nat. 
Commun. 11: 4894, 2020.

Arii, J., Fukui, A., Shimanaka, Y., Kono, N., Arai, H., 
Maruzuru, Y., Koyanagi, N., Kato, A., Mori, Y. and 
Kawaguchi, Y. Role of phosphatidylethanolamine 
biosynthesis in herpes simplex virus 1-infected 
cells on progeny virus morphogenesis in the cyto-
plasm and on viral pathogenicity in vivo. J. Virol. 
94: e01572-20, 2020.

Shibazaki, M., Kato, A., Takeshima, K., Ito, J., Sugan-
ami, M., Koyanagi, N., Maruzuru, Y., Sato, K. and 
Kawaguchi, Y. Phosphoregulation of a conserved 
herpesvirus tegument protein by a virally encoded 
protein kinase in viral pathogenicity and potential 
linkage between its evolution and viral phylogeny. 
J. Virol. 94: e01055-20, 2020.

Watanabe, M., Arii, J., Takeshima, K., Fukui, A., Shi-
mojima, M., Kozuka-Hata, H., Oyama, M., Minami-
tani, T., Yasui, T., Kubota, Y., Takekawa, M., Kosugi, 
I., Maruzuru, Y., Koyanagi, N., Kato, A., Mori, Y. 
and Kawaguchi, Y. Prohibitin-1 contributes to the 
cell-to-cell transmission of herpes simplex virus 1 
via the MAPK/ERK signaling pathway. J. Virol. (in 
press)

Maruzuru, Y., Koyanagi, N., Kato, A., and Kawagu-
chi, Y. Role of the DNA binding activity of herpes 
simplex virus 1 VP22 in evading AIM2-dependent 
inflammasome activation induced by the virus. J. 
Virol. 95: e02172-20. (in press)

Arii, J., Maeda, F., Maruzuru, Y., Koyanagi, N., Kato, 
A., Mori, Y. and Kawaguchi, Y. ESCRT-III controls 
nuclear envelope deformation induced by proger-
in. Sci. Rep. 10: 18877, 2020.

Koyanagi, N. and Kawaguchi, Y. Evasion of the 
cell-mediated immune response by alphaherpesvi-
ruses. Viruses 12: 1354, 2020.

Moriyama, M., Nagai, M., Maruzuru, Y., Koshiba, T., 
Kawaguchi, Y., Ichinohe, T. Influenza virus-in-
duced oxidized DNA activates inflammasomes. iS-
cience 23: 101270, 2020.

Yamamoto, M., Ichinohe, T., Watanabe, A., Kobayas-
hi, A., Zhang, R., Song, J., Kawaguchi, Y., Matsuda, 
Z. and Inoue, J. The antimalarial compound 
atovaquone inhibits zika and dengue virus infec-
tion by blocking E protein-mediated membrane fu-
sion. Viruses 12: 1475, 2020.

Yamamoto, M., Kiso, M., Sakai-Tagawa, Y., Iwat-
suki-Horimoto, K., Imai, M., Takeda, M., Kinoshita, 
N., Ohmagari, N., Gohda, J., Semba, K., Matsuda, 
Z., Kawaguchi, Y., Kawaoka, Y., Inoue, J. The Anti-
coagulant Nafamostat Potently Inhibits SARS-
CoV-2 S Protein-Mediated Fusion in a Cell Fusion 
Assay System and Viral Infection In Vitro in a 
Cell-Type-Dependent Manner. Viruses 12: 629, 
2020.

Shirahama, S., Onoguchi-Mizutani, R., Kawata, K., 
Taniue, K., Miki, A., Kato, A., Kawaguchi, Y., Tana-
ka, R., Kaburaki, T., Kawashima, H., Urade, Y., Ai-
hara, M., Akimitsu, N. Long noncoding RNA 
U90926 is crucial for herpes simplex virus type 1 
proliferation in murine retinal photoreceptor cells. 
Sci. Rep. 10: 19406, 2020.

Hayashi, Y., Suzuki, H., Nakajima, W., Uehara, I., 
Tanimura, A., Himeda, T., Koike, S., Katsuno, T., 
Kitajiri, S., Koyanagi, N., Kawaguchi, Y., Onomoto, 
K., Kato, H., Yoneyama, M., Fujita, T., Tanaka, N. 
Cochlear supporting cells function as mac-
rophage-like cells and protect audiosensory recep-
tor hair cells from pathogens. Sci. Rep. 10: 6740, 
2020.

08感染症国際研究センター_sk.indd   14808感染症国際研究センター_sk.indd   148 2021/05/10   13:21:482021/05/10   13:21:48



149

1.  Influenza virus-induced oxidized DNA acti-
vates inflammasomes.

Moriyama M, Nagai M, Maruzuru Y, Koshiba T, 
Kawaguchi Y, and Ichinohe T.

Influenza virus M2 and PB1-F2 proteins have been 
proposed to activate the Nod-like receptor family, py-
rin domain-containing 3 (NLRP3) inflammasome in 
macrophages by altering intracellular ionic balance or 
mitochondrial reactive oxygen species (ROS) produc-
tion. However, the precise mechanism by which these 
viral proteins trigger the NLRP3 inflammasome acti-
vation remains unclear. Here we show that influenza 

virus stimulates oxidized DNA release from mac-
rophages. Ion channel activity of the M2 protein or 
mitochondrial localization of the PB1-F2 protein was 
required for oxidized DNA release. The oxidized 
DNA enhanced influenza virus-induced IL-1β secre-
tion, whereas inhibition of mitochondrial ROS pro-
duction by antioxidant Mito-TEMPO decreased the 
virus-induced IL-1β secretion. In addition, we show 
that influenza virus stimulates IL-1β secretion from 
macrophages in an AIM2-dependent manner. These 
results provide a missing link between influenza viral 
proteins and the NLRP3 inflammasome activation 
and reveal the importance of influenza virus-induced 
oxidized DNA in inflammasomes activation.
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23:101270, 2020.
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its Zika and dengue virus infection by blocking E 
protein-mediated membrane fusion. Viruses. 
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We focus on understanding how viruses are recognized by NLRP3 inflammasome 
and how the innate recognition receptor controls antigen-specific adaptive immune 
responses. We study immune responses to influenza viruses in the lung. Our 
recent focus also includes the study of how microbiota regulates adaptive immune 
responses to these pathogens. Our ultimate goal is to utilize the knowledge we 
gain through these areas of research in the rational design of effective vaccines for 
the prevention of infectious diseases.
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1.  A tissue level atlas of the healthy human vi-
rome

Ryuichi Kumata, Jumpei Ito, Kenta Takahashi1, 
Tadaki Suzuki1, Kei Sato: 1National Institute of In-
fectious Diseases, Japan

Human-resident microbes can influence both 
health and disease. Investigating the microbiome us-
ing next-generation sequencing technology has re-
vealed examples of mutualism and conflict between 
microbes and humans. Comparing to bacteria, the vi-

ral component of the microbiome (i.e. the “virome”) is 
understudied. Somatic tissues of healthy individuals 
are usually inaccessible for the virome sampling, 
therefore, thus there is limited understanding of the 
presence and distribution of viruses in tissues in 
healthy individuals and how virus infection associ-
ates with human gene expression and perturbs im-
munological homeostasis. To characterize the human 
virome in a tissue-specific manner, here we performed 
meta-transcriptomic analysis using the RNA-se-
quencing dataset from the Genotype-Tissue Expres-
sion (GTEx) Project. We analyzed the 8,991 RNA-se-
quencing data obtained from 51 somatic tissues from 

547 individuals and successfully detected 39 viral 
species in at least one tissue. We then investigated as-
sociations between virus infection and human gene 
expression and human disease onset. We detected 
some expected relationships; for instance, hepatitis C 
virus infection in the liver was strongly associated 
with interferon-stimulated gene upregulation and 
pathological findings of chronic hepatitis. Presence of 
herpes simplex virus type 1 in one subject’s brain 
strongly associated with immune gene expression. 
While torque teno virus was detected in a broad range 
of human tissues, it was not associated with interfer-
on responses. Being notable in light of its association 
with lymphoproliferative disorders, Epstein-Barr vi-
rus infection in the spleen and blood was associated 
with an increase in plasma cells in healthy subjects. 
Human herpesvirus 7 was often detected in the stom-
ach; intriguingly, it associated with the proportion of 
human leukocytes in the stomach as well as digestive 
gene expression. Moreover, virus infections in the lo-
cal tissues associated with systemic immune respons-
es in circulating blood. To our knowledge, this study 
is the first comprehensive investigation of the human 
virome in a variety of tissues in healthy individuals 
through meta-transcriptomic analysis. Further inves-
tigation of the associations described here, and appli-

International Research Center for Infectious Diseases

Department of Infectious Disease Control,  
Division of Systems Virology
感染制御系・システムウイルス学分野

Associate Professor　Kei Sato, Ph.D. 准教授　博士（医学）　　佐　藤　　　佳

The aim of our laboratory is to expand the knowledge and methodology on virology, 
which were unable to shed light on by conventional experimental approach. To 
investigate the co-evolutionary relationship between viruses and hosts, we perform 
bioinformatic and molecular phylogenetic analyses as well as experimental virology. 
The interdisciplinary investigations based on experimental virology and other 
scientific fields/methods will pioneer a new science for deeply understanding 
infectious diseases.
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cation of this analytical pipeline to additional data-
sets, will be useful to reveal the impact of viral 
infections on human health.

2.  Multiomics investigation revealing the charac-
teristics of HIV-1-infected cells in vivo

Hirofumi Aso‡, Shumpei Nagaoka‡, Eiryo Ka-
wakami‡2, Jumpei Ito, Saiful Islam3, Benjy Jek Yang 
Tan3, Shinji Nakaoka4, Koichi Ashizaki2, Katsuyuki 
Shiroguchi2, Yutaka Suzuki5, Yorifumi Satou3, Yosh-
io Koyanagi6, Kei Sato: 2RIKEN, Japan; 3Kumamo-
to University, Japan; 4Hokkaido University, Japan; 
5the University of Tokyo, Japan; 6Kyoto University, 
Japan (‡Equal contribution)

For eradication of HIV-1 infection, it is important 
to elucidate the detailed features and heterogeneity of 
HIV-1-infected cells in vivo. To reveal multiple char-
acteristics of HIV-1-producing cells in vivo, we used a 
hematopoietic stem cell-transplanted humanized 
mouse model infected with GFP-encoding replica-
tion-competent HIV-1. We performed multiomics ex-
periments using recently developed technology to 
identify the features of HIV-1-infected cells. Ge-
nome-wide HIV-1 integration site analysis revealed 
that productive HIV-1 infection tends to occur in cells 
with viral integration into transcriptionally active 
genomic regions. Bulk transcriptome analysis re-
vealed that a high level of viral mRNA is transcribed 
in HIV-1-infected cells. Moreover, single-cell tran-
scriptome analysis showed the heterogeneity of 
HIV-1-infected cells, including CXCL13high cells and 
a subpopulation with low expression of interfer-
on-stimulated genes, which can contribute to efficient 
viral spread in vivo. Our findings describe multiple 
characteristics of HIV-1-producing cells in vivo, 
which could provide clues for the development of an 
HIV-1 cure.

3.  SARS-CoV-2 ORF3b is a potent interferon an-
tagonist whose activity is further increased by 
a naturally occurring elongation variant

Yoriyuki Konno‡, Izumi Kimura‡, Keiya Uriu, 
Masaya Fukushi7, Takashi Irie7, Yoshio Koyanagi6, 
Daniel Sauter8, Robert J. Gifford9, USFQ-COVID19 
consortium, So Nakagawa10, Kei Sato (‡Equal con-
tribution): 6Kyoto University, Japan; 7Hiroshima 
University, Japan; 8Ulm University, Germany; 9Uni-
versity of Glasgow, UK; 10Tokai University, Japan

One of the features distinguishing SARS-CoV-2 
from its more pathogenic counterpart SARS-CoV is 
the presence of premature stop codons in its ORF3b 
gene. Here, we show that SARS-CoV-2 ORF3b is a po-
tent interferon antagonist, suppressing the induction 
of type I interferon more efficiently than its SARS-
CoV ortholog. Phylogenetic analyses and functional 

assays revealed that SARS-CoV-2-related viruses 
from bats and pangolins also encode truncated ORF3b 
gene products with strong anti-interferon activity. 
Furthermore, analyses of approximately 17,000 SARS-
CoV-2 sequences identified a natural variant, in which 
a longer ORF3b reading frame was reconstituted. This 
variant was isolated from two patients with severe 
disease and further increased the ability of ORF3b to 
suppress interferon induction. Thus, our findings not 
only help to explain the poor interferon response in 
COVID-19 patients, but also describe the emergence 
of natural SARS-CoV-2 quasispecies with an extend-
ed ORF3b gene that may potentially affect COVID-19 
pathogenesis.

4.  A role for gorilla APOBEC3G in shaping lentivi-
rus evolution including transmission to hu-
mans

Yusuke Nakano6, Keisuke Yamamoto6, Mahoko 
Takahashi Ueda10, Andrew Soper6, Yoriyuki Konno, 
Izumi Kimura, Keiya Uriu, Ryuichi Kumata, Hiro-
fumi Aso, Naoko Misawa6, Shumpei Nagaoka, Soma 
Shimizu6, Keito Mitsumune6, Yusuke Kosugi6, Guill-
ermo Juarez-Fernandez6, Jumpei Ito, So Nakaga-
wa10, Terumasa Ikeda11, Yoshio Koyanagi6, Reuben S 
Harris11 and Kei Sato: 6Kyoto University, Japan; 
10Tokai University, Japan; 11University of Minneso-
ta, USA

The APOBEC3 deaminases are potent inhibitors of 
virus replication and barriers to cross-species trans-
mission. For simian immunodeficiency virus (SIV) to 
transmit to a new primate host, as happened multiple 
times to seed the ongoing HIV-1 epidemic, the viral 
infectivity factor (Vif) must be capable of neutralizing 
the APOBEC3 enzymes of the new host. Although 
much is known about current interactions of HIV-1 
Vif and human APOBEC3s, the evolutionary changes 
in SIV Vif required for transmission from chimpan-
zees to gorillas and ultimately to humans are poorly 
understood. Here, we demonstrate that gorilla 
APOBEC3G is a factor with the potential to hamper 
SIV transmission from chimpanzees to gorillas. Gain-
of-function experiments using SIVcpzPtt Vif revealed 
that this barrier could be overcome by a single Vif 
acidic amino acid substitution (M16E). Moreover, 
degradation of gorilla APOBEC3F is induced by Vif 
through a mechanism that is distinct from that of hu-
man APOBEC3F. Thus, our findings identify virus 
adaptations in gorillas that preceded and may have 
facilitated transmission to humans.

5.  Endogenous retroviruses drive KRAB zinc-fin-
ger protein family expression for tumor sup-
pression

Jumpei Ito‡, Izumi Kimura‡, Andrew Soper6, Alex-
andre Coudray12, Yoshio Koyanagi6, Hirofumi Na-
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kaoka13, Ituro Inoue13, Priscilla Turelli12, Didier 
Trono12, and Kei Sato (‡Equal contribution): 6Kyoto 
University, Japan; 12Ecole Polytechnique Federale 
de Lausanne (EPFL), Switzerland; 13National Insti-
tute of Genetics, Japan

Gene expression aberration is a hallmark of can-
cers, but the mechanisms underlying such aberrations 
remain unclear. Human endogenous retroviruses 
(HERVs) are genomic repetitive elements that poten-
tially function as enhancers. Since numerous HERVs 
are epigenetically activated in tumors, their activation 
could cause global gene expression aberrations in tu-
mors. Here, we show that HERV activation in tumors 

leads to the upregulation of hundreds of transcrip-
tional suppressors, namely Krüppel-associated box 
domain-containing zinc-finger family proteins 
(KZFPs). KZFP genes are preferentially encoded 
nearby the activated HERVs in tumors and transcrip-
tionally regulated by these adjacent HERVs. Increased 
HERV and KZFP expression in tumors was associated 
with better disease conditions. Increased KZFP ex-
pression in cancer cells altered the expression of genes 
related to the cell cycle and cell-matrix adhesion and 
suppressed cellular growth, migration, and invasion 
abilities. Our data suggest that HERV activation in tu-
mors drives the synchronized elevation of KZFP ex-
pression, presumably leading to tumor suppression.
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1.  Osteoprotegerin-dependent M cell self-regula-
tion balances gut infection and immunity. 

Shunsuke Kimura1, 2, 3, Yutaka Nakamura1, Nobu-
hide Kobayashi1, Katsuyuki Shiroguchi3, 4, 5, Eiryo 
Kawakami6, Mami Mutoh7, Hiromi Takahashi-Iwan-
aga8, Takahiro Yamada1, Meri Hisamoto9, Midori 
Nakamura10, Nobuyuki Udagawa10, Shintaro Sato11, 

12, Tsuneyasu Kaisho13, Toshihiko Iwanaga8, Koji 
Hase1, 14: 1Division of Biochemistry, Faculty of Phar-
macy and Graduate School of Pharmaceutical 
Sciences, Keio University, 2Laboratory of Histology 
and Cytology, Graduate School of Medicine, Hok-
kaido University, 3PRESTO, Japan Science and 
Technology Agency, 4Laboratory for Prediction of 
Cell Systems Dynamics, RIKEN Center for Biosys-
tems Dynamics Research, 5Laboratory for Immuno-
genetics, RIKEN Center for Integrative Medical 
Sciences, 6RIKEN Medical Sciences Innovation Hub 
Program, 7Department of Orthodontics, Faculty of 
Dental Medicine and Graduate School of Dental 
Medicine, Hokkaido University, 8Laboratory of His-
tology and Cytology, Graduate School of Medicine, 
Hokkaido University, 9Department of Oral Func-
tional Prosthodontics, Division of Oral Functional 

Science, Graduate School of Dental Medicine, Hok-
kaido University, 10Department of Biochemistry, 
Matsumoto Dental University, 11Mucosal Vaccine 
Project, BIKEN Innovative Vaccine Research Alli-
ance Laboratories, Research Institute for Microbial 
Diseases, Osaka University, 12Mucosal Vaccine Pro-
ject, BIKEN Center for Innovative Vaccine Re-
search and Development, The Research Foundation 
for Microbial Diseases of Osaka University, 13De-
partment of Immunology, Institute of Advanced 
Medicine,  Wakayama Medical University. 14Divi-
sion of Mucosal Barriology, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo.

Microfold cells (M cells) are responsible for anti-
gen uptake to initiate immune responses in the gut-as-
sociated lymphoid tissue (GALT). Receptor activator 
of nuclear factor-κB ligand (RANKL) is essential for 
M cell differentiation. Follicle-associated epithelium 
(FAE) covers the GALT and is continuously exposed 
to RANKL from stromal cells underneath the FAE, 
yet only a subset of FAE cells undergoes differentia-
tion into M cells. We showed that M cells express os-
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teoprotegerin (OPG), a soluble inhibitor of RANKL, 
which suppresses the differentiation of adjacent FAE 
cells into M cells. Notably, OPG deficiency increases 
M cell number in the GALT and enhances commensal 
bacterium-specific immunoglobulin production, re-
sulting in the amelioration of disease symptoms in 
mice with experimental colitis. By contrast, OPG-defi-
cient mice are highly susceptible to Salmonella infec-
tion. Thus, OPG-dependent self-regulation of M cell 
differentiation is essential for the balance between the 
infectious risk and the ability to perform immunosur-
veillance at the mucosal surface.

2.   Maternal gut microbiota in pregnancy influenc-
es offspring metabolic phenotype in mice. 

Ikuo Kimura1, 2, Junki Miyamoto1, 2, Ryuji Ohue-Ki-
tano1, 2, Keita Watanabe1, Takahiro Yamada3, 
Masayoshi Onuki3, Ryo Aoki4, 5, Yosuke Isobe6, Daiji 
Kashihara7, Daisuke Inoue7, Akihiko Inaba8, Yuta 
Takamura9, Satsuki Taira1, Shunsuke Kumaki8, 
Masaki Watanabe9, Masato Ito3, Fumiyuki Nakaga-
wa10, 11, Junichiro Irie2, 12, Hiroki Kakuta9, Masakazu 
Shinohara13, Ken Iwatsuki8, Gozoh Tsujimoto7, Hi-
roaki Ohno2, 14, Makoto Arita6,15, 16, Hiroshi Itoh2, 12, 
Koji Hase3, 17; 1Department of Applied Biological 
Science, Graduate School of Agriculture, Tokyo 
University of Agriculture and Technology, 2AMED-
CREST, Japan Agency for Medical Research and 
Development, 3Division of Biochemistry, Faculty of 
Pharmacy and Graduate School of Pharmaceutical 
Sciences, Keio University, 4Division of Gastroenter-
ology and Hepatology, Department of Internal Med-
icine, Keio University School of Medicine,5Institute 
of Health Sciences, Ezaki Glico Co., Ltd., 6Labora-
tory for Metabolomics, RIKEN Center for Integra-
tive Medical Sciences, 7Department of Genomic 
Drug Discovery Science, Graduate School of Phar-
maceutical Sciences, Kyoto University, 8Department 
of Nutritional Science and Food Safety, Tokyo Uni-
versity of Agriculture, 9Division of Pharmaceutical 
Sciences, Okayama University Graduate School of 
Medicine, Dentistry and Pharmaceutical Sciences, 
10Department of Medicine, Shiga University of Med-
ical Science, 11Nishiwaki Laboratory, CMIC Phar-
ma Science Co., Ltd., 12Department of Endocrinolo-
gy, Metabolism and Nephrology, School of Medicine, 
Keio University, 13Division of Epidemiology, Kobe 
University Graduate School of Medicine, 14Depart-
ment of Bioorganic Medicinal Chemistry, Graduate 
School of Pharmaceutical Sciences, Kyoto Universi-
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olism, Keio University Faculty of Pharmacy, 16Cellu-
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versity, 17Division of Mucosal Barriology, Interna-
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cosal Vaccines, The Institute of Medical Science, The 
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Antibiotics and dietary habits can affect the gut 
microbial community, thus influencing disease sus-
ceptibility. Although the effect of microbiota on the 
postnatal environment has been well documented, 
much less is known regarding the impact of gut mi-
crobiota at the embryonic stage. We showed that ma-
ternal microbiota shapes the metabolic system of off-
spring in mice. During pregnancy, short-chain fatty 
acids produced by the maternal microbiota dictate 
the differentiation of neural, intestinal, and pancreatic 
cells through embryonic GPR41 and GPR43. This de-
velopmental process helps maintain postnatal energy 
homeostasis, as evidenced by the fact that offspring 
from germ-free mothers are highly susceptible to 
metabolic syndrome, even when reared under con-
ventional conditions. Thus, our findings elaborate on 
a link between the maternal gut environment and the 
developmental origin of metabolic syndrome.

3.  Microfold cell-dependent antigen transport al-
leviates infectious colitis by inducing anti-
gen-specific cellular immunity.
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tural University, 8Department of Immunology, 
Institute of Advanced Medicine, Wakayama Medi-
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gy, The University of Tokyo Distinguished Professor 
Unit, International Research Center for Infectious 
Diseases, The Institute of Medical Science, The Uni-
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partment of Medicine, School of Medicine and Chi-
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Infectious colitis is one of the most common health 
issues worldwide. Microfold (M) cells actively trans-
port luminal antigens to gut-associated lymphoid tis-
sue to induce IgA responses; however, it remains un-
known whether M cells contribute to the induction of 
cellular immune responses. We reported that M 
cell-dependent antigen transport plays a critical role 
in the induction of Th1, Th17, and Th22 responses 
against gut commensals in the steady state. The estab-
lishment of commensal-specific cellular immunity 
was a prerequisite for preventing bacterial dissemina-
tion during enteropathogenic Citrobacter rodentium 
infection. Therefore, M cell-null mice developed se-
vere colitis with increased bacterial dissemination. 
This abnormality was associated with mucosal barri-
er dysfunction. These observations suggest that anti-
gen transport by M cells may help maintain gut im-
mune homeostasis by eliciting antigen-specific 
cellular immune responses.

4.   Microbiota-derived butyrate limits the autoim-
mune  response  by  promoting  the  differentia-
tion of follicular regulatory T cells.
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moto1, Yuichi Maeda2, Akari Suzuki3, Hiyori 
Tanabe1, Junya Isobe1, Takahiro Yamada1, Kisara 
Muroi1, Yuto Yanagisawa1, Atsuo Nakamura1, 4, Yu-
miko Fujimura1, Aiko Saeki1, Mizuki Ueda5, Ryo-
htaroh Matsumoto1, Hanako Asaoka1, Julie M 
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Komatsu9, Takaharu Okada10, Hiroshi Takayanagi9, 
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1Division of Biochemistry, Faculty of Pharmacy and 
Graduate School of Pharmaceutical Sciences, Keio 
University, 2Department of Respiratory Medicine 
and Clinical Immunology, Graduate School of Med-
icine, Osaka University, 3Laboratory for Autoim-
mune Diseases, RIKEN Center for Integrative Med-
ical Sciences, 4Dairy Science and Technology 
Institute, Kyodo Milk Industry Co. Ltd., 5Laborato-
ry of Immunology, Faculty of Pharmacy, Osaka 
Ohtani University, 6Preventative Health National 
Research Flagship, CSIRO Food and Nutritional 
Sciences, 7Laboratory of Pharmaceutical Immunol-

ogy, Faculty of Pharmaceutical Sciences, Tokyo Uni-
versity of Science, 8Department of Microbiology and 
Immunology, Graduate School of Medicine, WPI 
Immunology Frontier Research Center (IFReC), 
Osaka University, 9Department of Immunology, 
Graduate School of Medicine and Faculty of Medi-
cine, The University of Tokyo, 10Laboratory for Tis-
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cal Sciences, 11International Research and 
Development Center for Mucosal Vaccines, The In-
stitute of Medical Science, The University of Tokyo.

Dysbiosis of the intestinal microbiota has been ob-
served in rheumatoid arthritis patients, although the 
pathological relevance has remained obscure. Follicu-
lar regulatory T (TFR) cells play critical regulatory 
roles in the pathogenesis of autoimmune diseases, in-
cluding RA. Reduced number of circulating TFR cells 
has been associated with the elevation of autoanti-
bodies and disease severity in RA. However, the con-
tribution of commensal microbe-derived butyrate in 
controlling TFR cell differentiation remains unknown. 
We examined the contribution of microbe-derived bu-
tyrate in controlling autoimmune arthritis using col-
lagen-induced arthritis (CIA) and SKG arthritis mod-
els. Microbe-derived butyrate suppressed the 
development of autoimmune arthritis. The immuni-
zation of type II collagen (CII) caused hypertrophy of 
the GALT in the colon by amplifying the GC reaction 
prior to the onset of the CIA. Butyrate mitigated these 
pathological events by promoting TFR cell differenti-
ation. Butyrate directly induced the differentiation of 
functional TFR cells in vitro by enhancing histone 
acetylation in TFR cell marker genes. This effect was 
attributed to histone deacetylase (HDAC) inhibition 
by butyrate, leading to histone hyperacetylation in 
the promoter region of the TFR-cell marker genes. 
The adoptive transfer of the butyrate-treated iTFR 
cells reduced CII-specific autoantibody production 
and thus ameliorated the symptoms of arthritis. Ac-
cordingly, microbiota-derived butyrate serves as an 
environmental cue to enhance TFR cells, which sup-
press autoantibody production in the systemic lym-
phoid tissue, eventually ameliorating RA. Our find-
ings provide mechanistic insights into the link 
between the gut environment and RA risk.
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1.  Development of next-generation vaccine in-
ducing  both  antigen-specific  systemic  and 
mucosal immunity

Kosuke Fujimoto1, Satoshi Uematsu1 : 1Division of 
Innate Immune regulation, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo.

A next-generation vaccine strategy capable of in-
ducing both systemic and mucosal immunity is await-
ed. We showed that intramuscular vaccination with a 
combination of CpG oligodeoxynucleotides and cur-
dlan as adjuvants systemically induced antigen-spe-
cific IgA and IgG production in mice. After priming, 
markedly high titers and long-lasting antigen-specific 
IgA and helper T-cell responses were acquired by an-
tigen boosting of the target organs. This immuniza-
tion effectively regulated Streptococcus pneumoniae in-
fection. Moreover, vaccination for Clostridium 
ramosum (C. ramosum), a representative causative 
commensal microbiota for obesity and diabetes, alle-
viated high-fat diet-induced obesity in mice by con-
trolling the number of C. ramosum in the mucosa. Col-
lectively, this vaccine strategy induces strong 
antigen-specific mucosal and systemic immunity and 

has the potential to prevent infections and commen-
sal microbiota-associated diseases. The patent of this 
new vaccine strategy was granted in 2019 in Japan 
and in 2020 in US. We are currently conducting mon-
key experiments for formulation in human on the ba-
sis of collaboration with Mitsubishi Tanabe Pharma-
ceutical company. We started collaboration with 
Medicago in Canada and are developing an IgA-in-
ducing mucosal vaccine with this system by using 
SARS-CoV-2 Viral-like particle as an antigen which 
have been developed by Medicago.

2.   Analysis of resident macrophages in small in-
testinal LP  

Kosuke Fujimoto1, Satoshi Uematsu1 : 1Division of 
Innate Immune regulation, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo 

CD11cintCD11bint cells in small intestinal LP are 
resident macrophages. They specifically express 
chemokine receptor CX3CR1 in intestinal LP. Their 
phagocytotic activity is very strong. Although they 
express MHC class II, they cannot move from LP to 
draining lymph nodes effectively, suggesting that 
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Innate immunity is the ‘gateway’ of immune response. By controlling innate 
immunity, it is thought that the whole immunity is controllable. Our major focus is 
the elucidation and understanding of molecular function of the innate immune cells 
in small intestine for the development of mucosal vaccine against infectious 
diseases and mucosal immune therapy for inflammatory bowel diseases. We also 
analyze intestinal microbiome by developing new informatics method. We will 
develop new therapeutic strategies against various dysbiosis-related diseases 
targeting on intestinal microbiota.
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they may be involved in local immune responses in 
intestine. They express TLR4, TLR7 and TLR9 and 
produce TNF-α and IL-10 by TLR stimulation. We 
performed microarray analysis in the CD11cintCD-
11bint cells, CD11chiCD11bhi cells, splenic CD11c+ DCs 
and peritoneal macrophages with or without stimula-
tion of TLR ligand and compared signaling pathways 
among them. We found several candidate genes 
which specifically express in CD11cintCD11bint cells. 
We generated gene-targeting mice and are examining 
the in vivo function of them in CD11cintCD11bint cells.

3.   Development a new therapy for radiation injury 
in mucosa.

Kosuke Fujimoto1, Satoshi Uematsu1 : 1Division of 
Innate Immune regulation, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo. 

High-dose ionizing radiation induces severe DNA 
damage in the epithelial stem cells in small intestinal 
crypts and causes gastrointestinal syndrome (GIS). 
Although the tumor suppressor p53 is a primary fac-
tor inducing death of crypt cells with DNA damage, 
its essential role in maintaining genome stability 
means inhibiting p53 to prevent GIS is not a viable 
strategy. Here, we show that the innate immune re-
ceptor Toll-like receptor 3 (TLR3) is critical for the 
pathogenesis of GIS. Tlr3-/- mice show substantial re-
sistance to GIS owing to significantly reduced radia-
tion-induced crypt cell death. Despite showing re-
duced crypt cell death, p53-dependent crypt cell 
death is not impaired in Tlr3-/- mice. p53-dependent 
crypt cell death causes leakage of cellular RNA, which 
induces extensive cell death via TLR3. An inhibitor of 
TLR3–RNA binding ameliorates GIS by reducing 
crypt cell death. Thus, we propose blocking TLR3 ac-
tivation as a novel and preferable approach to treat 
GIS. We are analyzing the role of TLR3 in radiation-in-
duced oral mucositis. 

Publications

Takasato Y, Kurashima Y, Kiuchi M, Hirahara K, Mu-
rasaki S, Arai F, Izawa K, Kaitani A, Shimada K, Sai-
to Y, Toyoshima S, Nakamura M, Fujisawa K, 
Okayama Y, Kunisawa J, Kubo M, Takemura N, Ue-
matsu S, Akira S, Kitaura J, Takahashi T, Nakayama 
T, Kiyono H. Orally desensitized mast cells form a 
regulatory network with Treg cells for the control 
of food allergy. Mucosal Immunol. 2020 Dec 10. doi: 
10.1038/s41385-020-00358-3. Online ahead of print.

Ishida S, Kato K, Tanaka M, Odamaki T, Kubo R, Mit-
suyama E, Xiao JZ, Yamaguchi R, Uematsu S, Imoto 
S, Miyano S. Genome-wide association studies and 
heritability analysis reveal the involvement of host 
genetics in the Japanese gut microbiota. Commun 
Biol. 2020 Nov 18;3(1):686. doi: 10.1038/s42003-020-
01416-z.

Sato S, Matsumoto N, Hisaie K,  Uematsu S. Alcohol 
abrogates human norovirus infectivity in a pH-de-
pendent manner. Sci Rep. 2020 Sep 28;10(1):15878. 
doi: 10.1038/s41598-020-72609-z.

Fujimoto K, Kimura Y, Shimohigoshi M, Satoh T, Sato 
S, Tremmel G, Uematsu M, Kawaguchi Y, Usui Y, 
Nakano Y, Hayashi T, Kashima K, Yuki Y, Yamagu-
chi K, Furukawa Y, Kakuta M, Akiyama Y, Yamagu-
chi R, Crowe SE, Ernst PB, Miyano S, Kiyono H, 

Imoto S, Uematsu S. Metagenome Data on Intesti-
nal Phage-Bacteria Associations Aids the Develop-
ment of Phage Therapy Against Pathobionts. Cell 
Host Microbe.2020 Jul 3;S1931-3128(20)30344-9. doi: 
10.1016/j.chom.2020.06.005.

Parbie PK, Mizutani T, Ishizaka A, Kawana-Tachika-
wa A, Runtuwene LR, Seki S, Abana CZ, Kushitor 
D, Bonney EY, Ofori SB, Uematsu S, Imoto S, Kimu-
ra Y, Kiyono H, Ishikawa K, Ampofo WK, Matano 
T. Fecal Microbiome Composition in Healthy 
Adults in Ghana. Jpn J Infect Dis. 2020 Jun 30 doi: 
10.7883/yoken.JJID.2020.469.

Fujimoto K, Uematsu S. Vaccine therapy for dysbio-
sis-related diseases. World J Gastroenterol. 2020 Jun 
7;26(21):2758-2767. doi: 10.3748/wjg.v26.i21.2758. 
(Review)

Takashima S, Tanaka F, Kawaguchi Y, Usui Y, Fujimo-
to K, Nadatani Y, Otani K, Hosomi S, Nagami Y, 
Kamata N, Taira K, Tanigawa T, Watanabe T, Imoto 
S, Uematsu S, Fujiwara Y. Proton Pump Inhibitors 
Enhance Intestinal Permeability via Dysbiosis of 
Gut Microbiota Under Stressed Conditions in Mice. 
Neurogastroenterol Motil. 2020 Apr 21;e13841. doi: 
10.1111/nmo.13841.
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1.   Novel mucosal vaccine development for the in-
duction of mucosal  immunity  in the aero-, di-
gestive- and reproductive mucosa.

Kohtaro Fujihashi1,2, Koichiro Suzuki1, Rika Naka-
hashi3, Yuya Murakami1, Masao Uchida1, Takanori 
Marui1, Ai Sasou3, Shiho Kurokawa3, Kotomi Sugiu-
ra3, Yoshikazu Yuki3, and Hiroshi Kiyono1-4 : 1Divi-
sion of Clinical Vaccinology, International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of  
Tokyo, 2Department of Pediatric Dentistry, The  
University of Alabama at Birmingham, 3Depart-
ment of Mucosal Immunology, IMSUT Distin-
guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo, 4Department of 
Mucosal Immunology and Immunology, Graduate 
School of Medicine, Chiba University, Chiba, 260-
8670, JAPAN

It has been shown that oral antigen (Ag) plus ad-
juvant delivery for induction of immunity, as op-
posed to nasal delivery, is an effective non-invasive 
route. Further, it is well-tolerated and avoids the pos-
sibility of Ag and /or adjuvant uptake into the olfacto-
ry tissues with subsequent entry into the central nerv-
ous system (CNS). However, oral vaccines require 
relatively large amounts of Ag and adjuvant and are 

exposed to the proteolytic enzymes and lower pH of 
the stomach. Considerably, their efficacy limits the 
mainly gastrointestinal mucosa. In this regard, it is 
essential to develop a new generation of oral adju-
vants which elicit mucosal immunity in the entire 
mucosal surfaces including respiratory and repro-
ductive tracts. In order to accomplish this goal, we 
planned to discover novel molecules which could use 
potential oral adjuvant for inducing global protective 
mucosal immunity by using single-cell mRNA se-
quencing approach. We have successfully established 
several DNA libraries from nasopharyngeal-associat-
ed lymphoid tissues and Peyer’s patches of naïve 
mice as well as mice given either the oral or nasal vac-
cine. The sequence data have been analyzed using 
SHIROKANE supercomputer system and we have 
identified several unique molecules which preferen-
tially upregulated in the NALT of mice given nasal 
vaccine when compared with those in Peyer’s patches 
of mice given an oral vaccine. We are currently testing 
the roles of these molecules for the induction of mu-
cosal tissue-specific immune responses by using gain 
and lost function approaches. 

2.   Roles of Secretory IgA antibodies for the main-
tenance of the homeostasis in the oral cavity

Emily Chang1, Ryoki Kobayashi2, Kohtaro Fuji-
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Project Professor Kohtaro Fujihashi, D.D.S., Ph.D.
Project Associate Professor Yosuke Kurashima, Ph.D.

特任教授　　博士（歯学）　　藤　橋　浩太郎
特任准教授　博士（医学）　　倉　島　洋　介

To explore new avenues for mucosal vaccine development and immune-regulation, 
investigators have begun to employ novel adjuvants and targeting mucosal tissues 
and immune cells for vaccine delivery and elucidate the mechanisms of immune-
regulation in the mucosal tissues. Despite recently advanced sciences, it remains 
to develop effective mucosal vaccines for human use. To this end, our main task is 
to define the effectiveness and safety of novel mucosal vaccines including adjuvant- 
and delivery system-development and bring them from bench-top to practical 
applications.
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hashi3,4, Masamichi Komiya1, and Tomoko Kuri-
ta-Ochiai2 : Departments of 1Oral Surgery and 2In-
fection and Immunology, Nihon University School 
of Dentistry at Matsudo, 3Division of Clinical Vacci-
nology, International Research and Development 
Center for Mucosal Vaccines, The Institute of Medi-
cal Science, The University of Tokyo, 4Department 
of Pediatric Dentistry, The University of Alabama at 
Birmingham. 

Secretory IgA (SIgA) plays a central role in pre-
venting bacterial and viral infections on mucosal sur-
faces by neutralizing toxins and viruses and inhibit-
ing bacterial attachment to epithelial cells. However, 
the role of salivary SIgA antibodies (Abs) in regulat-
ing oral flora is still unknown. This study aimed to 
evaluate the association among oral bacteria, their 
metabolites and periodontitis in IgA-deficient (IgA 
KO) and wild-type (WT) control mice. Microcomput-
ed tomography (micro-CT) analysis was used to as-
sess alveolar bone resorption as development of peri-
odontitis. The bacterial profiles of saliva were 
determined using the next-generation sequencing as-
says. Furthermore, the metabolites in saliva were 
measured and compared using CE-TOFMS. Salivary 
microbiota of IgA KO mice revealed a remarkably de-
creased frequency of Streptococcus, and increased 
percentages of Aggregatibacer, Actinobacillus, and Pre-
votella at the genus level when compared with those 
of WT. Compared to WT control mice of the same age, 
the level of alveolar bone loss was significantly in-
creased in IgA KO mice, and infiltration of osteoclasts 
was found on the surface of the alveolar bone. The 
metabolome profile indicated that the metabolites of 
IgA KO mice had greater variability in carbon meta-
bolic, urea cycle, and lipid pathways than WT mice. 
These results suggest that salivary SIgA plays an im-
portant role in regulating and maintaining normal 
oral microflora to prevent the development of the per-
iodontal disease.

3.   Stratified  layer  analysis  revealsintrinsic  hor-
mone  stimulates  cryptal  mesenchymal  cells 
forcontrolling mucosal homeostasis

Seiichi Matsumura1–3, Yosuke Kurashima1,2,4,5,7, 
Sayuri Murasaki2, Masako Morimoto1, Fujimi 
Arai2, Yukari Saito1, Nana Katayama2, Dayoung 
Kim2, Yutaka Inagaki6, Takahiro Kudo3, Peter Er-
nst5,7,8, Toshiaki Shimizu3, Hiroshi Kiyono2,4,5 : 1 De-
partment of Innovative Medicine, Graduate School 
of Medicine, Chiba University, 2Department of Mu-
cosal Immunology, The University of Tokyo, Distin-
guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo, 3Department of 
Pediatrics, Juntendo University Faculty of Medicine 
4International Research and Development Center 
for Mucosal Vaccines, The Institute of Medical Sci-
ence, The University of Tokyo, 5Division of Gastro-

enterology, Department of Medicine, CU-UCSD 
Center for Mucosal Immunology, Allergy and Vac-
cines (CU-UCSD cMAV), University of California, 
San Diego, 6Center for Matrix Biology and Medi-
cine, Graduate School of Medicine, Tokai Universi-
ty, 7Division of Comparative Pathology and Medi-
cine, Department of Pathology, University of 
California, San Diego, 8Center for Veterinary 
Sciences and Comparative Medicine, University of 
California, San Diego. 

Mesenchymal cells in the crypt play indispensable 
roles in the maintenance of intestinal epithelial home-
ostasis through their contribution to the preservation 
of stem cells. However, the acquisition properties of 
the production of stem cell niche factors by the mes-
enchymal cells have not been well elucidated, due to 
technical limitations regarding the isolation and sub-
sequent molecular and cellular analyses of cryptal 
mesenchymal cells. To evaluate the function of mes-
enchymal cells located at the large intestinal crypt, we 
established a novel method through which cells are 
harvested according to the histologic layers of the 
mouse colon, and we compared cellular properties 
between microenvironmental niches, the luminal mu-
cosa and crypts. The gene expression pattern in the 
cryptal mesenchymal cells showed that receptors of 
the hormone/cytokine leptin were highly expressed, 
and we found a decrease in Wnt2b expression under 
conditions of leptin receptor deficiency, which also 
induced a delay in cryptal epithelial proliferation. 
Our novel stratified layer isolation strategies thus re-
vealed new microenvironmental characteristics of co-
lonic mesenchymal cells, including the intrinsic in-
volvement of leptin in the control of mucosal 
homeostasis.

4.  Orally desensitized mast cells form a regulato-
ry  network  with  Treg  cells  for  the  control  of 
food allergy 

Yoshihiro Takasato1,2, Yosuke Kurashima1,3-7, Masa-
hiro Kiuchi8, Kiyoshi Hirahara8, Sayuri Murasaki1,4, 
Fujimi Arai1,4, Kumi Izawa9, Ayako Kaitani9, Kaoru 
Shimada1,4, Yukari Saito3, Shota Toyoshima10, Miho 
Nakamura1, Kumiko Fujisawa1, Yoshimichi Okay-
ama10, Jun Kunisawa4,7, Masato Kubo11,12, Naoki 
Takemura3,4,13, Satoshi Uematsu3,4,14, Shizuo 
Akira15,16, Jiro Kitaura9, Takao Takahashi2, Toshi-
nori Nakayama8, and Hiroshi Kiyono1,4-6,8 : 1Depart-
ment of Mucosal Immunology, The University of 
Tokyo Distinguished Professor Unit, The Institute of 
Medical Science, The University of Tokyo, 2Depart-
ment of Pediatrics, Keio University School of Medi-
cine, 3Department of Innovative Medicine and Mu-
cosal Immunology, Graduate School of Medicine, 
Chiba University, 4International Research and De-
velopment Center for Mucosal Vaccines, The Insti-
tute of Medical Science, The University of Tokyo, 
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5Division of Gastroenterology, Department of Medi-
cine, CU-UCSD Center for Mucosal Immunology, 
Allergy and Vaccines (CU-UCSD cMAV), University 
of California, San Diego, 6Institute for Global Prom-
inent Research, Chiba University, 7Laboratory of 
Vaccine Materials, Center for Vaccine and Adjuvant 
Research and Laboratory of Gut Environmental 
System, National Institutes of Biomedical Innova-
tion, Health and Nutrition, 8Department of Immu-
nology, Graduate School of Medicine, Chiba Uni-
versity, 8Atopy Research Center, Juntendo 
University Graduate School of Medicine, 9Allergy 
and Immunology Research Project Team, Research 
Institute of Medical Science, Center for Allergy, 
Center for Medical Education, Nihon University 
School of Medicine, 10Laboratory for Cytokine Reg-
ulation, RIKEN Center for Integrative Medical 
Sciences, 11Division of Molecular Pathology, Re-
search Institute for Biomedical Science, Tokyo Uni-
versity of Science, 12Laboratory of Bioresponse Reg-
ulation, Graduate School of Pharmaceutical 
Sciences, Osaka University, 13Department of Immu-
nology and Genomics, Osaka City University Grad-
uate School of Medicine, 14Laboratory of Host De-
fense, WPI Immunology Frontier Research Center, 
Osaka University, 15Department of Host Defense, 
Research Institute for Microbial Diseases, Osaka 

University, 

Oral immunotherapy (OIT) is an effective ap-
proach to controlling food allergies. Although the de-
tailed molecular and cellular mechanisms of OIT are 
unknown currently, they must be understood to ad-
vance the treatment of allergic diseases in general. To 
elucidate the mechanisms of OIT, especially during 
the immunological transition from desensitization to 
allergy regulation, we generated a clinical OIT mu-
rine model and used it to examine immunological fea-
tures after OIT. We found that in mice that completed 
OIT successfully, desensitized mast cells (MCs) 
showed functionally beneficial alterations, such as in-
creased expression of regulatory cytokines and en-
hanced expansion of regulatory T cells. Importantly, 
regulatory-T-cell-mediated inhibition of allergic re-
sponses was decreased in mice in which desensitized 
MCs were depleted during OIT. Collectively, these 
findings show that the desensitization process modu-
lates the activation of MCs, leading directly to en-
hanced induction of regulatory-T-cell expansion and 
promotion of clinical allergic unresponsiveness. Our 
results suggest that efficiently inducing regulatory 
MCs is a novel strategy for the treatment of allergic 
diseases. 

Journals (Refereed)

1. Kurashima, Y., Kigoshi, T., Muasaki, S., Arai, F., 
Shimada, K., Seki, N., Kim, Y.G., Hase, K., Ohno, 
H., Kawano, K., Ashida, H., Suzuki, T., Morimoto, 
M., Saito, Y., Sasou, A., Goda, Y., Yuki, Y., Inagaki, 
Y., Iijima, H., Suda, W., Hattori, M., Kiyono, H. Pan-
creatic glycoprotein 2 is a first line of defense for 
mucosal protection in intestinal inflammation. Nat 
Commun. doi: 10.1038/s41467-021-21277-2.

2.  Yuki, Y., Nojima, M., Hosono, O., Tanaka, H., Ki-
mura, Y., Sato, T., Imoto, S., Uematsu, S., Kuroka-
wa, S., Kashima, K., Mejima, M., Nakahashi-Ouchi-
da, R., Uchida, Y., Marui, T., Yoshikawa, N., 
Nagamura, F., Fujihashi, K., and Kiyono, H. Assess-
ment of oral MucoRice-CTB vaccine for the safety 
and microbiota-dependent immunogenicity in hu-
mans: A randomized trials. The Lancet Microbe (in 
press), 2021.

3.  Takasato, Y., Kurashima, Y., Kiuchi M., Hirahara, 
K., Murasaki, S., Arai, F., Nakamura, M., Fujisawa, 
K., Kunisawa, J., Kubo, M., Takemura, N., Uemat-
su, S., Akira, S., Takahashi, T., Nakayama, T., and 
Kiyono, H. Oral desensitized intestinal mast cells 
acquire regulatory characteristics for food allergy 
control. Mucosal Immunol. doi: 10.1038/s41385-
020-00358-3, 2020.

4.  Chang, E., Kobayashi, R., Fujihashi, K., Komiya, M., 
and Kurita-Ochiai, T. Impaired salivary SIgA anti-
bodies elicit oral dysbiosis and subsequent induc-
tion of alveolar bone loss. Inflamm. Res. 70: 151-
158, 2021.

5.  Matsumura, S., Kurashima, Y., Murasaki, S., Mori-
moto, M., Arai, F., Saito, Y., Katayama, N., Kim, D., 
Inagaki, Y., Kudo, T., Ernst, P.B., Shimizu, T., and 
Kiyono, H. Stratified layer analysis reveals intrinsic 
leptin stimulates cryptal mesenchymal cells for 
controlling mucosal inflammation. Sci. Rep. 10: 
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1.  藤橋浩太郎　鼻からの近未来型ワクチン JOHNS 
36(6): 681-684, 2020.

2.  藤橋浩太郎，清野宏　粘膜免疫の今昔そして未来
へ　　感染・免疫・炎症　50(2), 116-133, 2020.
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1. Emerging roles of dietary lipids and vitamin B1 
for the regulation of allergic inflammatory dis-
eases and immune system development

Takahiro Nagatake1, So-ichiro Hirata1, Kento 
Sawane1,2,3, Koji Hosomi1, Tetsuya Honda4, Sachiko 
Ono4, Noriko Shibuya5, Emiko Saito6, Jun Adachi7, 
Yuichi Abe7, Junko Isoyama7, Hidehiko Suzuki1, 
Ayu Matsunaga1, Yuki Sugiura8,9, Makoto Suemat-
su9, Takeshi Tomonaga7, Kenji Kabashima4, Makoto 
Arita10,11,12, Hiroshi Kiyono13,14,15,16, and Jun Kunisa-
wa1,2,13,17,18 : 1 Laboratory of Vaccine Materials, 
Center for Vaccine and Adjuvant Research and 
Laboratory of Gut Environmental System, National 
Institutes of Biomedical Innovation, Health and Nu-
trition (NIBIOHN), 2 Graduate School of Pharma-
ceutical Sciences, Osaka University, 3 Nippon Flour 
Mills Co., Ltd., 4 Department of Dermatology, Kyoto 
University Graduate School of Medicine, 5 Depart-
ment of Pediatrics, Maternal & Child Health Center, 
Aiiku Clinic, 6 Department of Human Nutrition, To-
kyo Kasei Gakuin University, 7 Laboratory of Pro-
teome Research, NIBIOHN, 8 Japan Science and 
Technology Agency, PRESTO, 9 Department of Bio-
chemistry, Keio University School of Medicine, 10 
Laboratory for Metabolomics, RIKEN Center for 

Integrative Medical Sciences, 11 Division of Physio-
logical Chemistry and Metabolism, Graduate School 
of Pharmaceutical Sciences, Keio University, 12 
Graduate School of Medical Life Science, Yokoha-
ma City University, 13 International Research and 
Development Center for Mucosal Vaccines, The In-
stitute of Medical Science, The University of Tokyo, 
14 Division of Gastroenterology, Department of Med-
icine, University of California San Diego (UCSD), 15 
Chiba University (CU)-UCSD Center for Mucosal 
Immunology, Allergy and Vaccines, 16 Department 
of Immunology, Graduate School of Medicine, Chi-
ba University, 17 Graduate School of Medicine, 
Graduate School of Dentistry, Osaka University, 18 
Department of Microbiology and Immunology, 
Kobe University Graduate School of Medicine

Immune system is regulated by dietary materials 
and their metabolites. We previously found that die-
tary intake of linseed oil, rich in ω3 α-linolenic acid, 
led to the amelioration of allergic responses in the gut 
and nasal mucosa through the metabolic conversion 
of α-linolenic acid into anti-allergy and anti-inflam-
matory lipid mediators of 17,18-epoxyeicosatetraeno-
ic acid and 15-hydroxyeicosapentaenoic acid. Here, 
we extended our view by showing the evidence that 
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Mucosal vaccine is a prospective strategy for the vaccine development against 
pathogens invading through mucosal t issues. We have examined the 
immunological functions of commensal and pathogenic microorganisms as well as 
diets and applied them to the development of adjuvants and antigen delivery for the 
efficient immune responses against mucosal vaccines. These findings also could 
be extended to the development of mucosal immunotherapy against allergic, 
inflammatory, and infectious diseases.
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maternal intake of linseed oil led to the alleviation of 
allergic symptoms in the offspring skin. Lipidomic 
analysis revealed that breast milk contained much 
amount of 14-hydroxydocosapentaenoic acid (14-
HDPA) when mouse dams were fed with linseed oil 
in comparison to conventional soybean oil. We found 
that 14-HDPA exhibited potent bioactivity in the in-
duction of tumor necrosis factor-related apoptosis-in-
ducing ligand (TRAIL) on plasmacytoid dendritic 
cells in offspring, which led to the inhibition of in-
flammatory cytokines production from T cells in the 
skin. Our another course of study revealed that vita-
min B1-deficiency resulted in thymic involution with 
remarkable reduction of the number of CD4 and 
CD8α double positive thymocytes. We further found 
that vitamin B1 deficient mice showed enhanced mat-
uration phenotype of γδ thymocytes by increased ex-
pression of TGFβ superfamily cytokines due to the 
vitamin B1-mediated metabolic impairment and ac-
cumulation of branched-chain α-keto acids in thymic 
stromal cells. These results collectively demonstrate 
that dietary lipid and vitamin B1 plays key roles in 
the control of immune systems, which can be applied 
to the development and optimization of vaccine 
against infectious and allergic diseases.

