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Preface
We are pleased to present the FY2023 Annual Report of the Institute of Medical Science 

at the University of Tokyo (IMSUT). The predecessor of IMSUT, the Institute of Infectious 
Diseases (IID), was founded in 1892 by Dr. Shibasaburo Kitasato and incorporated into 
the University of Tokyo in 1916. At that time, infectious diseases were the greatest threat 
to public health, and IID was a key center of infectious disease research in Asia and a 
leading international research center. As this report shows, IMSUT, as the successor to 
IID, has continued to dedicate itself to tackling infectious diseases such as COVID-19, but 
has also expanded its mission cancer and other intractable diseases. 

In 1967, IMSUT was reorganized as a research institute covering a wider range of med-
ical fields to meet the demands of modern medicine arising after World War II, and 
adopted its present name. IMSUT’s mission has evolved to contribute to the development 
and welfare of human society through advanced medical research and the practice of 
cutting-edge medicine, based on the history and traditions of the more than 130 years 
since its founding. To achieve this mission, IMSUT promotes interdisciplinary research 
and conducts a wide range of practical research projects, from the establishment of artifi-
cial intelligence (AI) and support for state-of-the-art AI medicine, to the development of 
pharmaceuticals, including gene, virus and vaccine therapies, to cell and organ trans-
plantation using stem cells and iPS cells, to new developments in genomic medicine.

For more than a century, IMSUT has followed the three guiding principles established 
by Dr. Kitasato: “practical learning” for the benefit of society, “diverse and comprehensive 
research,” and “disease prevention.” These three principles are the foundation of medical 
practice and rapidly developing research at IMSUT, and we are further opening up new 
intellectual horizons based on them by harnessing vast amounts of information with AI. 
We are accelerating the efficient use of new technologies by promoting the establishment 
of medical AI research with our dedicated supercomputer “Shirokane” and have already 
realized AI-guided medicine for hematopoietic tumors and other diseases at IMSUT hos-
pital.

Importantly, IMSUT was accredited by the Minister of Education, Culture, Sports, Sci-
ence and Technology in 2018 as the only International Joint Usage/Research Center in 
Japan in the field of life sciences. In recognition of its activities and achievements, IMSUT 
was reaccredited last year and is continuing its center project for the next six years. 
Through this platform, IMSUT is supporting 29 international collaborative research pro-
jects in FY2023. As a world-leading medical research institute, we endeavor to further 
contribute to the development of the basic, translational and clinical research undertaken 
by the global research community.

This annual report summarizes the scientific achievements of IMSUT in 2023. It is our 
sincere hope that these results will inspire further research, foster collaboration with sci-
entists around the world, and ultimately contribute to the improvement of global health-
care.

January 2024

Makoto Nakanishi, M.D., 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 Infectious Genetics ��������������������������������� 18
感染遺伝学分野

Professor Kensuke Miyake, M.D., Ph.D.
Associate Professor Takuma Shibata, Ph.D.
Project Associate Professor Ryutaro Fukui, 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） 柴　田　琢　磨
特任准教授 博士（医学） 福　井　竜太郎
助　教　　 博士（医学） 佐　藤　亮　太

Organization and Faculty Members
機構および職員

〈as of December, 2023〉

Division of Molecular Virology ��������������������������������� 21
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 � ��������������������������������� 23
ワクチン科学分野

Professor Ken Ishii, M.D., Ph.D.
Associate Professor Kouji Kobiyama, Ph.D.
Assistant Professor Burcu Temizoz, Ph.D.
Assistant Professor Tomoya Hayashi, Ph.D.

教　授　　 博士（医学） 石　井　　　健
准教授　　 博士（医学） 小檜山　康　司
助　教　　 博士（医学） テミズオズ　ブルジュ
助　教　　 博士（医学） 林　　　智　哉

Division of Malaria Immunology �������������������������������� 27
マラリア免疫学分野

Professor Cevayir COBAN, M.D., Ph.D.
 (Clinical Microbiology) 
Project Assistant Professor Michelle S.J. LEE, Ph.D.
Project Assistant Professor Jalal ALSHAWEESH, Ph.D.