2.   The  mechanism  for  a  commensal  bacterium 
Alcaligenes to  cohabit  inside  intestinal  lym-
phoid tissue and application as a vaccine adju-
vant

Koji Hosomi1, Yunru Wang1,2, Ken Yoshii1,2, Naoko 
Shibata3,4, Atsushi Shimoyama5, Takahiro Naga-
take1, Tomoya Uto5, Haruki Yamaura5, Yoko Toji-
ma1, Mari Furuta1, Huangwenxian Lan1, Hidehiko 
Suzuki1, Haruko Takeyama4, Koichi Fukase5, Hiro-
shi Kiyono3,6-8, Jun Kunisawa1,2,3,4,9,10 : 1 Laboratory 
of Vaccine Materials, Center for Vaccine and Adju-
vant Research and Laboratory of Gut Environmen-
tal System, National Institutes of Biomedical Inno-
vation, Health and Nutrition (NIBIOHN), 2Graduate 
School of Pharmaceutical Sciences, Osaka Universi-
ty, 3International Research and Development Center 
for Mucosal Vaccines, The Institute of Medical Sci-
ence, The University of Tokyo, 4Faculty of Science 
and Engineering, Waseda University, 5Graduate 
School of Science, Osaka University, 6Division of 
Gastroenterology, Department of Medicine, Univer-
sity of California San Diego (UCSD), 7Chiba Univer-
sity (CU)-UCSD Center for Mucosal Immunology, 
Allergy and Vaccines, 8Department of Immunology, 
Graduate School of Medicine, Chiba University, 

9Graduate School of Medicine, Graduate School of 
Dentistry, Osaka University, 10Department of Mi-
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Lymphoid-tissue–resident commensal bacteria 
(LRCs), including Alcaligenes faecalis, colonize within 

dendritic cells (DCs) in intestinal lymphoid tissue in-
cluding the Peyer’s patches (PPs) of mammals. LRCs 
modulate the host immune system to promote intesti-
nal IgA antibody responses. Indeed, we previously 
demonstrated that A. faecalis activates DCs to produce 
IL-6, an IgA production-enhancing cytokine, through 
the weak agonistic activity of its lipopolysaccharide 
(LPS) against toll-like receptor (TLR) 4 together with 
low inflammatory activity, indicating that Alcaligenes 
spp. maintain their homeostatic environment in PPs 
without inducing an excessive inflammatory re-
sponse. Here, we show an intracellular symbiotic sys-
tem in which the LRC Alcaligenes creates a unique en-
ergy shift in DCs. Whereas DCs showed low 
mitochondrial respiration when they were co-cul-
tured with non-symbiotic Escherichia coli, DCs carry-
ing A. faecalis maintained increased mitochondrial 
respiration. Furthermore, E. coli induced apoptosis of 
DCs but A. faecalis did not. Regarding an underlying 
mechanism, A. faecalis—unlike E. coli—did not induce 
intracellular nitric oxide (NO) production in DCs due 
to the low activity of its LPS. Therefore, A. faecalis, an 
example of LRCs, may persist within intestinal lym-
phoid tissue because they elicit little NO production 
in DCs. In addition, the symbiotic DCs exhibit charac-
teristic physiologic changes, including a low rate of 
apoptosis and increased mitochondrial respiration.

Unique characteristics of Alcaligenes LPS, which 
moderately activate host immune responses, promot-
ed us to be examined for application as a vaccine ad-
juvant. Indeed, we previously reported that Alcali-
genes LPS promoted antigen-specific immune 
responses including IgG antibody and Th17 respons-
es without excessive inflammation. Here, we chemi-
cally synthesized Alcaligenes lipid A, an active part of 
LPS, and examined its efficacies as a vaccine adjuvant. 
In both systemic and nasal vaccination, Alcaligenes li-
pid A enhanced antigen-specific IgG/IgA antibody 
and Th17 responses. Further, in nasal vaccination 
with pneumococcal surface protein A (PspA) as a vac-
cine candidate antigen, Alcaligenes lipid A induced 
the protective immunity against Streptococcus pneumo-
niae infection. These findings suggest that Alcaligenes 
lipid A is a useful and applicable synthetic adjuvant 
for both systemic and nasal vaccine development in-
cluding S. pneumoniae vaccine.

3.  A Nanogel-based trivalent PspA nasal vaccine 
protects  macaques  from  intratracheal  chal-
lenge with pneumococci.

Rika Nakahashi1,2, Yohei Uchida1, Yoshikazu Yuki1, 
Tomoyuki Yamanoue1, Tomonori Machita1, Hiromi 
Mori1, Hiroshi Kiyono2-4 : 1 International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo, 2 Department of Mucosal Immunology, IMSUT 
Distinguished Professor Unit, The Institute of Medi-
cal Science, The University of Tokyo, Tokyo, 3 Mu-
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cosal Immunology and Allergy Therapeutics, Insti-
tute for Global Prominent Research, Chiba 
University, Chiba, 4 CU-UCSD Center for Mucosal 
Immunology, Allergy and Vaccine (cMAV), Division 
of Gastroenterology, Department of Medicine, Uni-
versity of California, San Diego.

Current polysaccharide-based pneumococcal vac-
cines are effective but not compatible with all sero-
types of Streptococcus pneumoniae. We previously de-
veloped an adjuvant-free cationic nanogel nasal 
vaccine containing pneumococcal surface protein A 
(PspA) which is expressed on the surfaces of all pneu-
mococcal serotypes. Because PspA proteins have se-
quence diversity, we formulated and tested a nano-
gel-based trivalent pneumococcal nasal vaccine to 
demonstrate the vaccine’s immunogenicity and pro-
tective efficacy in macaques. Nasal vaccination of ma-
caques with cationic cholesteryl pullulan nanogel 
(cCHP)-trivalent PspA vaccine effectively induced 
PspA-specific IgGs that bound to pneumococcal sur-
faces and triggered complement C3 deposition. The 
immunized macaques were protected from pneumo-
coccal intratracheal challenge through both inhibition 
of lung inflammation and elimination of the bacteria 
from the lungs. These results demonstrated that the 
cCHP-trivalent PspA vaccine is an effective candidate 
vaccine for broad protection against pneumococcal 
infections.

4.   Comparative  whole-genome  and  proteomics 
analyses of the next seed bank and the original 
master seed bank of MucoRice-CTB 51A line, a 
rice-based oral cholera vaccine

Ai Sasou1, Yoshikazu Yuki1, Ayaka Honma1, Kotomi 
Sugiura1, Koji Kashima2, Hiroko Kozuka-Hata3, 
Masanori Nojima4, Masaaki Oyama3, Shiho Kuroka-
wa1, Shinichi Maruyama2, Masaharu Kuroda5, 
Shinjiro Tanoue6, Narushi Takamatsu6, Kohtaro Fu-
jihashi7, Eiji Goto8, Hiroshi Kiyono1,7,9,10 : 1 Division 
of Mucosal Immunology, IMSUT Distinguished 
Professor Unit, The Institute of Medical Science, 
The University of Tokyo, 2 Asahi Kogyosha Co., 
Ltd., 3 Medical Proteomics Laboratory, The Insti-
tute of Medical Science, The University of Tokyo, 4 
Center for Translational Research, IMSUT Hospi-
tal, The Institute of Medical Science, The University 
of Tokyo, 5 Crop Development Division, NARO Ag-
riculture Research Center, 6 Astellas Pharma Inc., 7 
Research and Development Center for Mucosal Vac-

cines, The Institute of Medical Science, The Univer-
sity of Tokyo, 8 Faculty of Horticulture, Graduate 
School of Horticulture, Chiba University, 9 Depart-
ment of Immunology, Graduate School of Medicine, 
Chiba University, 10 Chiba University-University of 
California San Diego Center for Mucosal Immunol-
ogy, Allergy, and Vaccine, Division of Gastroenterol-
ogy, Department of Medicine, University of Califor-
nia. 

We have previously developed a rice-based oral 
vaccine against cholera diarrhea, MucoRice-CTB. Us-
ing Agrobacterium-mediated co-transformation, we 
produced the selection marker–free MucoRice-CTB 
line 51A, which has three copies of the cholera toxin B 
subunit (CTB) gene and two copies of an RNAi cas-
sette inserted into the rice genome. We determined 
the sequence and location of the transgenes on rice 
chromosomes 3 and 12. The expression of alpha-am-
ylase/trypsin inhibitor, a major allergen protein in 
rice, is lower in this line than in wild-type rice. Line 
51A was self-pollinated for five generations to fix the 
transgenes, and the seeds of the sixth generation pro-
duced by T5 plants were defined as the master seed 
bank (MSB). T6 plants were grown from part of the 
MSB seeds and were self-pollinated to produce T7 
seeds (next seed bank; NSB). NSB was examined and 
its whole genome and proteome were compared with 
those of MSB. First, we re-sequenced the transgenes 
of NSB and MSB and confirmed the positions of the 
three CTB genes inserted into chromosomes 3 and 12. 
The DNA sequences of the transgenes were identical 
between NSB and MSB. Next, using whole-genome 
sequencing, we compared the genome sequences of 
three NSB with three MSB samples, and evaluated the 
effects of SNPs and genomic structural variants by 
clustering. No functionally important mutations 
(SNPs, translocations, deletions, or inversions of gen-
ic regions on chromosomes) between NSB and MSB 
samples were detected. Analysis of salt-soluble pro-
teins from NSB and MSB samples by shot-gun MS/MS 
detected no considerable differences in protein abun-
dance. No difference in the expression pattern of stor-
age proteins and CTB in mature seeds of NSB and 
MSB was detected by immuno-fluorescence micros-
copy. 

In Conclusions, all analyses revealed no consider-
able differences between NSB and MSB samples. 
Therefore, NSB can be used to replace MSB in the 
near future.
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1.   Innate lymphoid cells govern intestinal epithe-
lial α1, 2-fucosylation

Yoshiyuki Goto1,2, Satoshi Uematsu2,3,4, and Hiroshi 
Kiyono1,5-7
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tion, 4Department of Immunology and Genomics, 
Osaka City University Graduate School of Medi-
cine, 5 Mucosal Immunology and Allergy Therapeu-
tics, Institute for Global Prominent Research, Chiba 
University, 6 Division of Gastroenterology, Depart-
ment of Medicine, School of Medicine, CU-UCSD 
Center for Mucosal Immunology, Allergy and Vac-
cines, University of California, San Diego, 7 Division 
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Professor Unit, The Institute of Medical Science, 
The University of Tokyo.

α1, 2-fucosyl linkages located to terminal carbohy-
drate moiety expressed on intestinal epithelial cells is 
catalyzed by fucosyltransferase 2 (Fut2). Epithelial 
α1, 2-fucose is one of the symbiotic factors that medi-

ate host–microbiota interaction. For example, epithe-
lial α1, 2-fucose is utilized as a dietary carbohydrate 
by various symbiotic bacteria such as Bacteroides. 
Therefore, disruption of Fut2 leads to dysbiosis both 
in mice and humans and predisposed to the develop-
ment of inflammatory diseases such as Crohn’s dis-
ease. Despite the importance of intestinal and system-
ic homeostasis, the molecular and cellular mechanisms 
of the induction of epithelial Fut2, and subsequent α1, 
2-fucosylation remains unknown. We found that 
group 3 innate lymphoid cells (ILC3) are critical in-
ducers of intestinal epithelial Fut2 expression and fu-
cosylation that is mediated by the production of inter-
leukin 22 and lymphotoxin from ILC3 in a commensal 
bacteria–dependent and -independent manner, re-
spectively. Fut2-deficient mice are susceptible to the 
infection by pathogenic microorganisms. These data 
unveil a novel function of ILC3 in creating the appro-
priate symbiotic environment and protective plat-
form against pathogenic microorganisms through 
regulating the epithelial α1, 2-fucosylation.

2.  Commensal microbiota prevent fungi from col-
onizing the gastrointestinal tract.

Yoshiyuki Goto1,2, Miho Uematsu1, Tetsuro Matano1

International Research and Development Center for Mucosal Vaccines

Division of Mucosal Symbiosis
粘膜共生学分野

Project Associate Professor Yoshiyuki Goto, Ph.D.
Invited Professor Tetsuro Matano, M.D., D.M.Sc.

特任准教授　博士（医学）　　後　藤　義　幸
委嘱教授　　博士（医学）　　俣　野　哲　朗

The gastrointestinal tract is a unique organ that is constitutively exposed by various 
antigens, including commensal microbiota. In order to create a symbiotic 
environment for non-pathogenic luminal microorganisms, epithelial cells (ECs) and 
immune cel ls  cooperat ive ly  establ ish homeostas is  of  the in test ina l 
microenvironment. We aim to identify the mechanisms of epithelial α1, 
2-fucosylation, one of the symbiotic factors between host and microbiota, and 
uncover the role of ECs-immune cell network in the establishment of intestinal 
homeostasis. We also aim to understand host-microbe as well as microbe-microbe 
interaction in the gut.
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1 Division of Mucosal symbiosis, International Re-
search and Development Center for Mucosal Vac-
cine, Institute for Medical Science, The University of 
Tokyo, 2 Division of Molecular Immunology, Medical 
Mycology Research Center, Chiba University.

Intestinal epithelial cells are the first line of de-
fense against infection by pathogenic microorgan-
isms. Candida albicans are one of the commensal fungi 
reside in the mucosal surface including the gastroin-
testinal tract. However, C. albicans also have been re-
ported to exert pathogenic effects in the immunocom-
promised host and expand to the systemic 
compartments, which is called invasive candidiasis. 

Invasive candidiasis triggered by C. albicans coloniza-
tion in the gut is one of the serious infectious diseases 
in the world. So far, it is unclear what kind of factors 
which regulate C. albicans colonization in the gut. To 
investigate this, we focused on the role of commensal 
bacteria against colonization by C. albicans. We found 
that germfree and several antibiotic-treated mice al-
low colonization of C. albicans in the gut. Further-
more, oral administration of feces isolated from nor-
mal mice excluded C. albicans from the gut. This data 
suggests that commensal bacteria prevent the coloni-
zation of C. albicans in the gut, and commensal bacte-
ria may be a useful therapeutic target for protection 
against C. albicans infection.

Journals (Refereed)
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1.  Development of Computational Platform for 
Clinical Sequence and Interpretation

Shimizu E, Kasajima R, Katayama K, Yamaguchi 
K, Yokoyama K, Komura M, Yamamoto M, Saito A, 
Kobayashi M, Ogawa M, Takei T, Yuji K, Takane K, 
Ikenoue T, Shibuya T, Hasegawa T, Miyagi Y, Muto 
K, Tojo A, Furukawa Y, Miyano S, Yamaguchi R, 
Imoto S

For implementing genomic medicine enhanced 
with advanced sequencing technologies in the Insti-
tute of Medical Science, we formed a research team 
composed of researchers and technicians who have 
various academic backgrounds including medicine, 
biology, pharmacology, genetics, statistics, computer 
science, ethics, etc. A highly secure infrastructure for 
analyzing personal genome was constructed; in the 
system, next generation sequencers are directly con-
nected to a part (disconnect to internet) of supercom-
puter system in Human Genome Center and, for 
keeping traceability, laboratory information manage-
ment system (LIMS) is implemented to record all logs 
of wet experiments and computational analyses. To-
gether with sequencing analyses, we now intensively 
focus on a method for translating personal genome 
information into valuable clinical information. In July 
2015, we started to use IBM Watson for cancer re-

search to interpret the results of genomic analyses. 
The results of sequencing analysis and the clinical 
translation by IBM Watson are evaluated and dis-
cussed in biweekly expert panel meeting. Also, mul-
ti-omics data including whole genome, transcriptome 
and epigenome were obtained for integrative analysis 
that has the potential to achieve highly precise inter-
pretation. This research is also performed as a part of 
the University of Tokyo’s Center of Innovation (COI) 
program “Self-Managing Healthy Society”. 

2. Health Medical Big Data Analysis

a. Integration of the records of health examina-
tion, microbiome and genomic data for predicting 
disease risks

Hasegawa T, Kakuta M, Yamaguchi R, Imoto S

Owing to increasing medical expenses, research-
ers have attempted to grasp clinical signs and preven-
tive measures of diseases using electronic health re-
cord (EHR). In particular, time-series EHRs collected 
by periodic medical check-up enable us to clarify the 
relevance among check-up results and individual en-
vironmental factors such as lifestyle. However, usual-
ly such time-series data have many missing observa-
tions, and some results are strongly correlated to each 

Health Intelligence Center

Division of Health Medical Data Science
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Our mission is to utilize genomic big data and time series health medical data to 
realize methods for prediction and prevention of diseases and keeping/improving 
our health. For this purpose, we develop novel computational data analysis 
technologies by integrating Bayesian statistical theory and high-performance 
computing on supercomputer system.
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other. These problems make the analysis difficult and 
there exists strong demand to detect clinical findings 
beyond them. 

We focus on blood test values in medical check-up 
results and apply a time-series analysis methodology 
using a state space model. It can infer the internal 
medical states emerged in blood test values and han-
dle missing observations. The estimated models ena-
ble us to predict one’s blood test values under speci-
fied condition and predict the effect of intervention, 
such as changes of body composition and lifestyle.

We use time-series data of EHRs periodically col-
lected in the Hirosaki cohort study in Japan and eluci-
date the effect of 17 environmental factors to 38 blood 
test values. Using the estimated model, we then simu-
late and compare time-transitions of participant’s 
blood test values under several lifestyle scenarios. It 
visualizes the impact of lifestyle changes for the pre-
vention of diseases. Finally, we exemplify that predic-
tion errors under participant’s actual lifestyle can be 
partially explained by genetic variations, and some of 
their effects have not been investigated by traditional 
association studies.

b. Pan-cancer analysis of whole genomes

Imoto S, Yamaguchi R, Hasegawa T, Shuto H, 
Masashi Fujita1, Fan Zhang2, Shimizu E, Komura 
M, Miyano S, Zhang Z2, Nakagawa H1: 1Riken, 2Pe-
king University

We were involved in the Pan-Cancer Analysis of 
Whole Genomes (PCAWG) Consortium of the Inter-
national Cancer Genome Consortium (ICGC) and The 
Cancer Genome Atlas (TCGA). We reported the inte-
grative analysis of 2,658 whole-cancer genomes and 
their matching normal tissues across 38 tumor types 
from PCAWG. Butler, a computational tool that facili-
tates large-scale genomic analyses on public and aca-
demic clouds, was created for large scale genomic 
analysis, where SHIROKANE, the supercomputer of 
Human Genome Center, was utilized as the computa-
tional resource from Japan. Butler enabled processing 

of a 725-terabyte cancer genome dataset from the 
PCAWG project in a time-efficient and uniform man-
ner. On average, cancer genomes contained 4–5 driv-
er mutations when combining coding and non-cod-
ing genomic elements; however, in around 5% of 
cases no drivers were identified, suggesting that can-
cer driver discovery is not yet complete. 

c. Metagenome analysis of commensal microbio-
ta

Sato N3, Kakuta M, Hasegawa T, Yamaguchi R, Na-
kaji S4, Okuno Y3, Imoto S: 3Kyoto University, 4Hi-
rosaki University

Cigarette smoking affects the oral microbiome, 
which is related to various systemic diseases. While 
studies that investigated the relationship between 
smoking and the oral microbiome by 16S rRNA am-
plicon sequencing have been performed, investiga-
tions involving metagenomic sequences are rare. We 
investigated the bacterial species composition in the 
tongue microbiome, as well as single-nucleotide vari-
ant (SNV) profiles and gene content of these species, 
in never and current smokers by utilizing metagen-
omic sequences. Among 234 never smokers and 52 
current smokers, beta diversity, as assessed by 
weighted UniFrac measure, differed between never 
and current smokers (pseudo-F = 8.44, R2 = 0.028, 
p = 0.001). Among the 26 species that had sufficient 
coverage, the SNV profiles of Actinomyces graevenit-
zii, Megasphaera micronuciformis, Rothia mucilagi-
nosa, Veillonella dispar, and one Veillonella sp. were 
significantly different between never and current 
smokers. Analysis of gene and pathway content re-
vealed that genes related to the lipopolysaccharide 
biosynthesis pathway in Veillonella dispar were pres-
ent more frequently in current smokers. We found 
that species-level tongue microbiome differed be-
tween never and current smokers, and 5 species from 
never and current smokers likely harbor different 
strains, as suggested by the difference in SNV fre-
quency.
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Advanced methods for AAV vector preparation 
and purification for in vivo gene therapy
AAV vectors are being used for in vivo gene therapy to 

cure various hereditary diseases including DMD. 
However, a detailed analysis of AAV-vector quality 
is required for in vivo gene therapy according to the 
recent safety regulation. We are conducting various 
research projects for (1) generation of an efficient 
and practical cell line to prepare AAV vectors, (2) 
improvement of large-scale preparation methods 
for AAV vectors, (3) development of analysis and 
purification methods among full, partial, and emp-
ty-genome particles in AAV vectors, and (4) evalua-
tion of glycosylation on AAV capsids. In addition, 
we are planning to adapt these strategies to lentivi-
ral vectors.

Innovation in AAV vector toward gene and cell 
therapies to treat neuromuscular diseases

DMD is caused by a mutation of the dystrophin gene 
in the X chromosome and induces progressive 
weakness and atrophy of both skeletal and heart 
muscle, thus resulting in motor disfunction, cardio-
myopathy, respiratory failure, and early mortality. 
There is no known cure of DMD, and the current 

FDA-approved treatments including a corticoster-
oid (Deflazacort) and antisense oligonucleotides 
(Eteplirsen and Golodirsen) seem to be insufficient 
for cure. Therefore, we are developing AAV-based 
in vivo gene therapy which is potentially curative 
for DMD by adding a micro-dystrophin gene or an 
exon skipping molecule. We have recently pub-
lished a preclinical evaluation of AAV-based in vivo 
gene therapy in a DMD model dog to improve 
heart functions with a micro-dystrophin gene de-
livery. We improved the efficacy by co-injection of 
mesenchymal stem cells (MSCs), allowing for elon-
gation of transgene expression as well as reduction 
of AAV-vector dose. We are planning a pilot trial of 
MSC-based cell therapy in DMD patients. 

Development of HSC-targeted gene therapy with 
lentiviral vectors

HSC-targeted gene therapy with lentiviral vectors 
can cure various inherited diseases, including im-
munodeficiencies, hemoglobinopathies, and meta-
bolic diseases. In HSC gene therapy, patient CD34+ 
HSCs are harvested and genetically modified with 
lentiviral vectors to deliver a therapeutic gene, fol-
lowed by HSC transplantation back to the patient. 
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The Division of Molecular and Medical Genetics (DMMG) was generated in 2020, 
and we are focused on development of gene-addition and gene-editing therapy 
including viral vector preparation and purification, AAV vector-mediated gene 
therapy for Duchenne muscular dystrophy (DMD), and hematopoietic stem cell 
(HSC)-targeted gene therapy with lentiviral vectors. Our basic and translational 
efforts can allow to produce new genetic therapies for various neurologic, 
hematologic, and metabolic diseases.
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This strategy can be applicable for most patients 
due to no requirement of histocompatible donor, 
and it allows for one-time cure of diseases due to 
the life-long efficiency of lentiviral HSC therapy. 
We are planning to develop various HSC gene ther-

apies for immunodeficiencies as well as other he-
matopoietic and metabolic diseases with a collabo-
ration to National Center for Child Health and 
Development.

Publications

Hayashita-Kinoh H., Posadas-Herrera G., Nitaha-
ra-Kasahara Y., Kuraoka M., Okada H., Chiyo T., 
Takeda S. and Okada T. Improved transduction of 
canine　X-linked muscular dystrophy with 
rAAV9-microdystrophin via multipotent mesen-
chymal stromal cell pretreatment. Mol Ther Meth-
ods Clin Dev. in press

Nitahara Kasahara Y., Kuraoka M., Posadas Herrera 
G., Hayashita Kinoh H., Maruoka Y., Nakamura 
Takahashi A., Kimura K., Takeda S. and Okada T. 
Dental pulp stem cells can improve muscle dys-
function in animal models of Duchenne muscular 
dystrophy. Stem Cell Res Ther. in press.

Nitahara Kasahara Y., Kuraoka M., Oda Y., Hayashita 
Kinoh H., Takeda S. and Okada T. Enhanced cell 
survival and therapeutic benefits of IL-10-express-
ing multipotent mesenchymal stromal cells for 
muscular dystrophy. Stem Cell Res. Ther. in press

Tsunekawa Y., Kunikane Terhune R. and Matsuzaki 
F. Protocol for de novo gene targeting via in utero 
electroporation. Methods Mol Biol. in press 

Igarashi T., Nakamoto K., Kobayashi M., Suzuki H., 
Arima T., Tobita Y., Takao K., Igarashi T., Okuda T., 
Okada T. and Takahashi H.  Brain-derived neuro-
trophic factor in human aqueous humor with glau-
coma. J Nippon Med Sch. in press

Takahashi K., Igarashi T., Miyake K., Kobayashi M., 
Katakai Y., Hayashita - Kinoh H., Kameya S., Taka-
hashi H. and Okada T. Transduction of anterior 
segment and change of neutralizing antibodies 
against AAV after AAV intravitreal injection in cy-
nomolgus monkeys. J Nippon Med Sch. in press

Demirci S., Zeng J., Wu Y., Uchida N., Shen A.H., Pel-
lin D., Gamer J., Yapundich M., Drysdale C., Bonan-
no J., Bonifacino A.C., Krouse A., Linde N.S., Engels 
T., Donahue R.E., Haro-Mora J.J., Leonard A., Nas-
sehi T., Luk K., Porter S.N., Lazzarotto C.R., Tsai 
S.Q., Weiss M., Pruett-Miller S.M., Wolfe S.A., Bau-
er D.E. and Tisdale J.F. BCL11A enhancer-edited 
hematopoietic stem cells persist in rhesus monkeys 
without toxicity. J Clin Invest. 130:6677-6687, 2020

Yamaguchi T., Uchida E., Okada T., Ozawa K., Onod-
era M., Kume A., Shimada T., Takahashi S., Tani K., 
Nasu Y., Mashimoto T., Mizuguchi H., Mitani K. 
and Maki K. Aspects of gene therapy products us-
ing current genome-editing technology in Japan. 
Hum Gene Ther. 31:1043-1053, 2020.

Terada K., Miyake K., Yamaguchi H., Miyake N., 
Yamanaka K., Kojima S., Ito E., Inokuchi K. and 
Okada T.　TERT and TERC mutations detected in 

cryptic dyskeratosis congenita suppress telomerase 
activity. Int J Lab Hematol 42:316-321, 2020.

Hsieh M.M., Bonner M., Pierciey F.J., Uchida N., Rott-
man J., Demopoulos L., Schmidt M., Kanter J., Wal-
ters M.C., Thompson A., Asmal M. and Tisdale J.F. 
Myelodysplastic syndrome unrelated to lentiviral 
vector in a patient treated with gene therapy for 
sickle cell disease. Blood Adv. 4:2058-2063, 2020

Kuroda S., Miyagawa Y., Sato Y., Yamamoto M., Ad-
achi K., Kinoh H., Goins W.F., Cohen J.B., Glorioso 
J.C., Taniai N., Yoshida H. and  OkadaT. Protocol 
optimization for the production of the non-cytotox-
ic JΔNI5 herpes simplex virus vector deficient in 
expression of immediately early genes. Mol Ther 
Methods Clin Dev 17:612-621, 2020

Nakamura-Takahashi A., Tanase T., Matsunaga S., 
Shintani S., Abe S., Nitahara-Kasahara Y., Watanabe 
A., Hirai Y., Okada T., Yamaguchi A. and Kasahara 
M. High-Level Expression of Alkaline Phosphatase 
by Adeno-Associated Virus Vector Ameliorates 
Pathological Bone Structure in a Hypophosphata-
sia Mouse Model. Calcif Tissue Int 106: 665-677, 
2020

Hirose T., Mizumoto S., Hashimoto A., Takahashi Y., 
Yoshizawa T., Nitahara-Kasahara Y., Takahashi N., 
Nakayama J., Takehana K., Okada T., Nomura Y., 
Yamada S., Kosho T. and Watanabe T. Systemic in-
vestigation of the skin in Chst14−/− mice: a model 
for skin fragility in musculocontractural Ehlers–
Danlos syndrome caused by CHST14 variants 
(mcEDS-CHST14). Glycobiology doi: 10.1093/gly-
cob/cwaa058. 2020

Shimada S., Yoshizawa T., Takahashi Y., Nitahara-Ka-
sahara Y., Okada T., Nomura Y., Yamanaka H., Ko-
sho T. and Matsumoto K. Backcrossing to an Ap-
propriate Genetic Background Improves the Birth 
Rate of Carbohydrate Sulfotransferase 14 Gene-de-
leted Mice. Exp Anim 69:407-413, 2020

Shiozawa Lee A., Igarashi T., Kobayashi M., Nakamo-
to K., Kameya S., Fujishita S., Takahashi H. and 
Okada T. Tyrosine triple mutated AAV2-BDNF 
gene therapy in an inner retinal injury model in-
duced by intravitreal injection of N–methyl-D-as-
partate (NMDA). Mol Vision 26:409-422, 2020

Ishii A., Okada H., Hayashita-Kinoh H., Shin J.H., 
Tamaoka A., Okada T. and Takeda S. rAAV8 and 
rAAV9-mediated long-term muscle transduction 
with tacrolimus (FK506) in non-human primates. 
Mol Ther Methods Clin Dev 18:44-49, 2020

Takahashi K., Igarashi T., Miyake K., Kobayashi M., 

11分子遺伝医学分野_sk.indd   17311分子遺伝医学分野_sk.indd   173 2021/05/10   13:20:132021/05/10   13:20:13



174

Katakai Y., Hayashita-Kinoh H., Fujimoto C., 
Kameya S., Takahashi H. and Okada T. The amount 
of GFP in the anterior chamber after intravitreal in-
jection of triple-mutated self-complementary AAV2 
vectors is not affected by previous vitrectomy sur-
gery. J Nippon Med Sch 2020

Uchida, N., Leonard, A., Stroncek, D., Panch, S. R., 

West, K., Molloy, E., Hughes, T. E., Hauffe, S., Tay-
lor, T., Fitzhugh, C., Hankins, J. S., Wilson, M., Shar-
ma, A., Tsai, S. Q., Weiss, M. J., Hsieh, M. and Tis-
dale, J. F. Safe and efficient peripheral blood stem 
cell collection in patients with sickle cell disease 
using plerixafor. Haematologica. 105:e497, 2020

11分子遺伝医学分野_sk.indd   17411分子遺伝医学分野_sk.indd   174 2021/05/10   13:20:132021/05/10   13:20:13



175

Initiation of gene and cell therapy trials in hemo-
philia and Parkinson disease

We have generated a consortium including CGCT 
and Center for Stem Cell Biology and Regenerative 
Medicine to develop a research center for gene and 
cell therapy, regenerative therapy, and ELSI re-
search in the near future. In this consortium, we 
started a combined meeting which provided a sem-
inar regarding advances of HSC-targeted gene-ad-
dition and gene-editing therapy. Currently, we are 
planning to perform AAV-mediated gene therapy 
trials for hemophilia B as well as Parkinson disease. 
Hemophilia B is a bleeding disorder, caused by a 
factor IX deficiency with a genetic mutation. Re-
placement therapy with recombinant factor IX is 
effective; however, it must be continued for a life-
long with a high cost. AAV-mediated in vivo gene 
therapy is curative for long-term in Hemophilia B 
by adding a therapeutic factor IX gene. In contrast, 
Parkinson disease is a brain disorder caused by a 
loss of dopamine-producing cells in the brain. 

L-dopa treatment can reduce the symptoms of Par-
kinson disease; however, it should be continued for 
a life-long, and the disease remains progressive. 
AAV-mediated in situ gene therapy can allow for 
phenotypic correction in Parkinson disease by add-
ing a neuroprotective molecule glial cell line-de-
rived neurotrophic factor (GDNF). Both AAV vec-
tor-mediated gene therapies should be promising 
candidates to develop a curative strategy. 

Development of an oncolytic virus therapy for ma-
lignant glioma

Dr. Todo’s group in the CGCT developed an oncolytic 
herpes simplex virus type 1 (G47Δ), designed to 
replicate only in cancer cells. Dr. Todo’s group 
started a phase II, investigator-initiated clinical trial 
of G47Δtargeting glioblastoma in 2015. In the inter-
mediate analysis, 1-year survival rate after G47∆ 
therapy (92.3%) was much higher than the preset 
control value (15%) based on meta-analysis. Ad-
verse events included fever, vomiting, lymphope-
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The Center for Gene & Cell Therapy (CGCT) was generated in 2014 at IMSUT 
hospital, playing a crucial role in hematopoietic stem cell (HSC) transplantation and 
gene therapy. We are focused on development of gene and cell therapy, 
regenerative therapy, and ethical, legal and social implications (ELSI) research 
targeting malignant, chronic, and hereditary diseases including oncolytic virus 
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nia, and nausea. Based on the high efficacy and 
safety shown in this phase II study, G47∆ awaits an 
approval as a new drug for malignant glioma, and 

expected to be the first oncolytic virus product in 
Japan.
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Generation of Severe Combined Immunodeficien-
cy Rats

Yoshiki Miyasaka1, Kousuke Hattori, Jinxi Wang, 
Miho Hoshi, Alejandro Soto-Gutierrez2, Kazuki 
Takeishi3, Kazuto Yoshimi, Saeko Ishida, and Tomo-
ji Mashimo
1, Institute of Experimental Animal Sciences, Grad-
uate School of Medicine, Osaka University, Osaka 
565-0871, Japan
2, Department of Surgery and Science, Graduate 
School of Medical Sciences, Kyushu University, 
Fukuoka, Japan
3, Department of Pathology, University of Pitts-
burgh, Pittsburgh, PA, USA

The immunodeficiency animals are valuable ex-
perimental models, not only in the studies of immu-
nodeficiency related diseases, they also have good 
performances in the application of grafting various 
tissues. Therefore, the immunodeficiency animals 
have been widely applied in generation of humanize 
animals, regeneration medical, tumor researches, etc. 
By utilizing the CRISPR/Cas9 genome editing tool, 
we generated a Severe Combined Immunodeficiency 

(SCID) rat model, which carry homozygous mutation 
in both Il2rg and Rag2 gene. These combined muta-
tions caused the retard of both T cell and B cell devel-
opment, as well as the deficiency of functional NK 
cells and cytokines secretion, providing favorable in 
vivo environment for the subsistence and prolifera-
tion of exogenous cells or tissues. Other than the im-
munodeficiency animals that generated by combin-
ing the mutations from different rat strains, our SCID 
rats have a clear genetic background of F344 rats. Our 
SCID rats has been set up a Bio-recourse project, and 
provided to institutes and researchers all over the 
world. In the following studies, we devote to modify-
ing other genes in these SCID rats, to improve the ef-
ficiency of xenograft and alleviate acute xenogeneic 
graft-versus-host disease (GVHD) in the recipient 
SCID rats.

Development strategies of effective treatment for 
human cancers with CRISPR-Cas3 system 

Tomoaki Fujii, Jinxi Wang, Ken Mochizuki, Kazuto 
Yoshimi, and Tomoji Mashimo

The genome editing system could be a powerful 
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Genome engineering technologies achieve a “revolution” in life science and medical 
science. These techniques allow us to manipulate genes of interest for several 
purposes. Using those technologies, we have developed many useful strains in 
mice and rats. We are now focusing on generating “humanized animals” or 
“ immunodef ic ient animals”.  These valuable animals can be used for 
xenotransplantation of human cells/tissues including human iPS cells. We are also 
developing therapeutic strategies such as cell therapy and gene therapy with 
genome editing tools.
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genetic tools for development of an  editing around 
the world. However, CRISPR-Cas9 system sometimes 
induces off-target, mosaic mutations, and small in-
dels which cause unexpected phenotypes. Therefore, 
there are often limitations in medical applications of 
CRISPR-Cas9 system. Recently, we have reported 
that genome editing using CRISPR-Cas3 system is 
possible in human cells. This novel genomic editing 
system rarely induces off-target and mosaic muta-
tions. We aim for the development of a safe and effec-
tive therapy for human cancers with the use of the 
CRISPR-Cas3 system.  

We focus on chimeric antigen receptor T (CAR-T) 
cell therapy, which is an effective cancer immuno-
therapy. However, the standard strategy for produc-
ing CAR-T cells is expensive due to using autologous 
T cells. We investigated whether CRISPR-Cas3 sys-
tem induces a genetic modifications on the genes in 
Jurkat cells, a human acute T-cell Leukemia cell line. 
We further investigated whether CRISPR-Cas3 sys-
tem induces genetic modifications on genes involved 
in graft-versus-host disease and immune rejection in 
Jurkat cells. As a result of this experiment, it causes 
loss of function of the target genes in its cells. This 
result indicates that CRISPR-Ca s3 system could be a 
genetic tool for generating allogenic CAR-T cells.

Photoactivatable Cre knock-in mice for spatio-
temporal control of genetic engineering in vivo

Kazuto Yoshimi, Yuko Yamauchi, Takao Tanaka1, 
Toshio Shimada1, Moritoshi Sato2, Tomoji Mashimo
1, KAC Co. Ltd., Kyoto, 604-8423, Japan
2, Graduate School of Arts and Sciences, The Uni-
versity of Tokyo, Tokyo 153-8902, Japan

Although the Cre-loxP recombination system has 
been extensively used to analyze gene function in 
vivo, spatiotemporal control of Cre activity is a criti-
cal limitation for easy and precise recombination. We 
established photoactivatable-Cre (PA-Cre) knock-in 
mice at safe harbor locus for the spatial and temporal 
regulation of Cre recombinase activity. The mice 
showed Cre recombination activity in a whole-body 
following light exposure for only 1 h. Almost no leaks 
of Cre recombination activity were detected in the 
knock-in mouse under natural light conditions. Spot 
irradiation could induce locus-specific recombination 
noninvasively, enabling us to compare phenotypes 
on the left and right sides in the same mouse. Further-
more, long-term irradiation using an implanted wire-
less LED substantially improved Cre recombination 
activity, especially in the brain. These results demon-
strated that the PA-Cre knock-in mice can facilitate 
spatiotemporal control of genetic engineering and 
promise a useful resource to elucidate gene function 
in vivo with Cre-loxP.
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Animal Husbandry and Housing

The Animal Center building is a centralized facili-
ty designed, constructed and maintained to meet reg-
ulatory standards required for the operation of re-
search animal facilities. We provide barrier housing 
rooms to support the production and use of genetical-
ly-engineered mice, biohazardous experiments area 
and equipment room which has X-ray Irradiator, MRI 
and IVIS imaging system. In 2020, 465 researchers 
from 49 laboratories are engaged in this facility with 
about 15,500 mice.

Techniques of mouse embryo manipulation (Mi-
crobiological cleaning and cryopreservation)

Our Barrie housing rooms are strictly maintained 
in the SPF condition, therefore, we provide IVF mouse 
derivation service for all mice shipped to LARC from 
other institutions or non-approved vendors to keep 
mice in SPF grade. We make frozen embryo for reduc-
ing number of using animals and laboratory space. In 
addition, it is useful for making back up of the strains. 
In 2020, 47 strains of embryos and 33 strains of sperm 
were stored, and 130 tubes of frozen embryo were 
used for rederivation. 
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The Laboratory Animal Research Center (LARC) was founded in 1965 as the first 
modern animal facility in Japan. Currently about 15,500 mice are housed for 
research of IMSUT, and strictly maintained in the SPF condition. The Animal Center 
building of LARC was improved in 1998 to perform genome engineering in animals, 
to make infectious experiments (P2A, P3A), and to house bigger animals, such as 
rats and rabbits. Techniques of mouse embryo manipulation and generating 
genetically modified mice, including genome editing technologies, have been 
introduced into the LARC.
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Reproduction of squirrel monkeys and owl mon-
keys

The squirrel monkey (Saimiri boliviensis) and the 
owl monkey (Aotus lemurinus griseimenbra) are widely 
distributed in the tropical rainforest in Central and 
South America. The advantage of using both species 
for medical researches resides in its small size and 
gentle behavior. Squirrel monkeys and owl monkeys 
are phylogenetically close to each other, and both are 
very famous as the best of malaria model in primates. 
In this laboratory, squirrel monkeys have a breeding 
season between winter and early spring. They are po-
lygamy. Their puberty is 3-4 years old in females and 
4-5 years old in males. Their gestation period is about 
150 days. In contrast, owl monkeys are annual breed-
ing animals. They are monogamy. Their puberty is 3 
years old for both sex. Their gestation period is about 
130 days. Four newborns were given in reproductive 
groups of squirrel monkeys in 2020, and two of them 
were nursed by laboratory staffs due to neglect from 
their mothers. On the other hand, owl monkeys have 
become male-only colonies, and breeding has stopped 

at present. 

Research using non-human primates

Our laboratory is the unique International Joint 
Usage and Research Center capable of conducting in-
fection experiment using squirrel monkeys, owl mon-
keys, and cynomolgus monkeys. Until two years ago, 
our facility had equipped BSL3 animal experimental 
rooms for monkeys, but we shut down these rooms 
due to aging equipments and buildings. Instead, we 
are currently renovating animal experimental rooms 
up to BSL2, which specializes in conducting infection 
experiments in small monkeys. We are working with 
collaborators from several institutions to develop an 
experimental squirrel monkey infection model to as-
sess the anti-malarial activity of new compounds and 
vaccines. In 2020, during unstable social situation 
continued under COVID19 epidemic, we focused on 
in vitro experiments which we were able to conduct, 
and succeeded in producing two experimental strains 
of Plasmodium falciparum (NF54 and IC1) adapted to 
squirrel monkey erythrocytes. 

Publications

横田伸一. 獣医学における時間栄養学. 時間栄養学. 化
学同人. pp.182, 2020.

Amami Laboratory of Injurious Animals
奄美病害動物研究施設

Professor Tomoji Mashimo, Ph.D.
Project Assistant Professor Shin-Ichi Yokota, D.V.M., Ph.D.

教　授　　博士（人間・環境学）　真　下　知　士
特任助教　博士（人間科学）　　　横　田　伸　一

The Amami Laboratory of Injurious Animals (since 1970) has a long history 
originating from the branch office of the Institute for Infectious Disease which was 
established in 1902. We have made great achievements in filariasis eradication 
from this island and prevention of Habu bites. Currently, we are maintaining the 
colonies of New World monkeys, and aiming to overcome endemic infectious 
diseases in the tropical and subtropical regions through infection experiments using 
primates.
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<Group I>
1.  High-resolution proteomic analysis of EGF-reg-

ulated ubiquitination dynamics in human can-
cer cells

Hiroko Kozuka-Hata, Tomoko Hiroki, Aya Kitamu-
ra, Aiko Aizawa, Naoaki Miyamura, Kouhei Tsumo-
to, Jun-ichiro Inoue and Masaaki Oyama.

Protein ubiquitination is one of the most prevalent 
post-translational modifications (PTMs) and plays 
critical roles in regulating protein degradation, signal 
transduction and DNA repair in cooperation with 
other PTMs such as phosphorylation and acetylation. 
Recent mass spectrometry-based proteomics coupled 
with efficient enrichment technologies for each type 
of the modified peptides has enabled us to identify 
precise modification sites and measure their quantita-
tive changes on a global scale. Our previous ly-
sine-modification proteomic analyses of thirteen rep-
resentative human cancer cell lines led us to identify 
thousands of ubiquitination (Ub) and acetylation (Ac) 
sites in total and revealed that their system-wide 
modification status was mutually different at the cel-
lular network level. In this study, we further applied 

SILAC (Stable Isotope Labeling by Amino acids in 
Cell culture) for quantitative description of EGF-de-
pendent lysine-modification site dynamics in HeLa 
cells in a time-resolved manner. Through integration 
of large-scale SILAC-encoded data on six time points 
upon EGF stimulation, we successfully quantified ap-
proximately 1,000 kinds of Ub-sites as well as 700 
kinds of Ac-sites and found that one-third of these 
Ub-modified molecules, including several EGF signa-
ling effectors, were subjected to downregulation by 
proteasomal inhibition.

2.  Proteome-wide analysis of lysine acetylation 
and ubiquitination reveals critical signaling 
regulation in cancer cells

Hiroko Kozuka-Hata, Aya Kitamura, Tomoko Hi-
roki, Aiko Aizawa, Kouhei Tsumoto, Jun-ichiro In-
oue and Masaaki Oyama.

Post-translational modifications (PTMs), such as 
phosphorylation, ubiquitination and acetylation, are 
known to be widely involved in the regulation of var-
ious biological processes through extensive diversifi-
cation of each protein function at the cellular network 

Medical Proteomics Laboratory
疾患プロテオミクスラボラトリー

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Professor Kouhei Tsumoto, Ph.D.
Associate Professor Masaaki Oyama, Ph.D.
Senior Assistant Professor Daisuke Kuroda, Ph.D.
Senior Assistant Professor Makoto Nakakido, Ph.D.
Project Assistant Professor Hiroshi Sagara, Ph.D.

教　授　　博士（医学）　　　武　川　睦　寛
教　授　　博士（工学）　　　津　本　浩　平
准教授　　博士（医学）　　　尾　山　大　明
講　師　　博士（理学）　　　黒　田　大　祐
（大学院工学系研究科）
講　師　　博士（生命科学）　中木戸　　　誠
（大学院工学系研究科）
特任助教　博士（医学）　　　相　良　　　洋

The mission of our laboratory is to develop advanced technologies for integrative 
proteomic analyses from a physicochemical, structural and systems biology point of 
view. Currently, we mainly focus on functional protein-protein interaction networks 
related to a variety of diseases including cancer and infection. We are also 
engaged in collaborative researches regarding mass spectrometry and electron 
microscopy, which have made a substantial contribution to many scientific 
achievements.
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level. Previous functional analyses of cancer cell sign-
aling under a variety of experimental conditions re-
vealed many of the key molecules and their associat-
ed protein modifications in relation to each type of 
cancer. In order to systematically discover critical 
modulators from diversified signaling molecules, we 
have developed a high-resolution mass spectrome-
try-based proteomics platform for integrative identi-
fication and quantification of multiple post-transla-
tional modifications from various types of cancer 
cells. Our large-scale proteomic analysis enabled us to 
identify more than 5,000 kinds of ubiquitinated sites 
and 1,600 kinds of acetylated sites from representa-
tive human cancer cell lines, leading to identification 
of approximately 900 novel lysine modification sites 
in total. Very interestingly, 236 lysine residues de-
rived from 141 proteins were found to be modified 
with both ubiquitination and acetylation. As a conse-
quence of the subsequent motif extraction analyses, 
glutamic acid (E) was found to be highly enriched at 
the position (-1) for the lysine acetylation sites, where-
as the same amino acid was relatively dispersed along 
the neighboring residues of the lysine ubiquitination 
sites.

3.  System-wide perturbation of the proteome and 
phosphoproteome dynamics in glioblastoma 
stem cells through mTOR signaling inihibition

Hiroko Kozuka-Hata, Tomoko Hiroki, Ryo Koyama-
Nasu1, Kouhei Tsumoto, Jun-ichiro Inoue, Tetsu 
Akiyama1 and Masaaki Oyama; 1Laboratory of Mo-
lecular and Genetic Information, Institute for Quan-
titative Biosciences, The University of Tokyo

As glioblastoma is the most common and aggres-
sive brain tumor with poor prognosis, systematic elu-
cidation of signaling networks causally linked to the 
tumorigenesis is very crucial for developing more ef-
fective treatments for this intractable cancer. In our 
previous study, we applied a high-resolution mass 
spectrometry-based proteomics technology in combi-
nation with SILAC quantitative methods to under-
stand EGF-dependent phosphoproteome dynamics 
in patient-derived glioblastoma stem cells. We 
demonstrated that the phosphorylation levels of the 
representative mTOR signaling molecules such as 
RPS6 and PRAS40 were dramatically up-regulated 
upon EGF stimulation. As EGFR signaling has been 
reported to play a pivotal role in regulating the main-
tenance of cancer stem cells, we next carried out 
mTOR inhibitor-dependent signaling perturbations 
to unravel stemness-related pathways at the network 
level.

In the present study, we identified a total of 3,726 
proteins including 49 up-regulated and 436 down-reg-
ulated factors by Torin 1 treatment. Interestingly, we 
found that one of the well-known cancer stem cell 
markers was significantly down-regulated through 

mTOR signaling inhibition. Our in-depth phosphop-
roteome analysis also led to identification of 6,250 
unique phosphopeptides derived from 2,221 proteins 
and unveiled a variety of dynamic changes regarding 
phosphorylation levels of cancer and neural stem cell 
markers in a comprehensive manner. The integrative 
view of the mTOR inhibitor-dependent proteome and 
phosphoproteome dynamics in glioblastoma stem 
cells presents us with further prospects towards un-
derstanding previously unrecognized regulations at 
the system level.

4.  System-level analysis of CagA-dependent sig-
naling network dynamics by Helicobacter py-
lori infection

Hiroko Kozuka-Hata, Masato Suzuki2, Kotaro 
Kiga2, Shinya Tasaki, Jun-ichiro Inoue, Tadashi 
Yamamoto3, Chihiro Sasakawa2 and Masaaki 
Oyama: 2Division of Bacterial Infection, Depart-
ment of Microbiology and Immunology, IMSUT, 
3Division of Oncology, Department of Cancer Biolo-
gy, IMSUT

The signal transduction system within a cell regu-
lates complex biological events in response to bacteri-
al infection. The previous analyses of cell signaling in 
Helicobacter pylori-infected gastric epithelial cells 
have revealed that CagA, a major virulence factor of 
Helicobacter pylori, is delivered into cells via the type 
IV secretion system and perturbs signaling networks 
through the interaction with the key signaling mole-
cules such as SHP-2, Grb2, Crk/Crk-L, Csk, Met, and 
ZO-1. Although the biological activity of tyros-
ine-phosphorylated CagA has intensively been stud-
ied, system-wide effects of the virulence factor on cel-
lular signaling have yet to be analyzed. Here we 
performed time-resolved analyses of phosphopro-
teome and CagA-interactome in human gastric AGS 
cells by CagA-positive/negative Helicobacter pylori 
infection. Our highly sensitive nanoLC-MS/MS analy-
ses in combination with the Stable Isotope Labeling 
by Amino acids in Cell culture (SILAC) technology 
defined CagA-dependent perturbation of signaling 
dynamics along with a subset of CagA-associated 
possible modulators on a network-wide scale. Our re-
sult indicated that the activation level of the phospho-
tyrosine-related signaling molecules in AGS cells was 
suppressed overall in the presence of CagA during 
Helicobacter pylori infection. As Helicobacter pylori 
infection plays pivotal roles in the progression of gas-
tric diseases including carcinogenesis, a comprehen-
sive and fine description of the signaling dynamics 
would serve as a fundamental platform to theoretical-
ly explore for the potential drug targets through ana-
lyzing the regulatory mechanisms at the system-level.
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5.  Mass spectrometry-based annotation of the 
human short ORFeome

Masaaki Oyama, Hiroko Kozuka-Hata, Sumio Sug-
ano4, Tadashi Yamamoto3 and Jun-ichiro Inoue: 4De-
partment of Computational Biology and Medical 
Sciences, Graduate School of Frontier Sciences, The 
University of Tokyo

In parallel with the human genome projects, hu-
man full-length cDNA data has also been intensively 
accumulated. Large-scale analysis of their 5’-UTRs re-
vealed that about half of these had a short ORF up-
stream of the coding region. Experimental verifica-
tion as to whether such upstream ORFs are translated 
is essential to reconsider the generality of the classical 
scanning mechanism for initiation of translation and 
define the real outline of the human proteome. Our 
previous proteomics analysis of small proteins ex-
pressed in human K562 cells provided the first direct 
evidence of translation of upstream ORFs in human 
full-length cDNAs (Oyama et al., Genome Res, 14: 
2048-2052, 2004). In order to grasp an expanded land-
scape of the human short ORFeome, we have per-
formed an in-depth proteomics analysis of human 
K562 and HEK293 cells using a two-dimensional na-
noLC-MS/MS system. The results led to the identifica-
tion of eight protein-coding regions besides 197 small 
proteins with a theoretical mass less than 20 kDa that 
were already annotated coding sequences in the cu-
rated mRNA database. In addition to the upstream 
ORFs in the presumed 5’-untranslated regions of mR-
NAs, bioinformatics analysis based on accumulated 
5’-end cDNA sequence data provided evidence of 
novel short coding regions that were likely to be 
translated from the upstream non-AUG start site or 
from the new short transcript variants generated by 
utilization of downstream alternative promoters. Pro-
tein expression analysis of the GRINL1A gene re-
vealed that translation from the most upstream start 
site occurred on the minor alternative splicing tran-
script, whereas this initiation site was not utilized on 
the major mRNA, resulting in translation of the 
downstream ORF from the second initiation codon. 
These findings reveal a novel post-transcriptional sys-
tem that can augment the human proteome via the 
alternative use of diverse translation start sites cou-
pled with transcriptional regulation through alterna-
tive promoters or splicing, leading to increased com-
plexity of short protein-coding regions defined by the 
human transcriptome (Oyama et al., Mol Cell Pro-
teomics, 6: 1000-1006, 2007).

6.  Shotgun proteomics deciphered age/division 
of labor-related functional specification of 
three honeybee (Apis mellifera L.) exocrine 
glands

Toshiyuki Fujita5, Hiroko Kozuka-Hata, Yutaro 

Hori5, Jun Takeuchi5, Takeo Kubo5, and Masaaki 
Oyama: 5Department of Biological Sciences, Gradu-
ate School of Science, The University of Tokyo

The honeybee (Apis mellifera L.) uses various 
chemical signals produced by the worker exocrine 
glands to maintain the functioning of its colony. The 
roles of worker postcerebral glands (PcGs), thoracic 
glands (TGs), and mandibular glands (MGs) and the 
functional changes they undergo according to the di-
vision of labor from nursing to foraging are not as 
well studied. To comprehensively characterize the 
molecular roles of these glands in workers and their 
changes according to the division of labor of workers, 
we analyzed the proteomes of PcGs, TGs, and MGs 
from nurse bees and foragers using shotgun proteom-
ics technology. We identified approximately 2000 
proteins from each of the nurse bee or forager glands 
and highlighted the features of these glands at the 
molecular level by semiquantitative enrichment anal-
yses of frequently detected, gland-selective, and la-
bor-selective proteins. First, we found the high poten-
tial to produce lipids in PcGs and MGs, suggesting 
their relation to pheromone production. Second, we 
also found the proton pumps abundant in TGs and 
propose some transporters possibly related to the sa-
liva production. Finally, our data unveiled candidate 
enzymes involved in labor-dependent acid produc-
tion in MGs.

<Group II>
Biomolecular recognition is based on collective 

and specific non-covalent interactions between dis-
crete biological molecules. Our laboratory studies a 
variety of protein systems, for instance antibody-anti-
gen and protein-ligand complexes, to understand 
quantitatively how these coordinated non-covalent 
interactions contribute to their specific recognition in 
biological and artificial systems. We seek to elucidate 
the molecular mechanisms by which biological mole-
cules obtain high-specificity and affinity from multi-
ple angles using advanced instrumentation. To pro-
duce functional molecules with higher performance 
and better properties, we aim to build a solid founda-
tion from which to develop drugs that modulate spe-
cific interactions between biomolecules, and ultimate-
ly to understand the principles of molecular 
interactions in our lives.

1.  Two Secreted Proteoglycans, Activators of 
Urothelial Cell-Cell Adhesion, Negatively Con-
tribute to Bladder Cancer Initiation and Pro-
gression

Papadaki V, Asada K, Watson JK, Tamura T, Leung 
A, Hopkins J, Dellett M, Sasai N, Davaapil H, 
Nik-Zainal S, Longbottom R, Nakakido M, Torii R, 
Veerakumarasivam A, Kaneko S, Sagoo MS, Mur-
phy G, Mitani A, Tsumoto K, Kelly JD, Hamamoto 
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R and Ohnuma SI.

Osteomodulin (OMD) and proline/arginine-rich 
end leucine repeat protein (PRELP) are secreted ex-
tracellular matrix proteins belonging to the small leu-
cine-rich proteoglycans family. This study found that 
OMD and PRELP were specifically expressed in um-
brella cells in bladder epithelia, and their expression 
levels were dramatically downregulated in all blad-
der cancers from very early stages and various epithe-
lial cancers. The overexpression of OMD in bladder 
cancer cells strongly inhibited the anchorage-inde-
pendent growth and tumorigenicity in mouse xeno-
graft studies. On the other hand, we found that in the 
bladder epithelia, the knockout mice of OMD and/or 
PRELP gene caused partial EMT and a loss of tight 
junctions of the umbrella cells and resulted in forma-
tion of a bladder carcinoma in situ-like structure by 
spontaneous breakdowns of the umbrella cell layer. 
These data indicate that OMD and PRELP are endog-
enous inhibitors of cancer initiation and progression 
by controlling EMT. OMD and/or PRELP may have 
potential for the treatment of bladder cancer.

2.  Structural Basis for the Binding Mechanism of 
Human Serum Albumin Complexed with Cyclic 
Peptide Dalbavancin

Ito S, Senoo A, Nagatoishi S, Ohue M, Yamamoto M, 
Tsumoto K and Wakui N.

This study presents the crystal structure of HSA 
complexed with dalbavancin, a clinically used cyclic 
peptide. Small-angle X-ray scattering and isothermal 
titration calorimetry experiments showed that the 
HSA-dalbavancin complex exists in a monomeric 
state; dalbavancin is only bound to the subdomain IA 
of HSA in solution. Structural analysis and MD simu-
lation revealed that the swing of Phe70 and move-
ment of the helix near dalbavancin were necessary for 
binding. The flip of Leu251 promoted the formation 
of the binding pocket with an induced-fit mechanism; 
moreover, the movement of the loop region including 
Glu60 increased the number of noncovalent interac-
tions with HSA. These findings may support the de-
velopment of new cyclic peptides for clinical use, par-
ticularly the elucidation of their binding mechanism 
to HSA.

3.  Highly sensitive HPLC analysis and biophysi-
cal characterization of N-glycans of IgG-Fc do-
main in comparison between CHO and 293 
cells using FcγRIIIa ligand

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Tanaka T, Terao Y, Oe S, Ide T and Tsumoto K.

The regulation of the N-glycans of IgG-Fc domain 
is one of the key factors to maintain the safety and 

efficacy of antibody drugs. We used the mutant FcγRI-
IIa, which is produced in Escherichia coli and is there-
fore not glycosylated, as an affinity reagent to analyze 
the N-glycans of monoclonal antibodies expressed in 
Expi293 and ExpiCHO cells. The monoclonal anti-
bodies expressed in these cells showed very different 
chromatograms, because of differences in terminal 
galactose residues on the IgG-Fc domains. We also 
carried out kinetic and thermodynamic analyses to 
understand the interaction between monoclonal anti-
bodies and the mutant FcγRIIIa. Expi293 cell-derived 
monoclonal antibodies had higher affinity for the mu-
tant FcγRIIIa than those derived from ExpiCHO cells, 
due to slower off rates and lower binding entropy 
loss. Collectively, our results suggest that the FcγRIIIa 
column can be used to analyze the glycosylation of 
antibodies rapidly and specifically.

4.  Structure-based design and discovery of novel 
anti-tissue factor antibodies with cooperative 
double-point mutations, using interaction 
analysis

Chiba S, Tanabe A, Nakakido M, Okuno Y, Tsumoto 
K and Ohta M.

The generation of a wide range of candidate anti-
bodies is important for the successful development of 
drugs that simultaneously satisfy multiple require-
ments. To find cooperative mutations and increase 
the diversity of mutants, an in silico double-point mu-
tation approach, in which 3D models of all possible 
double-point mutant/antigen complexes are con-
structed and evaluated using interaction analysis, 
was developed. Starting from an antibody with very 
high affinity, four double-point mutants were de-
signed in silico. Two of the double-point mutants ex-
hibited improved affinity or affinity comparable to 
that of the starting antibody. The successful identifi-
cation of two active double-point mutants showed 
that a cooperative mutation could be found by utiliz-
ing information regarding the interactions. The indi-
vidual single-point mutants of the two active dou-
ble-point mutants showed decreased affinity or no 
expression. These results suggested that the two ac-
tive double-point mutants cannot be obtained through 
the usual approach i.e. a combination of improved 
single-point mutants. In addition, a triple-point mu-
tant, which combines the distantly located active dou-
ble-point mutation and an active single-point muta-
tion collaterally obtained in the process of the 
double-point mutation strategy, was designed. The 
triple-point mutant showed improved affinity. This 
finding suggested that the effects of distantly located 
mutations are independent and additive. The dou-
ble-point mutation approach using the interaction 
analysis of 3D structures expands the design reper-
toire for mutants, and hopefully paves a way for the 
identification of cooperative multiple-point muta-
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tions.

5.  Unique Electronic Structures of the Highly Ruf-
fled Hemes in Heme-Degrading Enzymes of 
Staphylococcus aureus, IsdG and IsdI, by Res-
onance Raman and Electron Paramagnetic 
Resonance Spectroscopies

Takahashi S, Nambu S, Matsui T, Fujii H, Ishikawa 
H, Mizutani Y, Tsumoto K and Ikeda-Saito M.

Staphylococcus aureus uses IsdG and IsdI to con-
vert heme into a mixture of staphylobilin isomers, 
15-oxo-β-bilirubin and 5-oxo-δ-bilirubin, formalde-
hyde, and iron. The highly ruffled heme found in the 
heme-IsdI and IsdG complexes has been proposed to 
be responsible for the unique heme degradation prod-
ucts. We employed resonance Raman (RR) and elec-
tron paramagnetic resonance (EPR) spectroscopies to 
examine the coordination and electronic structures of 
heme bound to IsdG and IsdI. Heme complexed to 
IsdG and IsdI is coordinated by a neutral histidine. 
The trans ligand is hydroxide in the ferric alkaline 
form of both proteins. In the ferric neutral form at pH 
6.0, heme is six-coordinated with water as the sixth 
ligand for IsdG and is in the mixture of the five-coor-
dinated and six-coordinated species for IsdI. In the 
ferrous CO-bound form, CO is strongly hydrogen 
bonded with a distal residue. The marker lines, ν2 
and ν3, appear at frequencies that are distinct from 
other proteins having planar hemes. The EPR spectra 
for the ferric hydroxide and cyanide states might be 
explained by assuming the thermal mixing of the 
d-electron configurations, (dxy)2(dxz,dyz)3 and (dx-
z,dyz)4(dxy)1. The fraction for the latter becomes 
larger for the ferric cyanide form. In the ferric neutral 
state at pH 6.0, the quantum mechanical mixing of the 
high and intermediate spin configurations might ex-
plain the peculiar frequencies of ν2 and ν3 in the RR 
spectra. The heme ruffling imposed by IsdG and IsdI 
gives rise to unique electronic structures of heme, 
which are expected to modulate the first and subse-
quent steps of the heme oxygenation.

6.  Polymeric Nanocarriers with Controlled Chain 
Flexibility Boost mRNA Delivery In Vivo 
through Enhanced Structural Fastening

Miyazaki T, Uchida S, Nagatoishi S, Koji K, Hong T, 
Fukushima S, Tsumoto K, Ishihara K, Kataoka K 
and Cabral H.

Nanocarriers loading mRNA via polyion compl-
exation with block catiomers into core-shell micellar 
structures are promising systems for enhancing 
mRNA delivery. Engineering the interaction between 
mRNA and catiomers through polymer design can 
promote the development of mRNA-loaded micelles 
(mRNA/m) with increased delivery efficiency. Par-

ticularly, the polycation chain rigidity may critically 
affect the mRNA-catiomer interplay to yield potent 
poly(glycidylbutylamine) (PEG-PGBA) and PEG-
poly(L-lysine) (PEG-PLL) is studied. PEG-PGBA al-
lows more than 50-fold stronger binding to mRNA 
than the relatively more rigid PEG-PLL, resulting in 
mRNA/m with enhanced protection against enzymat-
ic attack and polyanions. mRNA/m from PEG-PGBA 
significantly enhances mRNA in vivo bioavailability 
and increased protein translation, indicating the im-
portance of controlling polycation flexibility for form-
ing stable polyion complexes with mRNA toward im-
proved delivery.

7.  64Cu-labeled minibody D2101 visualizes 
CDH17-positive gastric cancer xenografts with 
short waiting time

Fujiwara K, Akiba H, Tsuji AB, Sudo H, Sugyo A, 
Nagatsu K, Zhang MR, Iwanari H, Kusano-Arai O, 
Kudo S, Kikuchi C, Tsumoto K, Momose T, Ham-
akubo T and Higashi T.

We previously reported In-labeled anti-cadher-
in17 (CDH17) IgG visualized CDH17-positive gastric 
cancer xenografts. Unfortunately, a long waiting time 
was required to obtain high-contrast images due to 
long blood retention (blood half-life: 26 h). To acceler-
ate blood clearance, we have developed anti-CDH17 
minibody (D2101 minibody) and evaluated the phar-
macokinetics in gastric cancer mouse models. Cu-
D2101 minibody exhibited higher tumor-to-blood ra-
tios at earlier time points than those of the radiolabeled 
parental IgG. Cu-D2101 minibody has potential as an 
immunoimaging agent for CDH17-positive tumors.

8.  Dual-Sensitive Nanomicelles Enhancing Sys-
temic Delivery of Therapeutically Active Anti-
bodies Specifically into the Brain

Xie J, Gonzalez-Carter D, Tockary TA, Nakamura 
N, Xue Y, Nakakido M, Akiba H, Dirisala A, Liu X, 
Toh K, Yang T, Wang Z, Fukushima S, Li J, Quader 
S, Tsumoto K, Yokota T, Anraku Y and Kataoka K.

Delivering therapeutic antibodies into the brain 
across the blood-brain barrier at a therapeutic level is 
a promising while challenging approach in the treat-
ment of neurological disorders. Here, we present a 
polymeric nanomicelle (PM) system capable of deliv-
ering therapeutically effective levels of 3D6 antibody 
fragments (3D6-Fab) into the brain parenchyma for 
inhibiting Aβ aggregation. PM assembly was achieved 
by charge-converting 3D6-Fab through pH-sensitive 
citraconylation to allow complexation with reduc-
tive-sensitive cationic polymers. Brain targeting was 
achieved by functionalizing the PM surface with glu-
cose molecules to allow interaction with recycling 
glucose transporter (Glut)-1 proteins. Consequently, 
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41-fold enhanced 3D6-Fab accumulation in the brain 
was achieved by using the PM system compared to 
free 3D6-Fab. Furthermore, therapeutic benefits were 
obtained by successfully inhibiting Aβ1-42 aggrega-
tion in Alzheimer’s disease mice systemically treated 
with 3D6-Fab-loaded glucosylated PM. Hence, this 
nanocarrier system represents a promising method 
for effectively delivering functional antibody agents 
into the brain and treating neurological diseases.

9.  Engineering Stability, Viscosity, and Immuno-
genicity of Antibodies by Computational De-
sign

Kuroda D and Tsumoto K.

In recent years, computational methods have gar-
nered much attention in protein engineering. A large 
number of computational methods have been devel-
oped to analyze the sequences and structures of pro-
teins and have been used to predict the various prop-
erties. Antibodies are one of the emergent protein 
therapeutics, and thus, methods to control their phys-
icochemical properties are highly desirable. Howev-
er, despite the tremendous efforts of past decades, 
computational methods to predict the physicochemi-
cal properties of antibodies are still in their infancy. 
Experimental validations are certainly required for 
real-world applications, and the results should be in-
terpreted with caution. Among the various properties 
of antibodies, we focus in this review on stability, vis-
cosity, and immunogenicity, and we present the cur-
rent status of computational methods to engineer 
such properties.

10.   Discovery of chemical probes that suppress 
Wnt/β-catenin signaling through 
high-throughput screening

Yamaguchi K, Nagatoishi S, Tsumoto K and Fu-
rukawa Y.

Aberrant activation of the Wnt/β-catenin signaling 
pathway has been observed in a wide range of human 
tumors. Deregulation of the pathway is closely linked 
to various aspects of human carcinogenesis such as 
cell viability, regulation of cell cycle, epithelial-mes-
enchymal transition, and maintenance of stemness. In 
addition, recent studies have disclosed the involve-
ment of Wnt signaling in immune evasion of tumor 
cells. The accumulation of β-catenin in the nucleus is 
a common feature of cancer cells carrying defects in 
the pathway, which leads to the continuous activation 
of T-cell factor (TCF)/LEF transcription factors. Con-
sequently, a genetic program is switched on, leading 
to the uncontrolled growth, prolonged survival, and 
acquisition of mesenchymal phenotype. As β-catenin/
TCF serves as a signaling hub for the pathway, 
β-catenin/TCF-dependent transcriptional activity is a 

relevant readout of the pathway. To date, a wide vari-
ety of synthetic TCF/LEF reporters has been devel-
oped, and high-throughput screening (HTS) using 
these reporters has made significant contributions to 
the discovery of Wnt inhibitors. Indeed, HTS led to 
the identification of chemical probes targeting porcu-
pine, a membrane bound O-acyltransferase, and 
CREB-binding protein, a transcriptional coactivator. 
This review focuses on various screening strategies 
for the discovery of Wnt inhibitors and their mode of 
action to help the creation of new concepts for assay/
screening methods.

11.   GPC1 specific CAR-T cells eradicate estab-
lished solid tumor without adverse effects 
and synergize with anti-PD-1 Ab

Kato D, Yaguchi T, Iwata T, Katoh Y, Morii K, Tsub-
ota K, Takise Y, Tamiya M, Kamada H, Akiba H, 
Tsumoto K, Serada S, Naka T, Nishimura R, Nak-
agawa T and Kawakami Y.

Current xenogeneic mouse models cannot evalu-
ate on-target off-tumor adverse effect, hindering the 
development of chimeric antigen receptor (CAR) T 
cell therapies for solid tumors, due to limited human/
mouse cross-reactivity of antibodies used in CAR and 
sever graft-versus-host disease induced by adminis-
tered human T cells. We have evaluated safety and 
antitumor efficacy of CAR-T cells targeting glypican-1 
(GPC1) overexpressed in various solid tumors. 
GPC1-specific human and murine CAR-T cells gener-
ated from our original anti-human/mouse GPC1 anti-
body showed strong antitumor effects in xenogeneic 
and syngeneic mouse models, respectively. Impor-
tantly, the murine CAR-T cells enhanced endogenous 
T cell responses against a non-GPC1 tumor antigen 
through the mechanism of antigen-spreading and 
showed synergistic antitumor effects with anti-PD-1 
antibody without any adverse effects in syngeneic 
models. Our study shows the potential of GPC1 as a 
CAR-T cell target for solid tumors and the importance 
of syngeneic and xenogeneic models for evaluating 
their safety and efficacy.

12.   How the protonation state of a phosphorylat-
ed amino acid governs molecular recogni-
tion: insights from classical molecular dy-
namics simulations

Kawade R, Kuroda D and Tsumoto K.

Physicochemical properties of proteins are con-
trolled mainly by post-translational modifications 
such as amino acid phosphorylation. Although mo-
lecular dynamics simulations have been shown to be 
a valuable tool for studying the effects of phosphoryl-
ation on protein structure and dynamics, most of the 
previous studies assumed that the phosphate group 
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was in the unprotonated ( PO2−3PO32- ) state, even 
though the protonation state could in fact vary at 
physiological pH. In this study, we performed molec-
ular dynamics simulations of four different pro-
tein-phosphorylated peptide complexes both in the 
PO2−3PO32- and PO3 H- states. Our simulations de-
lineate different dynamics and energetics between the 
two states, suggesting importance of the protonation 
state of a phosphorylated amino acid in molecular 
recognition.

13.   Methodology for Further Thermostabilization 
of an Intrinsically Thermostable Membrane 
Protein Using Amino Acid Mutations with Its 
Original Function Being Retained

Yasuda S, Akiyama T, Nemoto S, Hayashi T, Ueta T, 
Kojima K, Tsukamoto T, Nagatoishi S, Tsumoto K, 
Sudo Y, Kinoshita M and Murata T.

We develop a new methodology best suited to the 
identification of thermostabilizing mutations for an 
intrinsically stable membrane protein. The recently 
discovered thermophilic rhodopsin, whose apparent 
midpoint temperature of thermal denaturation Tm is 
measured to be ∼91.8 °C, is chosen as a paradigmatic 
target. In the methodology, we first regard the resi-
dues whose side chains are missing in the crystal 
structure of the wild type (WT) as the “residues with 
disordered side chains,” which make no significant 
contributions to the stability, unlike the other essen-
tial residues. We then undertake mutating each of the 
residues with disordered side chains to another resi-
due except Ala and Pro, and the resultant mutant 
structure is constructed by modifying only the local 
structure around the mutated residue. This construc-
tion is based on the postulation that the structure 
formed by the other essential residues, which is near-
ly optimized in such a highly stable protein, should 
not be modified. The stability changes arising from 
the mutations are then evaluated using our phys-
ics-based free-energy function (FEF). We choose the 
mutations for which the FEF is much lower than for 
the WT and test them by experiments. We successful-
ly find three mutants that are significantly more sta-
ble than the WT. A double mutant whose Tm reaches 
∼100 °C is also discovered.

14.   System-Wide Analysis of Protein Acetylation 
and Ubiquitination Reveals a Diversified Reg-
ulation in Human Cancer Cells 

Kozuka-Hata H, Kitamura A, Hiroki T, Aizawa A, 
Tsumoto K, Inoue JI and Oyama M.

Post-translational modifications are known to be 
widely involved in the regulation of various biologi-
cal processes, through the extensive diversification of 
each protein function at the cellular network level. In 

order to unveil the system-wide function of the pro-
tein lysine modification in cancer cell signaling, we 
performed global acetylation and ubiquitination pro-
teome analyses of human cancer cells, based on 
high-resolution nanoflow liquid chromatogra-
phy-tandem mass spectrometry, in combination with 
the efficient biochemical enrichment of target modi-
fied peptides. Our large-scale proteomic analysis ena-
bled us to identify more than 5000 kinds of ubiquiti-
nated sites and 1600 kinds of acetylated sites, from 
representative human cancer cell lines, leading to the 
identification of approximately 900 novel lysine mod-
ification sites in total. Very interestingly, 236 lysine 
residues derived from 141 proteins were found to be 
modified with both ubiquitination and acetylation. 
As a consequence of the subsequent motif extraction 
analyses, glutamic acid (E) was found to be highly en-
riched at the position (-1) for the lysine acetylation 
sites, whereas the same amino acid was relatively dis-
persed along the neighboring residues of the lysine 
ubiquitination sites. Our pathway analysis also indi-
cated that the protein translational control pathways, 
such as the eukaryotic initiation factor 2 (EIF2) and 
the ubiquitin signaling pathways, were highly en-
riched in both of the acetylation and ubiquitination 
proteome data at the network level. This report pro-
vides the first integrative description of the protein 
acetylation and ubiquitination-oriented systematic 
regulation in human cancer cells.

15.   Per-Residue Program of Multiple Backbone 
Dihedral Angles of β-Peptoids viaBackbone 
Substitutions

Morimoto J, Kim J, Kuroda D, Nagatoishi S, Tsu-
moto K and Sando S.

Unique folded structures of natural and synthetic 
oligomers are the most fundamental basis for their 
unique functions. N-Substituted β-peptides, or 
β-peptoids, are synthetic oligomers with great poten-
tial to fold into diverse three-dimensional structures 
because of the existence of four rotatable bonds in a 
monomer with highly modular synthetic accessibili-
ty. However, the existence of the four rotatable bonds 
poses a challenge for conformational control of 
β-peptoids. Here, we report a strategy for per-residue 
programming of two dihedral angles of β-peptoids, 
which is useful for restricting the conformational 
space of the oligomers. The oligomer was found to 
form a unique loop conformation that is stabilized by 
the backbone rotational restrictions. Circular dichro-
ism and NMR spectroscopic analyses and X-ray crys-
tallographic analysis of the oligomer are presented. 
The strategy would significantly facilitate the discov-
ery of many more unique folded structures of 
β-peptoids.
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16.   111 In-labeled anti-cadherin17 antibody 
D2101 has potential as a noninvasive imaging 
probe for diagnosing gastric cancer and 
lymph-node metastasis

Fujiwara K, Tsuji AB, Sudo H, Sugyo A, Akiba H, 
Iwanari H, Kusano-Arai O, Tsumoto K, Momose T, 
Hamakubo T and Higashi T.

Cadherin-17 (CDH17) is a transmembrane protein 
that mediates cell-cell adhesion and is frequently ex-
pressed in adenocarcinomas, including gastric can-
cer. CDH17 may be an effective diagnostic marker for 
the staging of gastric cancer. Here, we developed an 
111In-labeled anti-CDH17 monoclonal antibody 
(Mab) as an imaging tracer and performed biodistri-
bution and single-photon emission computed tomog-
raphy (SPECT)/computed tomography (CT) imaging 
studies using mice with CDH17-positive gastric can-
cer xenografts. Our 111In-anti-CDH17 Mab D2101 de-
picted CDH17-positive gastric cancer xenografts in 
vivo and has the potential to be an imaging probe for 
the diagnosis of primary lesions and lymph-node me-
tastasis in gastric cancer.

17.   Technical Capabilities and Limitations of Op-
tical Spectroscopy and Calorimetry Using 
Water-Miscible Solvents: The Case of Dime-
thyl Sulfoxide, Acetonitrile, and 1,4-Dioxane.

Hirano A, Nagatoishi S, Wada M, Tsumoto K, Maluf 
KN and Arakawa T.

In drug development, water-miscible solvents are 
commonly used to dissolve drug substances. Typical 
routine procedures in drug development include di-
lution of the stock drug solution into an aqueous solu-
tion containing target macromolecules for drug bind-
ing assays. However, water-miscible solvents impose 
some technical limitations on the assays on account of 
their light absorption and heat capacity. Here, we ex-
amined the effects of the dilution of 3 water-miscible 
solvents, that is, dimethyl sulfoxide, acetonitrile, and 
1,4-dioxane, on the baseline stability and signal/noise 
ratio in circular dichroism spectroscopy, isothermal 
titration calorimetry, and differential scanning calo-
rimetry. Dimethyl sulfoxide and 1,4-dioxane affect 
the signal/noise ratio of circular dichroism spectra at 
typically used concentrations due to their light ab-
sorbance. The water-miscible solvents generate inter-
fering signals in the isothermal titration calorimetry 
due to their mixing heat. They show negative or posi-
tive slope in the differential scanning calorimetry. 
Such interfering effects of the solvents are reduced by 
appropriate dilution according to the analytical tech-
niques. Because the water-miscible solvents have sol-
ubilization capacity for alkyl chain moieties and aro-
matic moieties of chemicals, drug substances 
containing these moieties can be dissolved into the 

solvents and then subjected to the analyses to exam-
ine their interactions with target proteins after appro-
priate dilution of the drug solutions.

18.   Generation of biparatopic antibody through 
two-step targeting of fragment antibodies on 
antigen using SpyTag and SpyCatcher

Akiba H, Takayanagi K, Kusano-Arai O, Iwanari H, 
Hamakubo T and Tsumoto K.

Biparatopic fragment antibodies can overcome de-
ficiencies in avidity of conventional antibody frag-
ments. Here, we describe a technology for generating 
biparatopic antibodies through two-step targeting 
using a pair of polypeptides, SpyTag and SpyCatcher, 
that spontaneously react to form a covalent bond be-
tween antibody fragments. In this method, two anti-
body fragments, each targeting different epitopes of 
the antigen, are fused to SpyTag and to SpyCatcher. 
When the two polypeptides are serially added to the 
antigen, their proximity on the antigen results in co-
valent bond formation and generation of a biparatop-
ic antibody. We validated the system with purified 
recombinant antigen. Results in antigen-overexpress-
ing cells were promising although further optimiza-
tion will be required. Because this strategy results in 
high-affinity targeting with a bipartite molecule that 
has considerably lower molecular weight than an an-
tibody, this technology is potentially useful for di-
verse applications.

<Group III>
1.  Development of new methods for analyzing 

neural circuits in the retina

Neural circuits in the central nervous system are 
the basis of various higher-order brain functions. It is 
also true in case of retina. In the retina, six main class-
es of neural cells connect systematically to make up 
complex neural circuits. Characteristics of the retinal 
neural cell functions have been examined mainly by 
the electrophysiological methods and models of cell 
connectivity have been proposed. Morphological 
studies of the actual neural connection, which consti-
tute the physiological properties of retinal neurons, 
have been desired. Until recently the only method to 
reveal the connectivity of actual neural cells morpho-
logically was to collect ultrathin serial sections and 
observe them in transmission electron microscope 
(TEM). But the technical difficulties discouraged us 
from such a troublesome procedure. Recent progress 
in scanning electron microscope (SEM) equipment al-
lowed us to develop a new method to observe ul-
trathin TEM sections in SEM (thin section scanning 
electron microscopy: TSSEM). To observe thin TEM 
sections, we have developed new sample staining 
methods to enhance electron contrast. To collect huge 
number of serial sections stably and efficiently, we 
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have been developing new equipment and tech-
niques. By using this equipment, it became possible to 
cut more than 1000 serial sections of less than 30 nm 
thickness much easier. We have analyzed about 500 
serial thin sections of zebrafish retinal outer plexiform 
layer by this method and succeeded in tracing thin 
processes of bipolar cells into the photoreceptor ter-
minals. 

Aside from getting 3D information, TSSEM meth-
od provide us precise information of much wider are-
as of thin sections more effectively and more easily. 
Such studies are currently in progress.

2.  Collaborative and supportive works as elec-
tron microscope core-laboratory

This group is also engaged in collaborative re-
searches using electron microscope. We offer sup-
ports for the research projects those need electron mi-
croscopic analysis. The services available in this group 
are the conventional thin section transmission elec-
tron microscopy, immuno-electron microscopy, nega-
tive staining techniques and scanning electron mi-
croscopy. By using these individual technique or 
combination of some of these we can offer direct 
visual evidence that cannot be acquired by other 
methods. This year, 18 projects in 12 laboratories were 
performed as core-laboratory works.

a.  Thin section transmission electron microsco-
py

Thin section transmission electron microscopy is 
the most widely used technique to observe the inner 
structure of cells and tissues. In this method, samples 
are fixed and embedded in epoxy resin, thin sections 
with about 70 nm thickness are cut and observed in 
the electron microscope. In case of immuno-electron 
microscopy, thin sections are obtained by similar pro-
cedure and the antigen epitopes exposed on the sur-
face of the sections are marked by sequential reaction 
with appropriate primary antibodies and colloidal 
gold labeled secondary antibodies. This year, thin sec-
tion electron microscopy combined with immu-
no-electron microscopy were used in many collabora-
tive works. 

a-1. Ultrastructural analysis of entry and assem-
bly of Herpes Simplex Virus

We have been performing several studies with re-
search groups in Dr. Kawaguchi1’s laboratory: 1Divi-
sion of Molecular Virology, Department of Microbiol-
ogy and Immunology, regarding the infection/
replication processes of herpes simplex virus (HSV). 
Thin section electron microscopy has been used to 
analyze the function of viral proteins in trans-nuclear 
membrane processes of the newly formed viruses. By 
analyzing the virus forming processes in some mu-

tant host cells, we could analyze viral proteins as well 
as candidate host molecules those may be involved in 
the trans-nuclear process of the HSV. 

a-2. Roles of membrane lipids in development and 
maintenance of photoreceptor outer-segment

We have been performing several studies also 
with research groups in Dr. Watanabe2’s laboratory: 
2Project Division of Molecular and Developmental Bi-
ology. This year, we analyzed the composition of 
phospholipids in individual cell types in developing 
mouse retina under physiological and pathological 
conditions and checked with electron microscopic 
data. With the combination of cell sorting and mass 
spectrometry analysis, most of phosphatidyl choline 
(PC) and phosphatidyl ethanolamine (PE) in retina 
are included in photoreceptor cells. When compared 
with the electron microscopic data in pathological 
conditions, PC and PE composition are dramatically 
changed before photoreceptor cell degeneration are 
apparent, suggesting that changes in PC and PE com-
position in photoreceptor cells may lead to the photo-
receptor degeneration. (ref. Hamano et al) Another 
project is also running with Dr. Watanabe’s laborato-
ry.

Some other collaborative research works using 
thin section electron microscopy and/or immuno-elec-
tron microscopy were performed with Dr. Noda3, 
3Laboratory of Ultrastructural Virology, Department 
of Virus Research, Institute of Frontier Life and Med-
ical Sciences, Kyoto University, Dr. Sasou4, 4Division 
of Mucosal Immunology, Dr. Eguchi5, (ref. Eguchi et 
al) in 5Division of Genetics, Dr. Nakahara6 (ref. Mochi-
zuki et al) in 6Department of Life Science Dentistry, 
The Nippon Dental University and so on.

b. Negative staining techniques

Negative staining techniques are simple and quick 
method to observe the morphology of the macro-mol-
ecules. This year, negative staining techniques were 
used to analyze exosomes in collaboration with Dr. 
Ishii7 in 7Division of Vaccine Science, Laboratory of 
Adjuvant Innovation. The same techniques are also 
used in the research with Dr. Chou8, in 8Department 
of Research and Development, Life Innovation 
Center, LIFEBANK Japan, Inc. Negative staining 
techniques are also used to visualize virus like parti-
cles in the research with Dr. Kurokawa4 and Dr. 
Yoshida9 in 9Project Division of Advanced Biophar-
maceutical Science.

c. Conventional scanning electron microscopy

Conventional scanning electron microscopy is a 
technique used to examine the surface structure of the 
cells, tissues or other non-biological materials. The 
collaborative works using scanning electron micros-
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copy were done with Dr. Nakamura10, in 10 Division of 
Cell Signaling and Molecular Medicine, concerning 

the morphology of cilia.
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BACKGROUND

China is an important neighbor of Japan, with ge-
opolitical and economic interdependence. And it con-
tains hot spots for emerging and reemerging infec-
tions, as exemplified by the occurrence of SARS 
coronavirus that shocked the world in 2003 and en-
demic avian influenza virus occasionally jumping 
from bird to human. The carrier rate of hepatitis vi-
ruses is very high and HIV infection is rapidly in-
creasing. In the early 2000’s the Institute of Medical 
Science, the University of Tokyo, (IMSUT) was look-
ing for appropriate counterparts in China to strength-
en the studies of emerging and reemerging infections.

IMSUT initially established three collaboration 
sites in fiscal 2005 in China, two in Beijing and one in 
Harbin, and had been conducting China-Japan re-
search collaboration, for two 5-year terms (fiscal 2005-
2010; 2010-2015), supported by the Ministry of Educa-
tion, Culture, Sports, Science and Technology under 
the directorship of Aikichi Iwamoto, former project 
director. IMSUT thus set up a new sustainable system 
that allowed IMSUT scientists to work in China, along 
with Chinese scientists, focusing on the studies of 
emerging and reemerging infections. In 2015 Yasushi 

Kawaguchi succeeded A. Iwamoto as project director 
and launched the project China-Japan Research Collabo-
ration on Defense against Emerging and Reemerging In-
fections, a 5-year J-GRID program of Japan Agency for 
Medical Research and Development (AMED). In 2020 
based on the results of the previous five years, he 
launched another project Studies to Control Emerging, 
Re-emerging and Imported Infectious Diseases to Be Con-
ducted in International Collaboration Sites in China un-
der a 5-year AMED program Japan Program for Infec-
tious Diseases Research and Infrastructure.

In 2005 IMSUT had founded two joint laboratories 
in collaboration with the Institute of Biophysics (IBP) 
and Institute of Microbiology (IM), which belong to 
the Chinese Academy of Sciences (CAS), a large na-
tional institution consisting of more than 100 research 
institutes all over China. IMSUT has dispatched Jin 
Gohda to IM as a principal investigator (PI). Along 
with his Chinese staffs, PI is conducting basic and 
translational studies of HIV, MERS coronavirus, den-
gue virus and SARS-CoV-2. In 2015 IMSUT has set up 
another project laboratory in Tokyo, whose studies 
complement those in Beijing. IMSUT is also conduct-
ing a joint research program on avian influenza virus 
between Yoshihiro Kawaoka at IMSUT and Hualan 
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Chen at the Harbin Veterinary Research Institute 
(HVRI) of Chinese Academy of Agricultural Sciences. 
The activities in Beijing and Harbin are supported by 
Mitsue Hayashi of the Beijing Project Office.

This project, making the most of the opportunity 
of collaboration with the highly advanced Chinese in-
stitution, aims to translate our basic studies into prac-
tical use in future. During the course of the collabora-
tion the project intends to train and educate young 
Chinese and Japanese scientists for the future genera-
tion and hopes to contribute to the friendship be-
tween the two peoples.

PROJECT LABORATORIES AND PROGRAM

Y. Kawaguchi (Director of Research Center for 
Asian Infectious Diseases; Project Director) manages 
the Center and the AMED-supported Project, which 
includes the domestic and overseas laboratories and 
program. He coordinates their activities and decides 
the direction of research. He and his group conduct 
studies of molecular virology and immunology of 
herpes virus in the Research Center for Asian Infec-
tious Diseases.

a.  Project Laboratory at IMSUT and Joint Labora-
tory at IMCAS

Many enveloped viruses, such as HIV-1, flavivi-
rus, herpes simplex virus, and coronavirus, are path-
ogenic and of clinical importance. J. Gohda’s and Y. 
Kawaguchi’s groups are conducting a basic research 
on the development of antiviral therapy for infectious 
diseases caused by enveloped viruses. 

Severe acute respiratory syndrome coronavirus 2 
(SRAS-CoV-2) is the causative virus of Coronavirus 
disease 2019 (COVID-19), which has spread world-
wide since the first case was reported in China in De-
cember 2019. The rapid development of antiviral 
drugs and vaccine against SARS-CoV-2 infection is 
needed for bringing an ongoing pandemic of COV-
ID-19 to an end. J. Gohda and his group established a 
dual split protein-based fusion assay for SARS-CoV-2 
spike (S) protein to evaluate the antiviral activities of 
compounds and antibodies against SARS-CoV-2. Us-
ing the fusion assay, they found that an existing Japa-
nese pancreatitis drug, nafamostat strongly prevents 
viral entry of SARS-CoV-2 by inhibiting a serine pro-
tease, TMPRSS2, which is crucial for membrane fu-
sion between SARS-CoV-2 and its target cells. Fur-
thermore, the fusion assay for Zika virus envelop (E) 
protein identified that an antimalarial drug, 
atovaquone inhibits E protein-mediated membrane 
fusion. Atovaquone blocked in vitro infection with 
Zika virus as well as dengue viruses, indicating that 
atovaquone is a clinical drug candidate to treat illness 
caused by flavivirus infection. 

J. Gohda and his group are currently trying to 
identify compounds which block the release of HIV-1 

viral particles from infected cells. They established 
the detection system for quantification of HIV-1 viral 
particles by using an HIV-1 vector with HiBiT-se-
quence inserted in a gag gene. In this system, viral 
particles in culture supernatant of infected cells with 
HIV-1 derived from the vector can be easily detected 
and quantified by a NanoLuc assay. They now identi-
fied 14 drugs that probably block the release of viral 
particles, through drug library screening using the 
system. Y. Kawaguchi and his group showed that 
phosphatidylethanolamine (PE) in cell membrane is 
crucial for herpes simplex virus 1 (HSV-1) envelop-
ment in the cytoplasm of infected cells and for viral 
replication and pathogenicity in vivo. Furthermore, 
they also discovered that meclizine, which is an inhib-
itor of a key enzyme for PE biosynthesis, phosphate 
cytidylyltransferase 2, ethanolamine (Pcyt2), dramat-
ically reduced HSV-1 replication and pathogenicity in 
mice. These suggest not only that PE biosynthesis can 
be a target for the development of novel antiviral 
drugs for HSV-1, but also that an old antihistamine, 
meclizine can be a repositioned drug for HSV-associ-
ated diseases. 

b. Joint Laboratory at IBPCAS

The Joint Laboratory at IBPCAS was closed in 
March 2020. However, the research collaboration and 
academic exchange between IMSUT and IBPCAS is 
still ongoing.

c. Collaborative research program with HVRI

At the end of 2019, a novel coronavirus (severe 
acute respiratory syndrome coronavirus 2; SARS-
CoV-2) was detected in Wuhan, China, that spread 
rapidly around the world, with severe consequences 
for human health and the global economy. In China, 
highly pathogenic avian influenza (HPAI) H5N1 vi-
rus transmitted to humans in 1997; since 2013, low 
pathogenic avian influenza A H7N9 viruses have 
caused sporadic infections in humans; and in 2016, 
HPAI H7N9 viruses emerged raising concerns of a 
pandemic. For these reasons, HVRI (Director, Zhigao 
Bu) has been conducting collaborative research on in-
fluenza virus, SARS-CoV-2, and other emerging vi-
ruses from all over Asia. 

HVRI focuses on avian influenza viruses that are 
circulating in Chinese wild waterfowl, domestic poul-
try, and swine. Specifically, Y. Kawaoka and his group 
study type A influenza viruses and SARS-CoV-2 vi-
ruses with an emphasis on viral pathogenicity in var-
ious hosts, viral evolution, and viral surveillance. 

Their major findings this year include: (1) Pro-
longed treatment of immunocompromised influenza 
patients with viral neuraminidase (NA) inhibitors is 
required, because the immune system of such pa-
tients fails to eradicate the viruses. The Kawaoka 
group attempted to eradicate influenza virus from the 
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respiratory organs of nude mice, which is a model of 
immunocompromised hosts, by using combination 
therapy of the viral polymerase inhibitor favipiravir 
and monoclonal antibodies (mAbs) against the recep-
tor-binding site (RBS) and stem of viral hemaggluti-
nin (HA). Although monotherapy or combination 
therapy with two antivirals suppressed virus replica-
tion, they failed to eradicate viruses from nude mice. 
In contrast, triple combination therapy of favipiravir 
plus anti-Stem and anti-RBS mAbs completely 
blocked virus replication in nude mice, resulting in 
virus clearance. Triple combination approaches 
should be considered for the treatment of human im-
munocompromised patients with severe influenza. 
(2) The Kawaoka group assessed the replicative abili-
ty and pathogenesis of SARS-CoV-2 isolates in Syrian 
hamsters. SARS-CoV-2 isolates replicated efficiently 
in the lungs of hamsters, causing severe pathological 
lung lesions following intranasal infection. SARS-
CoV-2−infected hamsters mounted neutralizing anti-
body responses and were protected against subse-
quent rechallenge with SARS-CoV-2. Moreover, 

passive transfer of convalescent serum to naïve ham-
sters efficiently suppressed the replication of the virus 
in the lungs even when the serum was administrated 
2 days post-infection of the serum-treated hamsters. 
Collectively, these findings demonstrate that this Syr-
ian hamster model will be useful for understanding 
SARS-CoV-2 pathogenesis and testing vaccines and 
antiviral drugs.

IMSUT PROJECT OFFICE

The office (M. Hayashi) supports the activities of 
the joint laboratory in Beijing and the joint research 
program in Harbin. It serves as Secretariat for Steer-
ing Committee Meeting and files MOU and Minutes. 
It helps scientists visiting the joint laboratory/pro-
gram for collaborative research. It has been gathering 
the information about emerging infections in China 
from the Chinese mass media and official announce-
ments, and the gathered information (in Japanese) 
has been presented and updated on the website of the 
Project (http://www.rcaid.jp/).  
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Protein phosphorylation and dephosphorylation 
are among the most important intracellular signaling 
mechanisms, and are mediated, respectively, by pro-
tein kinases and protein phosphatases.  We study var-
ious aspects of cellular signal transduction with a par-
ticular emphasis on the role and regulation of protein 
phosphorylation and dephosphorylation in cellular 
stress responses, using yeast cells.

1.  Osmostress enhances activating phosphoryl-
ation of Hog1 MAP kinase by mono-phospho-
rylated Pbs2 MAP2K

Kazuo Tatebayashi, Katsuyoshi Yamamoto1, Taichi-
ro Tomida2, Akiko Nishimura1, Tomomi Takayama1, 
Masaaki Oyama3, Hiroko Kozuka-Hata3, Satomi 
Adachi-Akahane2, Yuji Tokunaga4, and Haruo Sai-
to1 : 1Division of Molecular Cell Signaling, IMSUT, 
2Department of Physiology, School of Medicine, 
Toho University, 3Medical Proteomics Laboratory, 
IMSUT, 4Molecular Profiling Research Center for 
Drug Discovery, AIST

Signaling by the conserved mitogen-activated 
protein kinase (MAPK) family is a major cellular 
mechanism through which eukaryotic cells respond 
to various extracellular stimuli.  All MAPKs are acti-
vated through a three-tier kinase cascade, composed 

of a MAPK, a MAPK kinase (MAP2K) and a MAPKK 
kinase (MAP3K).  Distinct MAP3Ks activated by a 
specific stimulus phosphorylate and thus activate a 
cognate MAP2K, which then phosphorylates and ac-
tivates a downstream MAPK.  Activated MAPKs reg-
ulate pertinent adaptive responses, such as gene ex-
pression, cell cycle progression, and apoptosis.

MAPK cascades are highly conserved from yeast 
to mammalian species, so much so that the mammali-
an MAPK p38 can functionally complement the yeast 
MAPK Hog1.  A MAPK signal transduction pathway 
commonly comprises, in addition to the core MAPK 
cascade, an upstream transmembrane receptor or 
sensor that detects specific extracellular stimuli, and 
downstream MAPK substrate molecules (effectors) 
both in the cytoplasm and in the nucleus.  Several dif-
ferent MAPK pathways often co-exist within a cell.  In 
yeast, for example, four MAPKs (Slt2/Mpk1, Kss1, 
Fus3, and Hog1) are expressed in a cell.  If inappropri-
ate crosstalk occurred between two MAPK cascades, 
a stimulus aimed at activation of only one of these 
cascades could incite irrelevant or even detrimental 
responses.

Different MAPKs in a species are highly homolo-
gous to each other, and so are MAP2Ks.  Thus, pre-
vention of inappropriate crosstalk between MAPK 
cascades requires elaborate mechanism for any 
MAPK cascade, but its difficulty can be most clearly 
exemplified by the MAPK cascades in yeast, in which 
three different MAPK cascades with different specifi-

Laboratory of Molecular Genetics (Frontier Research Unit)
遺伝子解析施設（フロンティア研究領域）

Professor Yuji Yamanashi, Ph.D.
Associate Professor Kazuo Tatebayashi, Ph.D.

教　授　理学博士　　　山　梨　裕　司
准教授　博士（薬学）　　舘　林　和　夫

The Laboratory of Molecular Genetics was established for developing various 
molecular genetic techniques, spreading them to IMSUT investigators and 
supporting security management related to experiments carried out using 
recombinant DNA technologies.  Since 2017, this laboratory has integrated the 
Frontier Research Unit for supporting selected young investigators to challenge 
new fields of bio-medical sciences.
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cities use the same MAP3K Ste11.  The MAPK Hog1 is 
activated by hyperosmotic stress through the High 
Osmolarity Glycerol (HOG) pathway, and orches-
trates an array of osmoadaptive changes in transcrip-
tion, translation, cell cycle, and metabolism.  The cur-
rent widely held model of the HOG pathway is as 
follows.  The upstream portion of the HOG pathway 
comprises the functionally redundant SHO1 and 
SLN1 branches.  In the SHO1 branch, osmosensing 
complexes composed of Sho1, Opy2, Hkr1, and Msb2 
activate the MAP3K Ste11.  In the SLN1 branch, the 
Sln1-Ypd1-Ssk1 phospho-relay mechanism activates 
the functionally redundant MAP3Ks Ssk2 and Ssk22 
(Ssk2/22).  Activated Ste11 and Ssk2/22 phosphorylate 
the MAP2K Pbs2, and phosphorylated Pbs2 then acti-
vates Hog1.

Two other yeast MAPKs Fus3/Kss1 are activated 
by the mating pheromones through Ste11 and the 
MAP2K Ste7.  Although the mating pheromones acti-
vate Ste11, they do not activate Hog1.  Commonly, the 
absence of pheromone-to-Hog1 crosstalk is explained 
by the pathway insulation model, which posits that a 
scaffold protein holds several components of one 
pathway close together, so that signal flows only 
within that pathway.  To prevent crosstalk, however, 
the scaffold proteins must hold kinases for signifi-
cantly longer than the half-lives of their activities, 
which could be several minutes or longer.  Because 
scaffold complexes are typically not so stable, addi-
tional mechanisms other than scaffolding of signaling 
complexes are likely to be necessary to effectively pre-
vent crosstalk.

This year, we found that mono-phosphorylated 
Pbs2 cannot phosphorylate Hog1 unless the reaction 
between Pbs2 and Hog1 is enhanced by osmostress.  
The lack of the osmotic enhancement of the Pbs2-
Hog1 reaction suppresses Hog1 activation by basal 
MAP3K activities and prevents pheromone-to-Hog1 
crosstalk in the absence of osmostress.  We also found 
that the rapid and transient Hog1 activation kinetics 
at mildly high osmolarities and the slow and pro-
longed activation kinetics at severely high osmolari-

ties are both caused by a common feedback mecha-
nism.

2.  Activating phosphorylation sites of Ser-514 
and Thr-518 in the yeast Pbs2 MAP2K are dif-
ferentially regulated by MAP3Ks and phos-
phatases

Kazuo Tatebayashi

The family of mitogen-activated protein kinases 
(MAPKs) are major intracellular signal transducers in 
eukaryotic cells, and are associated with many hu-
man diseases.  Each MAPK is activated in a three-
tiered kinase cascade composed of a MAPK kinase 
kinase (MAPKKK or MAP3K), a MAPK kinase (MAP-
KK or MAP2K), and a MAPK.  In the canonical model 
of the MAPK cascades, an activated MAP3K activates 
a cognate MAP2K by phosphorylating two conserved 
serine (Ser) and/or threonine (Thr) residues in the 
flexible activation loop of the MAP2K.  In turn, an ac-
tivated MAP2K activates a cognate MAPK by phos-
phorylating the conserved Thr and tyrosine (Tyr) res-
idues in the latter’s activation loop. While it is 
established that MAP3Ks phosphorylates two con-
served sites in MAP2Ks, it is unclear whether phos-
phorylation of both sites is required for MAP2K acti-
vation or whether phosphorylation of only one site is 
sufficient.

This year, we found that the MAP3Ks Ste11 and 
Ssk2/22 differentially phosphorylate Pbs2 in the yeast 
HOG pathway.  Although activated Ste11 and Ssk2/22 
were believed to phosphorylate the MAP2K Pbs2 at 
Ser-514 and Thr-518 (S514 and T518), we showed that 
Ste11 phosphorylates only one activating phospho-
rylation site (T518) in Pbs2, whereas the MAP3Ks 
Ssk2/Ssk22 can phosphorylate both S514 and T518 un-
der optimal osmostress conditions.  In addition, we 
identified a phosphatase that specifically dephospho-
rylates phosphorylated T518, but not phosphorylated 
S514.

Publication

Tatebayashi, K., Yamamoto, K., Tomida, T., Nishimu-
ra, A., Takayama, T., Oyama, M., Kozuka-Hata, H., 
Adachi-Akahane S., Tokunaga Y., and Saito, H. Os-

mostress enhances activating phosphorylation of 
Hog1 MAP kinase by mono-phosphorylated Pbs2 
MAP2K. EMBO J. 39(5):e103444 (2020)
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We are challenging to cure intractable hematological disorders such as leukemia 
and lymphoma with the aid of hematopoietic stem cell transplantation (HSCT). Our 
major stem cell source for recipients without suitable family donors is unrelated 
cord blood, with which no less than 20 adult patients receive cord blood 
transplantation (CBT) annually. Since 1998, we have performed around 400 cases 
of CBT, which appears a distinguished experience in the world. 
Recent advances in identification of tumor-specific therapeutic targets resulted in a 
series of rationally designed therapeutic agents. In the field of hematological 
malignancies, we have already experienced remarkable clinical efficacies of 
molecular targeted drugs including tyrosine kinase inhibitors for Philadelphia-
chromosome positive leukemia, monoclonal antibodies (MAb) for CD20+ B cell 
lymphoma and CCR4+ adult T cell leukemia/lymphoma (ATL), and proteasome 
inhibitors, immunomodulatory drugs for multiple myeloma (MM), respectively. 
Additionally, novel therapeutic modalities including anti-CD319 and anti-CD38 MAb 
are available for MM. We extensively apply these molecular targeted therapies for 
in- and out-patients. Furthermore, our department is one of the hub facilities in 
Japan for clinical practice and clinical research in ATL and Langerhans cell 
histiocytosis (LCH), both of which are rare and intractable tumors.
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1.   Artificial  intelligence  (AI)-guided  precision 
medicine  approach  to  hematological  malig-
nancies. 