教　授　　 博士（医学） チョバン　ジェヴァイア
（臨床微生物学位）
特任助教　 博士（医学） リー　ミシェル
特任助教　 博士（医学） アルシャウィシュ　ジャラル

Division of Systems Virology ���������������������������������� 29
システムウイルス学分野

Professor Kei Sato, Ph.D.
Assistant Professor Jumpei Ito, Ph.D., D.V.M.
Project Assistant Professor Yu Kaku, Ph.D., M.D.

教　授　　 博士（医学） 佐　藤　　　佳
助　教　　 博士（理学） 伊　東　潤　平
特任助教　 博士（医学） 郭　　　　　悠



2

Department of Cancer Biology　癌・細胞増殖部門

Division of Molecular Pathology �������������������������������� 32
人癌病因遺伝子分野

Professor Yoshinori Murakami, M.D., Ph.D.
Project Senior Assistant Professor Atsushi Takano, M.D., Ph.D.
Assistant Professor Takeshi Ito, Ph.D.
Assistant Professor Masaru Kasai, Ph.D.

教　授　　 医学博士　 村　上　善　則
特任講師　 博士（医学） 高　野　　　淳
助　教　　 博士（医学） 伊　東　　　剛
助　教　　 博士（医科学） 笠　井　　　優

Division of Cancer Cell Biology � ������������������������������� 42
癌防御シグナル分野

Professor Makoto Nakanishi, M.D., Ph.D.
Associate Professor Atsuya Nishiyama, Ph.D.
Assistant Professor Teh-Wei Wang, Ph.D.
Project Assistant Professor Yoshimi Imawari, M.D., 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（理学） 王　　　徳　偉
特任助教　 博士（医学） 井　廻　良　美

Division of Cell Signaling and Molecular Medicine ���������������������� 50
分子シグナル制御分野

Professor Mutsuhiro Takekawa, M.D., Ph.D.
Senior Assistant Professor Yuji Kubota, Ph.D.
Assistant Professor Hisashi Moriizumi, Ph.D.

教　授　　 博士（医学） 武　川　睦　寛
講　師　　 博士（理学） 久保田　裕　二
助　教　　 博士（医科学） 森　泉　寿　士

Division of Aging and Regeneration ������������������������������ 45
老化再生生物学分野

Professor Emi K. Nishimura, M.D., Ph.D.
Associate Professor Daisuke Nanba, Ph.D.
Assistant Professor Yasuaki Mohri, Ph.D.
Assistant Professor Kyosuke Asakawa, Ph.D.
Project Senior Assistant Professor Hiroyuki Matsumura, Ph.D.

教　授　　 博士（医学） 西　村　栄　美
准教授　　 博士（理学） 難　波　大　輔
助　教　　 博士（農学） 毛　利　泰　彰
助　教　　 博士（工学） 浅　川　杏　祐
特任講師　 博士（薬学） 松　村　寛　行

Department of Basic Medical Sciences　基礎医科学部門

Division of Neuronal Network � �������������������������������� 48
神経ネットワーク分野

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

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

Division of RNA and Gene Regulation ����������������������������� 54
RNA 制御学分野

Professor Toshifumi Inada, Ph.D.
Associate Professor Yoshitaka Matsuo, Ph.D.
Assistant Professor Toru Suzuki, Ph.D.
Assistant Professor Sihan Li, Ph.D.

教　授　　 博士（理学） 稲　田　利　文
准教授　　 博士（理学） 松　尾　芳　隆
助　教　　 博士（理学） 鈴　木　　　亨
助　教　　 博士（薬科学） 李　　　思　涵

Division of Genetics ��������������������������������������� 37
腫瘍抑制分野

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

教　授　　 理学博士　 山　梨　裕　司
准教授　　 博士（医学） 山内（井上）茜
助　教　　 博士（科学） 江　口　貴　大
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Human Genome Center　ヒトゲノム解析センター

Laboratory of Molecular Medicine ������������������������������� 61
ゲノム医科学分野

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

教　授　　 医学博士　 柴　田　龍　弘
講　師　　 博士（理学） 新井田　厚　司
助　教　　 博士（農学） 高　橋　数　冴

Laboratory of Functional Analysis In Silico �������������������������� 67
機能解析イン・シリコ分野

Professor Kenta Nakai, Ph.D.
Associate Professor Sung-Joon Park, Ph.D.
Assistant Professor Martin Loza, Ph.D.

教　授　　 博士（理学） 中　井　謙　太
准教授　　 博士（工学） 朴　　　聖　俊
助　教　　 博士（生命機能学） ローザ　マーティン

Laboratory of Genome Technology � ����������������������������� 64
シークエンス技術開発分野

Project Professor Koichi Matsuda, M.D., Ph.D. 特任教授　 博士（医学） 松　田　浩　一

Department of Public Policy � ��������������������������������� 75
公共政策研究分野

Professor Kaori Muto, Ph.D.
Associate Professor Yusuke Inoue, Ph.D.
Assistant Professor Izen Ri, 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
助　教　　 博士（学際情報学） 李　　　怡　然

Division of Health Medical Intelligence � ��������������������������� 84
健康医療インテリジェンス分野

Professor Seiya Imoto, Ph.D.
Associate Professor Yao-zhong Zhang, Ph.D.
Assistant Professor Noriaki Sato, M.D., Ph.D.

教　授　　 博士（数理学） 井　元　清　哉
准教授　　 博士（情報理工学） 張　　　耀　中
助　教　　 博士（医学） 佐　藤　憲　明

Division of Medical Data Informatics � ���������������������������� 79
医療データ情報学分野

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

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

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.
Associate Professor Kotoe Katayama, Ph.D.

教　授　　 博士（数理学） 井　元　清　哉
准教授　　 博士（情報学） 片　山　琴　絵

Division of Protein Metabolism ��������������������������������� 58
タンパク質代謝制御分野

Professor Yasushi Saeki, Ph.D.
Associate Professor Taeko Kobayash, Ph.D.
Assistant Professor Takuya Tomita, Ph.D.

教　授　　 博士（薬学） 佐　伯　　　泰
准教授　　 博士（理学） 小　林　妙　子
助　教　　 博士（薬科学） 冨　田　拓　哉
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Division of Genome Engineering �������������������������������105
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

Division of Cell Regulation �����������������������������������107
細胞制御研究分野

Professor Satoshi Yamazaki, Ph.D. 教　授　　 博士（生命科学） 山　﨑　　　聡

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

Division of Infectious Diseases � �������������������������������111
感染症分野

Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Project Senior Assistant Professor Michiko Koga, M.D., D.M.Sc.
Assistant Professor Makoto Saito, M.D., D.Phil.
Assistant Professor Aya Ishizaka, Ph.D.
Assistant Professor Yoshiaki Kanno, M.D., D.M.Sc. 

教　授　　 博士（医学） 四　柳　　　宏
特任講師　 博士（医学） 古　賀　道　子
助　教　　 博士（医学） 齋　藤　　　真
助　教　　 博士（理学） 石　坂　　　彩
助　教　　 博士（医学） 菅　野　芳　明

Laboratory of Reproductive Systems Biology � �����������������������102
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

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

Laboratory of Innate Immunity ��������������������������������� 99
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

Core Laboratory for Developing Advanced Animal Models �����������������109
先進モデル動物作製コア

Professor Tomoji Mashimo, Ph.D.
Visiting Professor Kimi Araki, Ph.D.
Associate Professor Manabu Ozawa, Ph.D.
Project Assistant Professor Jumpei Taguchi, Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
客員教授　 博士（理学） 荒　木　喜　美
准教授　　 博士（農学） 小　沢　　　学
特任助教　 博士（医科学） 田　口　純　平