Yokoyama K1, Yokoyama N2, 6, Nakamura S3, Ogawa 
M3, Takei T3, Kobayashi M3, Ando S1, Kondo K1, Mi-
zusawa M1, Isobe M1, Tanoue S1, Kawamata T1, Ma-
kiyama J1, Konuma T1, Kato S1, Imai Y1, Takahashi 
S1, 3, Shimizu E4, Yamaguchi R4, Imoto S5, Furukawa 
Y2, 6, Miyano S4, Tojo A1, 3

1 Department of Hematology/Oncology, IMSUT 
Hospital
2 Department of Applied Genomics, IMSUT Hospi-
tal
3 Division of Molecular Therapy
4 Laboratory of Genome Database 
5 Division of Health Medical Data Science 
6 Division of Clinical Genome Research

Next generation sequencing (NGS) of cancer ge-
nome is now becoming prerequisite for accurate diag-
nosis and proper treatment in clinical oncology (Pre-
cision oncology). While the genomic regions for NGS 
expand from a certain set of genes to whole exome or 
whole genome, the resulting sequence data becomes 
incredibly enormous, and then makes it quite labori-
ous to translate the genomic data into medicine, so-
called annotation and curation. We organized a clini-
cal sequencing team and established a bidirectional 
(bed to bench and bench to bed) system to integrate 
clinical and genomic data in blood cancers. We also 
started a collaborative research with IBM Japan to 
adopt artificial or augmented intelligence (AI), Wat-
son for Genomics (WG), to the pipeline of medical in-
formatics. Genomic DNA was prepared from cancer 
cells as well as normal tissues (buccal swab) in each 
patient and subjected to NGS. Sequence data was ana-
lyzed using an in-house semi-automated pipeline in 
combination with WG, which was used to identify 
candidate driver mutations and relevant pathways, 
from which applicable drug information was de-
duced. Until now, we have analyzed more than 400 
patients in total with hematological malignancies in-
cluding AML, MDS, MPN, et al., and could obtain 
many informative findings. Although actionable mu-
tations are quite insufficient for clinical practice main-
ly due to the lack of available molecular-targeted 
agents, our preliminary results indicate that AI can be 
a promising support tool for precision medicine.

2.   High  prevalence  of  left  ventricular  non-com-
paction and its impact on chemotherapy-relat-
ed cardiac dysfunction in patients with hema-
tological diseases 

Hirano M1, 2, Kimura K3, 4, 5, Ishigaki T3, Nojima M6, 
Daimon M5, 7, Morita H5, Takenaka K7, Xu B5, Sawa-
da N5, Hirokawa M5, Komuro I5, Morisaki T4, Yot-
suyanagi H4, Kawamata T1, 2, Yokoyama K1, 2, Konu-

ma T1, 2, Kato S1, 2, Yasui H1, 2, Nagamura-Inoue T1, 2, 
Uchimaru K1, 8, Takahashi S1, 2, Imai Y1, 2, Tojo A1, 2. 
1 Department of Hematology/Oncology, IMSUT 
Hospital 
2 Division of Molecular Therapy
3 Department of Laboratory Medicine, IMSUT Hos-
pital
4 Department of General Medicine, IMSUT Hospital
5 Department of Cardiovascular Medicine, Gradu-
ate School of Medicine, The University of Tokyo.
6 Center for Translational Research, IMSUT Hospi-
tal
7 Department of Laboratory Medicine, The Univer-
sity of Tokyo Hospital, The University of Tokyo.
8 Laboratory of Tumor Cell Biology, Department of 
Computational Biology and Medical Sciences, 
Graduate School of Frontier Sciences

Recent progress in chemotherapy has prolonged 
the survival of patients with hematological diseases 
but has also increased the number of patients with 
chemotherapy-related cardiac dysfunction (CTRCD). 
However, the causes of individual variations and risk 
factors for CTRCD have yet to be fully elucidated.
Methods and Results:Consecutive echocardiograms 
of 371 patients were retrospectively evaluated for the 
presence of left ventricular (LV) non-compaction 
(LVNC). Individual LV ejection fraction (LVEF) out-
come estimates were made using bivariate linear re-
gression with log-transformed duration Akaike infor-
mation criterion (AIC) model fitting. The prevalence 
of LVNC was 6-fold higher in patients with hemato-
logical diseases than in those with non-hematological 
diseases (12% vs. 2%; risk ratio 6.1; 95% confidence 
interval [CI] 2.0, 18.2). Among patients with hemato-
logical diseases, the ratio of myeloid diseases was sig-
nificantly higher in the group with LVNC (P=0.031). 
Deterioration of LVEF was more severe in patients 
with than without LVNC (-14.4 percentage points/
year [95% CI -21.0, -7.9] vs. -4.6 percentage points/
year [95% CI -6.8, -2.4], respectively), even after mul-
tivariate adjustment for baseline LVEF, background 
disease distributions, cumulative anthracycline dose, 
and other baseline factors.

3.   Clinical features and outcomes of adult Langer-
hans cell histiocytosis 

Kobayashi M1, Kawamata T1, 2, Yokoyama K1, 2 Imai 
Y1, 2, Matsubara Y3, Ota Y4, Tojo1, 2

1 Division of Molecular Therapy
2 Department of Hematology/Oncology, IMSUT hos-
pital
3Department of General Medicine, IMSUT Hospital
4Department of Diagnostic Pathology, IMSUT hos-
pital

Langerhans cell histiocytosis (LCH) is a neoplastic 
disorder characterized by clonal expansion of 
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CD1a+CD207+ myeloid dendritic cells. Since LCH 
is a rare disease and its incidence is less frequent in 
adults than children, clinical features and prognosis 
of adult LCH is poorly documented. We retrospec-
tively reviewed 56 adult LCH patients who were re-
ferred to IMSUT Hospital from 2005 to 2018. Median 
age at diagnosis was 41.5 and there was a slight fe-
male predominance (57%). The median time between 
disease onsets to diagnosis was 7.5 months, however, 
there was a wide variety and the average was 22.4 
months. Forty-one % had a single organ involvement 
and 59% had multiple organ involvement. Overall, 
most frequently affected organ was bone (61%), and 
lung (30%) and skin (25%) followed. Twenty-six pa-
tients received Special C regimen formulated by the 
Japan LCH Study Group, and 21 patients observed 
partial response or better. One patient died during the 
treatment, and other 25 patients are alive to date. Me-
dian progression-free survival has not yet been 
reached despite a median follow-up of 35.5 months. 
Immunohistochemistry analysis revealed that 39% 
was positive for BRAF-V600E, which was lower than 
the previous reports from North America and Eu-
rope. Since adult LCH is quite rare and the symptoms 
vary among patients, the diagnosis and treatment is 
generally delayed. Physicians should be aware of this 
disorder, particularly as new opportunities emerge 
for treatment.

Next, we xamined 13 patients who underwent en-
doscopic examinations: an upper gastrointestinal (GI) 
endoscopy alone in 5, lower GI endoscopy alone in 3, 
and both in 5 patients. A gastric lesion (1 case), colon-
ic lesion (1 case), and both gastric and rectal lesions (1 
case) were detected. These three cases showed multi-
ple organ involvement without gastrointestinal 
symptoms or increased uptake on PET-CT. Endosco-
py revealed small erosions without specific features; 
histological examinations were required for diagno-
sis. The three patients were treated with Special-C 
regimen; in two cases, the clinical condition remained 
stable for several years post-treatment. One case 
showed recurrence 1 year 7 months after treatment, 
and chemotherapy was re-administered. Although 
gastrointestinal LCH lesions are rare, they were more 
common than expected in our cases of multisystem 
LCH. 

4.   Optimal  treatment  strategy  with  nilotinib  for 
patients with newly diagnosed chronic-phase 
chronic  myeloid  leukemia  based  on  early 
achievement  of  deep  molecular  response 
(MR4.5): the phase 2, multicenter N-Road study. 

Nishiwaki K1, Tojo A2, Wakita H3, and Shimousa 
Hematology Study Group. 
1 Division of Oncology and Hematology, Jikei Uni-
versity Kashiwa Hospital
2 Department of Hematology/Oncology, IMSUT 
Hospital 
3 Division of Hematology and Oncology, Japanese 
Red Cross Society, Narita Red Cross Hospital

For patients who have chronic myeloid leukemia 
(CML), one of the primary treatment options is ad-
ministration of nilotinib 300 mg twice daily (BID). In 
previous studies which compared outcomes associat-
ed with nilotinib or imatinib treatment, nilotinib 
achieved a higher rate of deep molecular response 
(MR). We conducted a phase II, open-label, multi-
center study to investigate an intrapatient nilotinib 
dose-escalation strategy for patients with newly diag-
nosed chronic-phase (CP) CML based on early MR4.5 
achievement. The primary study endpoint was 
achievement of MR4.5 by 24 months following the ini-
tiation of nilotinib 300 mg BID. Fifty-three patients 
were enrolled, 51 received nilotinib, and 37 complet-
ed the treatment. An increase in the nilotinib dose (to 
400 mg BID) was allowed when patients satisfied our 
criteria for no optimal response at any time point. The 
median (range) dose intensity was 600 (207-736) mg/
day. Of 46 evaluable patients, 18 achieved an optimal 
response and 28 did not. Of the latter, nine patients 
underwent dose escalation to 400 mg BID, and none 
achieved MR4.5 . The remaining 19 patients could not 
undergo dose escalation, 12 (63%) because of adverse 
events (AEs), and 7 (37%) for non-AE related reasons. 
Four of these patients achieved MR4.5 . The MR4.5 rate 
by 24 months was 45.7%. The progression-free, over-
all and event-free survival were each 97.6%. No new 
safety concerns were observed. Our findings support 
the use of continuous nilotinib at a dose of 300 mg 
BID for newly diagnosed patients with CML-CP.
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1.   Treatment of COVID-19 in IMSUT hospital

Eisuke Adachi, Makoto Saito1, Hiroyuki Nagai, 
Shinya Yamamoto, Michiko Koga1, Lay Ahyoung 
Lim, Kazuhiko Ikeuchi, Takeya Tsutsumi1, Hiroshi 
Yotsuyanagi1 
1Division of Infectious Diseases, The Advanced Clin-
ical Research Center, IMSUT

Since the beginning of 2020, there have been the 
outbreak of coronavirus disease 2019 (COVID-19) in 
Japan, and we started to treat COVID-19 patients at 
the IMSUT Hospital in February. There were more 
than 260 patients admitted to the hospital in 2020. 
Most of the patients had mild severity of COVID-19, 
but 15% of them had moderate severity who needed 
non-invasive oxygen administration. (Several pa-
tients became exacerbated during the hospitalization 
and were transferred to other hospitals.) To detect the 
presence or absence of SARS-CoV-2 in COVID-19-sus-
pected patients, we performed about 650 PCR-tests 
for about 390 COVID-19-suspected patients referred 

to our hospital by the public health centers. In addi-
tion to these cases, we performed totally about 2000 
PCR tests including screening tests in 2020. 

2.   Treatment of HIV  infection  in  IMSUT hospital: 
Statistical  characteristics  of  HIV  infected  pa-
tients in IMSUT hospital this year

Michiko Koga1, Eisuke Adachi, Lay Ahyoung Lim, 
Kazuhiko Ikeuchi, Makoto Saito1, Tadashi Kikuchi, 
Takashi Odawara, Takeya Tsutsumi1,Hiroshi Yot-
suyanagi1 

Sixteeen new patients with HIV-1 infection visited 
to our hospital this year (from January 1 to December 
31, 2020), and 548 patients in total are under medical 
management in our outpatient clinic. The total num-
ber of HIV-infected in-patients during 2020 was 18. In 
2020, the burden of COVID-19 medical care was add-
ed, but the number of HIV-infected patients treated 
did not change (Fig. 1). Anti-retroviral therapy (ART) 
has been introduced to 543 HIV-infected patients in 
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Founded in 1981, IMSUT hospital started HIV clinic in 1986, and 1269 HIV-infected 
patients visited us by 2020. Currently, 548 patients in total are under our clinical 
management. Besides HIV infection, we have been treating patients with other 
infection such as hepatitis and malaria. Since the emergence of COVID-19, we 
started to treat COVID-19 patients, and more than 260 patients admitted to our 
hospital in 2020. (66/70 words) 
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our hospital, and most of their HIV viral loads have 
been well controlled. After one year of ART, the viral 
loads become less than 100 copies/ml in 97.8% of 
HIV-infected patients in our outpatient clinic, pre-
sumably underscored by the change in the method of 
quantitative HIV-RNA assay. Consequently, the pa-
tients are able to maintain good condition as long as 
they keep excellent drug adherence rates. The clinical 
management of HIV-infected patients have been 
changing from how to treat opportunistic infections 
into how to control patients with ART. 

3.   Pre  and post-travel  treatment  and clinical  re-
search of tropical diseases in IMSUT hospital

Makoto Saito1, Eisuke Adachi, Michiko Koga1, Lay 
Ahyoung Lim, Kazuhiko Ikekuchi, Tadashi Ki-
kuchi, Takashi Odawara, Takeya Tsutsumi1, Hiroshi 
Yotsuyanagi1: 

The pandemic of COVID-19 has had unprecedent-
ed impact of our life: global transport and travelling is 
one of the most affected areas. The decline of interna-
tional travelling has changed our pre- and post-travel 
clinic. While pre-travel consultations and visits of re-
turned travelers get fewer, there have been a huge de-
mand of pre-travel PCR testing, which is required to 
enter majority of the countries. Our hospital started 
providing pre-travel PCR testing service in mid-May, 
which was one of the earliest in Japan. 

For the tropical and parasitic diseases, dozens of 
important medicines essential for treatment of them 
are not licensed in Japan. Research Group on Chemo-
therapy of Tropical Diseases, Research on Publicly 
Essential Drugs and Medical Devices, Grant from Ja-

pan Agency for Medical Research and Development 
had been established to cope with this situation. We 
are the medical institution of the research group us-
ing these orphan drugs if needed, and colleting clini-
cal data. 

4.   Treatment of hepatitis in IMSUT hospital:

Takeya Tsutsumi1, Michiko Koga1, Lay Ahyoung 
Lim, Kazuhiko Ikeuchi, Makoto Saito1, Eisuke Ad-
achi, Hiroshi Yotsuyanagi1

About 300 HIV-non-infected patients with liver 
diseases such as viral hepatitis and NAFLD are under 
medical management in our outpatient clinic. Several 
patients were introduced from outside for the treat-
ment of chronic hepatitis C with direct acting anti-vi-
rals (DAA) and successfully achieved the sustained 
viral response (SVR). In addition, we treated HIV-in-
fected patients who developed acute hepatitis C with 
DAAs, who achieved SVR.

5.   Clinical trial of ebola virus disease vaccine and 
research of influenza virus in IMSUT hospital

Michiko Koga1, Lay Ahyoung Lim, Kazuhiko Ike-
uchi, Makoto Saito1, Eisuke Adachi, Takeya Tsut-
sumi1, Hiroshi Yotsuyanagi1 

The clinical study of the ebola virus disesase vac-
cine is progressive in cooperation with the Division of 
Virology and the Center for Translational Research in 
IMSUT hospital. And the influenza virus study has 
also proceeded in cooperation with the Division of Vi-
rology in IMSUT hospital.
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1.   Clinical activities in IMSUT Hospital

Hirotoshi Tanaka, Motohisa Yamamoto, Noritada 
Yoshikawa, Hiroki Yamazaki, Erika Matsubara

Rheumatologists at our division provide state-of-
the-art diagnosis and treatment for systemic autoim-
mune diseases (total number of patients were approx-
imately 5,000 per year). Our physicians have active 
basic and clinical research projects and also are in-
volved in training of rheumatology specialists. 

Rheumatologic services offered at IMSUT Hospital
include:
•Outpatient consultations
• Outpatient specialty care for patients with rheumat-

ic diseases
• Hospital consultations
• Diagnostic and therapeutic intra-articular and soft 

tissue injections and aspirations
•Diagnostic ultrasonography
• Education on rheumatologic diseases and treat-

ments
•Clinical trials

2.   Development of novel therapeutic approaches 
for rheumatic disorders

Hirotoshi Tanaka, Noritada Yoshikawa, Motohisa 
Yamamoto, Hiroki Yamazaki, Erika Matsubara, 
Masaaki Uehara, Akiko Souta-Kuribara, Mayu 
Nishimura

Although biologic agents targeting cytokine net-
works or specific lymphocyte subsets have significant 
advantages in the therapy of rheumatic diseases, glu-
cocorticoids have been still used clinically for decades 
as potent anti-inflammatory and immunosuppressive 
agents to treat various rheumatic disorders. Never-
theless, their use is severely hampered by the risk of 
developing side effects. Therefore, efforts to under-
stand the complex mechanisms underlying function 
of glucocorticoids and glucocorticoid receptor (GR) 
are ongoing.

Prolonged glucocorticoid treatment for rheumatic 
disorders accelerates skeletal muscle atrophy known 
as glucocorticoid-induced myopathy. To overcome 
this issue, we have studied precise mechanisms of 
glucocorticoid-induced myopathy and revealed that 
a mutually exclusive crosstalk between GR and 
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Our department is founded in 2001 to tackle systemic autoimmune inflammatory 
diseases including rheumatoid arthritis, systemic lupus erythematosus, vasculitic 
syndromes, and IgG4-related disease. We provide patients personalized and 
evidence-based medical service. Moreover, we challenge cutting edge science of 
autoimmune, rheumatic and allergic diseases and novel treatments for patients 
with these disorders. As part of an elite teaching hospital, we also contribute to 
preparing the next generation of leading academic physicians, scientists and 
clinician-educators. 
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mTOR, a serine/threonine protein kinase that regu-
lates protein synthesis, autophagy, and transcription, 
coordinately regulates catabolic and anabolic metabo-
lism in skeletal muscle, and that, in glucocorticoid-in-
duced myopathy, catabolic pathway is drastically ac-
tivated over anabolic one by GR. Administration of 
branched-chain amino acids (BCAA) ameliorates 
such glucocorticoid-induced muscle atrophy via acti-
vation of mTOR and suppression of GR in animal 
model and in patients with rheumatic disorders. We 
are now challenging to establish a novel approach to 
improve the efficacy of BCAA administration for glu-
cocorticoid-induced myopathy in patients with rheu-
matic disorders.

3.   Development  of  novel  modalities  optimizing 
metabolic condition and body composition tar-
geting transcriptional apparatus

Hirotoshi Tanaka, Hiroki Yamazaki, Masaaki Ue-
hara, Mayu Nishimura, Noritada Yoshikawa, Mo-
tohisa Yamamoto, Akiko Souta-Kuribara, Erika 
Matsubara 

(i)  Development  of  novel  therapeutic  modalities 
against  metabolic  syndrome  targeting  the 
skeletal muscle-liver-fat signalling axis
We investigated that the critical importance of the 

interaction of GR and mTOR in the regulation of tis-
sue metabolism-volume coupling in skeletal muscle. 
We further investigated that glucocorticoid effects in 
muscle mass may control adipose tissue metabolism 
via liver; GR-driven skeletal muscle degradation pro-
duces alanine, which negatively modulates hepatic 
gene expression of lipolytic hormone fibroblast 
growth factor 21, which also suggests the presence of 
glucocorticoid-driven metabolic communication 
among various tissues. However, it remains unknown 
how a variety of tissue-specific glucocorticoid effects 
are systemically integrated for coordinated regula-
tion of systemic metabolism. Both Cushing’s mouse 
model and leptin-deficient ob/ob mice exhibited met-
abolic syndrome involving central obesity, fatty liver, 
and impaired glucose tolerance, as expected. We re-
vealed that glucocorticoid excess alters metabolic 
phenotype and body composition involving possible 
communication among skeletal muscle, liver, and ad-
ipose tissue, and that muscle specific knockout of GR 
(GRmKO) mitigated such metabolic unhealthy phe-
notype by blunting metabolic inter-organ communi-
cation. Targeting the skeletal muscle-liver-fat signal-
ling axis involving glucose-alanine cycle, therefore, 
would be a novel approach for treatment of patients 
with obesity, diabetes, and metabolic syndrome.

(ii) Clarification of the effects of GR and sex hor-
mone receptors on gender differences of gene 
transcription  and metabolic  regulation  in  the 
skeletal muscle 
Skeletal muscle not only functions as a locomotory 

system but also maintains whole-body metabolism. 
Sex differences in such skeletal muscle morphology 
and function have been documented, however, their 
underlying mechanisms remain elusive. We evaluat-
ed the related contributions of the GR to sex differenc-
es of gene expression profile in skeletal muscle using 
GRmKO mice. We revealed that although the genes 
expressed in skeletal muscle may be predominantly 
sex-independent, sex-dominant genes may relate to 
sex difference in energy metabolism and the immune 
system and could be controlled by the GR. In addi-
tion, we created ER (estrogen receptor)αmKO, GR/
ERα double mKO, AR (androgen receptor) mKO, and 
GR/AR double mKO, and found that each receptor 
was involved in regulation of body composition and 
its sexual dimorphism. Moreover, at least in skeletal 
muscle, functional crosstalk between GR and ERα  
and between GR and AR were existed and such cross-
talk might regulate plasticity of metabolic regulation 
in skeletal muscle. Understanding impacts of sex on 
skeletal muscles exert a beneficial influence on not 
only skeletal muscle biology but also strategies for 
treating diseases including various types of muscle 
atrophy and metabolic syndrome.

(iii) Clarification of the effect of ageing for regula-
tion of energy storage in skeletal muscle and 
adipose tissues
Ageing is accompanied by major changes in body 

composition that can negatively affect functional sta-
tus in older adults, including a progressive decrease 
in muscle mass, strength, and quality, accompanied 
by an increase in fat mass. Such loss of muscle mass 
and increase of fat mass have recently been termed 
sarcopenic obesity, which is a high-risk geriatric syn-
drome related to functional impairment, increased 
mortality and reduction in quality of life. Because 
GRmKO shows the opposite phenotype against sar-
copenic obesity, analyzing the effect of aging for reg-
ulation of energy storage in skeletal muscle and adi-
pose tissue in GRmKO contributes to resolve 
biological significance of functional communication 
among multiple organs and the mechanisms of sarco-
penic obesity. We revealed that GRmKO was resistant 
to age-related loss of muscle volume, gain of fat mass, 
and dysregulation of triglyceride. We further investi-
gated that the association between different metabolic 
changes in several organs in an aged-mouse model 
was blunted in GRmKO, suggesting that age-related 
metabolic dysregulation/inter-organ relationship 
could be affected skeletal muscle GR. Recently, we re-
vealed that aging skeletal muscle in male mice shows 
lower grip strength and fiber type changes, both of 
which can be inhibited by an omega-3 fatty acid, ei-
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cosapentaenoic acid (EPA) supplementation irrespec-
tive of muscle mass alteration. Further understanding 
of glucocorticoid signaling in aged-condition and its 
relationship with nutrition might provide novel 
methods to overcome metabolic dysregulation at old-
age life stage.

4.   Establish of new registry for the patients with 
IgG4-related disease and development of nov-
el diagnostic  and  therapeutic  approaches  for 
IgG4-related disease

Hirotoshi Tanaka, Motohisa Yamamoto, Noritada 
Yoshikawa, Hiroki Yamazaki, Erika Matsubara

IgG4-related disease is a new disease concept, es-
tablished this century. As a chronic fibro-inflammato-
ry disorder, IgG4-related disease is characterized by 
elevated serum levels of IgG4 and abundant infiltra-
tion of IgG4-bearing plasma cells into and fibrosis of 
the involved organs. Whether the disorder is an auto-

immune disease remains unclear; nevertheless, con-
sultation with rheumatologists regarding patients 
with IgG4-related disease is increasing owing to the 
various organ dysfunction involved and the abnor-
mal immune responses observed. We tackle elucidat-
ing the pathogenesis of IgG4-related disease and de-
veloping novel treatments. At first, we established a 
new registry system for the patients with IgG4-relat-
ed disease (TOMMOROW registry), and started to 
enroll IgG4-related disease patients. We cooperate 
with national policies, and also provide the data to 
Rare Disease Data Registry of Japan (RADDAR-J), 
which was established by AMED. We will organize 
the clinical figures of IgG4-related disease and devel-
op more accurate diagnostic and therapeutic ap-
proach by a TOMORROW registry. Furthermore, us-
ing the obtained blood and tissue samples, we will 
carry out multi-omics analysis. We will link the re-
sults to the individual clinical data, and promote per-
sonalized medicine that predicts therapeutic response 
and prognosis using artificial intelligence.
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1.   Treatment  of  drug-resistant  Helicobacter py-
lori infection and rare gastritis

Matsubara Y., Hirata Y.

Some patients fail to respond first- and second-line 
Helicobacter pylori (H. pylori) eradication therapy, but 
third-line eradication is not always done. Meanwhile, 
penicillin allergy patients do not take routine eradica-
tion medicines because insurance coverage regimens 
in japan include penicillin. In IMSUT, H. pylori out-pa-
tient clinic, we give eradication therapy for these pa-
tients at their own expense, and high rates of success-
ful eradication have been achieved. In addition, we 
have established effective fourth-line rescue therapy, 
which is now used for patients who failed with sita-
floxacin containing third-line regimen. We also per-
form clinical studies to unveil the mechanisms of rare 
‘non-Hp’ gastritis, which include autoimmune gastri-
tis and eosinophilic gastroenteritis.

2.   Endoscopic  examination  in  IMSUT  Hospital 
(Department of General Medicine)

Matsubara Y., Hirata Y.

About 600 cases of upper gastrointestinal endos-
copy and about 200 cases of colonic endoscopy were 
performed from January 1 to December 31, 2020, 
while examinations were restricted due to covid-19. 
We have diagnosed relatively rare disease (e.g. infec-
tious disease, malignancy, other disease) in patients 
with immune dysfunction. We also performed a pro-
spective study collaborated with Yamaguchi Univer-
sity, in which the fecal immunochemical test for he-
moglobin, fecal DNA testing of TWIST1 methylation, 
and colonoscopy were performed on patients with or 
without colorectal neoplasia.

3.   Abdominal ultrasonography in IMSUT Hospital

Tsutsumi T

IMSUT Hospital

Department of General Medicine
総合診療科

Head, Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Project Professor Kenzaburo Tani, M.D., Ph.D. 
Project Professor Takayuki Morisaki, M.D., D.M.Sc.
Associate Professor Takeya Tsutsumi, M.D., D.M.Sc.
Associate Professor Yoshihiro Hirata, M.D., D.M.Sc.
Senior Assistant Professor Yasuo Matsubara, M.D., D.M.Sc.
Project Senior Assistant Professor Yasuki Hijikata, M.D., D.M.Sc
Project Assistant Professor Koichi Kimura, M.D., D.M.Sc.

教　授　　博士（医学）　　四　柳　　　宏
特任教授　医学博士　　　谷　　　憲三朗
特任教授　博士（医学）　　森　崎　隆　幸
准教授　　博士（医学）　　堤　　　武　也
准教授　　博士（医学）　　平　田　喜　裕
講　師　　博士（医学）　　松　原　康　朗
特任講師　博士（医学）　　土　方　康　基
特任助教　博士（医学）　　木　村　公　一

The division of general medicine was founded in 2017 taking over the department 
of advanced medical science. Our aim is to practice total human medical care at 
IMSUT hospital conducting exploratory clinical research. The members specialize 
in gastroenterology, hepatology, oncology, cardiology, endocrinology/metabolism. 
We have just started our new project in general medicine.
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Four hundred forty-five cases of abdominal ultra-
sonography were performed from January to Decem-
ber in 2020. Various pathologically abnormal lesions 
were detected such as liver tumors or pancreas tum-
ors in some cases who were subsequently diagnosed 
as hepatocellular carcinoma or pancreas cancer. We 
also performed Fibroscan® for 242 cases with viral 
hepatitis or HIV infection.

4.   Treatment of patients with advanced cancer.

Hijikata Y.

Patients with various types of cancer were treated 
by standard therapy including chemotherapy, molec-
ular target drugs, immune checkpoint blockade, sur-
gery and radiation therapy. Some of them were treat-
ed using next-generation sequencing to guide cancer 
therapy. By the help of special patient support team 
undergirded by conference twice a week, overall sur-
vival of our patients was longer than respectively re-
ported overall survival. Importantly, it looked like 
they enjoyed their stay in our hospital. We actively 
make use the patient’s cancer genome data to intro-
duce the best treatment for patient refractory to stand-
ard treatment after the approval of our ethical com-
mittee. (Hijikata Y, et al. Successful clinical sequencing 
by molecular tumor board in an elderly patient with 
refractory Sézary syndrome. JCO Precision Oncology 
no. 4 (2020) 534-560.)

5.   Diagnosis  and  management  of  patients  with 
genetic vascular diseases.

Takayuki Morisaki

Patients and family members with genetic vascu-

lar diseases including connective tissue disorders like 
Marfan syndrome, Loeys-Dietz syndrome and related 
diseases were diagnosed by taking their history, 
physical examination, imaging including echo-cardi-
ography and genetic examination. These patients 
were followed-up and managed also by doctors in 
other medical institutions. Study to identify novel 
pathogenic genes for genetic vascular diseases was 
being performed.

6.   Clinical studies of echocardiography, muscu-
lar dystrophy, animal experiments, and multi-
center studies in collaboration with other facil-
ities.

Koichi Kimura

We performed several clinical studies regarding 
echocardiography and heart failure in collaboration 
with the echocardiography laboratory of The Univer-
sity of Tokyo Hospital. Multicenter studies, drug in-
terventional study and observational cohort study, in 
patients with muscular dystrophy have been pro-
ceeded in collaboration with NHO (National Hospital 
Organization) hospitals; Sendai-nishitaga National 
Hospital (Miyagi), Niigata National Hospital (Niiga-
ta), Matsumoto Medical Center (Nagano), Shimoshi-
zu National Hospital (Chiba), Hakone National Hos-
pital (Kanagawa), Osaka-toneyama Medical Center 
(Osaka), and Hiroshima-nishi Medical Center (Hiro-
shima). Also, we performed several animal experi-
ments using CRISPR/CAS9 genome-designed rats in 
collaboration with department of veterinary physiol-
ogy, The University of Tokyo. Other animal experi-
ments using dogs and knockout mice were performed 
in collaboration with National Center of Neurology 
and Psychiatry (Tokyo). 
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1.   Genetic test of human neoplasms

Nozomi Yusa, Yoichi Furukawa

As a part of clinical service, we have performed 
genetic analysis of human neoplasms such as leu-
kemia and colorectal cancer. In 2020, a total of 499 ge-
netic analyses were performed in our department. 
The results were utilized for the precise classification 
of neoplasms, evaluation of disease status, selection 
of therapeutic drugs, and evaluation of the response 
to treatment.

2.   Genetic counseling and related activities

Yoichi Furukawa, Yoshinori Murakami, Yataro Dai-
go, Tsuneo Ikenoue, Koichiro Yuji, Makoto Hirata, 
Reiko Sada, Mitsuko Nakazawa, Momoyo Ohki1, 
Yoshinari Miyamoto2, Masae Ono3, Masahiko Su-
zuki4, Mayumi Tamari4, Toshihiro Tanaka5, Shiro 
Ikegawa6, Hidewaki Nakagawa6, Natsuko Watanabe7, 
Ai Yoshihara7, Toru Akiyama8: 1Bunkyo University, 
2National Center for Global Health and Medicine, 
3Tokyo Teishin Hospital, 4Jikei Medical University, 
5Tokyo Medical and Dental University, 6Center for 
Integrative Medical Sciences, RIKEN, 7Ito Hospital, 
8Jichi Medical University.

We provided genetic counseling and genetic tests 
to clients who visited our counseling clinic. In 2020, 
we had a total of ten counseling cases including he-
reditary breast and ovarian cancer, Peutz–Jeghers 
syndrome, Loeys-Dietz syndrome, myotonic dystro-
phy, myelodysplastic syndrome, and gastric polypo-
sis. In the counseling, we provided appropriate infor-
mation about hereditary diseases to the clients and 
took their psychological care in collaboration with a 
clinical psychologist. Genetic testing was performed 
in cases with informed consent after thoughtful dis-
cussion about its merit and demerit.

Systematic surveillance programs are provided 
for the clients susceptible for hereditary tumors.

3.   Application of  liquid-based genetic diagnosis 
for the screening of endometrial cancer

Kiyoko Takane1, Kiyoshi Yamaguchi1, Tsuneo Ike-
noue, Yoichi Furukawa
1Division of Clinical Genome Research, Advanced 
Clinical Research Center

We have conducted a study to elucidate the use-
fulness of liquid-based genetic diagnosis (LBGDx) for 
screening of endometrial cancer (EC) in collaboration 
with Department of Obstetrics and Gynecology, Sap-
poro Medical University. Although liquid-based cy-

IMSUT Hospital

Department of Applied Genomics
ゲノム診療科

Professor Yoichi Furukawa M.D., Ph.D.
Associate Professor Tsuneo Ikenoue M.D., Ph.D.

教　授　医学博士　　古　川　洋　一
准教授　医学博士　　池　上　恒　雄

Our department has been working on the application of human genome information 
in clinics. As clinical services in IMSUT Hospital, we provide genetic counseling, 
genetic tests for human malignancies such as leukemia and cancer, and a 
surveillance program for patients with hereditary colorectal cancer. In addition, we 
have been carrying out two research projects; 1) determination of genetic 
alterations in human tumors, and elucidation of the mechanisms underlying their 
development, and 2) clinical sequence for the implementation of genomic medicine
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tology (LBC) has increased the sensitivity of cytologi-
cal diagnosis of EC compared with conventional 
smear cytology, the sensitivity of LBC for the detec-
tion of EC is between 70% and 96% and remains un-
satisfactory. To investigate the efficacy of genetic test-
ing in the screening of EC, we analyzed pathogenic 
mutations in a total of 195 LBC samples including 34 
ECs by target sequencing using Cancer Hotspot Panel 
comprising of 50 cancer-related genes. As a result, we 
identified pathogenic mutations in 27 of the 34 ECs, 
showing the sensitivity of 79%. On the other hand, 
the sensitivity of endometrial cancer by LBC alone 
was 71% (24/34 ECs). Importantly, LBGDx detected 
seven out of ten EC cases that were negative for cytol-
ogy. These results suggest that LBGDx should con-
tribute to the increase of sensitivity in the screening of 
EC.

4.   Clinical sequencing for the implementation of 
genomic medicine

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Eigo Shimizu1, Rika Kasaji-
ma1, Tetsuo Shibuya2, Satoru Miyano1,2, Takanori 
Hasegawa3, Seiya Imoto3, Kazuaki Yokoyama4, Ar-
inobu Tojo4, Koichiro Yuji5, Rui Yamaguchi6,: 1Lab-
oratory of DNA Information Analysis, 2Laboratory 
of Sequence Analysis, Human Genome Center, 3Di-
vision of Health Medical Data Science, Health Intel-
ligence Center, 4Division of Molecular Therapy, 5Di-
vision of International Advanced Medical Research, 
Advanced Clinical Research Center, IMSUT, 6Divi-
sion of Cancer Systems Biology, Aichi Cancer Center 
Research Institute

The application of next-generation sequencing 
(NGS) technology in clinical medicine has revolution-
ized molecular diagnostics by enabling multiple gene 
testing, or analysis of the entire exon or whole ge-

nome with a limited amount of DNA. In collaboration 
with Human Genome Center, Health Intelligence 
Center, and Advanced Clinical Research Center, we 
have been carrying on two projects; the first, genetic 
diagnosis of patients suspected of hereditary cancer, 
and the second, implementation of precision medi-
cine for patients with rare or intractable cancer.

In the first project, we have applied NGS technol-
ogy for molecular diagnostics of hereditary colon can-
cer syndromes such as familial adenomatous polypo-
sis, polymerase proofreading-associated polyposis, 
and Lynch syndrome (also known as hereditary non-
polyposis colorectal cancer syndrome). In our previ-
ous study, we performed genetic analysis of Lynch 
syndrome using the Sanger sequencing method and 
multiplex ligand-dependent probe amplification, and 
identified several structural variations (SVs) in the 
DNA mismatch repair (MMR) genes. Since detection 
of SVs using short-read NGS is a challenging work, 
we tested whether Oxford Nanopore MinION, a long 
read-sequencer, detects four SVs in the MMR gene. 
The long-read nanopore sequencing successfully 
identified all four SVs including three large deletions 
and one duplication. These data suggest that long 
read-sequencing will be help the identification of 
pathogenic SVs in patients with hereditary diseases.

In the second project, we opened an outpatient 
clinic in IMSUT hospital for the consultation of pa-
tients with rare or intractable cancer. In 2020, a total of 
18 patients visited our clinic. After written informed 
consent was obtained from the patients, they were en-
rolled in the study of genetic analysis and interpreta-
tion of genomic data using IBM Watson for Genomics 
(WfG); genetic alterations in their tumors were deter-
mined by NGS and the data were subsequently ana-
lyzed by WfG. The results of WfG including predict-
ed driver mutations and suggested actionable drugs 
were discussed in the Tumor Board meeting of this 
project, which is held every two weeks.

Publications

1.  Konishi, H., Yamaguchi, R., Yamaguchi, K., Furuka-
wa, Y. and Imoto, S. Halcyon: An accurate basecall-
er exploiting an encoder-decoder model with 
monotonic attention. Bioinformatics. btaa 953, 2020.

2.  Innocenti, F., Sibley, A.B., Patil, S.A., Etheridge, 
A.S., Jiang, C., Ou, F.S., Howell, S.D., Plummer, S.J., 
Casey, G., Bertagnolli, M.M., McLeod, H.L., Au-
man, J.T., Blanke, C.D., Furukawa, Y., Venook, A.P., 
Kubo, M., Lenz, H.J., Parker, J.S., Ratain, M.J., and 
Owzar, K. Genomic analysis of germline variation 
associated with survival of patients with colorectal 
cancer treated with chemotherapy plus biologics in 

CALGB/SWOG 80405 (Alliance). Clin Cancer Res. 
27(1):267-275, 2021. 

3.  Fujimoto, K., Kimura, Y., Shimohigoshi, M., Satoh, 
T., Sato, S., Tremmel, G., Uematsu, M., Kawaguchi, 
Y., Usui, Y., Nakano, Y., Hayashi, T., Kashima, K., 
Yuki, Y., Yamaguchi, K., Furukawa, Y., Kakuta, M., 
Akiyama, Y., Yamaguchi, R., Crowe, S.E., Ernst, 
P.B., Miyano, S., Kiyono, H., Imoto, S., and Uemat-
su, S. Metagenome data on intestinal phage-bacte-
ria associations aids the development of phage 
therapy against pathobionts. Cell Host Microbe. 
28(3):380-389, 2020.

17附属病院_sk.indd   21617附属病院_sk.indd   216 2021/05/10   16:51:202021/05/10   16:51:20



217

Application  of  artificial  intelligence  with  deep 
learning to radiological imaging

Yasaka K, Sugawara H, Akai H, Kunimatsu A, 
Kiryu S1, Kamagata K2, Ogawa T3, Hatano T3, Take-
shige-Amano H3, Ogaki K3, Andica C2, Uchida W2, 
Hattori N3, Aoki S2, Abe O4: 1Department of Radiol-

ogy, Graduate School of Medical Sciences, Interna-
tional University of Health and Welfare, 2Depart-
ment of Radiology, Juntendo University Graduate 
School of Medicine, 3Department of Neurology, Jun-
tendo University Graduate School of Medicine, 4De-
partment of Radiology, Graduate School of Medi-
cine, The University of Tokyo

IMSUT Hospital

Department of Radiology
放射線科

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Senior Assistant Professor Hiroyuki Akai, M.D., D.M.Sc.
Assistant Professor Koichiro Yasaka, M.D., D.M.Sc.
Project Assistant Professor Haruto Sugawara, M.D., D.M.Sc.

准教授　　博士（医学）　　國　松　　　聡
講　師　　博士（医学）　　赤　井　宏　行
助　教　　博士（医学）　　八　坂　耕一郎
特任助教　博士（医学）　　菅　原　暖　斗

Department of Radiological Technology
放射線部

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Head Radiologic Technologist Tomio Inoshita, RT

准教授　博士（医学）　　國　松　　　聡
放射線技師長　　　　　井　下　富　夫

The Department of Radiology undertakes radiology service at IMSUT hospital. Our 
expertise includes general diagnostic radiology, neuroradiology, clinical nuclear 
medicine, and radiation therapy. Board-certified radiologists at the Department of 
Radiology conduct all examinations of CT, MRI, and nuclear medicine. Radiological 
reports are made by the radiologists. In addition, several clinical studies are being 
conducted in collaboration with other departments or institutions. We also 
investigate the technical aspects of molecular imaging with intact small animals for 
its application to preclinical studies using an optical imaging system and MRI.
The Department of Radiological Technology constitutes the hospital radiology 
service together with the Department of Radiology. Plain radiography, dual-energy 
X-ray absorptiometry, and barium studies are also available at the Department of 
Radiological Technology, other than CT, MRI, and radioisotope examinations. More 
than 10,000 patients visit our department every year. Radiologic technologists at 
the department make an effort to provide high-quality medical images in daily 
practice as well as to reasonably reduce radiation exposure of a patient during the 
examination.
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We are applying deep learning technique, which 
is one of the artificial intelligence strategies, to radio-
logical imaging diagnosis including central neural 
system, musculoskeletal, abdominal regions. In this 
year, we published articles which revealed that, by 
using deep learning, (a) the bone mineral density 
(BMD) of lumbar vertebrae could be predicted from 
unenhanced abdominal computed tomography (CT) 
images and (b) patients with Parkinson’s disease (PD) 
could be differentiated from healthy controls based 
on parameter-weighted connectome matrix derived 
from diffusion-weighted MRI. The estimated BMD 
values, according to the convolutional neural net-
work model, were significantly correlated with the 
BMD values obtained with dual-energy X-ray absorp-
tiometry (DXA) (r = 0.852 (p < 0.001) and 0.840 (p < 
0.001) for the internal and external validation data-
sets, respectively). Using the model, osteoporosis was 
diagnosed with the area under the receiver operating 
characteristic curve (AUC) of 0.965 and 0.970 for the 
internal and external validation datasets, respective-
ly. The diffusion kurtosis imaging-, neurite orienta-
tion dispersion and density imaging-, and g-ra-
tio-weighted connectome matrices showed moderate 
performance (AUC = 0.895, 0.801, and 0.836, respec-
tively) in discriminating PD patients from healthy 
controls, and neural circuit disorders including those 
between the basal ganglia on one side and the cerebel-
lum on the contralateral side were visualized with 
gradient-weighted class activation mapping tech-
nique.

Exploring the functional effect of Gd deposition to 
brain: a mice experimental study

Hiroyuki Akai, Haruto Sugawara, Koichiro Yasaka, 
Akira Kunimatsu, Minoru Tsuji5, Kuni Ohtomo, 
Osamu Abe, Shigeru Kiryu:
5Graduate School of Pharmaceutical Sciences/
Graduate School of Pharmacy International Uni-
versity of Health and Welfare

We performed the present study to investigate 
whether the Gd deposition to brain structure has any 
functional effect on mice behavior. We used 36 female 
BALB/c mice, and they were injected with three test 
agents: Group A: phosphate-buffered saline (PBS, as 
the control group), Group B: gadoteridol, and Group 
C: gadodiamide and each study group contained 12 
mice. Injections of the test agents were repeated twice 
a week over a period of 8 weeks. T1-weighted MRI 
scans were repeated (at 0, 2, 4, 6, and eighth week) to 
observe the Gd deposition to the mice brain. Addi-
tional MRI scans were performed during the treat-
ment-free period in two mice from each group (i.e., at 
0, 2, 4, 6, 8, 10, 12, and 14th week). Since the behavio-
ral examinations were performed in a different insti-
tution from the institution that MRI scans were per-
formed, the latter scans were performed to ensure 
that the brain’s Gd deposition status is unchanged 
during the behavioral examinations. As a result, 
Group A and B showed no signal changes during the 
MRI scans, where Group C showed an apparent sig-
nal increase on the bilateral dentate nucleus, suggest-
ing Gd deposition. For the two mice from each group 
that was performed MRI until the 14th week, the MRI 
signal intensity was constant after the 8th week. Now, 
we are performing mice behavioral examinations to 
check if any behavior change can be observed.

Publications

Akai H, Yasaka K, Kunimatsu A, Ohtomo K, Abe O, 
Kiryu S. Application of CT texture analysis to as-
sess the localization of primary aldosteronism. Sci 
Rep. 10:472, 2020.

Kunimatsu A, Yasaka K, Akai H, Kunimatsu N, Abe 
O. MRI findings in posttraumatic stress disorder. J 
Magn Reson Imaging. 52:380-396, 2020.

Matsukawa T, Yamamoto T, Honda A, Toya T, Ishiura 
H, Mitsui J, Tanaka M, Hao A, Shinohara A, Ogura 
M, Kataoka K, Seo S, Kumano K, Hosoi M, Naruka-
wa K, Yasunaga M, Maki H, Ichikawa M, Nannya Y, 
Imai Y, Takahashi T, Takahashi Y, Nagasako Y, Yas-
aka K, Mano KK, Matsukawa MK, Miyagawa T, 
Hamada M, Sakuishi K, Hayashi T, Iwata A, Terao 
Y, Shimizu J, Goto J, Mori H, Kunimatsu A, Aoki S, 
Hayashi S, Nakamura F, Arai S, Momma K, Ogata 
K, Yoshida T, Abe O, Inazawa J, Toda T, Kurokawa 
M, Tsuji S. Clinical efficacy of haematopoietic stem 
cell transplantation for adult adrenoleukodystro-

phy. Brain Commun. 2:fcz048, 2020.
Nakamura Y, Okada N, Koshiyama D, Kamiya K, Abe 

O, Kunimatsu A, Okanoya K, Kasai K, Koike S. Dif-
ferences in Functional Connectivity Networks Re-
lated to the Midbrain Dopaminergic System-Relat-
ed Area in Various Psychiatric Disorders.
　Schizophr Bull. 46:1239-48, 2020.
Nakamura Y, Okada N, Ando S, Ohta K, Ojio Y, Abe 

O, Kunimatsu A, Yamaguchi S, Kasai K, Koike S. 
The Association Between Amygdala Subfield-Re-
lated Functional Connectivity and Stigma Reduc-
tion 12 Months After Social Contacts: A Functional 
Neuroimaging Study in a Subgroup of a Rand-
omized Controlled Trial.
　Front Hum Neurosci. 14:356, 2020.
Tsutsumi T, Saito M, Nagai H, Yamamoto S, Ikeuchi 

K, Lim LA, Adachi E, Koga M, Okushin K, Akai H, 
Kunimatsu A, Yotsuyanagi H. Association of coag-
ulopathy with liver dysfunction in patients with 
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COVID-19. Hepatol Res. 2020 Oct 12. Online ahead 
of print.

Yamashita A, Sakai Y, Yamada T, Yahata N, Kunimat-
su A, Okada N, Itahashi T, Hashimoto R, Mizuta H, 
Ichikawa N, Takamura M, Okada G, Yamagata H, 
Harada K, Matsuo K, Tanaka SC, Kawato M, Kasai 
K, Kato N, Takahashi H, Okamoto Y, Yamashita O, 
Imamizu H. Generalizable brain network markers 
of major depressive disorder across multiple imag-
ing sites. PLoS Biol. 18:e3000966, 2020.

Yasaka K, Akai H, Kunimatsu A, Kiryu S, Abe O. Pre-

diction of bone mineral density from computed to-
mography: Application of deep learning with a 
convolutional neural network. Eur Radiol. 30:3549–
3557, 2020.

Yasaka K, Kamagata K, Ogawa T, Hatano T, Take-
shige-Amano H, Ogaki K, Andica C, Akai H, Kuni-
matsu A, Uchida W, Hattori N, Aoki S, Abe O. Par-
kinson’s disease: Deep learning with a 
parameter-weighted structural connectome matrix 
for diagnosis and neural circuit disorder investiga-
tion. Neuroradiology [in press]
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1.   Clinical sequencing in patients with refractory 
advanced cancers.

Yasuki Hijikata1, Tetsuya Ito1, Kiyoshi Yamaguchi2, 
Tsuneo Ikenoue2, Seiya Imoto3, Yasuo Matsubara4, 
Kazuaki Yokoyama5, Hiroshi Yotsuyanagi4, Yoichi 
Furukawa2, Arinobu Tojo1,5

1 Dept. of Palliative Medicine / Advanced Clinical 
Oncology, IMSUT Hosp.2 Div. of Clinical Genome 
Research, IMSUT
3 Div. of Health Medical Intelligence Human Ge-
nome Center, IMSUT
4 Dept. of General Medicine, IMSUT Hosp.
5 Dept. of Hematology/Oncology, IMSUT Hosp.

Metastatic cancer is a major cause of death and is 
associated with poor treatment efficacy. A better un-
derstanding of the advanced cancers is required to 
help adapt personalized treatments. Next-generation 
sequencing (NGS)-based genomic testing for cancer is 
becoming more widespread as a clinical tool for accu-
rate diagnosis and proper treatment in clinical oncol-
ogy. However, using various NGS techniques to 
guide cancer therapy has created challenges in ana-

lyzing large volumes of genomic data and reporting 
results to patients and caregivers. To resolve this, we 
organized a clinical sequencing team called the mo-
lecular tumor board (MTB). Clinical sequencing is as-
sociated with several potential challenges in analysis, 
interpretation, and drug development for refractory 
cancers. Briefly, after obtaining informed consent, 
whole-exome sequencing and/or RNA sequencing 
were performed on tumor, for comparisons with nor-
mal tissue, followed by analysis our hospital curators. 
MTB chose actionable drugs based on artificial intelli-
gence and our database. The chosen drugs are admin-
istered to patients with advanced cancers refractory 
to standard treatment in our clinical study. We are 
currently evaluating the results of clinical study. 

2.   Palliative medicine to improve QOL of patients 
with life-threatening illness and their families.

Tetsuya Ito1, Yasuki Hijikata1, Noriko Fujiwara1, 
Arinobu Tojo1,2

1 Dept. of Palliative Medicine / Advanced Clinical 
Oncology, IMSUT Hosp.2 Dept. of Hematology/On-

IMSUT Hospital

Department of Palliative Medicine /
Advanced Clinical Oncology
緩和医療・先端臨床腫瘍科

Professor Arinobu Tojo, M.D., D.M.S
Project Senior Assistant Professor Yasuki Hijikata, M.D., PhD.
Assistant Professor Tetsuya Ito, M.D., PhD.

教　授　　医学博士　　　東　條　有　伸
特任講師　博士（医学）　　土　方　康　基
助　教　　博士（医学）　　伊　藤　哲　也

We explore and provide personalized cancer treatment based on genome analysis, 
in addition to established standard therapy. Our goal is set also to improve patients’ 
quality of life by controlling symptoms related to the disease and treatment. We will 
perform a multidisciplinary approach to medical care based on the two specialized 
perspectives of cancer treatment and palliative medicine.

17附属病院_sk.indd   22017附属病院_sk.indd   220 2021/05/10   16:51:202021/05/10   16:51:20



221

cology, IMSUT Hosp.

Patients with life-threatening illness including 
cancer and their families are facing challenges, that 
interfere with their quality of life. 

Regardless of the stage of the disease, we aim to 
address problems of patients and families, whether 

physical, psychological, social or spiritual, and even-
tually improve their quality of life under multidisci-
plinary collaboration. 

At the same time, we will conduct research activi-
ties to build evidence on palliative medicine and dis-
seminate new findings.

Publications

Murayama T, Yamawaki K, Natsume T, Nishimura T, 
Kogure Y, Nakata A, Tominaga, K, Sasahara A, 
Yano M, Ishikawa S, Ohta T, Ikeda K, Horie-Inoue 
K, Inoue S, Seki M, Suzuki Y, Sugano S, Tanabe M, 
Tada KI, Kanemaki M, Okamoto K, Tojo A, Gotoh 
N. MCM10 compensates for Myc-induced DNA 
replication stress in breast cancer stem-like cells. 
Cancer Sci. 2020 Dec 19. doi: 10.1111/cas.14776. On-
line ahead of print.

Yasu T, Konuma T, Monna-Oiwa M, Kato S, Isobe M, 
Takahashi S, Tojo A. Lower vancomycin trough lev-
els in adults undergoing unrelated cord blood 
transplantation. Leuk Lymphoma 2020 Oct 25:1-10  
https://doi.org/10.1080/10428194.2020.1834096

Konuma T, Tanoue S, Mizusawa M, Okabe M, Isobe 
M, Kato S, Takahashi S, Tojo A. Tuberculous pleuri-
sy in a patient after cord blood transplantation. 
eJHaem. 1(2): 424-5, 2020

Izawa K, Yamazaki S, Becker H, Kakegawa T, Sakagu-
chi M, Tojo A. Activated HoxB4-induced hemato-
poietic stem cells from murine pluripotent stem 
cells via long-term programming. Exp Hematol. 
89:68-79.e7, 2020 

Konuma T, Kohara C, Watanabe E, Takahashi S, Oza-
wa G, Inomata K, Suzuki K, Mizukami M, Nagai E, 
Okabe M, Isobe M, Kato S, Takahashi S, Tojo A. Im-
pact of intestinal microbiota on reconstitution of 
circulating monocyte, dendritic cell,and natural 
killer cell subsets in adults undergoing single cord 
blood transplantation. Biol Blood Marrow Transplant. 
26(11):e292-7, 2020

Hirano M, Kimura K, Ishigaki T, Nojima M, Daimon 
M, Morita H, Takenaka K, Xu B, Sawada N, Hiroka-
wa M, Komuro I, Morisaki T, Yotsuyanagi H, Ka-
wamata T, Yokoyama K, Konuma T, Kato S, Yasui 
H, Nagamura-Inoue T, Uchimaru K, Takahashi S, 
Imai Y, Tojo A. High prevalence of left ventricular 
non-compaction and its impact on chemother-
apy-related cardiac dysfunction in patients with 
hematological diseases.  Circulation J. 84(11): 1957-
64, 2020

Matsubara Y, Kobayashi M, Hijikata Y, Ota Y, Hi-
rata,Y, Lim LA, Yotsuyanagi H, Tojo A.  Gastroin-
testinal lesion in adult-onset Langerhans cell histio-
cytosis. Int J Clin Oncol. 25(11):1945-50, 2020

Kamoi K, Kato S, Uchimaru K, Tojo A, Ohno-Matsui 
K. Frosted branch angitis after allogeneic hemato-
poietic stem cell transplantation in adult-T cell leu-

kemia /lymphoma. Lancet Haematol. 7(10): e772, 
2020

Konuma T, Isobe M, Adachi E, Kato S, Takahashi S, 
Yotsuyanagi H, Tojo A. Disseminated tuberculosis 
with cholecystitis in a patient after cord blood 
transplantation. Intern Med. 59(21):2769-71, 2020

Kobayashi M, Ando S, kawamata T, Makiyama J, 
Yokoyama K, Imai Y, Tojo A. Clinical features and 
outcomes of adult Langerhans cell histiocytosis: A 
single-center experience. Int J Hematol. 112(2): 185-
92, 2020 

Futami M, Suzuki K, Kato S, Tahara Y, Imai Y, Mimu-
ra T, Watanabe Y, Tojo A. The novel multi-cytokine 
inhibitor TO-207 specifically inhibits pro-inflam-
matory cytokine secretion in monocytes without 
affecting the killing ability of CAR-T cells. PLoS One 
15(4): e0231896, 2020

Nishiwaki K, Sugimoto K, Tamaki S, Hisatake J, 
Yokoyama H, Igarashi T, Shinagawa A, Sugawara 
A, Yujiri T, Tojo A, Wakita H, and Shimousa Hema-
tology Study Group. Optimal treatment strategy 
with nilotinib for patients with newly diagnosed 
chronic-phase chronic myeloid leukemia based on 
early achievement of deep molecular response 
(MR4.5): the phase 2, multicenter N-Road study. 
Cancer Med. 9(11): 3742-51, 2020 

Kamoi K, Okayama A, Izumo S, Hamaguchi I, Uchi-
maru K, Tojo A, Watanabe T, Ohno-Matsui K.  Tack-
ling human T-lymphotropic virus 1 infection in 
ophthalmology: a nationwide survey of current 
ophthalmic care in an endemic country, Japan. Br J 
Ophthalmol. 104(12):1647-51, 2020

Konuma T, Kohara C, Watanabe E, Takahashi S, Oza-
wa G, Suzuki K, Mizukami M, Nagai E, Jimbo K, 
Kaito Y, Isobe M, Kato S, Takahashi S, Tojo A. Re-
constitution of circulating mucosal-associated in-
variant T cells after allogeneic stem cell transplan-
tation; its association with the riboflavin synthetic 
pathway of gut microbiota in cord blood transplant 
recipients. J Immunol. 204(6):1462-73, 2020

Jimbo K, Konuma T, Mizukami M, Nagai E, 
Oiwa-Monna M, Isobe M, Kato S, Takahashi S, Tojo 
A. Telomere length in CD4+ and CD8+ T cells 
among long-term survivors of adults after single 
cord blood transplantation. Eur J Haematol. 104(5): 
509-11, 2020 

Hijikata Y, Yokoyama K, Tani K, Matsubara Y, Lim 
LA, Shimizu E, Yamaguchi R, Yotusuyanagi H, Im-
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oto S, Miyano S, Tojo A. Successful clinical sequenc-
ing in an elderly patient with refractory Sézary syn-
drome: a case report. JCO Precision Oncol. 4.534-60, 
2020 

Takeda R, Ishigaki T, Yokoyama K, Kawamata T, 
Fukuyama T, Ohno N, Araya N, Yamano Y, Uchi-
maru K, Tojo A. Immunophenotypic analysis of 
cerebrospinal fluid successfully revealed concur-
rent development of ATL in the CNS of a HAM/TSP 
patient. Int J Hematol. 111(6):891-6, 2020

Mizusawa M, Konuma T, Kato S, Isobe M, Shibata H, 
Suzuki M, Takahashi O, Oiwa-Monna M, Takahashi 
S, Tojo A. Clinical outcomes of persistent coloniza-
tion with multidrug-resistant Gram-negative rods 
is associated with non-relapse mortality in adult 
patients undergoing single-unit cord blood trans-
plantation. Int J Hematol. 222(6): 858-68, 2020 

Shimizu K, Iyoda T, Yamasaki S, Kadowaki N, Tojo A, 
Fujii SI. NK and NKT cell-mediated immune sur-
veillance against hematological malignancies. Can-
cers (Basel). 12(4) E817, 2020

Hijikata, Y. Matsubara, Y. Ota, Y. Lim, LA. Tani, K. 
Hirata, Y. Yotsuyanagi, H. Safe Use of Nivolumab 

in a Patient with Epipharyngeal Carcinoma and 
Preexisting Ulcerative Colitis: A Histologically 
Proven Case Report. Inter Med. 59: 1105-1109, 2020

Matsubara, Y. Lim, LA. Hijikata, Y. Hirata, Y. Yotsuy-
anagi, H. Embolization coil migration in the stom-
ach and spontaneous excretion: a case report and 
review of the literature. Radiol Case Rep.15: 1018-
1022, 2020

Nishiyama, N., Matsuda, Y., Fujiwara, N. Ariyoshi, 
K., Oyamada, S., Narita, K., Ishii, R., Iwase, S. The 
efficacy of specialised rehabilitation using the 
Op-reha Guide for cancer patients in palliative care 
units: protocol of a multicentre, randomised con-
trolled trial (JORTC-RHB02). BMC Palliat Care. 19: 
164, 2020.

土方康基. 難治性がんに対するプレシジョンメディシ
ンの実際. Precision Medicine. 北隆館. 3(14): 1303-
1307, 2020.

谷井真弓, 高坂久仁子, 久原みな代, 一色裕美, 吉井栄
子, 藤原紀子. 臨床におけるリサーチナース導入へ
の取り組み—ワーキンググループ設立と看護基準
作成のプロセス. 看護管理. 医学書院. 30(11): 1016-
1020. 2020.
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1.Effusion-based lymphoma (EBL) in Japan. 

Effusion-based lymphoma is found in pleura or 
ascites and usually lack of evidence for nodular le-
sion. Conventional findings about EBL are bad clini-
cal course and many patients are infected by HIV. 
However, some of Japanese patients were not infect-
ed HIV and good clinical course. We reported some 
case reports about EBL in Japan and are going to pro-
mote multi-institutional joint research in Japan. We 
therefore conducted a retrospective study of 95 pa-
tients with EBL, regardless of HHV8 status, in Japan. 
Of 69 patients with EBL tested for HHV8, a total of 64 
were negative. The median age of patients with pri-
mary HHV8-negative EBL at diagnosis was 77 years 
(range, 57-98 years); all 58 tested patients were nega-
tive for HIV. Primary HHV8-negative EBL was most 
commonly diagnosed in pleural effusion (77%). Ex-
pression of at least 1 pan B-cell antigen (CD19, CD20, 
or CD79a) was observed in all cases. According to the 

Hans algorithm, 30 of the 38 evaluated patients had 
nongerminal center B-cell (non-GCB) tumors. Ep-
stein-Barr virus–encoded small RNA was positive in 
6 of 45 patients. In 56 of 64 HHV8-negative patients, 
systemic therapy was initiated within 3 months after 
diagnosis. Cyclophosphamide, doxorubicin, vincris-
tine, and prednisolone (CHOP) or CHOP-like regi-
mens with or without rituximab (n = 48) were the 
most common primary treatments. The overall re-
sponse and complete response rates were 95% and 
73%, respectively. Three patients did not progress 
without systemic treatment for a median of 24 months. 
With a median 25-month follow-up, the 2-year overall 
survival and progression-free survival rates were 
84.7% and 73.8%. Sixteen patients died; 12 were lym-
phoma-related deaths. Thus, most EBL cases in Japan 
are HHV8-negative and affect elderly patients. The 
non-GCB subtype is predominant. Overall, primary 
HHV8-negative EBL exhibits a favorable prognosis 
after anthracycline-based chemotherapy.

IMSUT Hospital

Department of Diagnostic Pathology
病理診断科
Department of Pathology
病理部

Associate Professor　Yasunori Ota, M.D., Ph.D. 准教授　医学博士　　大　田　泰　徳

Our mission 

1.  We provide an accurate and high-quality pathological diagnosis to the patient in 
this research hospital, The Institute of Medical Science, The University Of Tokyo. 

2.  Make diagnosis by morphological approach using microscope to the laboratory 
materials. 

Overview
We study about the hematological malignancy and transplantation pathology. We 
emphasize many clinical cases and write case reports about human diseases.
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Publications

1. Daisuke Kaji, Yasunori Ota, Yasuharu Sato, Koji 
Nagafuji, Yasunori Ueda, Masataka Okamoto, Yas-
ushi Terasaki, Naoko Tsuyama, Kosei Matsue, To-
mohiro Kinoshita, Go Yamamoto, Shuichi Tanigu-
chi, Shigeru Chiba, Koichi Ohshima, Koji Izutsu. 
Primary human herpesvirus 8-negative effu-
sion-based lymphoma: a large B-cell lymphoma 
with favorable prognosis. Blood Adv. 2020 Sep 16. 
4(18): 4442-4450. doi: 10.1182/bloodavances. 202000 
2293.(2020)

2. Yasuo Matsubara, Masayuki Kobayashi, Yasuki Hi-
jikata, Yasunori Ota, Yoshihiro Hirata, Lay Ahy-
oung Lim, Hiroshi Yotsuyanagi, Arinobu Tojo, Gas-
trointestinal lesion in adult-onset Langerhans cell 
histiocytosis. Int J Clin Oncol. 2020 Sep 8. 25(11): 
1945-1950. doi: 10.1007/s10147-020-01739-1(2020)

3. Hidenori Sato, Yasunori Ota, Yasutoshi Kido, 

Takashi Matsumoto, Yasuo Matsubara , Tetsuro 
Matano, Yoshihiro Hirata, Ai Kawana-Tachikawa, 
Yoshio Yamaoka, Hiroshi Yotsuyanagi, Eisuke Ad-
achi. Gut-Homing CD4 + T Cells Are Associated 
with the Activity of Gastritis in HIV-Infected 
Adults, AIDS Res Hum Retroviruses. 2020 Aug 17. 
36(11):910-917. doi: 10.1089/AID.2020.0086,(2020)

4. Hijikata, Y., Yokoyama, K., Yokoyama, N., Matsub-
ara, Y., Shimizu, E., Nakashima, M., Yamagishi, M., 
Ota, Y., Lim L.A, Yamaguchi, R., Ito, M., Tanaka, Y., 
Denda, T., Tani, K., Yotsuyanagi, H., Imoto, S., Mi-
yano, S., Uchimaru, K., and Tojo, A. Successful 
Clinical Sequencing by Molecular Tumor Board in 
an Elderly Patient With Refractory Sezary Syn-
drome. JCO Precis Oncol. 2020 May 15. 4:534-560. 
doi: 10.1200/PO.19.00254(2020)

17附属病院_sk.indd   22417附属病院_sk.indd   224 2021/05/10   16:51:202021/05/10   16:51:20



225

1.   Introduction

Professor Shida and Dr. Ahiko newly joined in 
September 2020. And Dr. Aiko also newly joined in 
November 2020. We specialize in the treatment of gas-
trointestinal cancers, especially surgical treatment of 
colorectal cancer and gastric cancer. Colorectal cancer 
can be completely cured by more than 70% of pa-
tients when appropriate surgery is performed, even if 
it is stage III cancer. As qualified surgeons (endoscop-
ic surgical skill qualification system) of the Japan So-
ciety for Endoscopic Surgery (Dr. Shida and Dr. Aiko), 
we are actively performing minimally invasive sur-
gery with less physical burden of patients. In addi-
tion, Dr. Shinozaki specializes in the treatment of in-
flammatory bowel diseases. All the staff will propose 
the most suitable treatment method according to the 
medical condition and will do our best to treat the pa-
tients.

2.   Treatment for gastrointestinal malignancy

Colorectal cancers and gastric cancers are what we 

mainly treat. For rectal cancer, in order to improve the 
QOL (quality of life) after surgery as much as possi-
ble, we select not only autonomic nerve-sparing sur-
gery but also anus-sparing surgery if the cancer can 
be sufficiently resected. For gastric cancer, we select 
the surgical method with policy of ‘leaving the re-
maining stomach as much as possible’, because stom-
ach surgery limits the amount of food that patients 
eat after surgery which leads to weight loss and weak-
ness. As qualified surgeons (endoscopic surgical skill 
qualification system) of the Japan Society for Endo-
scopic Surgery (Dr. Shida and Dr. Aiko), we are ac-
tively performing minimally invasive surgery, that is, 
laparoscopic surgery.
<Sep 2020 – Dec 2020>
Laparoscopic gastrectomy: n=1
Laparoscopic ileocecal resection: n= 1
Laparoscopic right hemicolectomy: n= 2
Laparoscopic sigmoidectomy: n= 1
Laparoscopic high anterior resection: n= 2
Laparoscopic low anterior resection: n= 3
Laparoscopic ultra-low anterior resection: n= 2

IMSUT Hospital

Department of Surgery
外科

Professor Dai Shida, MD, PhD
Associate Professor Susumu Aiko, MD, PhD
Associate Professor Masaru Shinozaki, MD, PhD
Senior Assistant Professor Giichiro Tsurita, MD, PhD
Clinical Senior Assistant Professor Kentaro Yazawa, MD, PhD
Assistant Professor Tomohiro Kurokawa, MD, PhD
Assistant Professor Yuka Ahiko, MD

教　授　　博士（医学）　　志　田　　　大
准教授　　博士（医学）　　愛　甲　　　丞
准教授　　博士（医学）　　篠　崎　　　大
講　師　　博士（医学）　　釣　田　義一郎
病院講師　博士（医学）　　谷　澤　健太郎
助　教　　博士（医学）　　黒　川　友　博
助　教　　　　　　　　　阿　彦　友　佳

The mission of our department is to provide surgical treatment for various 
gastrointestinal diseases, such as colorectal cancers, gastric cancers, and 
inflammatory bowel diseases. Since the participation of Dr. Shida and Dr. Ahiko in 
September 2020, we have mainly performed laparoscopic surgery (i.e., colectomy, 
low anterior resection, gastrectomy) instead of open surgery for these diseases. 
We also treat acute appendicitis and cholecystitis, and perform diagnostic and 
therapeutic gastrointestinal endoscopy.
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3.   Treatment for inflammatory bowel disease

We treat inflammatory bowel diseases such as ul-
cerative colitis and Crohn’s disease. As board certified 
surgeons in gastroenterology (Dr. Shia, Dr. Shinozaki, 
Dr. Aiko, Dr. Tsurita, Dr.Yazawa), laparoscopic sur-
gery for ulcerative colitis is performed (mainly by Dr. 
Shinozaki).
<Sep 2020 – Dec 2020>
Laparoscopic total colectomy with ileal pouch anal 
anastomosis: n= 1

4.   Surgical treatment for benign diseases

We also treat a variety of benign diseases such as 
acute appendicitis, cholecystitis, and colonic divertic-
ulitis.
<Sep 2020 – Dec 2020>

Laparoscopic right hemicolectomy: n= 1
Laparoscopic sigmoidectomy: n= 1
Laparoscopic cholecystectomy: n= 2
Open appendectomy (small incision): n= 3

5.   Endoscopic examination and treatment

Under cooperation with Department of General 
Medicine (Dr. Matsubara Y. and Dr. Hirata Y.), we 
performed many cases of upper gastrointestinal en-
doscopy and colonoscopy.

6.   Preparing for Robotic Surgery

Currently, we are preparing for robotic rectal sur-
gery for rectal tumors such as rectal cancer and rectal 
GIST. Robotic rectal surgery is scheduled to begin in 
the spring of 2021 in our hospital.

Publications

Liu Z, Ahn MH, Kurokawa T, Ly A, Zhang G, Wang F, 
Yamada T, Sadagopan A, Cheng J, Ferrone CR, Liss 
AS, Honselmann KC, Wojtkiewicz GR, Ferrone S, 
Wang X.J 

A fast, simple, and cost-effective method of expand-
ing patient-derived xenograft mouse models of 
pancreatic ductal adenocarcinoma.

Transl Med. 2020 Jun 24;18(1):255. 
Kontos F, Michelakos T, Kurokawa T, Sadagopan A, 

Schwab JH, Ferrone CR, Ferrone S.
B7-H3: an attractive target for antibody-based immu-

notherapy.
Clin Cancer Res. 2020 Oct 13:clincanres.2584.2020. 

doi: 10.1158/1078-0432.CCR-20-2584. Online ahead 
of print.

Hata K, Ishihara S, Ajioka Y, Mitsuyama K, Watanabe 
K, Hanai H, Kunisaki R, Nakase H, Matsuda K, 
Iwakiri R, Hida N, Tanaka S, Takeuchi Y, Shinozaki 
M, Ogata N, Moriichi K, Hirai F, Sugihara K, Hisa-

matsu T, Suzuki Y, Watanabe M, Hibi T.
Long-Term Follow-Up of Targeted Biopsy Yield 

(LOFTY Study) in Ulcerative Colitis Surveillance 
Colonoscopy.

J Clin Med. 2020 Jul 18;9(7):2286. 
Iimura Y, Kurokawa T, Nojima M, Kanemoto Y, Yaza-

wa K, Tsurita G, Kuroda S.
Potential thiamine deficiency and neurological symp-

toms in patients receiving chemotherapy for gas-
trointestinal cancer.

Int J Clin Pharmacol Ther. 2020 Mar;58(3):139-145. 
Shinozaki M, Yokoyama T, Saigusa N, Sato H, Yazawa 

K, Tsurita G, Kurokawa T, Hata K, Yokoyama Y.
Elemental diet therapy plays a significant role in pre-

venting surgical recurrence of Crohn’s disease in 
the era of biologics.

Surg Today. 2020 Aug 18. doi: 10.1007/s00595-020-
02112-5. Online ahead of print.
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1.   Anesthetic management  for carrier hemophil-
ia.

Hemophilia is X-linked gene disease with the ac-
tivity abnormality of the coagulation factor. The 
hemophilia A is caused by factor VIII abnormality, 
and the hemophilia B is caused by factor Ⅸ abnor-
mality. Careful hemostatic management is required 
in perioperative care of the hemophilic patients. It is 
usually recommended that we perform coagulation 
factor replacement therapy and hemostatic monitor-
ing. 

We experienced anesthesia management of the or-
thopedic surgery of patients with hemophilia B that 
underwent living-donor liver transplantation for cir-
rhosis due to the hepatitis C virus this time. We car-
ried out hemostatic monitoring and perioperative 
management, but did not require coagulation factor 
replacement therapy. There were no complications 
such as postoperative bleeding and infection.

Female hemophilia patients are often not informed 
as carriers themselves, and there is a possibility that 
medical practice may be performed without recogniz-
ing them as hemophilia patients. We experienced an-
esthesia of female hemophilia patients and safety 
managed anesthesia with appropriate hemostatic 
management. 

2.   Assessment of functional failure of the internal 
valve applying maximum and positive end-ex-
piratory pressure of anesthesia machine 

Equipment-related complications, whatever its 
cause, should be prevented by checking the breathing 
system prior to general anesthesia. We found irregu-
larities with some of the anesthesia machines at our 
department, which was related to a ventilator-related 
problem that recurred after application of positive 
end-expiratory pressure (PEEP) during general anes-
thesia.

The issue with the PEEP/Pmax valve, which can 
lead to changes in flow and pressure during mechan-
ical ventilation, could go unnoticed because the valve 
is encased inside the breathing circuit, and requires 
disassembly for close inspection. Our findings high-
light the importance of keeping the anesthetic circuit, 
including the internal components of the PEEP/Pmax 
valve, free of unexpected contamination through 
more thorough preventive maintenance cycles. 

3.   Assessment  of  reliability  of  cardiac  output 
measurements.

Knowing a patient’s cardiac output (CO) could 
contribute to a safe, optimized hemodynamic control 
during surgery. Precise CO measurements can serve 

IMSUT Hospital

Department of Anesthesia 
麻酔科

Associate Professor Ryo Orii, M.D. , Ph.D. 
Assistant Professor Miho Asahara, M.D. , Ph.D.

准教授　博士（医学）　　折　井　　　亮
助　教　博士（医学）　　浅　原　美　保

Our clinical practice and clinical studies have been focused on (1) anesthetic 
management in patients undergoing major surgery including joint arthroplastic 
surgery for hemophilia patients, variable surgical procedures for translational 
researches (2) assessment of functional failure of the internal valve of anesthesia 
machine (3) assessment of reliability of cardiac output measurements (4) risk 
management of medical electronic devices in Research Hospital.
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as a guide for resuscitation therapy, catecholamine 
use, differential diagnosis, and intervention during a 
hemodynamic crisis. Despite its invasiveness and in-
termittent nature, the thermodilution technique via a 
pulmonary artery catheter (PAC) remains the clinical 
gold standard for CO measurements. LiDCO rapid™ 
(LiDCO, London, UK) and FloTrac/Vigileo™ (Ed-
wards Lifesciences, Irvine, CA) are less invasive con-
tinuous CO monitors that use arterial waveform anal-
ysis. Anesthesiologists use FloTrac/Vigileo™ in our 
operating room.

We found both devices tended to underestimate 
the caluculated CIs when the CIs were relatively high. 
These proportional bias produced large parcentage 

errors in the present study.

4.   Risk management of medical electronic devic-
es.

We ourselves engage in preventive maintenance 
and care of the life support machines including in-
struments for mechanical ventilation or blood purifi-
cation and defibrillator. We also supervise physicians 
during clinical usage of these instruments. We have 
promoted dual-directional information system with 
the Division of Clinical Trial Safety Manage on mal-
functions or incidents of the rest of medical electronic 
devices in this hospital in collaboration.

Publications

Ikeda T, Orii R, Iwakiri M, Uchida K, Yamada Y. Un-
expected deposits in the anesthetic circuit: a possi-
ble cause of PEEP/Pmax valve malfunction.J Clin 

Monit Comput. 2020 Jul 23.doi: 10.1007/s10877-020-
00562-3.
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From 2006 to 2020, more than 238 surgical treat-
ments for hemophilia included other coagulation dis-
eases such as deficiency factor VII or Von Willebrand 

disease. Some of them have the deficiency factor anti-
body as well.

Publication 2020

1.  Ono, K. and Takedani, H. Risk of deep venous 
thrombosis after total knee arthroplasty in patients 
with haemophilia A. Haemophilia 2020; 

2.  Fujii, T., Fujii, T. and Takedani, H. Long-term im-

pact of haemarthrosis on arthropathy and activities 
of daily living in Japanese persons with haemophil-
ia. Haemophilia, 2020;

IMSUT Hospital

Department of Joint Surgery
関節外科

Senior Assistant Professor Hideyuki Takedani, M.D. D.M.Sc.
Assistant Professor Kumiko Ono, M.D. D.M.Sc.

講　師　博士（医学）　　竹　谷　英　之
助　教　博士（医学）　　大　野　久美子

Department of Joint Surgery was established in 2006. Our clinical mission is 
evaluation and treatment of hemophilic arthropathy. In Japan, many hospitals are 
able to control bleeding for haemophilia by concentrates, however there are few 
hospitals focus on surgical treatments except us. Many haemophilia patients come 
to our department from all over Japan. We evaluate their joint condition and 
function roentgenographically and physiotherapeutically and decide indication of 
surgical treatment. Many of patients will be performed joint arthroplasties and 
arthroscopic synovectomy to improve their quality of life. We researched how to 
control bleeding adequately during perioperative period as well.
As basic mission, we started the research for pathogenesis of hemophilic 
arthropathy, collaborated with the department of orthopedic surgery, the University 
of Tokyo. The aim of this research is to develop mesenchymal stem cell therapy for 
hemophilic arthropathy.
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Introduction

Department of Surgical Neuro-Oncology was es-
tablished in 2011. Our department started treating 
out-patients in October 2011 and in-patients in April 
2012. Our department focuses on malignant tumors 
of the brain, such as gliomas or metastatic brain tum-
ors. Glioblastoma is one of the most aggressive and 
malignant cancers of the central nervous system. The 
standard upfront treatment includes resection to re-
move as much of the tumor as possible while preserv-
ing function, followed by radiation of 60Gy and te-
mozolomide. Established good prognostic factors are 
limited but include young age, high Karnofsky Per-
formance Status (KPS), high mini-mental status ex-
amination score, O6-methylguanine methyltrans-
ferase promoter methylation, and resection of > 98% 
of the tumor. Nevertheless, glioblastoma is refractory 
to conventional therapies and has a poor prognosis 
with a 5-year survival rate of less than 5%. Therefore, 
we should consider refined and personalized treat-
ment approaches for selected patients: high dose radi-
ation therapy of 80Gy for newly diagnosed glioblas-
toma or extended field stereotactic radiosurgery for 
recurrent gliomas. We also conduct translational re-

search based on scientific evidence. We are develop-
ing recombinant herpes simplex virus type I (HSV-1), 
which has genetic modifications in the viral genome 
so that the viruses replicate selectively in cancer cells 
while eliciting an immune response against tumor-as-
sociated proteins. Clinical trials using a third-genera-
tion, triple-mutated oncolytic herpes simplex virus 
type 1 (HSV-1), G47Δ, was performed in patients with 
glioblastoma from 2015 to 2020, and is ongoing in pa-
tients with olfactory neuroblastoma or malignant 
pleural mesothelioma. We also started a new investi-
gator-initiated clinical trial using T-hIL12 for malig-
nant melanoma jointly with Shinshu University since 
January 2020. 

A phase II clinical trial of a replication-competent, 
HSV-1, G47Δ in patients with glioblastoma

Genetically engineered, conditionally replicating 
HSV-1is promising therapeutic agents for solid carci-
nomas.  We developed G47∆ by introducing an addi-
tional genetic mutation to a second generation, dou-
ble-mutated oncolytic HSV-1, G207, used in the phase 
I clinical trial for glioblastoma in the United States in 
1998.  We conducted a phase II clinical trial of G47∆ in 

IMSUT Hospital

Department of Surgical Neuro-Oncology
脳腫瘍外科

Professor Tomoki Todo, M.D., Ph.D.
Project Associate Professor Minoru Tanaka, M.D., Ph.D.
Assistant Professor Seisaku Kanayama, M.D.
Assistant Professor(Thoracic surgeon) Yoshinori Sakata, M.D., Ph.D. 
Assistant Professor Hirotaka Ito, M.D., Ph.D.

教　授　　博士（医学）　　　藤　堂　具　紀
特任准教授　博士（医学）　　　田　中　　　実
助　教　　　　　　　　　　金　山　政　作
助　教　　博士（医学）（呼吸器外科医）　坂　田　義　詞
助　教　　博士（医学）　　　伊　藤　博　崇

All kinds of brain tumors, especially malignant glioma, are treated at our 
department. Malignant glioma is incurable by standard therapy alone, therefore 
refined, personalized treatment regimens utilizing non-standard radiation therapy 
and chemotherapy are considered.  In addition, innovative therapy such as 
oncolytic virus therapy is applied whenever possible.  Based on scientific evidence 
and findings from basic research, we conduct advanced medical practices in 
addition to standard therapy.
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patients with glioblastoma since December 2014 to 
June 2020.  The main inclusion criteria were a recur-
rent or residual glioblastoma with a single lesion 
(≥1cm) after initial radiation therapy concomitant 
with temozolomide chemotherapy, age 18 or older, 
life expectancy of at least 3 months, a performance-sta-
tus according to Karnofsky Performance Scale of ≥ 
60% and adequate organ function. The eligible pa-
tients received repeated stereotactic injections with 
G47Δ every 4 weeks, 6 injections being the maximum 
total. The efficacy of G47Δ evaluates using a one-year 
survival rate as the primary endpoint. The planned 
interim analysis showed the one-year survival rate of 
the 13 patients who completed the one-year follow-up 
assessment was 92.3%. The independent data moni-
toring committee (IDMC) recommended terminating 
the trial because the one-year survival rate was tre-
mendously higher than the set control value based on 
meta-analysis of historical data. A new drug applica-
tion (NDA) for G47∆ for malignant glioma has been 
submitted to the Ministry of Health, Labour and Wel-
fare in December 2020. It is expected that G47Δ be ap-
proved as the first oncolytic virus drug in Japan in 
2021.

A clinical study of G47∆ in patients with progres-
sive olfactory neuroblastoma

Olfactory neuroblastoma is an uncommon malig-
nant neuroectodermal tumor, which is thought to 
originate from the olfactory membrane of the sinona-
sal tract. Patients should receive aggressive treatment 
with combined treatment such as surgery, radiation 
therapy, and chemotherapy because there is no effec-
tive treatment once it recurs: An aggressive en bloc 
resection, with combined radiation therapy was rec-
ommended. We have been conducting a phase I clini-
cal trial of G47∆ in patients with progressive olfactory 
neuroblastoma since August 2013.   The key inclusion 
criteria are histologically confirmed recurrent olfacto-
ry neuroblastoma despite previous or ongoing radia-
tion therapy, age 18 or older, a measurable tumor le-
sion (≥1cm) on gadolinium-enhanced T1-MRI of the 
brain, life expectancy of at least 3 months, a perfor-
mance-status of 0-2 and adequate organ function. In 
this protocol patients with advanced disease (eg, 
Kadish stage C) are covered. G47∆ will be repeatedly 
inoculated to the residual tumor innasal cavity every 
4 weeks until tumor progression or excessive toxicity 
occurred. The primary endpoint is safety, and the sec-
ondary endpoints include efficacy analysis. 

A clinical study of G47∆ in patients with progres-
sive malignant pleural mesothelioma

Malignant pleural mesothelioma is a rare asbes-
tos-induced malignancy with an estimated incidence 
of approximately 2,000 new cases diagnosed in Japan. 
Worldwide, nearly 80% of mesothelioma deaths oc-

cur in ten countries, with Japan, the United Kingdom, 
and the United States being in the top three. It is ex-
pected to continue to increase over the next several 
decades. Median survival ranges from 9 to 18 months 
and correlates with stages. Radiotherapy can be used 
for different indications in mesothelioma: palliation, 
as a preventive treatment, and as part of multimodal-
ity treatment. Combination doublet chemotherapy of 
cisplatin, with either pemetrexed or raltitrexed, has 
shown a more prolonged survival compared with cis-
platin alone in randomized phase III trials. Carbopla-
tin is an acceptable alternative to cisplatin and may be 
better tolerated in the elderly population. We have 
been conducting a phase I clinical trial of G47∆ for 
malignant pleural mesothelioma. The key inclusion 
criteria are histologically confirmed malignant pleu-
ral mesothelioma that is inoperable, recurrent or pro-
gressive, no prior thoracotomy or thoracoscopic sur-
gery, except for biopsy, age 20 or older, presence of 
one or more evaluable lesions on contrast-enhanced 
CT scan, interval of 4 weeks or more from prior 
chemotherapy if it is given, life expectancy of at least 
3 months, a performance-status of 0-1 and sufficient 
major organ functions. In this protocol history of 
chemotherapy or radiotherapy is irrelative.  A fixed 
dose of G47∆ will be administered into the pleural 
cavity every 4 weeks, maximum 6 times. The primary 
endpoint is safety, and the secondary endpoints in-
clude efficacy analysis. 

A phase 1/2 clinical trial of a recombinant herpes 
simplex  type  1  with  human  IL-12  expression, 
T-hIL12, in patients with malignant melanoma

Malignant melanoma is a tumor produced by the 
malignant transformation of melanocytes. Melano-
cytes are derived from the neural crest; consequently, 
melanomas, although they usually occur on the skin, 
can arise in other locations where neural crest cells 
migrate, such as the gastrointestinal tract and brain. 
The 5-year relative survival rate for patients with 
stage 0 melanoma is 97%, compared with about 10% 
for those with stage IV disease. We started a phase 1/2 
clinical trial of T-hIL12 in patients with malignant 
melanoma since January 2020 jointly with Shinshu 
University. T-hIL12 is a G47∆-based recombinant her-
pes simplex type I with IL-12 expression. This 
IL-12-mediated antitumor immunity could be 
T-cell-mediated. The main inclusion criteria in phase 
1 are 1) histologically confirmed malignant melano-
ma with stage 3 or 4, 2) patients who have at least one 
metastatic skin lesion with 10 mm or larger (the long-
est diameter), or at least one metastatic lymph node 
with 15 mm or larger (the shortest axis), 3) patients 
who were administered with anti-PD-1 antibody, or 
targeted molecular drugs, 4) the size and distribution 
of all the metastatic lesions are recognized with clini-
cal findings including imaging studies (CT, MRI), 5) 
age >=20 years, 6) more than 30 days have passed 
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from the previous treatment, 7) Eastern Cooperative 
Oncology Group (ECOG) performance Status (PS) of 
0-2, 8) patients without severe disorders (severe mye-
losuppression, liver dysfunction, chronic renal dys-
function), whereas in phase 2 they are eight items, 
which are defined in the same way as in the phase 1 
except for 3) of phase1. The 3rd inclusion criterion of 
phase2 is 3) patients who have not been administered 
with anti-PD-1 antibody or targeted molecular drugs. 
T-hIL12 will be administered into the tumor of skin or 
lymph node metastases in patients with advanced 
stage of malignant melanoma. The assigned dose will 
be repeatedly inoculated into the metastases 2 or 4 
times, with an interval of 14 (14 -28) days. The prima-
ry endpoint in phase 1 is safety, and in phase 2 a re-
sponse rate (RECIST 1.1).

Routine activities

Patients with brain tumors are treated by four 
neurosurgeons. A total of 23 operation were carried 
out in 2020 including 5 gliomas and 13 malignant 
pleural mesotheliomas. Standard craniotomies and 
image guided stereotactic biopsies of deep seated le-
sions, as well as high-tech brain tumor resections 
have been performed. The high-tech equipment regu-
larly used in brain tumor resection surgeries includes 
an operative microscope, a 3-D neuro-navigation sys-
tem, intraoperative motor evoked potential (MEP and 
SEP) recording, intraoperative ultrasonography and 
an ultrasonic surgical aspirator. 

Patients with newly diagnosed malignant glioma 
have been treated with high dose or standard dose 

radiation therapy and concomitant chemotherapy. 
Temozolomide was administered to glioma patients 
during radiation therapy followed by a maintenance 
therapy every 28 days for as long as possible. The 
overall survival of patients with glioblastoma was 
30.3 months (95% confidence interval, 24.5-36.1 
months. The five-year overall survival rate was 26.5%.

Recurrent malignant glioma patients are treated 
with innovative non-standard therapies whenever 
possible. Recurrent glioma patients who have small 
lesions, receive extended field stereotactic radiosur-
gery. To enhance the efficacy of stereotactic radiosur-
gery (SRS), the irradiation field is enlarged to include 
as many tumor cells invasive to the surrounding tis-
sue as possible. We demonstrated 93% local control 
in patients who received 20 Gy to a 0.5-1.0 cm extend-
ed field SRS compared to 47% of patients who were 
treated with 20 Gy to the gadolinium-enhancing mar-
gin only.

Treatment of primary central nervous system lym-
phoma

Primary central nervous system lymphoma pa-
tients will first undergo biopsy for pathological diag-
nosis. In addition to the standard therapy regimen 
using high-dose methotrexate followed by radiother-
apy, an advanced treatment regimen utilizing rituxi-
mab, methotrexate, procarbazine, and vincristine 
(R-MPV) therapy followed by consolidation whole-
brain radiation therapy has been used as a treatment 
option.
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1.   Establishment of an out-patient clinic and pub-
lic relations activities 

The leadership of the University of Tokyo 
launched the expansion project to establish the de-
partment of Urology at IMSUT Hospital and also in-
troduce robotic and laparoscopic surgery. 

To recruit patients, we planned to accept all pa-
tients with urological symptoms such as benign pros-
tatic hyperplasia, overactive bladder, and other con-
ditions in addition to patients diagnosed with 
malignant tumors in need of robotic or laparoscopic 
surgery referred to the hospital from other healthcare 
facilities. We also registered prescription drugs in the 
urological field. In addition, we introduced a portable 
ultrasonography apparatus for screening, a portable 
ultrasound bladder scanner, a uroflowmeter to assess 
the urinary tract function, and chain-cystography to 
assess cystocele, and a fiber cystoscope system with 
the installation of a urology exam table for diagnosis 
of bladder tumors. After educating medical staff and 
arranging the electronic medical records ordering 
system for urological exams, we were able to efficient-
ly practice ambulatory care without wait times. 

Regarding public relations activities, we estab-
lished our own homepage to introduce and publicize 
the details of our guiding principles and expertise. 

We also designed the homepage in English to help 
foster medical tourism. We sent notification letters re-
garding the inauguration of our department to 450 
hospitals and clinics. This resulted in visits from clin-
ics and hospitals and the establishment of partner-
ships with twelve facilities.

We saw a total of 293 patients at the out-patient 
clinic and 84 new patient referrals from outside facili-
ties in the first six months. 

2.   Start-up  of  urological  surgery  and  the  latest 
surgery for overactive bladder

We purchased medical equipment and registered 
disposable materials which included a complete lapa-
roscopic system, transturethral resection apparatus, 
ureteroscopy, electrosurgical and tissue fusion gener-
ators, and sets of conventional open surgery. 

The Ministry of Health and Welfare approved the 
botulinum toxin injection to the bladder muscle by 
cystoscope as a treatment of overactive bladders in 
2020. We conducted training and received certifica-
tion, educated nurses, and optimized the patient flow 
to undergo out-clinic surgery. 

We successfully performed a total of 66 surgeries, 
including robotic surgery, in the first six months, 23 
prostate biopsies under anesthesia, 13 transurethral 

IMSUT Hospital

Department of Urology
泌尿器科

Professor Haruki Kume, M.D., Ph.D.
Project Senior Assistant Professor Sayuri Takahashi, M.D., Ph.D.
Project Assistant Professor Akihiro Naito, M.D., Ph.D.

教　授　　博士（医学）　　久　米　春　喜
特任講師　博士（医学）　　高　橋　さゆり
特任助教　博士（医学）　　内　藤　晶　裕

In July 2020, the department of Urology was established to expand the clinical 
function of ISMUT hospital. We set up an out-patient clinic, urological examinations 
such as cystoscopy and uroflowmetry, general urological surgery including 
laparoscopic surgery, and successfully introduced robotic-surgery, which is the 
latest surgery for urological cancer. Furthermore, we have been conducting basic 
research on castration resistant prostate cancer using the method of molecular and 
cell biology. 
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resections of bladder tumors or prostates, six ureteral 
stentings, five castrations, six scrotal or penile surger-
ies, one laparoscopic nephrectomy, and one botuli-
num toxin injection. 

3.   Introduction of robotic surgery and education 
for medical staff 

Urological staff members relocated to IMSUT 
Hospital in July 2020. However, there was a long de-
lay in supplying the da Vinci Xi system which is an 
integrated technology for robot-assisted surgery. We 
contacted with Intuitive Surgical, Inc., and urged 
speedy import of the system from the United States 
after conclusion of the contract between Tokyo Uni-
versity and the company. Medical engineers and 
nurses visited outside hospitals and completed the 
e-learning and off-site training provided by Intuitive, 
Inc. We set up the peripheral equipment, organized 
the kick-off meeting with the all parties concerned on 
October 22nd, installed the da Vinci Xi system on No-
vember 3rd, and performed the first robot-assisted 
prostatectomy on November 10th after the sequential 
simulation. By the end of the year, we successfully 

completed five robotic surgeries.

4.   Basic research 

Prostate tumor cells are androgen dependent, so 
that hormonal therapy such as LH-RH antagonist, ag-
onist, and anti-androgen drugs are often used to treat 
prostate cancer. However, it is well known to turn 
into CRPC (castration-resistant prostate cancer) in a 
few years. Previously, we reported that non-canonical 
Wnt signaling promotes growth of prostate cancer us-
ing androgen receptor mutant conditional mice. The 
Wnt signaling pathways (canonical and non- canoni-
cal) regulate crucial aspects of embryonic develop-
ment. We found that Wnt5a promotes proliferation of 
cancer cells directly through non-canonical Wnt sig-
nals and by increasing secretion of growth factors and 
expression of cancer related genes including immune 
system. We clinically experience corticosteroid drug 
suppress progression of CRPC. Now, we are research-
ing molecular mechanisms of prostate cancer in the 
point of view of immunotherapy to CRPC by the 
method of molecular and cell biology. 
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1.   Management and operation of the hospital in-
formation system and network

Akira Kunimatsu, Hiroyuki Akai, Koichiro Yasaka

We offer services related to the hospital informa-
tion system of the IMSUT hospital. We work together 
with the IT service room of IMSUT, and the Informa-
tion Technology Center of the University of Tokyo. 
We are obliged to maintain the hospital information 
service and the network system for better medical 
care, ensuring that patient medical records are saved 
in a standard format and are easily transferrable to 
other healthcare providers. 
Our missions are as follows:
• Supervision, development, operation, and manage-

ment of the hospital information system
• Education on the hospital information system to the 

medical staff
• Development and management of the network in-

frastructure for securely dealing with patient per-
sonal information and clinical records

• Day-to-day management and operation of the hos-
pital information system and network

• General work concerning the operation of the hospi-
tal information system and network

2.   IT  support  to  a  community-based  healthcare 
provider network

Akira Kunimatsu, Hiroyuki Akai, Koichiro Yasaka

“Community-based integrated care systems” is a 
keyword for the Japanese healthcare system in this 
decade. IMSUT hospital belongs to its communi-
ty-based healthcare provider network and we contin-
uously improve infrastructure for cooperation in the 
network.

Our hospital information system has been re-
newed since 2017. We hope that the latest electronic 
healthcare record system will help to refer patients 
from hospital to clinic and from clinic to hospital in 
the network.

IMSUT Hospital

Department of Medical Informatics
医療情報部

Associate Professor Akira Kunimatsu, M.D., D.M.Sc.
Senior Assistant Professor Hiroyuki Akai, M.D., D.M.Sc.
Assistant Professor Koichiro Yasaka, M.D., D.M.Sc.

准教授　博士（医学）　　國　松　　　聡
講　師　博士（医学）　　赤　井　宏　行
助　教　博士（医学）　　八　坂　耕一郎

Department of Medical Informatics is engaged in the management of hospital 
information systems, including infrastructure for the system and the electric medical 
records, at the Institute of Medical Science (IMSUT) Hospital. Hospital information 
system enables medical staff to securely provide patient care and helps to conduct 
clinical research. The current hospital information system has been renewed for 
better patient care since 2017.
We also devote ourselves to the development and improvement of infrastructure for 
a regional community-based medical cooperation network between IMSUT hospital 
and other healthcare providers.
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1.   Transfusion　medicine and related　tests

Abe Y, Ogami K, Hiratak K, Yokoyama K, Ka-
wamata T, Nagamura-Inoue T

In a part of Transfusion test and control, we con- 
trol the blood transfusion products including concen- 
trated Red Blood cells, Platelets, and Frozen plasma, 
and do blood typing, irregular antibodies test, and 
cross matching test. There are many patients with 
blood disease including hematopoietic stem cell 
transplantation. We carefully do the blood typing test, 
because the blood type of the patient transit to the do- 
nor type. We also collect the autologous blood for au- 
tologous transfusion for the patients with Hemophil- 
ia.

2.   Apheresis for Peripheral Blood Stem Cell mo-
bilization and collection, CAR-T, and dendritic 
cells therapy:

Nagamura-Inoue T, Ogami K, Takahashi A, Ka- 
wamata T, Yokoyama K

For autologous peripheral blood Stem Cell Trans- 
plantation (PBSCT), we perform the apheresis for the 
patients with myeloma and malignant lymphoma af- 
ter mobilization by G-CSF with or without new 
CXCR-4 inhibitor, Plerixafor. We evaluate the efficacy 
of mobilization by testing HPC and CD34 positive 
cells in peripheral blood on the day of apheresis and 
processing products. We perform the mobilization 
and apheresis for the patients out of IMSUT hospital 
by request. We also apheresis to obtain the lympho-
cyte (CD3-positive cells) for the construction of 
CAR-T and monocytes for dendritic cell therapy.

IMSUT Hospital

Department of Cell Processing and 
Transfusion
セルプロセッシング・輸血部

Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D. 
Assistant Professor Kazuaki Yokoyama, M.D., Ph.D. 
Assistant Professor Toyotaka Kawamata, M.D., Ph.D.

病院教授　博士（医学）　　長　村　登紀子
助　教　　博士（医学）　　横　山　和　明
助　教　　博士（医学）　　川　俣　豊　隆

Our department was established in 1990, in order to manage the transfusion 
medicine and the cell processing for hematopoietic stem cell transplantation. In 
addition to the transfusion-related works, our department has supported 
translational researches and managed IMSUT-Cell Resource Center (IMSUT-CRC), 
which has been established in 1997. Recent our projects include Research Cord 
Blood Bank (RCBB), as National BioResource Project (NBRP) supported by AMED 
(MEXT) and CB and umbilical cord-derived mesenchymal stromal cell (UC-MSC) 
banking for clinical use supported by AMED (MHLW). We have been conducting an 
investigator-initiated clinical trial; the administration of umbilical cord-derived MSCs 
for treatment-resistant severe acute graft-versus-host disease since 2018 to 2020. 
We also explore the clinical application of UC-MSC for cerebral palsy.
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3.   Therapeutic  application of Umbilical  cord-de- 
rived mesenchymal stromal cells to the severe 
acute graft-versus-host –disease(aGVHD).

Nagamura-Inoue T, Takahashi A, Hori A, Okada M, 
Yamamoto Y, Nagamura F, Konuma T, Kato S, Saito 
Y, Takahashi S, Tojo A

Umbilical cord (UC) is a rich source of mesenchy- 
mal stromal cells (MSCs). MSCs have self-renewal ca- 
pacity, multi-lineage differentiation potential and the 
ability to migrate toward sites of inflammation or in- 
jury, where MSCs control the inflammation and re- 
pair the damaged tissues. UC-MSCs harbored the im- 
munosuppressive effects. Even 3rd party donor 
UC-MSCs suppress the activated T cells stimulated 
by allogeneic dendritic cells, through IDO, PGE2, and 
HGF etc. We succeeded to manufacture the clini-
cal-grade UC-MSCs (IMSUT-CORD). Since 2018, July, 
we started the UC- MSCs treatment for severe acute 
graft-versus-host disease (GVHD), as the investigator 
initiated clinical trial (IIT) and the IIT is now still un-
dergoing.

4.   Therapeutic  application  of  UC-MSCs  to  the 
cerebral palsy.

Sei K, Yamamoto Y, Mukai T, Takahashi A, Naga-
mura-Inoue T.

In the previous study, we demonstrated UC-MSCs 
have neurogenic differentiation potential and migra- 
tion ability towards injured neuronal cells in vitro. We 
also established neonatal intraventricular hemor- 
rhage (IVH) mice model, one of neonatal brain inju- 
ries and found that the intravenous injection of UC- 
MSCs improved behavioral outcome in IVH, by 
restoring periventricular reactive gliosis, hypomyeli- 
nation, and periventricular cell death in vivo. Trans- 
planted UC-MSCs migrated towards injured brain, 
but disappeared three weeks after injection. Interest- 
ingly, human brain-derived neurotrophic factor 
(BDNF) and hepatocyte growth factor (HGF) were 
elevated in the serum, cerebrospinal fluid and brain 
tissue of UC-MSCs injected mice. These results sug- 
gest that UC-MSCs ameliorate neuronal injury fol- 
lowed by functional improvement by secretion of 
neurotrophic factors such as BDNF and HGF rather 
than neuronal differentiation and eternal cell replace-

ment, and that intravenous injection of UC-MSCs 
may be feasible treatment for neonatal brain injuries.

5.   Research  human  Cord  Blood  Cell  Bank  /  
National BioResource Project (NBRP) (IMSUT- 
Cell Resource Center):

Izawa Y, Natori M, Nagaya N., Takahashi A, Hori A, 
Nagamura-Inoue T,

“Research  Cord  Blood  Bank” was  established  in 
2004, supported by MEXT for the development of the 
medicine including Regenerative Medicine, immuno- 
logical cell therapy, infection research, modified gene 
cell therapy, and drug discovery. Since 2012, July, this 
project has been incorporated in National BioRe- 
source Project (NBRP). The research CB bank pro- 
vides processed and cryopreserved CB units (Nucle- 
ated cells, mononuclear cells, and CD34+ cells), to 
world-wide researchers via RIKEN Bioresource 
Center. Visit our website http: //www.nbrp.jp/. More 
than 500 samples / year, we supply to the researchers.

6.   Institute of Medical Science, University of To-
kyo-Cell Resource Center (IMSUT-CRC):

Takahashi A, Shimazu T, Hori A, Okada M, Mori Y, 
Ichimura S, Nagamura-Inoue T

To promote the cell therapy in translational re- 
searches, IMSUT-Cell Resource Center (IMSUT- CRC) 
has been established in 1997 (originally called as 
Room for Clinical Cellular Technology (RCCT)). Until 
now, the following projects had implemented; 1) CB 
cell processing for banking (1997-2008) (for Tokyo 
Cord Blood Bank, Research cord blood stem cell bank, 
and related sibling donors), 2) Dendritic cell therapies 
(1998-2001), 3) Regenerative therapy of alveolar bone 
derived from bone marrow mesenchymal cells (2005- 
2011), 4) Gene therapy for renal cancer (1998), 5) CB 
and UC-MSCs banking (IMSUT-CORD) (2012-pres- 
ent), and 6) aAVC-WT1 cell therapy(2017~present), 
(7)Dendritic cell therapy using DC pulsed with neo-
antigen(2020-present). 

Visit our website: http: //www.ims.u-tokyo.ac.jp/ 
dcpt/english/

Publications

1)  Tanaka E, Ogawa Y, Fujii R, Shimonaka T, Sato Y, 
Hamazaki T, Nagamura-Inoue T, Shintaku H, Tsuji 
M. Metabolomic analysis and mass spectrometry 
imaging after neonatal stroke and cell therapies in 
mouse brains. Sci Rep. 2020 Dec 14;10(1):21881. doi: 
10.1038/s41598-020-78930-x.

2)  Hirano M, Kimura K, Ishigaki T, Nojima M, Dai-
mon M, Morita H, Takenaka K, Xu B, Sawada N, 
Hirokawa M, Komuro I, Morisaki T, Yotsuyanagi 
H, Kawamata T, Yokoyama K, Konuma T, Kato S, 
Yasui H, Nagamura-Inoue T, Uchimaru K, Taka-
hashi S, Imai Y, Tojo A. High Prevalence of Left 

17附属病院_sk.indd   23817附属病院_sk.indd   238 2021/05/10   16:51:212021/05/10   16:51:21



239

Ventricular Non-Compaction and Its Effect on 
Chemotherapy-Related Cardiac Dysfunction in Pa-
tients With Hematological Diseases. Circ J. 2020 Oct 
23;84(11):1957-1964. doi: 10.1253/circj.CJ-20-0344. 

3)  Kitase Y, Sato Y, Arai S, Onoda A, Ueda K, Go S, 
Mimatsu H, Jabary M, Suzuki T, Ito M, Saito A, Hi-
rakawa A, Mukai T, Nagamura-Inoue T, Takahashi 
Y, Tsuji M, Hayakawa M. Establishment of a Novel 
Fetal Growth Restriction Model and Development 
of a Stem-Cell Therapy Using Umbilical Cord-De-
rived Mesenchymal Stromal Cells, Front Cell Neu-
rosci. 2020 Jul 28;14:212. doi: 10.3389/fncel.2020. 
00212. eCollection 2020.

4)  Ikeda K, Ohto H, Yamada-Fujiwara M, Okuyama Y, 
Fujiwara SI, Muroi K, Mori T, Kasama K, Kanamori 
H, Iseki T, Nagamura-Inoue T, Kameda K, Kanda J, 

Nagai K, Fujii N, Ashida T, Hirose A, Takahashi T, 
Minakawa K, Tanosaki R., Hematopoietic cell infu-
sion-related adverse events in pediatric/small re-
cipients in a prospective/multicenter study, Trans-
fusion. 2020 May;60(5):1015-1023. doi: 10.1111/
trf.15786.

5)  Murata M, Suzuki R, Nishida T, Shirane S, Shimazu 
Y, Minami Y, Mori T, Doki N, Kanda Y, Uchida N, 
Tanaka M, Ishikawa J, Togitani K, Fukuda T, Ichi-
nohe T, Atsuta Y, Nagamura-Inoue T, Kiyoi H. , Al-
logeneic Hematopoietic Stem Cell Transplantation 
for Post-essential Thrombocythemia and Post-poly-
cythemia Vera Myelofibrosis. Intern Med. 
2020;59(16):1947-1956. doi: 10.2169/internalmedi-
cine.4375-19. Epub 2020 Aug 15.
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Introduction

IMSUT hospital provides seamless support for 
translational research.  The aim is to apply knowledge 
gained from basic science to clinical and community 
health-care settings.  Our mission is the management 
and operation of the surgical center to achieve a safe 
and organized environment where surgical proce-
dures can be performed in high quality. Our activities 
include the management of clean areas, the establish-
ment of protocols for infection control, maintenance 
of equipment such as astral lamps, surgical micro-
scopes and fiberscopes, and organizing of daily and 
weekly operations.  A da Vinci surgical system (da 
Vinci Xi), a robotic technology that allows surgeons to 
perform minimally invasive procedures, was intro-
duced in November 2020, and Robot-assisted Radical 
Prostatectomies (RARP) for prostate cancer started.  
Medical engineer staffs increased accordingly, and a 
ME Division was newly established in the Surgical 
Center.  Three of four operating rooms are maintained 
at a NASA class 10,000 clean level.  One operating 
room is maintained at a NASA class 1,000 clean level 
and specifically designed for neurosurgery and joint 
surgery.  For prompt and sustained supply of steri-
lized materials, we keep the surgical tools for each 
department in sets of designated purposes.

Equipment in the surgical center

The center is equipped with C-arm x-ray TV sys-
tems, surgical microscopes, ultrasonic aspirators, im-
age guided navigation systems, intraoperative ultra-
sound imaging systems, intraoperative nerve 
simulation monitoring systems, etc.  The endoscopic 
procedure room is located separately but adjacent to 
the surgical center.

TV monitoring system

Each operating room is equipped with a TV cam-
era, so that the rooms can be monitored in the control 
center as well as by pad devices carried by managing 
anesthesiologists.  

Induction of electronic ordering system

We are accommodating an electronic ordering 
system for the surgical center that allows a real time 
ordering by clinical departments and a computerized 
management of operation schedules. 

Facts in the fiscal year 2020 

Total number of operations 149
Planned operations 141

IMSUT Hospital

Surgical Center
手術部

Professor Tomoki Todo, M.D., Ph.D.
Project Associate Professor Minoru Tanaka, M.D., Ph.D.

教　授　　　博士（医学）　　藤　堂　具　紀
特任准教授　博士（医学）　　田　中　　　実

IMSUT hospital provides seamless support for translational research.  Our mission 
is the management and operation of the surgical center to achieve a safe and 
organized environment where surgical procedures can be performed in high quality.  
A da Vinci surgical system (da Vinci Xi), a robotic technology that allows surgeons 
to perform minimally invasive procedures, was introduced in November 2020, and 
Robot-assisted Radical Prostatectomies (RARP) for prostate cancer started.
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Emergency operations 8

General anesthesia 80
Spinal 21

Epidural 0
Local 48
Others 0
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1.   Introduction  of  clinical  laboratory  tests  for 
SARS-CoV-2  detection,  and  urgent  environ-
mental arrangement to prevent the infection in 
clinical laboratory including physiological lab-
oratory.

Bacteriology team, Physiology team, Tomohiro Ishi-
gaki, and Tokiko Nagamura-Inoue.

Due to the outbreak of severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2), rapid and ac-
curate diagnosis of the infection (COVID-19) is essen-
tial for clinical practice. Our clinical laboratory takes 
an important role in the tests for detection. The cur-
rent standard method for diagnosing SARS-CoV-2 
infection is the real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR). To analyze much 
more clinical samples and report the results faster, we 
have applied BD MAX™ system, which is a fully-in-
tegrated automated platform that performs nucleic 

acid extraction and real-time PCR, to clinical labora-
tory. After sufficient validation and quality control, 
we have established protocols according to the stand-
ard method of the National Institute of Infectious Dis-
eases. We are reporting the results of various clinical 
samples within about 2 hours. After the PCR assays, 
we have introduced SARS-CoV-2 antigen tests, and 
are about to introduce IgG/IgM antibody tests for 
deeper analysis for SARS-CoV-2 infection.

The virus could easily spread in confined spaces 
like a physiological laboratory. Respiratory function 
tests and some physiological tests are at high risk for 
infection. Therefore, we also advanced environmental 
arrangement to prevent infection in a physiological 
laboratory.

2.   Immunophenotypic  analysis  of  cerebrospinal 
fluid reveals concurrent development of ATL in 
the CNS of a HAM/TSP patient.

IMSUT Hospital

Department of Laboratory Medicine
検査部

Professor Arinobu Tojo, M.D., Ph.D.
Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D.
Assistant Professor Tomohiro Ishigaki, M.D., Ph.D.

教　授　　医学博士　　　東　條　有　伸
病院教授　博士（医学）　　長　村　登紀子
助　教　　博士（医学）　　石　垣　知　寛

The department of laboratory medicine consists of seven divisions: clinical 
hematology, biochemistry/serology, microscopy, pathology, bacteriology, physiology, 
and TR verification laboratory.
 Clinical laboratory tests are necessary for all clinical practice steps including 
diagnosis of diseases, evaluation of stages, determination of treatments, and 
assessment after therapy. Our department engages in most of the clinical 
laboratory examinations in our hospital under stringent quality control and provides 
investigational laboratory analysis in collaboration with many other departments.
To facilitate translational research projects in this research hospital, we had 
established a special division named TR verification laboratory. This division has 
contributed to evaluating the safety of experimental therapeutic approaches and 
biopharmaceutical products for clinical trials.
As a central medical department, we are also taking part in many clinical trials and 
researches conducted in our hospital.
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Tomohiro Ishigaki (corresponding) and Arinobu 
Tojo.

Both adult T-cell leukemia/lymphoma (ATL) and 
human T-cell leukemia virus type 1 (HTLV-1)-associ-
ated myelopathy/tropical spastic paraparesis (HAM/
TSP) can be induced by HTLV-1, but concurrent de-
velopment has been rarely reported. We reported the 
case of CNS ATL in a HAM/TSP patient. Our quanti-
tative flow-cytometric analysis of cell populations in 
the cerebrospinal fluid (CSF) revealed that the CSF 
cells were classified as aggressive ATL; these cells ex-
hibited a more progressed phenotype than those in 
peripheral blood (PB). On the other hand, HAM/TSP 
disease activity was estimated to be low. Based on our 
analysis, we made a diagnosis of acute-type ATL, 
which unusually developed in the central nervous 
system at initial onset prior to systemic progression. 
Immunophenotypic characterization of CSF and PB is 
valuable for differential diagnosis and understanding 
disease status in cases with a challenging diagnosis.

3.   High Prevalence of Left Ventricular Non-Com-
paction and Its Effect on Chemotherapy-Relat-
ed Cardiac Dysfunction in Patients With Hema-
tological Diseases.

Koichi Kimura (corresponding), Tomohiro Ishigaki 
(co-first), Tokiko Nagamura-Inoue, and Arinobu 
Tojo.

Recent progress in chemotherapy has prolonged 
the survival of patients with hematological diseases, 
but has also increased the number of patients with 
chemotherapy-related cardiac dysfunction (CTRCD). 
However, the causes of individual variations and risk 
factors for CTRCD have yet to be fully elucidated. We 
retrospectively evaluated consecutive echocardio-
grams of 371 patients for the presence of left ventricu-
lar (LV) non-compaction (LVNC). The prevalence of 
LVNC was 6-fold higher in patients with hematologi-
cal diseases than in those with non-hematological dis-
eases (12% vs. 2%; risk ratio 6.1). Among patients 
with hematological diseases, the ratio of myeloid dis-
eases was significantly higher in the group with 
LVNC. Deterioration of LVEF was more severe in pa-
tients with than without LVNC (-14.4 percentage 
points/year vs. -4.6 percentage points/year, respec-
tively), even after multivariate adjustment. We eluci-
dated LVNC is relatively prevalent in patients with 

hematological diseases (particularly myeloid diseas-
es) and can be one of the major risk factors for CTRCD. 
Detailed cardiac evaluations including LVNC are rec-
ommended for patients undergoing chemotherapy.

4.   Establishment  and  introduction  of  new man-
agement system of  clinical  laboratory exami-
nations for translational researches (TR).

TR verification laboratory team, Tomohiro Ishigaki, 
and Arinobu Tojo.

Our department also functions as a safety-moni-
toring laboratory by examining the safety of new in-
vestigational therapeutic approaches. TR verification 
laboratory was funded by the Ministry of Education, 
Culture, Sports, and Technology (MEXT). We are ex-
amining the safety of bio-cellular materials for Trans-
lational Research (TR) clinical applications, such as 
gene therapies, viral therapies, and cell therapies, un-
der GMP-based standards. After 10-years of manual 
management, we established a new management sys-
tem for TR tests and introduced it to clinical laborato-
ry practice with the database server and portable ter-
minals. The introduction had many merits and 
enabled the following: (1) low-cost introduction com-
pared with general systems on sale, (2) improvement 
of work efficiency, (3) simultaneous sharing, (4) pre-
vention of human errors, and (5) deeper recommen-
dation from the sequential view of results. 

5.  Laboratory  contribution  as  a  central  medical 
department  and support  for many clinical  in-
vestigations and trials in this hospital.

Hiroyuki Shingyochi and Clinical laboratory mem-
bers (clinical hematology, biochemistry/serology, 
and bacteriology team)

We are taking part in other clinical trials and re-
searches led by other departments in our hospital. 
Our laboratory members contributed to 9 clinical in-
vestigations and trials conducted in this hospital, in-
cluding a trial of new vaccination and a trial of treat-
ment for COVID-19.

We also contributed to many basic and clinical 
studies, such as clinical laboratory application of de-
tection kit for E. histolytica, cell population analysis 
after cord blood transplantation, immunological anal-
ysis after SARS-CoV-2 infection, and so on.
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1.   Promotion of Translational Research at IMSUT 
Hospital

All members of staff.

We have an unwavering commitment to deliver 
novel therapies through the conduct of translational 
research. To advance basic research findings into clin-
ical application, we offer investigators the following 
services:
1) planning research and development (R & D) strate-

gies, including selecting target diseases, planning 
product designs, and clarifying development path-
ways;

2) offering opportunities to consult an appointed pat-
ent attorney about acquisition and maintenance of 
intellectual property rights as well as patent strate-
gies;

3) providing information necessary in preclinical 
phase of R & D, such as information on drug regu-
latory affairs and preclinical studies;

4) encouraging investigators to consult regulatory ad-
visors of Pharmaceuticals and Medical Devices 
Agency (PMDA) in a timely manner;

5) participating in investigator-regulator meetings to 
help investigators deal with issues pointed out in 
the meetings;

6) advising on clinical trial design so that feasible and 
scientifically appropriate trials are conducted;

7) reviewing clinical study protocols, consent forms, 
and related documents in prior to Institutional Re-
view Board examination to ensure the quality of 
clinical trials conducted at IMSUT Research Hospi-
tal;

8) assigning Translational Research Coordinators 
(TRCs) to each translational research project in the 
clinical trial phase; TRCs help patients participating 
in clinical trials to understand study protocols and 
to cope with negative emotions including fear, con-
fusion, and depression; TRCs assist investigators.

2.   Statistics and Quality control in Clinical Trials

Masanori Nojima, Motoki Amai, Mitsumi Tokuna-
ga, Fumitaka Nagamura

We have planned and performed data manage-
ment, monitoring, and statistical works in clinical tri-

IMSUT Hospital

Center for Translational Research
トランスレーショナルリサーチ・治験センター

Professor Fumitaka Nagamura, M.D., D.M.Sc 
Associate Professor Masanori Nojima, M.D., Ph.D., M.P.H.
Project Associate Professor Hiroshi Yasui, M.D., Ph.D.

教　授　　　博士（医学）　　長　村　文　孝
准教授　　　博士（医学）　　野　島　正　寛
特任准教授　博士（医学）　　安　井　　　寛

Center for Translational Research was reorganized from Division of Clinical Trial 
Safety Management in 2014. Support for the conduct of clinical trials, especially for 
sponsor-investigator clinical trial based on Translational Research (TR) is our major 
mission. Our roles on TR varies from the advice for acquiring intellectual property, 
assistance for planning study design and writing protocol to the data confirmation 
by Case Report Form which is managed by Translational Research Coordinator 
(TRC) and the quality assurance of TRs by monitoring/audit. To protect the 
participants into TR and to conduct TR scientifically and ethically appropriately, we 
have organized TRC, which consists nurse, pharmacist, clinical laboratory 
technologist, dietitian, and clinical psychotherapist.
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als.
[Data management]: Planning, EDC and CRF 

preparation, registration, allocation, database man-
agement, data cleaning, coding

[Monitoring]: Monitoring for drug management
[Statistics]: Planning and perform for statistical 

analyses, Sample size calculation.

3.   Support  for  the  investigator-initiated  clinical 
trials under an Investigational New Drug Appli-
cation

All members of staff

Our mission is to develop efficient approaches for 
conducting investigator-initiated clinical trials under 
Investigational New Drug application (IND) to pro-
mote translational research. In 2020, we supported 
four sponsor-investigator clinical trials by site man-

agement as well as project management. These four 
clinical trials were: oncolytic virus for malignant mel-
anoma, peptide therapy for after rejection of non-
small cell lung cancer, phase II clinical trial with novel 
gene-induced adjuvant cells for acute myelogenous 
leukemia, and umbilical cord derived mesenchymal 
stromal cells for severe acute graft-versus-host dis-
ease.

5.   Statistical consulting

Masanori Nojima

Consulting for study design and statistical analy-
sis in any type of clinical research including clinical 
research, basic medical/biological research. We have 
collaborated with other members in IMSUT and other 
institutions through the consulting.

Publications

1.  Hirano M, Kimura K, Ishigaki T, Nojima M, Dai-
mon M, Morita H, Takenaka K, Xu, B, Sawada N, 
Hirokawa M, Komuro I, Morisaki T, Yotsuyanagi 
H, Kawamata T, Yokoyama K, Konuma T, Kato S, 
Yasui H, Nagamura-Inoue T, Uchimaru K, Taka-
hashi, S, Imai Y, Tojo A. High Prevalence of Left 
Ventricular Non-Compaction and Its Effect on 
Chemotherapy-Related Cardiac Dysfunction in Pa-
tients With Hematological Diseases. Circ J. 
2020;84:1957-1964. doi: PMID: 33041289.

2.  Futami M, Suzuki K, Kato S, Ohmae S, Tahara Y, 
Nojima M, Imai Y, Mimura T, Watanabe Y, Tojo A. 
The novel multi-cytokine inhibitor TO-207 specifi-
cally inhibits pro-inflammatory cytokine secretion 
in monocytes without affecting the killing ability of 
CAR T cells. PLoS One. 2020;15:e0231896. PMID: 
32320454.

3.  Yuki Y, Nojima M, Hosono O, Tanaka H, Kimura Y, 
Satoh T, Imoto S, Uematsu S, Kurokawa S, Kashima 
K, Mejima M, Nakahashi-Ouchida R, Uchida Y, 
Marui T, Yoshikawa N, Nagamura F, Fujihashi K, 
Kiyono H. Assessment of Oral MucoRice-CTB vac-
cine for the safety and microbiota-dependent im-
munogenicity in humans: A Randomized Trial. The 

Lancet Microbe. in press.
4.  Yasu T, Sugi T, Momo K, Hagihara M, Yasui H. De-

termination of the concentration of gilteritinib in 
human plasma by high-performance liquid chro-
matography Biomed Chromatogr. 2020 Nov 11. doi: 
10.1002/bmc.5028. in press

5.  Hirano M, Kimura K, Ishigaki T, Nojima M, Dai-
mon M, Morita H, Takenaka K, Xu B, Sawada N, 
Hirokawa M, Komuro I, Morisaki T, Yotsuyanagi 
H, Kawamata T, Yokoyama K, Konuma T, Kato S, 
Yasui H, Nagamura-Inoue Tokiko, Uchimaru Kao-
ru, Takahashi S, Imai Y, Tojo A. High prevalence of 
left ventricular non-compaction and its impact on 
chemotherapy-related cardiac dysfunction in pa-
tients with hematological diseases Circ J. 2020 Oct 
10. doi: 10.1253/circj.CJ-20-0344. Online ahead of 
print.

6.  Kikuchi J, Hori M, Iha H, Toyama-Sorimachi N, 
Hagiwara S, Kuroda Y, Koyama D, Izumi T, Yasui 
H, Suzuki A, Furukawa Y. Soluble SLAMF7 pro-
motes the growth of myeloma cells via homophilic 
interaction with surface SLAMF7. Leukemia. 2020 
Jan;34(1):180-195. doi: 10.1038/s41375-019-0525-6.
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Tanaka Group
1.   Clinical activities in IMSUT Hospital

Hirotoshi Tanaka, Motohisa Yamamoto, Noritada 
Yoshikawa, Hiroki Yamazaki, 
Erika Matsubara*: *Department of Rheumatology 
and Allergy, IMSUT Hospital, The Institute of Med-
ical Science, The University of Tokyo

Rheumatologists at our division provide state-of-
the-art diagnosis and treatment for systemic autoim-
mune diseases (total number of patients were approx-
imately 5,000 per year). Our physicians have active 
basic and clinical research projects and also are in-
volved in training of rheumatology specialists. 

Rheumatologic services offered at IMSUT Hospital
include:
•Outpatient consultations
• Outpatient specialty care for patients with rheumat-

ic diseases
•Hospital consultations
• Diagnostic and therapeutic intra-articular and soft 

tissue injections and aspirations
•Diagnostic ultrasonography
• Education on rheumatologic diseases and treat-

ments
•Clinical trials

2.   Translational Research and Clinical Trial of Di-
vision of Rheumatology

See the section of Department of Rheumatology 
and Allergy, IMSUT Hospital. 

Publications
1.  Yoshikawa N, Oda A, Yamazaki H, Yamamoto M, 

Kuribara-Souta A, Uehara M, and Tanaka H. The 
influence of glucocorticoid receptor on sex differ-
ences of gene expression profile in skeletal muscle. 

IMSUT Hospital

Center for Antibody and Vaccine Therapy
抗体・ワクチンセンター

Professor Hirotoshi Tanaka, M.D., D.M.Sc.
Professor Kouhei Tsumoto, Ph.D.
Project Professor Yataro Daigo, M.D., D.M.Sc.
Project Associate Professor Satoru Nagatoishi, Ph.D.
Senior Assistant Professor Noritada Yoshikawa, M.D., D.M.Sc.
Project Senior Assistant Professor Atsushi Takano, M.D., D.M.Sc.

教　授　　　医学博士　　　田　中　廣　壽
教　授　　　博士（工学）　　津　本　浩　平
特任教授　　博士（医学）　　醍　醐　弥太郎
特任准教授　博士（生命科学）　長門石　　　暁
講　師　　　博士（医学）　　吉　川　賢　忠
特任講師　　博士（医学）　　高　野　　　淳

Our center was established in April 2012, in the memory of Professor Shibasaburo 
Kitasato, the founder and the first director of our institute, because the year 2012 
was 120th anniversary of our institute which was built in 1892. Professor Kitasato 
was keen to utilize ‘serum therapy’ for patients with infectious diseases and actually 
developed therapeutic sera from horses. Now, we can use monoclonal antibodies 
to cytokines and their receptors, growth factor receptors, cellular kinases, for 
treatment of autoimmune diseases and cancer. The aim of this center is to develop 
novel immunological therapy for patients with various diseases including cancers 
and autoimmune diseases. Moreover, attractive clinical trials are also ongoing in 
collaboration with research groups in IMSUT.
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Endocr Res. In press.
2.  Yuki Y, Nojima M, Hosono O, Tanaka H, Kimura Y, 

Satoh T, Imoto S, Uematsu S, Kurokawa S, Kashima 
K, Mejima M, Nakahashi-Ouchida R, Uchida Y, 
Marui T, Yoshikawa N, Nagamura F, Fujihashi K, 
Kiyono H. Assessment of Oral MucoRice-CTB vac-
cine for the safety and microbiota-dependent im-
munogenicity in humans: A Randomized Trial. 
Lancet Microbe. In press.

3.  Yamazaki H, Nishimura M, Uehara M, 
Kuribara-Souta A, Yamamoto M, Yoshikawa N, 
Morohashi KI, Tanaka H. Eicosapentaenoic acid 
changes muscle transcriptome and intervenes in 
aging-related fiber type transition in male mice. 
Am J Physiol Endocrinol Metab. 2020 Nov 23. doi: 
10.1152/ajpendo.00184.2020.

4.  Yoshikawa N, Matsubara E, Yamamoto M, Yamaza-
ki H, Uehara M, Kamata M, Tanaka H. Drug-in-
duced bullous pemphigoid and lupus erythemato-
sus occurring under anti-TNF-α and IL-6 therapy in 
a patient with rheumatoid arthritis. Intern Med. 
2020 Oct 15; 59(20): 2611-2618.

5.  Furuhata R, Kabe Y, Kanai A, Sugiura Y, Tsugawa 
H, Sugiyama E, Hirai M, Yamamoto T, Koike I, Yo-
shikawa N, Tanaka H, Koseki M, Nakae J, Matsu-
moto M, Nakamura M, Suematsu M. Progesterone 
receptor membrane associated component 1 en-
hances obesity progression in mice by facilitating 
lipid accumulation in adipocytes. Commun Biol. 
2020 Sep 4;3(1):479.

6.  Kosukegawa I, Okazaki S, Yamamoto M, Nogoya S, 
Suzuki C, Shimizu J, Takahashi H, Yamashita T. The 
proton pump inhibitor, lansoprazole, prevents the 
development of non-traumatic osteonecrosis of the 
femoral head: an experimental and prospective 
clinical trial. Eur J Orthop Surg Traumatol. 2020 
May; 30(4): 713-721. 

7.  Yamamoto M, Yoshikawa N, Tanaka H. Efficacy of 
dupilumab reveals therapeutic target for IgG4-re-
lated disease: simultaneous control of inflamma-
tion and fibrosis. Ann Rheum Dis. 2020 Feb 7: ann-
rheumdis-2020-217076. doi: 10.1136/annrheumdis- 
2020-217076.

8.  Yabe H, Kamekura R, Yamamoto M, Murayama K, 
Kamiya S, Ikegami I, Shigehara K, Takaki H, Chiba 
H, Takahashi H, Takano K, Takahashi H, Ichimiya 
S. Cytotoxic Tph-like cells are involved in persistent 
tissue damage in IgG4-related disease. Mod Rheu-
matol. 2020 Feb 5: 1-12. doi: 10.1080/14397595. 
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9.  Uehara M, Yamazaki H, Yoshikawa N, Kuribara- 
Souta A, Tanaka H. Correlation among body com-
position and metabolic regulation in a male mouse 
model of Cushing’s syndrome. Endocr J. 2020 Jan 
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Daigo Group

1.   Novel  therapeutic  target  discovery  for  solid 
cancers

Yataro Daigo, Atsushi Takano, Koji Teramoto, Hi-
detoshi Sumimoto, Yoshinori Murakami, Phung 
Manh Thang, Kayo Daigo, Tomoyuki Igarashi, 
Masako Nakamura, Tsevegjav Bayarbat, Zhu Ming, 
Mbugua Regina Wachuka

To identify molecules involved in human carcino-
genesis and those which could be applied for the de-
velopment of new molecular therapies and/or bio-
markers, we had established a systematic screening 
system as follows; i) identification of overexpressed 
and/or mutated genes in the majority of solid cancers 
(lung, esophagus, head-and-neck, breast, etc.) by ge-
nome-wide screening using the expression microar-
ray as well as next generation sequencer in the combi-
nation of enrichment of tumor cell populations from 
cancer tissues by laser microdissection, ii) verification 
of no or little expression of each of candidate mole-
cules in normal tissues by northern-blot analyses and 
expression microarray, iii) validation of the clinico-
pathological significance of its higher expression with 
tissue microarray containing thousands of archived 
solid cancers, iv) verification of a critical role of each 
target gene in the growth and/or invasiveness of can-
cer cells by RNAi and cell growth/invasion assays, v) 
evaluation of their usefulness as targets for passive 
immunotherapy using specific antibodies and/or as a 
serum biomarker for solid cancer by high throughput 
ELISA and proteomics analysis, if they are tumor-spe-
cific transmembrane or secretory proteins, vi) screen-
ing of the epitope peptides recognized by human his-
tocompatibility leukocyte (HLA)-A*0201- or 
A*2402-restricted cytotoxic T lymphocyte (CTL) and 
dendritic cell (DC). This systematic approach identi-
fied dozens of molecules that appear to fall into the 
category of oncoantigens or neoantigens whose over-
expression is an important feature of the malignant 
nature of cancer cells and that have very high immu-
nogenicity to induce antigen-specific CTLs in cancer 
patients. We further validated these molecules identi-
fied as potential targets for the development of anti-
bodies, small-molecular compounds, growth-sup-
pressive cell-permeable peptides, and cancer vaccines 
that could have a more specific and strong anti-cancer 
effect with minimal risk of adverse events. During 
this screening process, we found dozens of candidate 
molecules to be activated in various solid cancers in-
cluding lung, esophagus, oral cavity, and breast can-
cers, as novel prognostic biomarkers and therapeutic 
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targets.

2.   Development of therapeutic cancer vaccine

Yataro Daigo, Atsushi Takano, Koji Teramoto, Hi-
detoshi Sumimoto, Koichiro Yuji, Hiroshi Yasui, 
Giichiro Tsurita, Kohzoh Imai, Yoshihide Fujiyama, 
Kazumasa Ogasawara

Using the systematic screening system shown 
above, we identified concoantigens which were over-
expressed in the majority of cancers derived from 
lung, esophagus and urinary bladder and essential 
for the growth and/or survival of cancer cells, as tar-
gets for therapeutic cancer vaccine treatment against 
various solid cancers. We screened dozens of 9- or 
10-amino-acid epitope peptides recognized by hu-
man HLA-A*0201 and/or A*2402-restricted CTL by 
enzyme-linked immunospot (ELISPOT) assay. In IM-
SUT Hospital and its collaborative hospitals, Interna-
tional Conference on Harmonization (ICH) - Good 
Clinical Practice (GCP)-based clinical study using the 
combination of some of these peptides derived from 
oncoantigens in patients with lung cancer is now be-
ing conducted. In addition, new type of pep-
tides-pulsed DC vaccination therapy is under devel-
opment.

3.   Integrated  genomics-based  discovery  of  new 
biomarkers for cancer immunotherapy and de-
velopment  T  cell  receptor-engineered  T  cell 
(TCR-T) therapy

Yataro Daigo, Atsushi Takano, Koji Teramoto, Hi-
detoshi Sumimoto, Koichiro Yuji, Hiroshi Yasui, 
Giichiro Tsurita, Yoshihide Fujiyama, Kazumasa 
Ogasawara, Yusuke Nakamura

Immune responses play a critical role in various 
disease conditions including cancer. Although vari-
ous immunotherapies are being developed, predic-
tive biomarkers for the choice of effective therapy are 
urgently required. Using systematic cancer genomics 
approach on clinical materials obtained from cancer 
patients treated with cancer vaccine, peptides-pulsed 
DC vaccination therapy, or immune checkpoint in-
hibitors, we are clarifying how molecular profiles of 
cancers can be used to identify biomarkers for pre-
dicting clinical outcomes. For example, there has not 
been a rapid, sensitive, comprehensive, and quantita-
tive analysis method to examine T-cell or B-cell im-
mune responses, therefore we developed a new ap-
proach to characterize tumor mutation burdens and T 
cell receptor (TCR) repertoire by sequencing millions 
of cDNA of exomes of cancer related genes as well as 
TCRα and β chains in combination with a newly-de-
veloped algorithm. Using samples from lung cancer 
patients, we are developing detailed information of 
neoantigen profiles of lung cancer patients and their 

TCR repertoire and are also developing T cell recep-
tor-engineered T cell (TCR-T) therapy. This newly de-
veloped next generation sequencing (NGS) platform 
can be applied to better understand immune respons-
es in many disease areas including immune disor-
ders, allergies, and organ transplantations as we as 
development of new type of immunotherapies.

4.   Detection of neoantigen-reactive T cell clones 
based on the clonal expansion using next-gen-
eration  sequencing  of  TCRβ  complementari-
ty-determining region 3

Yataro Daigo, Hidetoshi Sumimoto, Koji Teramoto, 
Atsushi Takano

Development of mechanism-driven biomarkers 
for immune checkpoint inhibitors in cancer immuno-
therapy requires sensitive and efficacious assays to 
identify tumor antigen (Ag)-specific T cells. We 
demonstrated the concept for a sensitive method to 
determine Ag-reactive T cell clones based on clonal 
expansion using model neoantigens rather than cy-
tokine production. Sequential increase in T cell clonal 
frequencies following Ag stimulation was detected by 
NGS of TCRβ complementarity-determining region 3 
(CDR3), with a higher sensitivity than that of ELIS-
POT assay by 100-fold. The TCRβ CDR3 sequences 
could represent useful markers to track dynamic 
changes during immunotherapy. The TCRβ NGS-
based method could represent a novel platform both 
for the development of new biomarkers as well as 
several therapeutic options.

5.   Molecular  characterization of  tumor microen-
vironment molecules as diagnostic and thera-
peutic targets

Yataro Daigo, Koji Teramoto, Hidetoshi Sumimoto, 
Tomoyuki Igarashi, Atsushi Takano

Tumor microenvironment is supposed to be in-
volved in tumor progression and drug resistance. To 
identify molecules that play crucial roles in cancer 
cells as well as tumor stromal cells such as cancer-as-
sociated fibroblasts (CAFs) and tumor-associated 
macrophages (TAMs) and apply them for the devel-
opment of new molecular therapies and/or biomark-
ers, we are characterizing various immune checkpoint 
molecules and cytokines in a variety of solid cancer 
tissues and cell lines using cell-based assays and clin-
ical cancer materials such as tumor tissues and/or 
blood samples from patients with lung, breast, colon, 
or ovarian cancers. Studies on molecular pathological 
role of these molecules are in progress, however, 
some of them are likely to be associated with malig-
nant potential of cancer cells.
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6.   Biphasic prognostic significance of PD-L1 ex-
pression  in  patients with  non-small  cell  lung 
cancer

Yataro Daigo, Koji Teramoto, Tomoyuki Igarashi

Programmed cell death-ligand 1 (PD-L1) expres-
sion on tumor cells is induced by interferon-γ, sug-
gesting the induction of an anti-tumor immune re-
sponse, while binding of PD-L1 to programmed cell 
death 1 (PD-1) triggers an immune checkpoint path-
way that contributes to tumor growth. The data sug-
gest the clinical significance of PD-L1 expression 
might vary with tumor progression in non-small-cell 
lung cancer (NSCLC). We performed immunohisto-
chemical analysis of PD-L1 in tumor specimens from 
228 patients who underwent surgery for stage I-IIIA 
NSCLC. In stage I, postoperative relapse-free survival 
(RFS) was significantly prolonged in patients with a 
high PD-L1 expression compared to a low PD-L1 
score. A multivariate analysis confirmed that a high 
PD-L1 score was a prognostic factor of longer RFS. On 
the other hand, in stages II and IIIA, patients with a 
high PD-L1 expression were likely to suffer from 
postoperative tumor recurrence. The data indicate 
that in early-stage NSCLC, high tumor PD-L1 expres-
sion status represents a biomarker to predict good 
prognosis after surgery and may reflect the induction 
of an antitumor immune response, whereas in locally 
advanced NSCLC, tumor PD-L1 expression may re-
flect the execution of an immune checkpoint pathway 
and predicts the incidence of postoperative tumor re-
currence.

7.   Identification of lung cancer susceptibility loci 
by genome-wide association studies.

Yataro Daigo, Atsushi Takano

To identify new susceptibility loci associated with 
lung cancer risk, we imputed data from genome-wide 
association studies (GWAS) of lung cancer. In our me-
ta-analysis, we are identifying new loci that achieved 
genome-wide significance, marked by single nucleo-
tide polymorphism (SNP). In addition, we performed 
a GWAS with 212,453 Japanese individuals across 42 
diseases. We detected 320 independent signals in 276 
loci for 27 diseases, with 25 novel loci. Among east 
Asian-specific missense variants, we identified and 
replicated p.V326A of POT1 that was associated with 
lung cancer by analyzing independent Japanese co-
horts. The results extend the catalog of regions associ-
ated with lung cancer risk and highlight the potential 
of genetic susceptibility alleles as a new biomarker for 
cancer risk prediction and prevention.

8.   Scientific Platform of Supporting Cohort Study 
and Biospecimen Analysis

Yataro Daigo, Atsushi Takano, Koji Teramoto, 
Kohzoh Imai, Jun-ichiro Inoue, Yoshinori Mu-
rakami

To support life science researchers in the field of 
basic life science, cancer diagnostics and therapeutics, 
we are collecting cancer and corresponding normal 
tissues, serum, plasma, and peripheral blood mono-
nuclear cell (PBMC) from patients with solid cancers 
originated from 30 organs. To date, we collected 
76,000 clinical materials. We also constructed tissue 
microarray system covering about 5000 archived clin-
ical cancers. Using these clinical materials, we are val-
idating the clinicopathological significance of various 
candidate disease biomarkers as requested by re-
searchers and contributed to their clinical application 
and publications in international journals.
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omization and pathway analysis of genome-wide 
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Nagatoishi Group

Various types of antibodies have been approved 
for therapeutic use and currently examined in clinical 
development. Therefore, developments of technology 
for the discovery and optimization of high-potency 
antibodies have been improved and have greatly in-
creased to find the specific and stable antibody with 
desired biological properties. Biophysical analyses of 
a therapeutic antibody, particularly those of protein 
interaction and stability, are recognized as one of the 
critical procedures in the development of biopharma-
ceuticals, which would be assessed as an essential 

step to develop next-generation antibodies. The de-
velopment of analytical methods with quantitative 
and high-sensitive detection of antigen interaction, 
protein stability, and biological function of antibody, 
therefore, has been intriguing for the pharmaceutic 
companies. In this division, we study biophysical 
analyses of various antibodies to propose a new strat-
egy for the development of the next-generation anti-
body.

1.   Structural Basis for the Binding Mechanism of 
Human Serum Albumin Complexed with Cyclic 
Peptide Dalbavancin

Ito S, Senoo A, Nagatoishi S, Ohue M, Yamamoto M, 
Tsumoto K, Wakui N.

Here, we present the crystal structure of HSA 
complexed with dalbavancin, a clinically used cyclic 
peptide. Small-angle X-ray scattering and isothermal 
titration calorimetry experiments showed that the 
HSA-dalbavancin complex exists in a monomeric 
state; dalbavancin is only bound to the subdomain IA 
of HSA in solution. Structural analysis and MD simu-
lation revealed that the swing of Phe70 and move-
ment of the helix near dalbavancin were necessary for 
binding. The flip of Leu251 promoted the formation 
of the binding pocket with an induced-fit mechanism; 
moreover, the movement of the loop region including 
Glu60 increased the number of noncovalent interac-
tions with HSA. These findings may support the de-
velopment of new cyclic peptides for clinical use, par-
ticularly the elucidation of their binding mechanism 
to HSA.

2.   Highly sensitive HPLC analysis and biophysi-
cal characterization of N-glycans of IgG-Fc do-
main  in  comparison  between  CHO  and  293 
cells using FcγRIIIa ligand

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Tanaka T, Terao Y, Oe S, Ide T, Tsumoto K.

Quality control of monoclonal antibodies is chal-
lenging due in part to the diversity of post-transla-
tional modifications present. The regulation of the 
N-glycans of IgG-Fc domain is one of the key factors 
to maintain the safety and efficacy of antibody drugs. 
The FcγRIIIa affinity column is an attractive tool for 
the precise analysis of the N-glycans in IgG-Fc do-
main. We used the mutant FcγRIIIa, which is pro-
duced in Escherichia coli and is therefore not glyco-
sylated, as an affinity reagent to analyze the N-glycans 
of monoclonal antibodies expressed in Expi293 and 
ExpiCHO cells. The monoclonal antibodies expressed 
in these cells showed very different chromatograms, 
because of differences in terminal galactose residues 
on the IgG-Fc domains. We also carried out kinetic 
and thermodynamic analyses to understand the inter-
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action between monoclonal antibodies and the mu-
tant FcγRIIIa. Expi293 cell-derived monoclonal anti-
bodies had higher affinity for the mutant FcγRIIIa 
than those derived from ExpiCHO cells, due to slow-
er off rates and lower binding entropy loss. Collec-
tively, our results suggest that the FcγRIIIa column 
can be used to analyze the glycosylation of antibodies 
rapidly and specifically.

3.   Polymeric Nanocarriers with Controlled Chain 
Flexibility  Boost  mRNA  Delivery  In  Vivo 
through Enhanced Structural Fastening

Miyazaki T, Uchida S, Nagatoishi S, Koji K, Hong T, 
Fukushima S, Tsumoto K, Ishihara K, Kataoka K, 
Cabral H.

Messenger RNA (mRNA) shows high therapeutic 
potential, though effective delivery systems are still 
needed for boosting its application. Nanocarriers 
loading mRNA via polyion complexation with block 
catiomers into core-shell micellar structures are prom-
ising systems for enhancing mRNA delivery. Engi-
neering the interaction between mRNA and catiom-
ers through polymer design can promote the 
development of mRNA-loaded micelles (mRNA/m) 
with increased delivery efficiency. Particularly, the 
polycation chain rigidity may critically affect the mR-
NA-catiomer interplay to yield potent poly(glycidylb-
utylamine) (PEG-PGBA) and PEG-poly(L-lysine) 
(PEG-PLL) is studied. PEG-PGBA allows more than 
50-fold stronger binding to mRNA than the relatively 
more rigid PEG-PLL, resulting in mRNA/m with en-
hanced protection against enzymatic attack and poly-
anions. mRNA/m from PEG-PGBA significantly en-
hances mRNA in vivo bioavailability and increased 
protein translation, indicating the importance of con-
trolling polycation flexibility for forming stable poly-
ion complexes with mRNA toward improved deliv-
erynanocarriers, yet its effect remains unknown. 
Herein, the influence of polycation stiffness on the 
performance of mRNA/m by developing block com-
plementary catiomers having polycation segments 
with different flexibility, that is, poly(ethylene gly-
col)-.

4.   Discovery  of  chemical  probes  that  suppress 
Wnt/β-catenin signaling through high-through-
put screening

Yamaguchi K, Nagatoishi S, Tsumoto K, Furukawa 
Y.

Aberrant activation of the Wnt/β-catenin signaling 
pathway has been observed in a wide range of human 
tumors. Deregulation of the pathway is closely linked 
to various aspects of human carcinogenesis such as 
cell viability, regulation of cell cycle, epithelial-mes-
enchymal transition, and maintenance of stemness. In 

addition, recent studies have disclosed the involve-
ment of Wnt signaling in immune evasion of tumor 
cells. The accumulation of β-catenin in the nucleus is 
a common feature of cancer cells carrying defects in 
the pathway, which leads to the continuous activation 
of T-cell factor (TCF)/LEF transcription factors. Con-
sequently, a genetic program is switched on, leading 
to the uncontrolled growth, prolonged survival, and 
acquisition of mesenchymal phenotype. As β-catenin/
TCF serves as a signaling hub for the pathway, 
β-catenin/TCF-dependent transcriptional activity is a 
relevant readout of the pathway. To date, a wide vari-
ety of synthetic TCF/LEF reporters has been devel-
oped, and high-throughput screening (HTS) using 
these reporters has made significant contributions to 
the discovery of Wnt inhibitors. Indeed, HTS led to 
the identification of chemical probes targeting porcu-
pine, a membrane bound O-acyltransferase, and 
CREB-binding protein, a transcriptional coactivator. 
This review focuses on various screening strategies 
for the discovery of Wnt inhibitors and their mode of 
action to help the creation of new concepts for assay/
screening methods.

5.   Methodology  for  Further  Thermostabilization 
of  an  Intrinsically  Thermostable  Membrane 
Protein  Using Amino Acid Mutations with  Its 
Original Function Being Retained

Yasuda S, Akiyama T, Nemoto S, Hayashi T, Ueta T, 
Kojima K, Tsukamoto T, Nagatoishi S, Tsumoto K, 
Sudo Y, Kinoshita M, Murata T.

We develop a new methodology best suited to the 
identification of thermostabilizing mutations for an 
intrinsically stable membrane protein. The recently 
discovered thermophilic rhodopsin, whose apparent 
midpoint temperature of thermal denaturation Tm is 
measured to be ∼91.8 °C, is chosen as a paradigmatic 
target. In the methodology, we first regard the resi-
dues whose side chains are missing in the crystal 
structure of the wild type (WT) as the “residues with 
disordered side chains,” which make no significant 
contributions to the stability, unlike the other essen-
tial residues. We then undertake mutating each of the 
residues with disordered side chains to another resi-
due except Ala and Pro, and the resultant mutant 
structure is constructed by modifying only the local 
structure around the mutated residue. This construc-
tion is based on the postulation that the structure 
formed by the other essential residues, which is near-
ly optimized in such a highly stable protein, should 
not be modified. The stability changes arising from 
the mutations are then evaluated using our phys-
ics-based free-energy function (FEF). We choose the 
mutations for which the FEF is much lower than for 
the WT and test them by experiments. We successful-
ly find three mutants that are significantly more sta-
ble than the WT. A double mutant whose Tm reaches 
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∼100 °C is also discovered.

6.   Per-Residue Program of Multiple Backbone Di-
hedral Angles of β-Peptoids viaBackbone Sub-
stitutions

Morimoto J, Kim J, Kuroda D, Nagatoishi S, Tsu-
moto K, Sando S.

Unique folded structures of natural and synthetic 
oligomers are the most fundamental basis for their 
unique functions. N-Substituted β-peptides, or 
β-peptoids, are synthetic oligomers with great poten-
tial to fold into diverse three-dimensional structures 
because of the existence of four rotatable bonds in a 
monomer with highly modular synthetic accessibili-
ty. However, the existence of the four rotatable bonds 
poses a challenge for conformational control of 
β-peptoids. Here, we report a strategy for per-residue 
programming of two dihedral angles of β-peptoids, 
which is useful for restricting the conformational 
space of the oligomers. The oligomer was found to 
form a unique loop conformation that is stabilized by 
the backbone rotational restrictions. Circular dichro-
ism and NMR spectroscopic analyses and X-ray crys-
tallographic analysis of the oligomer are presented. 
The strategy would significantly facilitate the discov-
ery of many more unique folded structures of 
β-peptoids.

7.   Technical Capabilities and Limitations of Opti-
cal Spectroscopy and Calorimetry Using Wa-
ter-Miscible  Solvents:  The  Case  of  Dimethyl 
Sulfoxide, Acetonitrile, and 1,4-Dioxane.

Hirano A, Nagatoishi S, Wada M, Tsumoto K, Maluf 
KN, Arakawa T.

In drug development, water-miscible solvents are 
commonly used to dissolve drug substances. Typical 
routine procedures in drug development include di-
lution of the stock drug solution into an aqueous solu-
tion containing target macromolecules for drug bind-
ing assays. However, water-miscible solvents impose 
some technical limitations on the assays on account of 
their light absorption and heat capacity. Here, we ex-
amined the effects of the dilution of 3 water-miscible 
solvents, that is, dimethyl sulfoxide, acetonitrile, and 
1,4-dioxane, on the baseline stability and signal/noise 
ratio in circular dichroism spectroscopy, isothermal 
titration calorimetry, and differential scanning calo-
rimetry. Dimethyl sulfoxide and 1,4-dioxane affect 
the signal/noise ratio of circular dichroism spectra at 
typically used concentrations due to their light ab-
sorbance. The water-miscible solvents generate inter-
fering signals in the isothermal titration calorimetry 
due to their mixing heat. They show negative or posi-
tive slope in the differential scanning calorimetry. 
Such interfering effects of the solvents are reduced by 
appropriate dilution according to the analytical tech-
niques. Because the water-miscible solvents have sol-
ubilization capacity for alkyl chain moieties and aro-
matic moieties of chemicals, drug substances 
containing these moieties can be dissolved into the 
solvents and then subjected to the analyses to exam-
ine their interactions with target proteins after appro-
priate dilution of the drug solutions.

Publications

1.  Ito, S., Senoo, A., Nagatoishi, S., Ohue, M., Yamamo-
to, M., Tsumoto, K., and Wakui, N. Structural Basis 
for the Binding Mechanism of Human Serum Albu-
min Complexed with Cyclic Peptide Dalbavancin. 
J. Med. Chem. 63:14045-14053, 2020

2.  Kosuge, H., Nagatoishi, S., Kiyoshi, M., Ishii-
Watabe, A., Tanaka, T., Terao, Y., Oe, S., Ide, T., and 
Tsumoto, K. Highly sensitive HPLC analysis and 
biophysical characterization of N-glycans of IgG-Fc 
domain in comparison between CHO and 293 cells 
using FcγRIIIa ligand. Biotechnol. Prog. 36:e3016, 
2020.

3.  Miyazaki, T., Uchida, S., Nagatoishi, S., Koji, K., 
Hong, T., Fukushima, S., Tsumoto, K., Ishihara, K., 
Kataoka, K., and Cabral, H. Polymeric Nanocarri-
ers with Controlled Chain Flexibility Boost mRNA 
Delivery In Vivo through Enhanced Structural Fas-
tening. Adv. Healthc. Mater. 9:e2000538, 2020.

4.  Yamaguchi, K., Nagatoishi, S., Tsumoto, K., and Fu-
rukawa, Y. Discovery of chemical probes that sup-

press Wnt/β-catenin signaling through 
high-throughput screening. Cancer Sci. 111:783-
794, 2020.

5.  Yasuda, S., Akiyama, T., Nemoto, S., Hayashi, T., 
Ueta, T., Kojima, K., Tsukamoto, T., Nagatoishi, S., 
Tsumoto, K., Sudo, Y., Kinoshita, M., and Murata, 
T. Methodology for Further Thermostabilization of 
an Intrinsically Thermostable Membrane Protein 
Using Amino Acid Mutations with Its Original 
Function Being Retained. J. Chem. Inf. Model. 
60:1709-1716, 2020.

6.  Morimoto, J., Kim, J., Kuroda, D., Nagatoishi, S., 
Tsumoto, K., and Sando, S. Per-Residue Program of 
Multiple Backbone Dihedral Angles of β-Peptoids 
viaBackbone Substitutions. J. Am. Chem. Soc. 
142:2277-2284, 2020.

7.  Hirano, A., Nagatoishi, S., Wada, M., Tsumoto, K., 
Maluf, K.N., and Arakawa, T. Technical Capabili-
ties and Limitations of Optical Spectroscopy and 
Calorimetry Using Water-Miscible Solvents: The 
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Case of Dimethyl Sulfoxide, Acetonitrile, and 1,4-Dioxane. J. Pharm. Sci. 109:524-531, 2020.
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Maintenance  of  the  Standard  Operating  Proce- 
dures (SOPs)

The cGMP compliance is maintained by the regu-
larly-revised SOPs that document all the elements of 
laboratory works, including both tangible and intan-
gible factors like equipment, facility design, person-
nel, etc. 

ISO certification

The management system of TVDC was re-quali-
fied as ISO9001-certified in 2020, which has been reg-
ularly performed by an independent organization to 
meet the requirement for ISO9001 standard.

Validation of TVDC

The TVDC consists of two units; 1) Vector Unit, 
the primary suite for viral vector production and ex 

vivo transduction; 2) Cell Unit, the suite for cell pro-
cessing capable of generating therapeutic cells such as 
dendritic cells for immunotherapy and gene therapy. 
Each unit has two independent compartments kept as 
a Class 10,000 clean level. The facility and equipment 
are regularly validated by the SOPs to fulfill the cGMP 
standard. 

Production of clinical grade oncolytic HSV-1

Multiple lots of clinical-grade oncolytic herpes 
simplex virus type 1 (HSV-1) have been produced in 
the Vector Unit by the laboratory specialists of the Di-
vision of Innovative Cancer Therapy.

Oncolytic MV project

A clinical-grade oncolytic measles virus (MV) was 
produced by the Laboratory Animal Research Center 
and stored in the Vector Unit

IMSUT Hospital

Therapeutic Vector Development Center
治療ベクター開発センター

Professor Tomoki Todo, M.D., Ph.D. 
Project Associate Professor Minoru Tanaka, M.D., Ph.D. 

教　授　　　博士（医学）　藤　堂　具　紀
特任準教授　博士（医学）　田　中　　　実

The Therapeutic Vector Development Center (TVDC), formerly named Core Facil- 
ity for Therapeutic Vectors, was established in 2002 as the first facility in Japanese 
academia for the clinical-grade production of viral or cellular vectors. TVDC is 
designed to support clinical trials that require the production of recombinant viral 
vectors, genetic modification, and/or ex vivo manipulation of patient-derived tissues 
or cells under current Good Manufacturing Practice (cGMP) conditions.
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1.  Umbilical  Cord  Blood  and  Cord/Cord-derived 
mesenchymal  stromal  cells  banking  (IMSUT 
CORD):

Nagamura-Inoue T, Takahashi A, Hori A, Yamamo- 
to Y, Iwasawa I, Nagaya N, Miharu Y, Ogami K, Sai- 
to Y, Nagamura F, Tojo A

Umbilical cord (UC) is a rich source of mesenchy- 
mal stromal cells (MSCs). The UC-derived MSCs 
(UC-MSCs) possess many advantageous features, (1) 
ease of collection, storage, and transport; (2) abun- 
dant sources with high proliferation capacity, (3) 
multipotency to differentiate into various tissue cells 
including osteoblast, chondroblast, adipocyte, and 
neurons; (4) low immunogenicity with significant im- 
munosuppressive ability, (5) tissue repair potency, (6) 
migration ability toward the inflammatory or injured 
sites, subsiding the inflammation and repairing the 
damaged tissues, and (7) no donor age-dependent 
variations. 

We established a cord blood/cord bank at the IM-

SUT hospital (IMSUT CORD) to collect cord blood 
(CB) and UC after informed consent from mother in 
collaborate obstetrics and frozen UC and manufac-
tured into master cells and product cells for research 
and clinical use.. 

For clinical use, we have introduced the serum-free 
process in whole manufacture.

To keep the quality control, we introduced 
ISO9001:2015 into our bank and received accredita-
tion and were certified it on June, 18, 2018. Comply-
ing ISO9001, GCTP standard, and other related guide-
lines, we constructed quality manuals and standard 
operation procedure (SOP) by many documentations. 
We have transferred the technology of manufacturing 
and tests methods to the companies, where they shall 
follow our techniques and apply the clinical trials, in-
cluding the therapies for acute GVHD, cerebral palsy, 
and acute respiratory distress syndrome (ARDS) as a 
complication of COVID-19.

IMSUT Hospital

IMSUT CORD
臍帯血・臍帯バンク

Clinical Professor　Tokiko Nagamura-Inoue, M.D., PhD. 病院教授　博士（医学）　　長　村　登紀子

IMSUT CORD is the umbilical cord blood (CB) and cord (UC) derived cell bank. It 
has been established in IMSUT hospital, since 2016. The aim of IMSUT CORD is    
to collect, process/culture, cryopreservation, stock, and release the CB and UC/ 
UC-derived cells including mesenchymal stromal cells (MSCs) for clinical and 
research use. We have released CB and UC-MSCs to the researchers by material 
transfer agreements to accelerate the translational researches in the fields of 
immunotherapy, regenerative medicine, disease specific drug discovery. Since 
2018, July, we started to release the UC-MSCs products (namely IMSUT-CORD) 
for the investigator initiated clinical trial of the treatment of severe acute graft- 
versus-host disease (GVHD), which was ended in 2020, October. In 2020, we 
additionally firstly shipped the UC-MSCs for the clinical trial for COVID-19-related 
ARDS, which has been conducted by the company. We are also preparing the 
products for the treatment of cerebral palsy.
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2. Establishing a stable supply model system of 
perinatal  appendage-derived  cells  as  the  re- 
source of allogeneic cell therapies:

Nagamura-Inoue T, Takahashi A, Kamisato A, Hori 
A, Yamamoto Y, Iwasawa I, Nagaya N, Miharu Y, 
Ogami K, Saito Y, Nagamura F

We constructed the review system and associated 
SOP and application forms for research and clinic. 
Actually using the review system, two applications 
were approved by review board and IMSUT CORD 

have started manufacturing to ship UC-MSCs to the 
companies, which shall conduct the clinical trials for 
COVID-19-related ARDS and cerebral palsy. 

In the future, we will ship the master cells as a 
source of final products, and the companies may plan 
to acquire the manufacturing and marketing approv-
al using UC-MSCs. 

Visit our website:http://imsutcord.umin.jp

Publications

1) Nagamura-Inoue T, Nagamura F., Umbilical Cord 
Blood and Cord tissue bank as a source of alloge-
neic use, IntechOpen, 2020, March 11, DOI: 10.5772/

intechopen.91649.
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One of our missions is “Making a difference in pa-
tient outcome provided by nursing care.” As nurses, 
we provide optimal care so that patients may receive 
quality treatment. Patients should be able to live valu-
able and meaningful life. As healthcare providers, we 
make an effort to prevent infection, pressure ulcer 
and other complications. We also do our best for pa-
tient safety and quality of life. 

In 2020, in response to the outbreak of covid-19, 
the infection control department led to strengthen in-
fection prevention measures and established a system 
for accepting inpatients as a nursing department. In 
late March, the first wave arrived, and the ward dedi-
cated to patients with the novel coronavirus infection 
(mild to moderate) and the general patient ward were 
partly different, and inpatients were accepted. In 
June, screening of general inpatients was started, and 
a dedicated screening bed was set up in one ward. In-
itially, nurses in dedicated wards were confused by 

the response of patients with unknown viral diseases, 
and nurses in general wards were confused by the re-
sponse of patients in multiple departments that had 
been less involved until now. Gradually, the nurses 
regained their calm and returned to the original state 
which provided appropriate nursing to the patient 
according to the function of each ward. With the ar-
rival of the second and third waves again, and a rapid 
increase in the number of affected patients, the num-
ber of nurses who tested positive for COVID-19 did 
not occur, and the past year passed without any hos-
pital infection. In December, he was awarded the 
2019-2020 President’s Award for Business Reform 
along with the Infection Control Team as part of his 
efforts to prevent the spread of covid-19.

In 2019, we launched the Shirokane-Hongo Spe-
cial Enhancement Project in collaboration with the 
University Hospital for management improvement. 
At the beginning of the year, the project had scalled 

IMSUT Hospital

Department of Nursing
看護部

Director Eiko Yoshii, RN, CNA.
Deputy Director Minayo Hisahara, RN. 
Deputy Director Junko Izumi, RN, CNA.
Nurse Manager Mayumi Tanii, RN, MSN, CNA.
Nurse Manager Hatsuko Narita, RN.
Nurse Manager Mika Kogayu, RN. MSN.
Nurse Manager Tomoko Sato, RN.
Nurse Manager Masako Ozawa, RN. 
Nurse Manager Hiromi Isshiki, RN.
Nurse Manager Nozomi Linzbichler, RN.
Nurse Manager Yukari Tsuru, RN.
Nurse Manager Fumie Kameda, RN.

看護部長　認定看護管理者　　　吉　井　栄　子
副看護部長　　　　　　　　　　　久　原　みな代
副看護部長　認定看護管理者　　　和　泉　純　子
看護師長　修士（看護学）・認定看護管理者　谷　井　真　弓
看護師長　　　　　　　　　　　成　田　初　子
看護師長　修士（看護学）　　　　小　粥　美　香
看護師長　　　　　　　　　　　佐　藤　朋　子
看護師長　　　　　　　　　　　小　澤　昌　子
看護師長　　　　　　　　　　　一　色　裕　美
看護師長　　　　　　　　　　　リンツビヒラ希
看護師長　　　　　　　　　　　都　留　由香里
看護師長　　　　　　　　　　　亀　田　史　絵

Department of Nursing seeks to provide high-quality nursing care and contribute to 
the team approach to patient centered care to meet diversified needs, along with 
changes in social circumstances and with the progress of medical science. In 2020, 
we focused on two areas: responding to covid-19 and implementing the Shirokane-
Hongo Special Enhancement Project. 
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due to the covid-19 pandemic, but from June, the 
opening of new urology departments, the introduc-
tion of robotic surgery, the resumption of palliative 
medicine and the adoption of patients for palliative 
care, and the expansion of radiological examinations 
began to move. The Nursing Department worked on 
the following three points in cooperation with other 
departments. 1) With regard to the establishment of a 
new urology department, preparations were made 
from the nursing point of view for the establishment 
of outpatient clinics, the system for accepting inpa-
tients, and the introduction of robotic surgery. 2) In 
Order to strengthen medical cooperation with univer-
sity hospitals and community medical institutions, a 

new regional medical cooperation charge was estab-
lished as a nursing unit in August. 3) In order to make 
the project a success, six nurses were added to the op-
erating room, two nurses were deployed in the radio-
logical photography room, and three nurses were de-
ployed in the community medical cooperation room. 
Then, the head nurse summarized the nursing system 
of urological patients and palliative care target pa-
tients in the study group, and the deputy nurse direc-
tor planned the study meeting and spread the knowl-
edge of medical care and nursing to the staff. It is 
expected that this result will be reflected in nursing 
practice in the future.

Publication

谷井真弓．高坂久仁子．久原みな代．一色裕美．吉
井栄子．藤原紀子．「臨床におけるリサーチナー
ス導入への取り組み～ワーキンググループ設立と

看護基準作成のプロセス～」看護管理．第30巻．
第11号．2020. 11. 10発行．P. 1016-1020

Conference Presentation

上山美香，永田早津紀，小粥美香．左大腿骨人工骨
頭置換術後に認知機能の低下がみられた患者の支
援．第53回　東京都看護協会看護研究学会．東
京．2020. 1. 18

小野谷厚子．効果的な経路別感染対策を目指しパン
フレットを用いた患者指導．第35回日本環境感染
学会・学術集会．横浜．2020. 2. 14-15

亀田史絵．リンクナースの活動につなげる環境ラウ
ンドのシステム構築に向けて～リンクナース主体
による自部署の改善活動の支援～第35回日本環境
感染学会・学術集会．横浜 2020. 2. 14-15

Hisahara M. Kogayu.M. Nurse Manager training 
with competency-based approach. The 6th Interna-
tional Nursing Research Conference of World 
Academy of Nursing Science. Osaka.Ja-
pan.2020.2.28-29（Web開催）

成田初子．教訓を風化させない取り組み ―離床セン
サーの確実な作動確認―．第6回日本医療安全学会
学術総会．東京．2020. 3. 5-7（Web開催）

山岸康子．造血幹細胞移植後のOral Assessment 
Guide スコアによる口腔粘膜障害の変動．第42回
日本造血幹細胞移植学会総会．東京．2020. 3. 5-7
（開催中止）

Nakano.T. Ueyama.M. Kogayu.M. Taketani.H. Effec-
tiveness of re-education for hemophilia patients 
with joint dysfunction using leaflets. WFH Virtual 
Summit2020

小粥美香．小澤昌子．谷井真弓．野地有子．竹谷英
之．成人血友病患者の実態とニーズの把握．

　第42回日本血栓止血学会学術集会（誌上発表）
上山美香．小児の血友病における，一般病棟での入

院・手術にあたっての支援．第42回日本血栓止血
学会学術集会．大阪．2020. 6. 18-20（誌上発表）

上山美香．ヘムライブラを導入目的で入院した患者
への看護師の指導．第42回日本血栓止血学会学術
集会．大阪．2020. 6. 18-20（誌上発表）

一色裕美．小澤昌子．都留由香里．リンツビヒラ
希.粕谷文子．久原みな代．吉井栄子．部署を運営
する上で，副看護師長と看護師長が発揮するコン
ピテンシーの関連の検討．第24回日本看護管理学
会学術集会．2020. 8. 28-29（Web開催）

小粥美香．福田あかり．看護過程を活用した外来看
護．24回日本看護管理学会学術集会．

　2020. 8. 28-29（Web開催）
清水祐美．仲井あや．中村伸枝．発達上の課題があ

る子どもとクラスメイトの年齢に応じた社会性獲
得にむけた保育所での支援．千葉県看護学会．第
26回学術集会．2020. 9. 5（Web開催）

中村明日美．青木美紀子．島袋林秀．大西涼子．中
澤光子．Scope and Standards of Practice Genetics/
Genomics Nursing 　～2006年版と2016年版の比較
～日本遺伝看護学会 第19回学術大会．2020. 9. 19-
20.（Web開催）
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1) Iimura Y, Kurokawa T, Nojima M, Kanemoto Y, 
Yazawa K, Tsurita G, Kuroda S. Potential thia-
mine deficiency and neurological symptoms in 
patients receiving chemotherapy for gastroin-
testinal cancer. Int J Clin Pharmacol Ther. 58: 
139-145, 2020.

2) Yasu T, Iimura Y, Momo K, Kuroda S. Potential 
thiamine  deficiency  in  elderly  patients  with 
gastrointestinal  cancer  undergoing  chemo-
therapy. Int J Clin Pharmacol Ther. 58: 174-176, 
2020.

3) Ono K, Momo K, Yasu T, Kiyomi A, Sugiura M, 

Kuroda  S.  Optimization  of  Preparation,  and 
Stability of Indomethacin Mouth Wash for Oral 
Mucositis Caused by Cancer Therapy. Gan To 
Kagaku Ryoho. 47: 1465-1470, 2020.

4) Yasu T, Momo K, Horii M, Yokoyama K, Ono K, 
Kiyomi A, Sugiura M, Kuroda S. Effect of Indo-
methacin Mouthwash on Pain Due to Chemo-
therapy-Induced Oral Mucositis. J Palliat Med. 
23: 886-887, 2020.

5) Yasu T, Momo K, Kuroda S, Kawamata T. Flu-
conazole  Increases  Ibrutinib  Concentration. 
Am J Ther. 27: e620-e621, 2020

IMSUT Hospital

Department of Pharmacy
薬剤部

Director Seiichiro Kuroda
Pharmacist Yohei Iimura
Pharmacist Mika Yamamura
Pharmacist Mai Yokota

薬剤部長　　黒　田　誠一郎
薬剤師　　　飯　村　洋　平
薬剤師　　　山　村　実　佳
薬剤師　　　横　田　　　舞

The Department of Pharmacy seeks to provide high-quality pharmaceutical care
services. We contribute to the team approach to patient-oriented medical care and
provides a drug distribution services. We are also trying to contribute to propel the 
right use of medicines for patients.
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1.   A novel  immunogen selectively eliciting CD8+ 
T cells but not CD4+ T cells targeting immuno-
deficiency virus antigens.

Hiroshi Ishii1, Kazutaka Terahara2, Takushi Nomu-
ra1, Akiko Takeda1, Midori Okazaki1, Hiroyuki 
Yamamoto1, Tsuyoshi Tokusumi3, Tsugumine Shu3, 
Tetsuro Matano: 1AIDS Research Center, National 
Institute of Infectious Diseases, Tokyo, Japan; 2De-
partment of Immunology, National Institute of In-
fectious Diseases, Tokyo, Japan; 3ID Pharma Co., 
Ltd., Ibaraki, Japan

Induction of effective CD8+ T-cell responses is an 
important HIV vaccine strategy. Several promising 
vaccine delivery tools have been developed, and im-
munogen optimization is now crucial for effective 
T-cell induction. Conventional T cell-based vaccines 
have been designed to induce virus-specific CD4+ T 
as well as CD8+ T cells. However, it has been indicat-
ed that induction of HIV-specific CD4+ T cells, prefer-
ential targets for HIV infection, by vaccination may 
accelerate viral replication after HIV exposure. In this 
study (publication #4), we presented a novel immu-
nogen to selectively induce CD8+ T cells but not CD4+ 
T cells targeting viral antigens. The immunogen, 
CaV11, was constructed by tandem connection of 
overlapping 11-mer peptides spanning SIV Gag cap-

sid and Vif. Prime-boost immunization with DNA 
and Sendai virus (SeV) vectors expressing CaV11 effi-
ciently induced Gag/Vif-specific CD8+ T-cell respons-
es with inefficient Gag/Vif-specific CD4+ T-cell induc-
tion in rhesus macaques. None of the macaques 
exhibited the enhancement of acute viral replication 
after an intravenous high-dose SIV challenge, which 
was observed in those immunized with DNA and 
SeV expressing the whole Gag protein in our previ-
ous study. SeV-specific helper responses were consid-
ered to contribute to effective Gag/Vif-specific CD8+ 
T-cell induction by vaccination. This immunogen de-
sign could be a promising method for selective induc-
tion of effective anti-HIV CD8+ T-cell responses.

2.   Therapeutic  vaccine-mediated  Gag-specific 
CD8+ T-cell induction under anti-retroviral ther-
apy augments anti-virus efficacy of CD8+ cells 
in  simian  immunodeficiency  virus-infected 
macaques.

Midori Nakamura-Hoshi1, Yusuke Takahara1, Saori 
Matsuoka1, Hiroshi Ishii, Sayuri Seki1, Takushi No-
mura, Hiroyuki Yamamoto, Hiromi Sakawaki4, To-
moyuki Miura4, Tsuyoshi Tokusumi, Tsugumine 
Shu, Tetsuro Matano: 4Institute for Frontier Life 
and Medical Sciences, Kyoto University, Kyoto, Ja-
pan

IMSUT Hospital

Department of AIDS Vaccine Development
エイズワクチン開発担当

Professor Tetsuro Matano, M.D., D.M.Sc.
Visiting Associate Professor Ai Kawana-Tachikawa, D.M.Sc.

教授（委嘱）　博士（医学）　　俣　野　哲　朗
客員准教授　博士（医学）　　立川（川名）　愛

We are working on Microbiology and Immunology to elucidate the immune 
mechanism for retroviral control in vivo. In particular, we are studying virus-host 
immune interaction and viral evolution using non-human primate models and 
human clinical samples derived from African and Asian countries as well as Japan. 
Furthermore, we are developing vaccines using Sendai virus vectors eliciting 
antibody and/or cytotoxic T lymphocyte responses targeting pathogens including 
HIV-1, HTLV-1, and SARS-CoV-2.
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Anti-retroviral therapy (ART) can inhibit HIV 
proliferation but not achieve virus eradication from 
HIV-infected individuals. Under ART-based HIV 
control, virus-specific CD8+ T-cell responses are often 
reduced. In this study (publication #6), we investigat-
ed the impact of therapeutic vaccination inducing vi-
rus-specific CD8+ T-cell responses under ART on vi-
ral control in a macaque AIDS model. Two groups of 
rhesus macaques, Groups I and II, received ART from 
week 12 to 32 after SIV infection.  Group II macaques 
were vaccinated with SeV vectors expressing SIV Gag 
and Vif at weeks 26 and 32, and Gag/Vif-specific 
CD8+ T-cell responses were enhanced and became 
predominant. All macaques controlled viremia dur-
ing ART but showed viremia rebound after ART ces-
sation. Analysis of in vitro CD8+ cell ability to sup-
press replication of autologous lymphocytes-derived 
SIVs found augmentation of anti-SIV efficacy of CD8+ 
cells after vaccination. In Group II, the anti-SIV effica-
cy of CD8+ cells post-ART was correlated positively 
with Gag-specific CD8+ T-cell frequencies and in-
versely with rebound viral loads. These results indi-
cate that Gag-specific CD8+ T-cell induction by thera-
peutic vaccination can augment anti-virus efficacy of 
CD8+ cells, which may be insufficient for functional 
cure but contribute to more stable viral control under 
ART.

3.   Inefficient  Tax-specific  T-cell  responses  in 
mice  after  syngeneic  transplantation  with 
tax-transgenic mouse-derived adult T-cell leu-
kemia cells.

Midori Nakamura-Hoshi, Tadaki Suzuki5, Akira 
Ainai5, Hideki Hasegawa5, Hiroshi Ishii, Tetsuro 
Matano: 5Department for Pathology, National Insti-
tute of Infectious Diseases, Tokyo, Japan

Adult T-cell leukemia (ATL) is induced by chronic 
latent infection of human T-cell leukemia virus type 1 
(HTLV-1). HTLV-1 Tax is an oncogenic factor and can 
be a target for host T-cell responses. However, Tax ex-
pression in vivo is little in ATL cells and the impact of 
Tax-specific T-cell responses on ATL progression re-
mains unclear. In this study (publication #2), we ex-
amined Tax-specific T-cell responses in C57BL/6 mice 
after syngeneic transplantation with tax-transgenic 
mouse-derived ATL (mATL) cells. We first confirmed 
that cellular tax cDNAs are mostly maintained and 
detectable in the spleen three weeks after mATL cell 
transplantation. The mATL cell transplantation did 
not induce significant Tax-specific T-cell responses. 
Mice immunized with DNA and adenovirus vectors 
expressing Tax elicited Tax-specific CD4+ T-cell re-
sponses but showed no enhancement of the responses 
or reduction in cellular tax cDNA levels after mATL 
cell transplantation. This study provides an animal 
model for analyzing the interaction between ATL cells 
and host immune responses and indicates limited im-
pact of Tax-specific T-cell responses on ATL cell pro-
liferation.
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caques. Sci. Rep. 10:11394, 2020.
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Gut-homing CD4+ T cells are associated with the 
activity of gastritis in HIV-infected adults. AIDS 
Res. Hum. Retroviruses 36:910-917, 2020.
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chikawa, A., Runtuwene, L.R., Seki, S., Abana, 
C.Z.-Y., Kushitor, D., Bonney, E.Y., Ofori, S.B., Ue-
matsu, S., Imoto, S., Kimura, Y., Kiyono, H., Ishika-
wa, K., Ampofo, W.K. and Matano, T. Fecal micro-
biome composition in healthy adults in Ghana. Jpn. 
J. Infect. Dis., in press.
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A. Development and evaluation of a rapid and 
cost-efficient NGS-based MHC class I genotyping 
method for macaques by using a prevalent short-
read sequencer. Immunogenetics, in press.
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1.  Generation of functional organs using a cell 
competitive niche in intra-and inter-species 
chimeras

Toshiya Nishimura1, Fabian Patrick Suchy2, Joydeep 
Bhadury2, Kiyomi Igarashi2, Carsten T. Charles-
worth2, Hiromitsu Nakauchi1,2

1Division of Stem Cell Therapy, Institute of Medical 
Science, University of Tokyo 
2Institute for Stem Cell Biology and Regenerative 
Medicine, Stanford University School of Medicine

We have been trying to create human organ in chi-
meric animal body by using blastocyst complementa-
tion technology. As a proof-of-concept study, inter-
species organ generation via blastocyst 
complementation has succeeded in rodents, but not 
yet in evolutionally more distant species, such as hu-
man-mouse or human-pig chimeras. Early develop-
mental arrest hinders the formation of highly chimer-
ic fetuses. We demonstrate that the deletion of 
insulin-like growth factor 1 receptor (Igf1r) in mouse 
embryos creates a permissive “cell-competitive niche” 
in several organs, significantly augmenting both 
mouse intraspecies and mouse/rat interspecies donor 
chimerism that continuously increases from embry-
onic day 11 onward, sometimes even taking over en-
tire organs within intraspecies chimeras. Since Igf1r 

deletion allows the evasion of early developmental 
arrest, interspecies fetuses with high levels of organ 
chimerism can be generated via blastocyst comple-
mentation. This observation should facilitate donor 
cell contribution to host tissues, resulting in whole-or-
gan generation via blastocyst complementation across 
wide evolutionary distances.

2.  Cas9-AAV6 gene correction of beta-globin in 
autologous HSCs to improve sickle cell dis-
ease erythropoiesis

Adam C. Wilkinson1, Daniel P. Denver2, Ron Baik2, 
Joab Camarena1, Ian Hsu2, Carsten T. Charles-
worth1, Chika Morita2, Hiromitsu Nakauchi1,3, Mat-
thew H. Porteus2

1Division of Stem Cell Therapy, Institute of Medical 
Science, University of Tokyo
2Institute for Stem Cell Biology and Regenerative 
Medicine, Department of Genetics, Stanford Uni-
versity School of Medicine
3Institute for Stem Cell Biology and Regenerative 
Medicine, Department of Pediatrics, Stanford Uni-
versity School of Medicine, Stanford

A year ago, we reported a simple platform for the 
expansion of functional mouse HSCs ex vivo for more 
than 1 month under fully defined albumin-free condi-
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Division of Stem Cell Therapy
幹細胞治療部門

Project Professor Hiromitsu Nakauchi, M.D., Ph.D
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特任教授　医学博士　　　中　内　啓　光
特任助教　博士（理学）　　正　木　英　樹

We are working on uncovering new diseases, elucidating the causes of disease, 
and developing therapeutic modalities by connecting the knowledge and 
methodology of basic science including immunology, molecular biology, cell biology, 
and developmental engineering with clinical medicine.  Our ultimate goal is to 
contribute to establishing new frontiers of stem cell therapy and to make clinical 
applications of stem cells a reality.
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tions. Taking advantage of this ex vivo expansion sys-
tem, we performed CRISPR/Cas9-mediated beta-glo-
bin (HBB) gene correction of Sickle Cell Disease (SCD) 
patient-derived hematopoietic stem cells (HSCs) in 
rodents as a model of gene therapy. Although several 
Cas9-based HBB-correction approaches have been 
proposed, functional correction of in vivo erythro-
poiesis has not been investigated. We used a human-
ized globin-cluster SCD mouse model to study 
Cas9-AAV6-mediated HBB-correction in functional 
HSCs within the context of autologous transplanta-

tion. We discover that long-term multipotent HSCs 
can be gene corrected ex vivo and stable hemoglo-
bin-A production can be achieved in vivo from 
HBB-corrected HSCs following autologous transplan-
tation. We observed a direct correlation between in-
creased HBB-corrected myeloid chimerism and nor-
malized in vivo RBC features, but even low levels of 
chimerism resulted in robust hemoglobin-A levels. 
Moreover, this study offers a platform for gene edit-
ing of mouse HSCs for both basic and translational 
research.
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1.  Innate and adaptive immune cells regulate 
Paneth cell granule formation and α-defensin 
secretion

Mariko Kamioka1–4, Yoshiyuki Goto2,5, Kiminori 
Nakamura6, Yuki Yokoi6, Rina Sugimoto6, Shuya 
Ohira6, Yosuke Kurashima1–4,7, Shintaro Sato2,8,9, 
Jun Kunisawa2,4, Yu Takahashi10, Steven E. Domi-
no11, Jean-Christophe Renauld12, Tokiyoshi Ayabe6 
and Hiroshi Kiyono1–3,13

1 Department of Mucosal Immunology, IMSUT Dis-
tinguished Professor Unit, The Institute of Medical 
Science, The University of Tokyo. 2 International 
Research and Development Center for Mucosal Vac-
cines, The Institute of Medical Science, The Univer-
sity of Tokyo. 3 Department of Medicine, School of 
Medicine and Chiba University-UCSD Center for 
Mucosal Immunology, Allergy and Vaccine (CU-
UCSD cMAV), University of California San Diego.  
4 Laboratory of Vaccine Materials, Center for Vac-
cine and Adjuvant Research and Laboratory of Gut 
Environmental System, National Institutes of Bio-
medical Innovation, Health and Nutrition (NIBI-
OHN). 5 Division of Molecular Immunology, Medi-
cal Mycology Research Center, Chiba University. 6 
Department of Cell Biological Science, Graduate 
School of Life Science, Faculty of Advanced Life Sci-
ence, Hokkaido University. 7 Department of Innova-
tive Medicine, Graduate School of Medicine, Chiba 
University. 8 Mucosal Vaccine Project, BIKEN Inno-
vative Vaccine Research Alliance Laboratories, Re-
search Institute for Microbial Diseases, Osaka Uni-
versity. 9 Department of Immunology and Genomics, 
Osaka City University Graduate School of Medi-
cine. 10 Food Biochemistry Laboratory, Department 
of Applied Biological Chemistry, Graduate School 
of Agricultural and Life Sciences, The University of 
Tokyo. 11 Department of Obstetrics and Gynecology, 
Cellular and Molecular Biology Program, Universi-
ty of Michigan Medical Center. 12 Ludwig Institute 
for Cancer Research and Université Catholique de 
Louvain. 13 Department of Immunology, Graduate 
School of Medicine, Chiba University. 

The gastrointestinal tract is constantly exposed to 
numerous foreign antigens. Intestinal epithelial cell 
layer acts as a first line of defense and is divided into 
villi and crypt regions. In the crypts, epithelial stem 
cells and Paneth cells are preferentially located. 
Paneth cells release granules containing a variety of 
antimicrobial peptides as a major part of the host in-
nate immune system. α-defensin is most abundant 
and highly bactericidal peptide specifically produced 
by Paneth cells. 

It has been known that crypts are surrounded by 
immune cells. Type3 innate lymphoid cells located 
beneath of crypts preferentially produce Interleukin 
22 (IL-22) known as innate immune signaling. We 
found that IL-22 promotes the differentiation of 
Paneth cells with matured granules containing 
α-defensin. We further found that granule release of 
Paneth cells is regulated by acquired immune signal-
ing via membrane trafficking system.

Our results indicate that the cell fate and function 
of Paneth cells are dually regulated by innate and 
adaptive immune cells for the production and secre-
tion of α-defensin in gastrointestinal tract. α-defensin 
plays a crucial role for the creation and maintenance 
of intestinal homeostasis, thus we concluded that the 
mutual interaction of Paneth cells and immune cells 
provide healthy intestinal environment.

2.  Cytochrome c released from intra-tissue op-
portunistic bacteria induce apoptosis of host 
cells.

Naoko Shibata1,2, Jun Kunisawa2-6, Masahiro Ando6, 
Masato Hosokawa7, Shumpei Horii1,8, Koji Hosomi3, 
Haruko Takeyama1,6,7,8, and Hiroshi Kiyono2,9,10,

1Graduate School of Advanced Science and Engi-
neering, Waseda Univ. 2International Research and 
Development Center for Mucosal Vaccines, Univ. of 
Tokyo. 3Laboratory of Vaccine Materials, Center for 
Vaccine and Adjuvant Research, and Laboratory of 
Gut Environmental System, National Institutes of 
Biomedical Innovation, Health and Nutrition (NIBI-
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OHN). 4Graduate School of Medicine, Graduate 
School of Pharmaceutical Sciences, Graduate School 
of Density, Osaka Univ. 5Graduate School of Medi-
cine, Kobe Univ. 6Research Organization for Nano 
and Life Innovation, Waseda Univ. 7Institute for Ad-
vanced Research of Biosystem Dynamics, Waseda 
Univ. 8Computational Bio Big-Data Open Innova-
tion Laboratory, Advanced Industrial Science and 
Technology, Waseda Univ. 9Department of Medi-
cine, Univ. of California 10Graduate School of Medi-
cine, Chiba Univ.

Our intestinal tracts are continuously exposed to 
various antigens, including dietary food materials, 
commensal bacteria, and pathogenic bacteria. The 
mucosal immune systems developed for the elimina-
tion of pathogenic bacteria and tolerance to dietary 
antigens and symbiotic bacteria. On the other hand, 
the deteriorations of bacterial compositions cause 
gut-related immune diseases such as food allergies 
and inflammatory bowel diseases. Therefore, it is be-
coming more critical to understand the interactions 
between intestinal bacteria and the mucosal immune 
system in both steady- and symbiotically disrupted 
states. Peyer’s patches (PPs) are one of the primary 
gut-associated lymphoid tissues in the small intes-
tine. 

We previously identified Alcaligenes as a symbiont 
within dendritic cells (DCs) in the Peyer’s patches. Al-
caligenes contributes to IgA production via the appro-
priate activation of DCs and the impaired symbiosis 
induces inflammatory responses; however, it remains 
to be investigated how the symbiotic relationship is 
maintained. Here, we show that Alcaligenes changed 
the morphology from rod- to filament-shape, which 
was induced via quorum-sensing-dependent manner. 
The changes associated with the increase and release 
of cytochrome c, an apoptosis-inducing factor against 
eukaryotes, and consistently induced the apoptosis of 
host DCs. These findings indicated that the functional 
changes of Alcaligenes associated with their morphol-
ogy can be a regulator of symbiotic communication 
between Alcaligenes and DCs.

3.  Development of Nanogel-based nasal vaccine 
against RSV infection.

Shingo Umemoto1, 2, Shiho Kurokawa1, Yohei Uchi-
da1, Rika Nakahashi1, Yoshikazu Yuki1, and Hiroshi 
Kiyono1, 3-5

1 Department of Mucosal Immunology, IMSUT Dis-
tinguished Professor Unit, The Institute of Medical 
Science, The University of Tokyo, 2 Department of 
Otolaryngology Head and Neck Surgery, Faculty of 

Medicine, Oita University, 3 International Research 
and Development Center for Mucosal Vaccines, The 
Institute of Medical Science, The University of To-
kyo, 4 Division of Gastroenterology, Department of 
Medicine, CU-UCSD Center for Mucosal Immunol-
ogy, Allergy and Vaccines, University of California, 5 
Mucosal Immunology and Allergy Therapeutics, In-
stitute for Global Prominent Research, Chiba Uni-
versity.

Respiratory syncytial virus (RSV) is a leading 
cause of lower respiratory infections in children un-
der 5 years of age. High-risk children (e.g., those with 
congenital heart diseases) can develop severe, some-
times fatal, complications. In terms of vaccine devel-
opment, the inadequate protection provided by pre-
vious reported vaccines and the risk of 
vaccine-enhanced diseases (VED; e.g., eosinophilic 
pneumoniae) have thus far prevented their use in a 
clinical setting. Despite these issues, the development 
of an effective and safe vaccine is expected from clini-
cal needs, and is an important issue from a public 
health perspective. 

We have developed a novel nasal vaccine against 
RSV, targeting an ectodomain of RSV and using a cat-
ionic cholesteryl-group-bearing pullulan (cCHP)-na-
nogel as a vaccine delivery system. Furthermore, we 
have previously revealed the protective effects of this 
vaccine against RSV in viral challenge tests, and 
demonstrated that VED was not induced by adminis-
tration of this vaccine in mice. This year, we have ana-
lyzed the protective mechanisms of this nasal vaccine 
against RSV. 

We have evaluated the neutralizing activity of an-
tigen (Ag) -specific IgG in serum and Ag-specific IgA 
in nasal wash against RSV, and found that Ag-specific 
IgG had no direct neutralizing ability, but interesting-
ly, Ag-specific IgA had direct neutralizing activity 
against RSV. Moreover, we found that Ag-specific 
IgG may eliminate RSV by antibody-dependent cellu-
lar cytotoxity (ADCC) by assessing the immune re-
sponse and performing challenge tests in FcγKO mice. 
We are currently studying the method of constructing 
hybridoma to purify Ag-specific monoclonal IgG and 
synthesize multimeric IgA using gene conversion 
technology in order to elucidate the mechanisms of 
neutralizing ability of Ag-specific IgA. Additionally, 
we have adjusted the intranasal immunization proto-
col of this vaccine for neonatal mice and obtained pre-
liminary data that antigen-specific immunity can be 
induced in neonatal mice as well as in adult mice.

These results provide promising evidence for the 
protective efficacy and safety of this novel nasal vac-
cine against RSV. 
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The neural retina is a part of the central nervous 
system (CNS), and regeneration of the retina from ret-
inal stem cells or other sources by transplantation is a 
critical issue from both clinical and neurobiological 
points of view. Although reports of successful regen-
eration of the CNS from neural stem cells (NSC) have 
appeared in the literature, such has not been the case 
for the vertebrate neural retina. Furthermore, the na-
ture of retinal stem cells has not been clarified, mak-
ing it difficult to attempt regeneration of the retina. 
Based on the techniques and knowledge that have 
been accumulated through work on of haematopoiet-
ic systems in our laboratory, we attempt to identify 
mammalian retinal stem cells and following develop-
mental processes by revealing the expression pattern 
of cell surface proteins. We found that various CD an-
tigens mark spatiotemporally distinct populations of 
retinal cells, and genes specifically expressed in such 
populations has been revealed by microarray analy-
ses. Various signaling molecules, transcriptional fac-
tors, and epigenetic modification are under investiga-
tion for their roles on retinal development. Projects, 
which gave major findings during 2020 are as follows.

Mapping membrane lipids in the developing and adult 
mouse retina under physiological and pathological condi-
tions using mass spectrometry 

Fumie Hamano1, Hiroshi Kuribayashi, Toshiro 
Iwagawa, Asano Tsuhako, Katsuyuki Nagata1, Hi-
roshi Sagara2, Takao Shimizu1, Hideo Shindou1 
and Sumiko Watanabe: 1
Department of Lipid Signaling, National Center for 
Global Health and Medicine, 2 Medical Proteomics 
laboratory

Membrane phospholipids play pivotal roles in 
various cellular processes, and their levels are tightly 
regulated. In the retina, phospholipids had been scru-
tinized because of their distinct composition and re-
quirement in visual transduction. However, how li-
pid composition changes during retinal development 
remains unclear. We aimed to identify phospholipid 
composition during mouse retinal development and 
degeneration by using liquid chromatography–mass 
spectrometry (LC-MS). We assessed the dynamic 
changes in the levels of two main glycerophospholip-
ids, phosphatidylcholine (PC) and phosphatidyletha-
nolamine (PE), in the developing mouse retina under 

Corporate Sponsored Research Program

Project Division of Molecular and 
Developmental Biology
再生基礎医科学国際研究拠点寄付研究部門

Project Professor　Sumiko Watanabe, Ph.D. 特任教授　博士（医学）　　渡　辺　すみ子

Our long-term goal is to understand the molecular mechanisms which coordinately 
regulate differentiation and maintenance of neural retina. Recently we are focusing 
on failure of maintenance of differentiated cells, that ultimately lead to neural 
degeneration. In addition, how immune cells, such as microglia, affect pathogenesis 
of central nervous system is important issue. For this purpose we use models 
ranging from iPS, mouse, monkey, to clinical samples.
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physiological and pathological conditions. The total 
levels of PC and PE increased during retinal develop-
ment, and individual lipid species exhibited distinct 
level changes. The amount of very-long-chain (VLC) 
PC and PE increased dramatically in the late stages of 
retinal development, which is consistent with previ-
ous reports that mature photoreceptor outer segments 
contain VLC. The mRNA levels of Elovl2 and Elovl4, 
genes encoding enzymes essential for the synthesis of 
VLC polyunsaturated fatty acids, increased in devel-
oping photoreceptors, and the expression patterns 
were retinal cell type specific. Cell sorting based on 
CD73 expression followed by LC-MS revealed dis-
tinct changes in PC and PE levels in CD73-positive 
rod photoreceptors and CD73-negative retinal cells, 
suggesting cell type specific lipid metabolism and 
roles. Finally, using the NaIO3- induced photore-
ceptor degeneration model, we identified photore-
ceptor-specific changes in PC and PE levels from 1 
day after NaIO3 administration. This stage, no appar-
ent morphological impairment of the outer segment 
of photoreceptors was displayed, suggesting that 
changing of lipid composition precedes the degenera-
tion. In conclusion, our findings provide insight into 
the dynamic changes in PC and PE levels in the devel-
oping and adult mouse retina under physiological 
and pathological conditions. Furthermore, we pro-
vide evidence that cell sorting followed by LC-MS is a 
promising approach for investigating the relevance of 
lipid homeostasis in the function of different retinal 
cell types. 

RasV12 expression in microglia initiates retinal 
inflammation and induces photoreceptor degen-
eration

Yuta Moriuchi, Toshiro Iwagawa, Asano Tsuhako, 
Yasuyuki Fujita3, Sumiko Watanabe: 3 Department 
of Molecular Oncology, Graduate School of Medi-
cine, Kyoto University

Microglia is central nervous system specific tissue 
resident macrophage like cells. The role of activated 
retinal microglia in driving retinal degeneration has 
been implicated in a number of in vivo disease mod-
els. Here, we investigated the primary consequences 
of microglial activation by the specific expression of 
constitutively active Ras in microglia in a transgenic 
mouse model prior to the onset of any degenerative 
changes in the retina. For that purpose, the double 
transgenic lines CAG-LSL-RasV12-IRES-EGFP; Cx3cr-
1CreER (Cx3cr1-RasV12 mice) and CAG-LSL-EGFP; Cx-
3cr1CreER (control mice) were generated. The expres-
sion of RasV12 was induced in microglia by tamoxifen 
administration, and the retinas were examined by 
immunohistochemistry of frozen sections, RT-qPCR, 
and live imaging. We confirmed that RasV12 expres-
sion in retinal microglial cells promoted cell prolifer-
ation, cytokine expression, and phagocytosis. 

RasV12-expressing microglia migrated towards both 
the inner and outer layers of the retina. Examination 
of GFAP expression revealed activation of Müller glia 
was induced in the retina of C3cr1-RasV12 mice. We 
also observed loss of the photoreceptors in the outer 
nuclear layer (ONL) in close proximity to microglial 
cells. However, no significant neurodegeneration was 
detected in the inner nuclear layer (INL) or ganglion 
cell layer (GCL). The morphology of RasV12-express-
ing microglia in the GCL and INL retained more ram-
ified features compared with the predominant-
ly-amoeboid morphology found in outer retinal 
microglia. The expression of RasV12 is sufficient to 
activate microglia and led to photoreceptor degenera-
tion, which is in contrast to that the neurons in inner 
side of the retina were not damaged by the RasV12 
activated microglia. These results suggested that mi-
croenvironment cues may modulate the microglial 
phenotypic features and effects of microglial activa-
tion.

H3K27me3 demethylase UTX regulates the differ-
entiation of a subset of bipolar cells in the mouse 
retina

Daisy Umutoni, Toshiro Iwagawa, Asano Tsuhako, 
Hiroaki Honda4 Makoto Aihara5, Sumiko 
Watanabe: 4 Field of Human Disease Models, Major 
in Advanced Life Sciences and Medicine, Institute of 
Laboratory Animals, Tokyo Women’s Medical Uni-
versity. 5 Department of Ophthalmology, University 
of Tokyo

The molecular mechanisms that determine retinal 
cell fate and maturation have been extensively inves-
tigated in retina. Papers showing the roles of tran-
scription factors in retinal development have received 
considerable attention. Moreover, there is increasing 
clarity regarding the contributions of epigenetic mod-
ifications (e.g., DNA methylation and histone modifi-
cations) to retinal development. Di- and tri-methyla-
tion of lysine 27 on histone 3 (H3K27me2/3) is a critical 
gene repression mechanism. Trimethylation of his-
tone H3 at lysine 27 (H3K27me3) is a critical mediator 
of transcriptional gene repression, and Jmjd3 and Utx 
are the demethylases specific to H3K27me3. We pre-
viously showed that downregulation of the H3K27 
demethylase, Jumonji domain-containing protein 3 
(JMJD3), resulted in a reduced number of protein ki-
nase C (PKC)α-positive rod ON-bipolar cells. In this 
work, we focused on the role of another H3K27 
demethylase, ubiquitously transcribed tetratricopep-
tide repeat X chromosome (UTX), in retinal develop-
ment. UTX was expressed in the retinal progenitor 
cells of the embryonic mouse retina and was observed 
in the inner nuclear layer during late retinal develop-
ment and in the mature retina. The short hairpin 
RNA-mediated knockdown of Utx in a mouse retinal 
explant led to a reduced number of PKCα-positive 

19寄付研究部門_sk.indd   26919寄付研究部門_sk.indd   269 2021/05/11   11:21:452021/05/11   11:21:45



270

rod ON-bipolar cells. However, other retinal subtypes 
were unaffected by this knockdown. Using a reti-
na-specific knockout of Utx in mice, the in vivo effects 
of UTX downregulation were examined. Again, the 
number of PKCα-positive rod-ON bipolar cells was 
reduced, and no other apparent phenotypes, includ-
ing retinal progenitor proliferation, apoptosis, or dif-
ferentiation, were observed. Finally, we examined 
retina-specific Utx and Jmjd3 double knockout mice 
and found that although the number of rod ON-bipo-
lar cells was reduced, no additional effects from the 
loss of Utx and Jmjd3 were observed. Taken together, 
our data show that UTX contributes to retinal differ-
entiation in a lineage-specific manner. 

Jmjd3 plays pivotal roles in the proper development of ear-
ly-born retinal lineages: amacrine, horizontal, and retinal 
ganglion cells

Toshiro Iwagawa1, Hiroaki Honda4, and Sumiko 
Watanabe

Using an in vitro retinal explant culture system, we 
previously revealed the role of Jmjd3 in the develop-
ment of rod bipolar cells; however, the roles of Jmjd3 
in the development of early-born retinal cells are un-
known due to limitations concerning the use of reti-

nal explant culture systems. In this study, we investi-
gated the roles of Jmjd3 in the development of 
early-born retinal cells by using retina specific knok-
out mouse model by crossing a Jmjd3-floxed mouse 
with a Dkk3-Cre mouse. We examined retina-specific 
conditional Jmjd3 knockout (Jmjd3-cKO) mice using 
immunohistochemistry and quantitative reverse tran-
scription PCR and JMJD3 binding to a target locus by 
chromatin immunoprecipitation analysis. We ob-
served reductions in amacrine cells (ACs) and hori-
zontal cells (HCs), as well as lowered expression lev-
els of several transcription factors involved in the 
development of ACs and HCs in the Jmjd3-cKO 
mouse retina. JMJD3 bound the promoter regions of 
these transcription factors. Notably, an elevated num-
ber of retinal ganglion cells (RGCs) was observed at 
embryonic stages, while RGCs were moderately re-
duced at later postnatal stages in the Jmjd3-cKO reti-
na. We also observed reduced expression of Eomes, 
which is required for the maintenance of RGCs, as 
well as lower H3K27me3 level and lower JMJD3 bind-
ing in the promoter region of Eomes in RGC-enriched 
cells. The results indicated that Jmjd3 has critical roles 
in the development of early-born retinal subtypes, 
and suggested biphasic roles of Jmjd3 in RGC produc-
tion and maintenance.

Publications

Hamano, F., Kuribayashi, H., Iwagawa, T., Nagata, 
K., Shimizu, S., Shindou, H., and Watanabe, S., 
Mapping of membrane lipids in the developing 
and adult mouse retina under physiological and 
pathological conditions using mass spectrometry, 
JBC, in press 

Mizobuchi, K., Katagiri, S., Hayashi, T., Ninomiya, 
W., Okude, S., Asano, Y., Zenno, M., Hikage, F., 
Ohguro, H., Ishiba, Y, Watanabe, S., Mizota, A., Na-
kano, T. Unique and progressive retinal degenera-
tion in a patient with cancer associated retinopathy. 
Am J Ophthalmol Case Rep, 20, 100908 , 2020

Moriuchi, Y., Iwagawa, T, Tsuhako, A., Koso, H., Fuji-
ta, Y., Watanabe, S. RasV12 expression initiates ret-
inal inflammation and induces photoreceptor de-
generation. Invest. Ophthalmol. Vis. Sci. 61, 34, 
2020

Iwagawa, T, Honda, H., Watanabe, S. Jmjd3 plays piv-
otal roles in the proper development of early-born 
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ganglion cells. Invest. Ophthalmol. Vis. Sci., 61, 43, 
2020

Umutoni, D.,  Iwagawa, T., Baba, Y., Tsuhako, A., 
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Deng, X., Iwagawa, T., Fukushima, M., Watanabe, S. 
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Takai, Y. Kurose, T., Honma, Y., Watanabe, S. Api-
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1-12, 2020
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1.  RaptRanker: in silico RNA aptamer selection 
from HT-SELEX experiment based on local se-
quence and structure information.

Ryoga Ishida1, Tatsuo Adachi2, Aya Yokota1, Hidehi-
to Yoshihara2, Kazuteru Aoki2, Yoshikazu Nakamu-
ra2, Michiaki Hamada1,3: 1Graduate School of Ad-
vanced Science and Engineering, Waseda University, 
Tokyo, Japan. 2RIBOMIC Inc., Tokyo, Japan. 
3Computational Bio Big-Data Open Innovation 
Laboratory (CBBD-OIL), National Institute of Ad-

vanced Industrial Science and Technology (AIST), 
Tokyo, Japan.

Aptamers are short single-stranded RNA/DNA 
molecules that bind to specific target molecules. 
Aptamers with high binding-affinity and target spec-
ificity are identified using an in vitro procedure called 
high throughput systematic evolution of ligands by 
exponential enrichment (HT-SELEX). However, the 
development of aptamer affinity reagents takes a con-
siderable amount of time and is costly because HT-SE-

Social Cooperation Research Program

Project Division of RNA Medical Science
RNA医科学社会連携研究部門

Project Associate Professor　Masaki Takahashi, Ph.D. 特任准教授　博士（理学）　　高　橋　理　貴

RNA no longer stands behind DNA or protein but stands in front of DNA and 
protein. Recent achievements and discovery in biological science clearly 
emphasize the importance of RNA in life: the discovery of RNA interference, 
molecular mimicry between protein and RNA, ribosome structure at atomic 
resolution, and RNA quality control triggered by aberrant mRNAs. Moreover, the 
completed human genome project revealed, to our great surprise, the existence of 
a large amount of protein-noncoding RNAs (ncRNAs). These ncRNAs can be 
classified into two types: one, like antisense and microRNA, those function with 
sequence complementarity to the target mRNA or DNA, while the other, like 
aptamer, those function independent of sequence complementarity. In our 
laboratory, we aim to create artificial aptamers to target proteins of therapeutic 
interest.
The concept of using single-stranded nucleic acids (aptamers) as affinity molecules 
for protein or compound binding was initially described in 1990. The concept is 
based on the ability of short oligonucleotides to fold, in the presence of a target, 
into unique three-dimensional (3D) structures that bind the target with high affinity 
and specificity. Aptamers are generated by a process known as systematic 
evolution of ligands by exponential enrichment (SELEX), which merges 
combinatorial chemistry with in vitro evolution from a complex library of randomized 
1014-15 different sequences. Importantly, aptamer targets can be small (e.g., 
chemical compounds) or large (e.g., proteins), and simple (e.g., purified proteins) 
or complex (e.g., protein complexes or cell surface receptors). Therefore, aptamers 
can be used as therapeutic compounds or reagents for affinity purification or as 
biosensor elements.
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LEX produces a large dataset of candidate sequences, 
some of which have insufficient binding-affinity. 
Here, we present RNA aptamer Ranker (RaptRank-
er), a novel in silico method for identifying high bind-
ing-affinity aptamers from HT-SELEX data by scoring 
and ranking. RaptRanker analyzes HT-SELEX data 
by evaluating the nucleotide sequence and secondary 
structure simultaneously, and by ranking according 
to scores reflecting local structure and sequence fre-
quencies. To evaluate the performance of RaptRank-
er, we performed two new HT-SELEX experiments, 
and evaluated binding affinities of a part of sequences 
that include aptamers with low binding-affinity. In 
both datasets, the performance of RaptRanker was su-
perior to Frequency, Enrichment and MPBind. We 
also confirmed that the consideration of secondary 
structures is effective in HT-SELEX data analysis, and 
that RaptRanker successfully predicted the essential 
subsequence motifs in each identified sequence.

2.  A G-quadruplex-forming RNA aptamer binds to 
the MTG8 TAFH domain and dissociates the 
leukemic AML1-MTG8 fusion protein from DNA

Junichi Fukunaga1, Yusuke Nomura2,3, Yoichiro 
Tanaka1,4, Hidetaka Torigoe3, Yoshikazu Nakamura, 
Taiichi Sakamoto2, Tomoko Kozu1: 1Research Insti-
tute for Clinical Oncology, Saitama Cancer Center, 
Saitama, Japan. 2Department of Life and Environ-
mental Sciences, Faculty of Engineering, Chiba In-
stitute of Technology, Chiba, Japan. 3Department of 
Applied Chemistry, Faculty of Science, Tokyo Uni-
versity of Science, Tokyo, Japan. 4Facility for RI Re-
search and Education, Instrumental Analysis 
Center, Research Initiatives and Promotion Organi-
zation, Yokohama National University, Kanagawa, 
Japan.

MTG8 (RUNX1T1) is a fusion partner of AML1 
(RUNX1) in the leukemic chromosome translocation 
t(8;21). The AML1-MTG8 fusion gene encodes a chi-
meric transcription factor. One of the highly con-
served domains of MTG8 is TAFH which possesses 
homology with human TAF4 [TATA-box binding pro-
tein-associated factor]. To obtain specific inhibitors of 
the AML1-MTG8 fusion protein, we isolated RNA 
aptamers against the MTG8 TAFH domain using sys-
tematic evolution of ligands by exponential enrich-

ment. All TAF aptamers contained guanine-rich se-
quences. Analyses of a TAF aptamer by NMR, CD, 
and mutagenesis revealed that it forms a parallel 
G-quadruplex structure in the presence of K+. Fur-
thermore, the aptamer could bind to the AML1-MTG8 
fusion protein and dissociate the AML1-MTG8/DNA 
complex, suggesting that it can inhibit the dominant 
negative effects of AML1-MTG8 against normal 
AML1 function and serve as a potential therapeutic 
agent for leukemia.

3.  Nucleic acid ligands act as a PAM and agonist 
depending on the intrinsic ligand binding state 
of P2RY2.

Masaki Takahashi, Ryo Amano, Michiru Ozawa1, 
Anna Martinez1, Kazumasa Akita1, Yoshikazu Na-
kamura1: 1RIBOMIC Inc., Minato-ku, Tokyo

G-protein coupled receptors (GPCRs) play diverse 
roles in physiological processes, and hence the lig-
ands to modulate GPCRs have served as worthwhile 
molecules in biological and pharmacological ap-
proaches. However, the exploration of novel ligands 
for GPCR still remains an arduous challenge. In this 
study, we report a method for the discovery of nucle-
ic acid ligands against GPCRs by advanced RNA 
aptamer screening technology that employs a vi-
rus-like particle (VLP) exposing GPCR of interest and 
integrates high-throughput sequencing and bioinfor-
matics. An array of biochemical analyses coupled 
with cell-based assay revealed that one of the aptam-
ers raised against purinergic receptor P2Y2 (P2RY2), a 
GPCR, exhibits an activation potency to unliganded 
receptor and prohibits a further receptor activation by 
endogenous ligand, behaving like a partial agonist. 
However, the aptamer enhances the activity of intrin-
sic ligand-binding P2RY2, thereby acting as a positive 
allosteric modulator (PAM) to liganded receptor. Our 
findings demonstrate that the nucleic acid aptamer 
conditionally exerts PAM and agonist effects on GP-
CRs depending on their intrinsic ligand binding state. 
These results indicate the validity of our VLP-based 
aptamer screening targeting GPCR and re-emphasize 
the high potential of nucleic acid ligands for explor-
ing the GPCR activation mechanism and therapeutic 
applications.

Publications

1  Ishida R, Adachi T, Yokota A, Yoshihara H, Aoki K, 
Nakamura Y, Hamada M.: RaptRanker: in silico 
RNA aptamer selection from HT-SELEX experi-
ment based on local sequence and structure infor-
mation, Nucleic Acids Res., 48(14):e82 (2020)

2	 	Fukunaga J, Nomura Y, Tanaka Y, Torigoe H, Naka-

mura Y, Sakamoto T, Kozu T.: A G-quadru-
plex-forming RNA aptamer binds to the MTG8 
TAFH domain and dissociates the leukemic AML1-
MTG8 fusion protein from DNA. FEBS Lett, 
594:3477-3489, (2020)
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Implementing advanced medical research at IM-
SUT

Yuji, K.

The Project Division was established in November 
2014. Our mission is to contribute to the progress of 
advanced medical research at IMSUT; to perform 
field research in which innovative medicine will be 
implemented; and to further the cross-disciplinary 
education of physicians, researchers, and profession-
als. Our future plans include collaboration in innova-
tive projects in the Coastal Area Life Innovation Com-

prehensive Special Zone for International 
Competitiveness Development.

Projections on the future healthcare system in Ja-
pan, the first fully fledged aged society

Yuji, K. 

Japan is rapidly becoming a fully fledged aged so-
ciety, and the increasing dependence of the elderly 
population is a significant concern. We have simulat-
ed both the supply and demand features of Japan’s 
future healthcare system.

Publications

1.  Oshima Y, Tanimoto T, Yuji K. Vibrio vulnificus In-
fections From a Previously Nonendemic Area. An-
nals of internal medicine. 172(5):367, 2020.

2.  湯地晃一郎．臨床検査ビッグデータの活用．	
Medical	Technology.	48(12):1286-1289,	2020.	

Social Cooperation Research Program

Project Division of International Advanced 
Medical Research
国際先端医療社会連携研究部門

Project Associate Professor　Koichiro Yuji, M.D., Ph.D. 特任准教授　博士（医学）　　湯　地　晃一郎

The mission of the Project Division is to apply changes in advanced medical 
research at the Institute of Medical Science at the University of Tokyo (IMSUT). Our 
activities include field research in which innovative medicine will be implemented; 
cross-disciplinary education of physicians, researchers, and professionals; 
collaboration in innovative projects in the Coastal Area Life Innovation 
Comprehensive Special Zone for International Competitiveness Development; and 
establishing projections of the future healthcare system of Japan, which will be the 
first fully fledged aged society.
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1.  Japan-US Comparative study for the promo-
tion of the cancer genomic medicine in Japan

Hiroshi Yasui, Mikiko Suzuki, Arinobu Tojo

Regarding the spread of cancer genomic medicine 
Japan is behind not only Western countries but also 
China and Korea. We study to compare the current 
situation and the future prospects of cancer genomic 
medicine in Japan and the United States in order to 
contribute to design a policy to promote dissemina-
tion and uniformization of cancer genomic medicine 
for cancer patients in Japan.

2.  Construction of infrastructure for research on 
advanced genome medicine

Hiroshi Yasui, Mikiko Suzuki, Megumi Isobe, Arin-
obu Tojo

In order to establish a framework for developing 
genome analysis while expanding our understanding 
of diseases, including hereditary and nongenetic dis-
eases, we are using comprehensive approaches to ad-
vanced genome medicine. These approaches include 
addressing various issues, such as multidisciplinary 
collaborations among scientific experts; the Ethical, 
Legal, and Social Implications (ELSI) program; man-
agement of specimen preservation, clinical informa-
tion, and personal information protection for genom-
ic medicine as well as biobanking. Our mission also 
includes enhancement of social acceptance for genom-
ic medicine.

3.	Program	 for	 supporting	biospecimen	analysis	
for	the	diagnosis	and	treatment	of	hematological	ma-
lignancies

Corporate Sponsored Research Program

Project Division of Fundamental Study on 
Cutting Edge of Genome Medicine
先端ゲノム医療の基盤研究寄付研究部門

Professor Arinobu Tojo, M.D., D.M.Sc.
Project Associate Professor Hiroshi Yasui, M.D., D.M.Sc.

教　授　　　医学博士　　　東　條　有　伸
特任准教授　博士（医学）　　安　井　　　寛

Our major goal is to realize advanced genomic medicine. Major advancements in 
genome analysis have recently been reported from researchers around the globe, 
along with improvements in next-generation sequencing, leading to an era where 
genomic information can be collected and analyzed at low cost and in a short 
period of time. Thus, it is necessary to establish a framework for developing 
genome analysis while expanding our understanding of general society, academia, 
and medical associations, etc., in order to identify different diseases, such as 
hereditary diseases or non-genetic diseases.
In our department, comprehensive basic research on advanced genome medicine 
has been realized through our multidisciplinary collaborations among scientific 
experts; the Ethical, Legal, and Social Implications (ELSI) program; specimen 
preservation; electronic medical records access; and personal information 
protection.
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Hiroshi Yasui, Arinobu Tojo, Kaoru Uchimaru1, To-
shiki Watanabe2

1Department of Computational Biology and Medical 
Sciences, Graduate School of Frontier Sciences, The 
University of Tokyo
2IMSUT hospital, The Institute of Medical Science, 
The University of Tokyo

To support cancer scientists in promoting transla-
tional research and genome medicine, we have estab-
lished a platform for supporting cohort studies and 
biospecimen analysis. Under this program, we are 
collecting and managing clinical materials, including 
tumor cells, serum, and peripheral blood mononu-
clear cells from patients at high risk of hematologic 
malignancies as well as patients with blood cancer. 
We provide support for obtaining and/or analyzing 
biomaterials, as requested by researchers, and con-
tribute to their clinical studies and publications.

4.  Development of novel immunodiagnostics for 
graft-versus-host disease

Hiroshi Yasui, Asako Kobayashi, Reika Li, Takahiro 
Asatsuma, Aobulikasimu Aikebaier, Mikiko Suzuki, 
Arinobu Tojo

Novel immunodiagnostics to analyze immune 
function is important for the evaluate the activity of 
autoimmune diseases as well as development of can-
cer immunotherapy. We study to develop novel im-
munodiagnostics to evaluate activities of immune 
cells in patients with allogenic hematopoietic stem 
cell transplantation to diagnose severity of graft-ver-
sus-host disease. 

It will be also expected to contribute the develop-
ment of the novel cancer immunotherapy in hemato-
logic malignancies.

5.  Investigator-initiated clinical trials under an In-
vestigational New Drug application for the de-
velopment of novel cancer therapeutics and 
biomarkers

Hiroshi Yasui, Fumitaka Nagamura1, Giichiro 

Tsurita2, Kohzoh Imai3, Arinobu Tojo:
1Center for Translational Research, IMSUT Hospi-
tal, The Institute of Medical Science, The University 
of Tokyo
2Department of Surgery, IMSUT Hospital, The In-
stitute of Medical Science, The University of Tokyo
3Office of Support for Platforms for Advanced Tech-
nologies and Research Resources, The Institute of 
Medical Science, The University of Tokyo

Genome medicine and genome research, includ-
ing pharmacogenomics and pharmacogenetics, are 
important for developing novel therapeutic agents for 
cancer and incurable diseases and identifying bio-
markers. Our research aims to develop efficient ap-
proaches for conducting investigator-initiated clinical 
trials under Investigational New Drug (IND) applica-
tions to promote translational research and discover 
biomarkers for prediction of the safety and efficacy of 
novel therapeutics through omics analyses, including 
genomics. We were conducting, supporting, summa-
rizing or preparing three investigator-initiated clini-
cal trials under INDs applications for the develop-
ment of academic-oriented innovative anticancer 
drug especially novel cancer immunotherapy.

6.  Support and management of translational re-
search

Hiroshi Yasui, Arinobu Tojo

To promote translational research and genome 
medicine, we participate in the “Translational Re-
search Network Program, Japanese Translational Re-
search and Clinical Trials Core Centers” supported by 
the Japan Agency for Medical Research and Develop-
ment, as members of the Translational Research Ad-
vancement Center of the University of Tokyo. The 
aim of the program is to promote translational re-
search and investigator-led clinical trials aiming for 
practical applications of basic studies in academia, 
managing the assessment of scientific seeds and intel-
lectual property rights, and therefore promoting the 
development of advanced medical arts, including ge-
nome medicine.

Publications 

1.  Yasu T, Sugi T, Momo K, Hagihara M, Yasui H. De-
termination of the concentration of gilteritinib in 
human plasma by high-performance liquid chro-
matography Biomed Chromatogr. 2020 Nov 11. 
doi: 10.1002/bmc.5028. in press

2.  Hirano M, Kimura K, Ishigaki T, Nojima M, Dai-
mon M, Morita H, Takenaka K, Xu B, Sawada N,  
Hirokawa M, Komuro I, Morisaki T, Yotsuyanagi 
H, Kawamata T, Yokoyama K, Konuma  T, Kato S, 
Yasui H, Nagamura-Inoue Tokiko, Uchimaru Kao-

ru, Takahashi S, Imai Y, Tojo A. High prevalence of 
left ventricular non-compaction and its impact on 
chemotherapy-related cardiac dysfunction in pa-
tients with hematological diseases Circ J. 2020 Oct 
10. doi: 10.1253/circj.CJ-20-0344. Online ahead of 
print.

3.  Kikuchi J, Hori M, Iha H, Toyama-Sorimachi N, 
Hagiwara S, Kuroda Y, Koyama D, Izumi T, Yasui 
H, Suzuki A, Furukawa Y. Soluble SLAMF7 pro-
motes the growth of myeloma cells via homophilic 
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interaction with surface SLAMF7. Leukemia. 2020 Jan;34(1):180-195. doi: 10.1038/s41375-019-0525-6.
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1.  Structural Basis for the Binding Mechanism of 
Human Serum Albumin Complexed with Cyclic 
Peptide Dalbavancin

Ito S, Senoo A, Nagatoishi S, Ohue M, Yamamoto M, 
Tsumoto K, Wakui N.

Here, we present the crystal structure of HSA 
complexed with dalbavancin, a clinically used cyclic 
peptide. Small-angle X-ray scattering and isothermal 
titration calorimetry experiments showed that the 
HSA-dalbavancin complex exists in a monomeric 
state; dalbavancin is only bound to the subdomain IA 
of HSA in solution. Structural analysis and MD simu-
lation revealed that the swing of Phe70 and move-
ment of the helix near dalbavancin were necessary for 
binding. The flip of Leu251 promoted the formation 
of the binding pocket with an induced-fit mechanism; 
moreover, the movement of the loop region including 

Glu60 increased the number of noncovalent interac-
tions with HSA. These findings may support the de-
velopment of new cyclic peptides for clinical use, par-
ticularly the elucidation of their binding mechanism 
to HSA.

2.  Highly sensitive HPLC analysis and biophysi-
cal characterization of N-glycans of IgG-Fc do-
main in comparison between CHO and 293 
cells using FcγRIIIa ligand

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Tanaka T, Terao Y, Oe S, Ide T, Tsumoto K.

Quality control of monoclonal antibodies is chal-
lenging due in part to the diversity of post-transla-
tional modifications present. The regulation of the 
N-glycans of IgG-Fc domain is one of the key factors 
to maintain the safety and efficacy of antibody drugs. 

Social Cooperation Research Program

Project Division of Advanced 
Biopharmaceutical Science
先進的バイオ医薬品学社会連携研究部門

Professor Hirotoshi Tanaka, Ph.D.
Professor Kouhei Tsumoto, Ph.D.
Project Associate Professor Satoru Nagatoishi, Ph.D.

教　授　　　医学博士　　　　田　中　廣　壽
教　授　　　博士（工学）　　　津　本　浩　平
特任准教授　博士（生命科学）　長門石　　　曉

Various types of antibodies have been approved for therapeutic use and currently 
examined in clinical development. Therefore, developments of technology for the 
discovery and optimization of high-potency antibodies have been improved and 
have greatly increased to find the specific and stable antibody with desired 
biological properties. Biophysical analyses of a therapeutic antibody, particularly 
those of protein interaction and stability, are recognized as one of the critical 
procedures in the development of biopharmaceuticals, which would be assessed 
as an essential step to develop next-generation antibodies. The development of 
analytical methods with quantitative and high-sensitive detection of antigen 
interaction, protein stability, and biological function of antibody, therefore, has been 
intriguing for the pharmaceutic companies. In this division, we study biophysical 
analyses of various antibodies to propose a new strategy for the development of 
the next-generation antibody.
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The FcγRIIIa affinity column is an attractive tool for 
the precise analysis of the N-glycans in IgG-Fc do-
main. We used the mutant FcγRIIIa, which is pro-
duced in Escherichia coli and is therefore not glyco-
sylated, as an affinity reagent to analyze the N-glycans 
of monoclonal antibodies expressed in Expi293 and 
ExpiCHO cells. The monoclonal antibodies expressed 
in these cells showed very different chromatograms, 
because of differences in terminal galactose residues 
on the IgG-Fc domains. We also carried out kinetic 
and thermodynamic analyses to understand the inter-
action between monoclonal antibodies and the mu-
tant FcγRIIIa. Expi293 cell-derived monoclonal anti-
bodies had higher affinity for the mutant FcγRIIIa 
than those derived from ExpiCHO cells, due to slow-
er off rates and lower binding entropy loss. Collec-
tively, our results suggest that the FcγRIIIa column 
can be used to analyze the glycosylation of antibodies 
rapidly and specifically.

3.  Polymeric Nanocarriers with Controlled Chain 
Flexibility Boost mRNA Delivery In Vivo 
through Enhanced Structural Fastening

Miyazaki T, Uchida S, Nagatoishi S, Koji K, Hong T, 
Fukushima S, Tsumoto K, Ishihara K, Kataoka K, 
Cabral H.

Messenger	RNA	(mRNA)	shows	high	therapeutic	
potential,	though	effective	delivery	systems	are	still	
needed	 for	 boosting	 its	 application.	 Nanocarriers	
loading	mRNA	via	polyion	complexation	with	block	
catiomers	 into	 core-shell	 micellar	 structures	 are	
promising	 systems	 for	 enhancing	 mRNA	 delivery.	
Engineering	the	interaction	between	mRNA	and	cat-
iomers	through	polymer	design	can	promote	the	de-
velopment	 of	 mRNA-loaded	 micelles	 (mRNA/m)	
with	 increased	 delivery	 efficiency.	 Particularly,	 the	
polycation	chain	rigidity	may	critically	affect	the	mR-
NA-catiomer	interplay	to	yield	potent	poly(glycidylb-
utylamine)	(PEG-PGBA)	and	PEG-poly(L-lysine)	(PEG-
PLL)	is	studied.	PEG-PGBA	allows	more	than	50-fold	
stronger	binding	to	mRNA	than	the	relatively	more	
rigid	PEG-PLL,	resulting	in	mRNA/m	with	enhanced	
protection	against	enzymatic	attack	and	polyanions.	
mRNA/m	 from	 PEG-PGBA	 significantly	 enhances	
mRNA	in	vivo	bioavailability	and	increased	protein	
translation,	 indicating	the	 importance	of	controlling	
polycation	flexibility	for	forming	stable	polyion	com-
plexes	with	mRNA	toward	improved	deliverynano-
carriers,	yet	its	effect	remains	unknown.	Herein,	the	
influence	of	polycation	stiffness	on	the	performance	
of	 mRNA/m	 by	 developing	 block	 complementary	
catiomers	having	polycation	segments	with	different	
flexibility,	that	is,	poly(ethylene	glycol)-.

4.  Discovery of chemical probes that suppress 
Wnt/β-catenin signaling through high-through-
put screening

Yamaguchi K, Nagatoishi S, Tsumoto K, Furukawa 
Y.

Aberrant activation of the Wnt/β-catenin signaling 
pathway has been observed in a wide range of human 
tumors. Deregulation of the pathway is closely linked 
to various aspects of human carcinogenesis such as 
cell viability, regulation of cell cycle, epithelial-mes-
enchymal transition, and maintenance of stemness. In 
addition, recent studies have disclosed the involve-
ment of Wnt signaling in immune evasion of tumor 
cells. The accumulation of β-catenin in the nucleus is 
a common feature of cancer cells carrying defects in 
the pathway, which leads to the continuous activation 
of T-cell factor (TCF)/LEF transcription factors. Con-
sequently, a genetic program is switched on, leading 
to the uncontrolled growth, prolonged survival, and 
acquisition of mesenchymal phenotype. As β-catenin/
TCF serves as a signaling hub for the pathway, 
β-catenin/TCF-dependent transcriptional activity is a 
relevant readout of the pathway. To date, a wide vari-
ety of synthetic TCF/LEF reporters has been devel-
oped, and high-throughput screening (HTS) using 
these reporters has made significant contributions to 
the discovery of Wnt inhibitors. Indeed, HTS led to 
the identification of chemical probes targeting porcu-
pine, a membrane bound O-acyltransferase, and 
CREB-binding protein, a transcriptional coactivator. 
This review focuses on various screening strategies 
for the discovery of Wnt inhibitors and their mode of 
action to help the creation of new concepts for assay/
screening methods.

5.  Methodology for Further Thermostabilization 
of an Intrinsically Thermostable Membrane 
Protein Using Amino Acid Mutations with Its 
Original Function Being Retained

Yasuda S, Akiyama T, Nemoto S, Hayashi T, Ueta T, 
Kojima K, Tsukamoto T, Nagatoishi S, Tsumoto K, 
Sudo Y, Kinoshita M, Murata T.

We develop a new methodology best suited to the 
identification of thermostabilizing mutations for an 
intrinsically stable membrane protein. The recently 
discovered thermophilic rhodopsin, whose apparent 
midpoint temperature of thermal denaturation Tm is 
measured to be ∼91.8 °C, is chosen as a paradigmatic 
target. In the methodology, we first regard the resi-
dues whose side chains are missing in the crystal 
structure of the wild type (WT) as the “residues with 
disordered side chains,” which make no significant 
contributions to the stability, unlike the other essen-
tial residues. We then undertake mutating each of the 
residues with disordered side chains to another resi-
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due except Ala and Pro, and the resultant mutant 
structure is constructed by modifying only the local 
structure around the mutated residue. This construc-
tion is based on the postulation that the structure 
formed by the other essential residues, which is near-
ly optimized in such a highly stable protein, should 
not be modified. The stability changes arising from 
the mutations are then evaluated using our phys-
ics-based free-energy function (FEF). We choose the 
mutations for which the FEF is much lower than for 
the WT and test them by experiments. We successful-
ly find three mutants that are significantly more sta-
ble than the WT. A double mutant whose Tm reaches 
∼100 °C is also discovered.

6.  Per-Residue Program of Multiple Backbone Di-
hedral Angles of β-Peptoids viaBackbone Sub-
stitutions

Morimoto J, Kim J, Kuroda D, Nagatoishi S, Tsu-
moto K, Sando S.

Unique folded structures of natural and synthetic 
oligomers are the most fundamental basis for their 
unique functions. N-Substituted β-peptides, or 
β-peptoids, are synthetic oligomers with great poten-
tial to fold into diverse three-dimensional structures 
because of the existence of four rotatable bonds in a 
monomer with highly modular synthetic accessibili-
ty. However, the existence of the four rotatable bonds 
poses a challenge for conformational control of 
β-peptoids. Here, we report a strategy for per-residue 
programming of two dihedral angles of β-peptoids, 
which is useful for restricting the conformational 
space of the oligomers. The oligomer was found to 
form a unique loop conformation that is stabilized by 
the backbone rotational restrictions. Circular dichro-
ism and NMR spectroscopic analyses and X-ray crys-
tallographic analysis of the oligomer are presented. 
The strategy would significantly facilitate the discov-
ery of many more unique folded structures of 
β-peptoids.

7.  Technical Capabilities and Limitations of Opti-
cal Spectroscopy and Calorimetry Using Wa-
ter-Miscible Solvents: The Case of Dimethyl 
Sulfoxide, Acetonitrile, and 1,4-Dioxane.

Hirano A, Nagatoishi S, Wada M, Tsumoto K, Maluf 
KN, Arakawa T.

In drug development, water-miscible solvents are 
commonly used to dissolve drug substances. Typical 
routine procedures in drug development include di-
lution of the stock drug solution into an aqueous solu-
tion containing target macromolecules for drug bind-
ing assays. However, water-miscible solvents impose 
some technical limitations on the assays on account of 
their light absorption and heat capacity. Here, we ex-
amined the effects of the dilution of 3 water-miscible 
solvents, that is, dimethyl sulfoxide, acetonitrile, and 
1,4-dioxane, on the baseline stability and signal/noise 
ratio in circular dichroism spectroscopy, isothermal 
titration calorimetry, and differential scanning calo-
rimetry. Dimethyl sulfoxide and 1,4-dioxane affect 
the signal/noise ratio of circular dichroism spectra at 
typically used concentrations due to their light ab-
sorbance. The water-miscible solvents generate inter-
fering signals in the isothermal titration calorimetry 
due to their mixing heat. They show negative or posi-
tive slope in the differential scanning calorimetry. 
Such interfering effects of the solvents are reduced by 
appropriate dilution according to the analytical tech-
niques. Because the water-miscible solvents have sol-
ubilization capacity for alkyl chain moieties and aro-
matic moieties of chemicals, drug substances 
containing these moieties can be dissolved into the 
solvents and then subjected to the analyses to exam-
ine their interactions with target proteins after appro-
priate dilution of the drug solutions.

<Group III>
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1. Ito, S., Senoo, A., Nagatoishi, S., Ohue, M., Yamamo-
to, M., Tsumoto, K., and Wakui, N. Structural Basis 
for the Binding Mechanism of Human Serum Albu-
min Complexed with Cyclic Peptide Dalbavancin. 
J. Med. Chem. 63:14045-14053, 2020

2. Kosuge, H., Nagatoishi, S., Kiyoshi, M., Ishii-
Watabe, A., Tanaka, T., Terao, Y., Oe, S., Ide, T., and 
Tsumoto, K. Highly sensitive HPLC analysis and 
biophysical characterization of N-glycans of IgG-Fc 
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2020.
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794, 2020.

5. Yasuda, S., Akiyama, T., Nemoto, S., Hayashi, T., 
Ueta, T., Kojima, K., Tsukamoto, T., Nagatoishi, S., 
Tsumoto, K., Sudo, Y., Kinoshita, M., and Murata, 
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T. Methodology for Further Thermostabilization of 
an Intrinsically Thermostable Membrane Protein 
Using Amino Acid Mutations with Its Original 
Function Being Retained. J. Chem. Inf. Model. 
60:1709-1716, 2020.

6. Morimoto, J., Kim, J., Kuroda, D., Nagatoishi, S., 
Tsumoto, K., and Sando, S. Per-Residue Program of 
Multiple Backbone Dihedral Angles of β-Peptoids 

viaBackbone Substitutions. J. Am. Chem. Soc. 
142:2277-2284, 2020.

7. Hirano, A., Nagatoishi, S., Wada, M., Tsumoto, K., 
Maluf, K.N., and Arakawa, T. Technical Capabili-
ties and Limitations of Optical Spectroscopy and 
Calorimetry Using Water-Miscible Solvents: The 
Case of Dimethyl Sulfoxide, Acetonitrile, and 
1,4-Dioxane. J. Pharm. Sci. 109:524-531, 2020.
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I.  Development of cancer immunotherapy using 
the blockade of MFG-E8

Mika Uematsu-Hamada, Yu Mizote1, Miho Kudo, 
Hiroaki Uchida, Hideaki Tahara (1Department of 
Cancer Drug Discovery and Development
Osaka International Cancer Institute)

The secreted protein, milk fat globule-EGF factor 8 
(MFG-E8), stimulates disease progression through co-
ordinated αvβ3 integrin signaling in tumor and host 
cells. MFG-E8 enhances tumor cell survival, invasion, 
and angiogenesis, and contributes to local immune 
suppression. 

We have shown that systemic MFG-E8 blockade 
cooperates with cytotoxic chemotherapy, molecularly 
targeted therapy, and radiation therapy to induce de-
struction of various types of established mouse tum-
ors. The combination treatments evoke extensive tu-
mor cell apoptosis that is coupled to efficient 
dendritic cell cross-presentation of dying tumor cells. 
Our previous findings suggest that systemic MFG-E8 
blockade might intensify the antitumor activities of 
existing therapeutic regimens through coordinated 
cell-autonomous and immune-mediated mechanisms 
also in human. In order to further investigate these 
findings in mouse tumor systems, we have developed 
multiple means to abrogate the functions of MFG-E8 
antibodies specific to the mouse MFG-E8. Our recent 

projects include the investigation on the significance 
of tumor-derived and non-tumor derived MFG-E8, 
which has been implicated in our histological exami-
nation on human samples and MFG-E8 gene knock-
out mice. Furthermore, we are now seeking the op-
portunities of developing this agent for clinical 
application.

II.  Development of fully retargeted herpes sim-
plex virus (HSV) vectors for oncolytic virother-
apy

Hiroaki Uchida, Hitomi Ikeda, Tomoko Shibata, Ta-
kuma Suzuki, Fumihiro Nagata, Yasuhiko Sasaki, 
Naoki Kabasawa, Rintaro Hayase, Naoya Nagata, 
Natsuki Matsumoto, Yukinari Kato2, Hideaki Taha-
ra (2Department of Antibody Drug Development, 
Tohoku University Graduate School of Medicine)

Herpes simplex virus (HSV) vectors are promising 
agents for oncolytic virotherapy. Uchida established a 
fully retargeted HSV platform that mediates virus en-
try exclusively via tumor-associated antigens in the 
lab of Prof. Joseph Glorioso at the University of Pitts-
burgh. Entry of HSV is initiated by the binding of gly-
coprotein D (gD) to one of its receptors, herpesvirus 
entry mediator (HVEM) or nectin-1. This interaction 
results in a conformational change in gD, triggering 
sequential activation of gH and gB to execute fusion 
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Our division has been conducting basic research projects for development of 
innovative cancer therapy using immunologic and gene therapy approaches. The 
reagents, modalities, and concepts developed in this division have been clinically 
applied as translational research projects. We believe that bidirectional information 
exchange between the bench and the bedside would be one of the most important 
requirements for the successful development of novel and effective therapies.
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between the viral envelope and cell membranes. We 
inserted single-chain antibodies (scFv) against a num-
ber of different cell surface molecules such as epider-
mal growth factor receptor (EGFR), carcinoembryon-
ic antigen (CEA), and epithelial cell adhesion molecule 
(EpCAM), into the retargeted HSV platform that en-
codes a gD ablated for binding to natural receptors 
and a gB containing entry-enhancing mutations we 
previously identified. As a result, we observed specif-
ic virus entry into cells expressing the cognate target 
antigen for each of the retargeted constructs. Our re-
sults indicate the adaptability of our system to differ-
ent targeting ligands, leading to a new generation of 
broadly applicable and effective oncolytic HSV vec-
tors. Furthermore, we introduced syncytial mutations 
into the gB and/or gK genes of gD-retargeted HSVs 
and found that gD retargeting does not abolish the 
hyperfusogenic activity of syncytial mutations and 
that these mutations do not eliminate the dependence 
of HSV entry and spread on a specific gD-receptor in-
teraction. These observations suggest that syncytial 
mutations may be valuable for increasing the tu-
mor-specific spreading of retargeted oncolytic HSV 
vectors. We have found that syncytium formation in 
tumors is associated with more potent antitumor ef-
fects in vivo. We have also found that our retargeted 
oncolytic HSV vectors can exert robust antitumor ef-
fects when administered not only intratumorally but 
also intravenously. Additionally, we are developing 
novel oncolytic vectors that are retargeted to tu-
mor-associated antigens that have been shown to be 
expressed specifically on cancer cells.

III. Establishment of highly functional monoclo-
nal antibodies through novel screening meth-
ods for targeted cancer therapy

Hiroaki Uchida, Hitomi Ikeda, Tomoko Shibata, 
Nanami Hayashi, Miki Yamaguchi3, Hideaki Tahara 
(3Department of Molecular Medicine, Research In-
stitute for Frontier Medicine, Sapporo Medical Uni-
versity School of Medicine)

Monoclonal antibodies (mAbs) have become an 

established therapeutic modality in clinical oncology. 
In order to identify cell-surface molecules that may be 
useful for targeting various types of cancers, our 
group established a unique screening approach that 
employs an adenoviral vector harboring fiber pro-
teins engineered to bind antibodies, Adv-FZ33. This 
approach led to the successful identification of an ar-
ray of potential target molecules for cancer treatment. 
Immunotoxins (antibody-drug conjugates; ADC) are 
a promising class of cancer therapeutics composed of 
a cytotoxic agent linked covalently to a cancer-target-
ed antibody. To systematically hunt for cell-surface 
molecules that may be efficiently targeted by immu-
notoxins, our group created another method for 
screening highly functional cancer-targeted mAbs 
and cognate antigens. The receptor-binding domain 
of the Diphtheria toxin (DT) was replaced with the 
antibody-binding domain (3C) derived from the 
Streptococcal protein G. The resultant mutated toxin 
protein (DT-3C) was used for selection of mAbs for 
specific cell killing activity as components of immu-
notoxins. Our novel screening system is advanta-
geous in that the selected antibodies bind to intact 
cancer cells and get internalized efficiently, which has 
been critically required for therapeutic applications 
but elusive thus far. Furthermore, we have successful-
ly taken advantage of some of these in-house mono-
clonal antibodies for development of novel fully re-
targeted HSV vectors. Additionally, we have created 
an HSV-based probe for screening of Abs that could 
mediate HSV entry by recognition of unknown recep-
tors. We have found that one of the Abs selected by 
this screening method is capable of mediating HSV 
entry when incorporated into gD as an scFv. Interest-
ingly, the antigen recognized by the Ab has been 
found to be a molecule that is known as a growth fac-
tor expressed and shed from cancer cells. This was 
unexpected because this molecule has been common-
ly investigated as a soluble “ligand” that acts as a 
growth factor, and thus not as a membrane-bound 
“receptor”. Thus, we expect that this novel Ab-screen-
ing system may lead to a new generation of RR-oHSV 
vectors.

Publications

1. Kiho, Miyazato., Hideaki, Tahara., and Yoshihiro, 
Hayakawa. Anti-metastatic effects of thalidomide 

by inducing the functional maturation of peripher-
al NK cells. Cancer Sci. 111:2770–2778, 2020.

19寄付研究部門_sk.indd   28219寄付研究部門_sk.indd   282 2021/05/11   11:21:462021/05/11   11:21:46



283

1.Towards the development of personalized and 
precision prevention of diseases on the basis 
of genomic information.

Atsuko Hiraishi1, Takayuki Morisaki1, Masaru Koi-
do1, Momoko Horikoshi2, Yoichiro Kamatani3, Toru 
Suzuki4, Yoshinori Murakami1; 1Project Division of 
Genomic Medicine and Disease Prevention, The In-
stitute of Medical Science, the University of Tokyo. 
2Laboratory for Endocrinology, Metabolism and 
Kidney Diseases, RIKEN Centre for Integrative 
Medical Sciences. 3Laboratory of Complex Trait 
Genomics, Department of Computational Biology 
and Medical Sciences, Graduate School of Frontier 
Sciences, the University of Tokyo, Tokyo, 4Cardio-
vascular Research Center, Glenfield Hospital, Uni-
versity of Leicester, England.

Project Division of Genetic Medicine and Disease 
Prevention was established to obtain scientific evi-
dence to develop a new predictive program for dis-

ease prevention for healthy lives of individuals by 
integrating genomic information into the classic 
health-related information, such as individual health 
records, life-style data and age.  

For this purpose, we designed and launched the 
“GenoVision” project in collaboration with NTT Life 
Science, Corp. In this project, the employees of NTT 
group who got periodic physical examinations and 
provided an informed consent are recruited to a com-
prehensive survey program of individual SNPs. The 
purposes of this program are as follows. 1) To return 
the results of the selected SNPs to participants, which 
are directly involved in the activities of important bi-
ological enzymes for maintaining the healthy lives of 
individuals. 2) To obtain basic information for the re-
search on polygenic risk scores for establishing a 
next-generation approach to promoting healthy life 
based on the genomic information of individuals.  

Thus, numerous relevant publications were 
searched comprehensively and the candidate SNPs 
were selected to meet the following three criteria. 1) 

Social Cooperation Research Program

Project Division of Genomic Medicine and 
Disease Prevention
ゲノム予防医学社会連携研究部門

Professor Yoshinori Murakami, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.

教　授　　医学博士　　村　上　善　則
特任教授　医学博士　　森　崎　隆　幸

Most human diseases, including cancer and common diseases, develop and 
progress by the combinations and interactions of genetic background, acquired 
environmental exposures, life-style factors and aging. Therefore, in order to 
promote the healthy life of citizens, it is a prerequisite to identify health risks of 
individuals both at the time of birth and later in life and to provide them with 
appropriate approaches to disease prevention when necessary. For this purpose, 
the Project Division of Genomic Medicine and Disease Prevention was started on 
July 1, 2019 in cooperation with Nippon Telegram and Telephone Cooperation 
(NTT). The goal of our project is to develop personalized and precision prevention 
of diseases by integrating genomic information, health records and life-style data 
into a new predictive program of disease prevention for the healthy life of 
individuals.
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The SNPs are directly involved in the enzymatic func-
tions or expression. 2) The enzymatic activities are 
directly involved in pathological or unhealthy pheno-
types. 3) The enzymatic dysfunction and the resultant 
unhealthy phenotype are shown to be mitigated by 
behavioral changes. According to these criteria, SNPs 
at the MTHFR gene affecting the activity of methyl-
enetetrahydrofolate reductase for folic acid produc-
tion and SNPs at the ADH1B and the ALDH2 genes 
affecting the activity of alcohol dehydrogenase and 
aldehyde dehydrogenase, respectively, for alcohol 
metabolism were selected as the initial targets of this 
project. Recruitment of participants started in June 
2020 and about 13,000 individuals are going to be re-
cruited by the end of March, 2021. The individual 
SNPs are being analyzed and a portion of the results 
have been obtained. 

The utilization of the clinically significant genom-

ic information in possible lifestyle improvement for 
individuals and its validity from the viewpoint of eth-
ical, legal and social issues (ELSI) are being investi-
gated in collaboration with medical doctors in several 
hospitals, including Center for Disease Prevention, 
NTT Medical Center, Tokyo.  The integration of 
genomic information of these SNPs into health re-
cords and re-evaluation of disease risks of individuals 
are also being examined. 

Furthermore, a novel approach to estimate disease 
risks of individuals based on a large number of SNPs 
information through poly genic risk score (PRS) mod-
el is being investigated (Ref. Sakaue S, Kamatani Y, 
Murakami Y, Okada Y et al., Nature Medicine, 16:542-
548, 2020). The power and potentials as well as the 
limitation of PRS analysis in assessment of disease 
risks and disease prevention will be elucidated. 
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1.  Support for the management of institutional 
projects 

Kiyomi Nakagawa, Yoko Udagawa 

We served as a secretariat of institutional projects 
implemented by the Institute of Medical Science, the 
University of Tokyo (IMSUT) and supported their 
management. The projects supported are as follows: 
- “Studies to Control Emerging, Re-emerging and Im-
ported Infectious Diseases to Be Conducted in Inter-
national Collaboration Sites in China” supported by 
Japan program of Infectious Diseases Research and 
Infrastructure from Japan Agency for Medical Re-
search and Development (AMED) 
- “World-leading Innovative Graduate Study Pro-
gram for Life Science and Technology (WINGS-LST)” 
supported by the Doctoral Program for World-lead-
ing Innovative & Smart Education from Japan Society 
for the Promotion of Science (JSPS) 

2.  International Joint Usage/Research Center 
Program of MEXT 

Junko Tsuzuku 

IMSUT has been authorized by MEXT as Joint Us-
age/ Research Center in 2009 and began its activity in 
2010. The center’s main activity is to implement joint 

research projects that diverse universities and re-
search organizations can apply to join and organize 
academic gathering such as international symposia, 
and meetings for young researchers as well as to pub-
lish activity reports on our website. The Project Coor-
dination Office executed these activities, edited docu-
ments pertaining to various investigations, and 
submitted evaluation reports requested by MEXT in 
collaboration with the Research Promotion Team, Re-
search Support Division, Administration Office. In 
November 2018, IMSUT has been reauthorized as In-
ternational Joint Usage/Research Center by MEXT. In 
this capacity, we will continue our utmost efforts to 
expand this program from the domestic to the inter-
national level. 

3.  Data acquisition about research and educa-
tional activities of IMSUT 

Kiyomi Nakagawa, Ayako Miyake 

We collected and stocked data using an original 
format to construct a data system available any time 
for evaluation, submission of various reports, public 
relation activities, and basic data for application of ex-
ternal funding. 

4.  Others

Dean’s Office

Project Coordination Office
プロジェクトコーディネーター室

Professor　Makoto Nakanishi, M.D., Ph.D. 教　授　医学博士　　中　西　　　真

Our major missions are to coordinate institutional projects, enhance the mutual 
cooperation, alliance among teaching and research staff, administration staff, and 
technical staff, in order to execute the activities in our institute effectively. For these 
purposes, we carry out several tasks such as planning for new institutional research 
programs and symposiums, fundraising, supporting international students and 
researchers, outreach activities, providing academic advice to administration staff, 
and other projects directed by the dean.
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Kiyomi Nakagawa, Ayako Miyake, Yoko Udagawa 

a. Educational activities: 
- Support for the call for application and selection of 
the Outstanding Student Publication Award of IM-
SUT 
b. International activities: 
- Support for conclusion and renewal of MOUs 
- Support for delegation and management of interna-
tional exchange events, “East Asia Joint Symposium” 
and “International Symposium of the Institute Net-
work for Biomedical Sciences” 
- Translation of documents and manuscripts 
- Support for foreign researchers in English 

- Support for reception of overseas visitors 
- Support for management of the University of Tokyo 
New York Office, Inc. and its event organization 
- Planning and running of get-together party for inter-
national students and foreign researchers 
c. Public relations: 
- Support for information update of IMSUT website 
- Edition of brochures of IMSUT (Japanese and Eng-
lish version) and support for edition of the Annual 
Report 
d. Support for Evaluation work: 
- National university corporation evaluation 
- Self-review and self-evaluation of IMSUT
- External review of IMSUT
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Dean’s Office

Research Platform Office
学術研究基盤支援室

Chair and Senior Professor Jun-ichiro Inoue, Ph.D. 
Vice chair and Professor Mutsuhiro Takekawa, M.D., Ph.D.

特命教授・室長　薬学博士　　井　上　純一郎
教授・副室長　　博士（医学）　武　川　睦　寛

“Platforms for Advanced Technologies and Research Resources” (platform.umin.
jp/) was launched in fiscal year (FY) 2016 under the new framework of the Grant-in-
Aid for Scientific Research on Innovative Areas by the Ministry of Education, 
Culture, Sports, Science and Technology (MEXT). It consists of six platforms, of 
which four platforms are supporting researches in life science. They are the 
platforms that have been developed from and strengthened the previous program 
“Support Programs for Three Fields in Life Sciences (Cancer, Genome and Brain 
Sciences)” conducted between FY 2010 and 2015. “Platforms for Advanced 
Technologies and Research Resources” aims to establish the academic research 
support platforms to efficiently support various needs of the researchers in grants-
in-aid. It also aims to work in close cooperation with the relevant core bodies such 
as Inter-University Research Institutes and Joint Usage/ Research Centers. This 
office mainly plays the role of the representative secretariat of the “Committee on 
Promoting Collaboration in Life Sciences” that is an academic collaborative 
foundation and cooperates with the four platforms mentioned above. The objective 
is to contribute the further development of the academic research in Japan through 
providing the cutting-edge technologies and biological resources to the individual 
researchers on life science KAKENHI (Grants-in-Aid for Scientific Research). We 
also aim to promote cooperation among researchers across support functions and 
cross-disciplinary, as well as human resource development. To achieve the goal, 
the General Management Group was organized to facilitate a close cooperation 
between four platforms comprising 54 universities and 23 research institutions 
nationwide which provide 81 support functions. This office was established in this 
Institute as Dean’s Office in 2016 in order to strengthen the flexible management. 
Further, we hold several Management Board Meetings in which 17 members 
participated: four platform representatives and 13 board members, to construct a 
cooperative system to facilitate a cross-over support functions and to provide 
technical support with the universities and research institutions nationwide.
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Management of “Committee on Promoting Collab-
oration in Life Sciences” and the two platforms: 
Advanced Animal Model Support (AdAMS) and 
Cohort Study and Biospecimen Analysis (CoBiA):

Yuri Takei, M.A., Jun Saito, Eriko Shibata, Tomoko 
Fujita, Hiroshi Abe, Mutsuhiro Takekawa and 
Jun-ichiro Inoue

The following activities have been performed under 
the management of this office in 2020.

1.  Planning and organization of the budgetary alloca-
tion.

2.  One-stop service for applicants through the home 

page.
3.  Organization of the events for developing young 

scientists and interdisciplinary researches.
4.  Holding public symposiums on the relation of life 

science and society.
5.  Holding the explanatory meeting for possible ap-

plicants.
6.  Conducting public relations activities such as post-

ing the committee’s banner on home page of vari-
ous scientific meetings. 

7.  Creating a video to promote our activities and up-
load it on YouTube.

8.  Facilitating cooperative networks between our plat-
forms and other domestic or international groups 
that support life science researches.
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1.  Publication of Press Releases on IMSUT re-
search results

Asako Shimizu

The office issued press releases on various new 
findings from IMSUT, including SARS-CoV-2 and 
COVID-19, and distributed Japanese press releases to 
media institutions and science journalists strategical-
ly. The office also disseminated English press releases 
to the global community of science journalists through 
the official website, social media such as Twitter and 
Facebook, along with the international public rela-
tions website “Eurek Alert!”.

2.  Launch of the Public Relations magazine

Asako Shimizu

The office worked closely with the faculty mem-
bers who belong to the public relations magazine 
working group and launched the first issue of IM-
UST’s PR magazine “PLATINUM STREET TIMES” 
featuring IMSUT’s research achievements on COV-
ID-19 in December 2020. The magazine will be pub-
lished twice a year, in June and December.

3.   Dissemination of IMSUT official events on the 
website

Asako Shimizu

Details of various academic events at IMSUT, such 
as the 47th IMSUT founding commemorative sympo-
sium and the online English seminar series 2020 host-
ed by the IMSUT International Joint Usage/Research 
Center Project, were actively reported by the office on 
the official website and social media.

4.  Language Assistance

Kazuyo Ohara

Under the COVID-19 pandemic, the International 
Affairs Office worked closely with the administrative 
staff to provide international members of IMSUT with 
the Dean’s messages, official announcements, and rel-
evant information in English where necessary. Our 
language support also contributed to the compilation 
for materials for the external review of IMSUT in 
2020. Looking ahead, the office will actively promote 
the internationalization at IMSUT and a favourable 
environment for international members of IMSUT by 
offering tailored language services.

Dean’s Office

International Affairs Office
国際学術連携室

Professor　Makoto Nakanishi, M.D., Ph.D. 教　授　医学博士　　中　西　　　真

International Affairs Office consists of two parts: one concerned with public relations 
and the other with language assistance. The office is responsible for public relations 
activities strategy and publishes new information about a variety of scientific 
research of IMSUT on its official website and social media. The office also works 
towards increasing IMSUT’s international presence by issuing press releases both 
in Japanese and English, holding press conferences, and editing public relations 
magazines of IMSUT. For its part in language assistance, the staff contributes to 
the creation of a favourable environment for international members of IMSUT by 
providing Japanese-English (or vice versa) language support including translation 
of various notices and documents.
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Dean’s Office

BioBank Japan
バイオバンク・ジャパン

Professor Yuji Yamanashi, Ph.D.
Professor Koichi Matsuda, M.D., Ph.D.
Project Professor Takayuki Morisaki, M.D., Ph.D.

教　授　　理学博士　　　山　梨　裕　司
連携教授　博士（医学）　　松　田　浩　一
（大学院新領域創成科学研究科）
特任教授　医学博士　　　森　崎　隆　幸

In 2003, BioBank Japan (BBJ) started establishing one of the world’s largest 
disease biobanks, creating a foundation for genomic and clinical research. From a 
total of 260,000 patients representing 440,000 cases of 51 primarily multifactorial 
diseases, BBJ has collected DNA, serum, medical records.
BBJ is promoting the utilization of the registered samples and data acquired over 
the years, resulting in important research findings contributing to the realization of 
genomic medicine. 
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47th IMSUT Founding Commemorative Symposium 
Neo-Immunology on infection, allergy and cancer

　本研究所では伝染病研究所から医科学研究所への改組を記念して創立記念シンポジウムを毎年開催
している。
　本年は「感染症、アレルギー及び癌に関するネオ免疫学」というテーマで講演をお願いした。

　日  時：令和 2 年 11 月 27 日（金）　13：00 ～ 17：00
　会　場：Zoom によるオンライン開催

Ken Ishii （Division of Vaccine Science, Department of Microbiology and Immunology , IMSUT）
Adjuvant for vaccine and immunotherapy; classical immunology versus machine learning

Hiroshi Kawamoto（Laboratory of Immunology, Institute for Frontier Life and Medical Sciences, 
Kyoto University）
Regeneration of T cells using the iPS cell technology: Development of “off-the-shelf T cells” for 
cancer immunotherapy

Cevayir Coban（Division of Malaria Immunology, Department of Microbiology and Immunology , 
IMSUT）
Host-Plasmodium interactions at tissue level

Satoshi Uematsu（Department of Immunology and Genomics, Osaka City University Graduate 
School of Medicine/ Division of Innate Immune Regulation, International Research and Development 
Center for Mucosal Vaccine , IMSUT）
Development of new treatments for dysbiosis-related diseases

Cezmi A. Akdis（Swiss Institute of Allergy and Asthma Research (SIAF), University of Zurich, Chris-
tine Kühne-Center for Allergy Research and Education (CK-CARE), Davos, Switzerland）
The epithelial barrier hypothesis for the development of allergic and autoimmune diseases
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学友会セミナー
（令和２年 1 月～令和２年 12 月）

1 月 8 日 演題： Development of deep learning models for genomic data: novel applications for short-read 
structural variant detection and long-read basecalling

演者： 張　　耀中
1 月 10 日 演題： Organoid modeling of the hepatic–hematopoietic symbiotic relationship during human 

fetal liver development

演者： 聶　　運中
1 月 14 日 演題： 造血幹細胞を生体外で増幅させる試み

演者： 山崎　　聡
1 月 20 日 演題： 医療・医学研究に関する「告知」の研究  ―遺伝性腫瘍に関する家族内での情報

共有を事例に 

演者： 李　　怡然
1 月 20 日 演題： ロイコトリエン受容体と炎症性疼痛

演者： 浅原　美保
1 月 23 日 演題： 中胚葉系組織を制御する因子の解析

演者： 藤井　智明
1 月 24 日 演題： Waivers of Informed Consent for Research: A Legal and Historical Review and 

Consideration of Emerging Practices

演者： Jon F Merz

1 月 27 日 演題： 健康医療ビッグデータ解析に対する統計科学的アプローチ
演者： 片山　琴絵

1 月 30 日 演題： 次世代シークエンシングデータを用いた迅速な細胞安全性評価
演者： 朴　聖俊

2 月 7 日 演題： Wnt シグナルによる新たな分子制御機構の解明と分子標的治療薬の開発
演者： 山口 貴世志

2 月 18 日 演題： 多能性幹細胞からの臓器創出の現状と今後の展望
演者： 山口　智之

4 月 3 日 演題： エンベロープウイルスの膜融合阻害剤の探索とその作用機序の解明
演者： 山本　瑞生

6 月 25 日 演題： 腹水濾過濃縮再静注法の緩和ケアにおける位置づけ
演者： 伊藤　哲也

6 月 25 日 演題： Computational intractability as an ally and adversary in genomic privacy, analysis, and 
engineering

演者： Robert Daniel Barish

7 月 29 日 演題： 高齢者大腸癌の術前全身状態評価における CONUT score の有用性
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演者： 阿彦　友佳
7 月 31 日 演題： dsRNA センサー TLR3 の緻密な応答制御機構

演者： 佐藤　亮太
8 月 28 日 演題： 哺乳類の初期胚・生殖細胞発生における保存性と多様性

演者： 小林　俊寛
9 月 3 日 演題： 安全な上部消化管手術に向けての取り組み

演者： 愛甲　　丞
9 月 4 日 演題： Molecular control of regulatory T cell development and function by the transcription 

factor Foxp3 and T cell receptor signals

演者： 堀　　昌平
9 月 4 日 演題： Chronic interferon-γ stimulation impairs memory CD8 T cell maintenance

演者： 瀬戸口　留可
10 月 5 日 演題： 単純ヘルペスウイルスの病態発現機構

演者： 加藤　哲久
11 月 12 日演題： がんを中心とした様々な疾患に関わるゲノム異常の研究

演者： 髙橋　数冴
11 月 26 日演題： インフルエンザウイルス及び熱帯ウイルス感染症に対する研究

演者： 前村　　忠
12 月 1 日 演題： 肝炎ウイルスの増殖と病原性に関与する宿主細胞性因子

演者： 後藤　　覚
12 月 21 日演題： 慢性腎臓病における細胞老化の役割

演者： 荒谷　紗絵
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大学院セミナー

　医科学研究所では、毎年テーマを決めて大学院生を対象としたセミナーを開いている。各々の年の
決定されたテーマに関していろいろな視点から最先端の研究を展開しておられる方々に講師をお願い
し、現在どのような研究が進められていて、どこまで明らかにされているかが幅広く理解できるよう
に計画がたてられている。2020 年には、｢ビッグデータ解析と AI を活用した新たな医科学研究｣ と
いうテーマの下で次のようなセミナーが行われた。

ビッグデータ解析とAI を活用した新たな医科学研究
月　日 講 師 名 演　　　　　　　題

1 4 月 6 日 谷内江　望 東京大学先端科学技術研究セ
ンター
准教授

Recording cellular events in 
DNA

2 4 月 13 日 渋谷　哲朗 東京大学医科学研究所
医療データ情報学分野
教授

ビッグデータ・バイオインフォマ
ティクス

3 4 月 20 日 北野　宏明 特定非営利活動法人システ
ム・バイオロジー研究機構
会長

N o b e l  T u r i n g  C h a l l e n g e : 
Creating the Engine for Scientific 
Discovery

4 4 月 27 日 岡田　随象 大阪大学大学院医学系研究科
教授

遺伝統計学で迫る疾患病態解明と
ゲノム創薬

5 5 月 11 日 鎌谷　洋一郎 東京大学新領域創成科学研究
科
教授

全ゲノム関連解析による複雑形質
の理解

6 5 月 25 日 岡本　青史 株式会社 富士通研究所 人工
知能研究所
所長

企業における人工知能研究の現状
と未来

7 6 月 1 日 榊原　　彰 日本マイクロソフト株式会社
執行役員 最高技術責任者

医療 AI の現状と展望～ Microsoft 
Research Healthcare Next を 中
心に

8 9 月 28 日 清水　昭伸 東京農工大学
教授

深層学習を用いた医用画像のコン
ピュータ支援診断

9 10 月 5 日 曽我　朋義 慶應義塾大学先端生命科学研
究所
教授

メタボローム解析とがん研究

10 10 月 12 日 奥野　恭史 京都大学大学院医学研究科
教授

医療・創薬における AI の現状と
可能性

11 10 月 19 日 岡田　眞里子 大阪大学蛋白質研究所
教授

オミクスと数理モデルを用いた細
胞解析法

12 10 月 26 日 井元　清哉 東京大学医科学研究所
健康医療インテリジェンス分野
教授

人工知能とゲノムビッグデータ解
析

13 11 月 9 日 山口 類 愛知県がんセンター
分野長

臨床シークエンスのための人工知
能を活用した情報解析基盤の開発
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学術フロンティア講義

　医科学研究所では、教養学部前期課程の学生を対象に、「医科学研究最前線」として、平成 27 年度
から学術フロンティア講義を開講している。研究所を構成する６つの基幹部門・施設から選出された
講師が、それぞれの研究分野の最新の動向をわかりやすく講義した。

　日　時：令和２年 12 月 12 日（土）　９：15 ～ 16：40
　　　　　令和２年 12 月 13 日（日）　９：30 ～ 16：40
　場　所：Zoom によるオンラインでの開講

教員および題目
12 月 12 日（土）

講　師　名 題　　　　　　目
中西　　真 癌・細胞増殖部門

癌防御シグナル分野
医科研紹介

根岸　貴子 国際粘膜ワクチン開発研究セン
ター
粘膜バリア学分野

骨の代謝と骨疾患

井元　清哉 ヒトゲノム解析センター
健康医療インテリジェンス分野

ゲノム研究の新次元

尾山　大明 疾患プロテオミクスラボラトリー プロテオミクスが解き明かすがん細胞情報
伝達機構

舘林　和夫 遺伝子解析施設
フロンティア研究領域

細胞が環境ストレスに応答する仕組み

12 月 13 日（日）
講　師　名 題　　　　　　目
伊藤　博崇 先端医療研究センター

先端がん治療分野
脳神経外科治療におけるウイルス療法とそ
の位置づけ

堤　　武也 先端医療研究センター
感染症分野

最近のウイルス感染症における医学研究の
貢献

小檜山　康司 感染・免疫部門
ワクチン科学分野

ワクチンのサイエンス

真下　知士 実験動物研究施設
先進動物ゲノム研究分野

ゲノム編集技術とヒト化動物について
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