Division of Metagenome Medicine ������������������������������� 93
メタゲノム医学分野

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

特任教授　 博士（医学） 植　松　　　智
特任准教授 博士（医学） 藤　本　康　介

Division of Digital Genomics ���������������������������������� 96
デジタル・ゲノミクス分野

Professor Natsuhiko Kumasaka, Ph.D. 教　授　　 博士（理学） 熊　坂　夏　彦
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Division of Innovative Cancer Therapy � ���������������������������122
先端がん治療分野

Professor Tomoki Todo, M.D., Ph.D. 
Project Professor Minoru Tanaka, M.D., Ph.D. 
Assistant Professor Hirotaka Ito, M.D., Ph.D.
Assistant Professor Yoshinori Sakata, M.D., Ph.D. 
Assistant Professor Yuta Takeshima, M.D., Ph.D. 
Assistant Professor Seisaku Kanayama, M.D.

教　授　　 博士（医学） 藤　堂　具　紀
特任教授　 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
助　教　　 博士（医学） 竹　島　雄　太
助　教　　 　　　　　 金　山　政　作

Division of Advanced Medicine Promotion ��������������������������124
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 � ��������������������������127
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 � �������������������������������������129
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 Frontier Surgery � ���������������������������������131
フロンティア外科学分野

Professor Dai Shida, M.D., Ph.D.
Associate Professor Susumu Aiko, M.D., Ph.D.
Assistant Professor Yuka Ahiko, M.D.
Assistant Professor Shigehiro Kojima, M.D.

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
助　教　　 博士（生命医科学） 小　島　成　浩

Division of Hematopoietic Disease Control ��������������������������134
造血病態制御学分野

Professor Yasuhito Nannya, M.D., Ph.D.
Associate Professor Takaaki Konuma, M.D., Ph.D.
Assistant Professor Seiko Kato, M.D., Ph.D.

教　授　　 博士（医学） 南　谷　泰　仁
准教授　　 博士（医学） 小　沼　貴　晶
助　教　　 博士（医学） 加　藤　せい子

Division of Advanced Gastroenterology and Endoscopy ������������������138
先端消化器内視鏡学分野

Professor Hiroaki Ikematsu, M.D., Ph.D. 教　授　　 博士（医学） 池　松　弘　朗

Division of Clinical Genome Research � ���������������������������118
臨床ゲノム腫瘍学分野

Professor Yoichi Furukawa, M.D., Ph.D.
Associate 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（薬学） 山　口　貴世志
助　教　　 博士（医学） 高　根　希世子
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Division of Cell Engineering � ���������������������������������157
幹細胞基盤技術研究分野

Professor Satoshi Yamazaki, Ph.D. 教　授　　 博士（生命科学） 山　﨑　　　聡

Division of Mammalian Embryology ������������������������������152
再生発生学分野

Project Associate Professor Toshihiro Kobayashi, Ph.D. 特任准教授 博士（生命科学） 小　林　俊　寛

Division of Stem Cell Aging Medicine �����������������������������154
幹細胞加齢医学分野

Professor Emi K. Nishimura, M.D., Ph.D. 教　授　　 博士（医学） 西　村　栄　美

Division of Somatic Stem Cell Research � ��������������������������156
体性幹細胞研究分野

Associate Professor Tokiko Nagamura-Inoue, M.D., Ph.D. 准教授　　 博士（医学） 長　村　登紀子

FACS Core Laboratory � ������������������������������������159
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

Division of Stem Cell Processing � ������������������������������151
幹細胞プロセシング分野

Professor Hideki Taniguchi, M.D., Ph.D. 教　授　　 博士（医学） 谷　口　英　樹

Division of Stem Cell Transplantation �����������������������������148
幹細胞移植分野

Professor Yasuhito Nannya, M.D., D.M.Sc.
Project Professor Satoshi Takahashi, M.D., D.M.Sc.

教　授　　 博士（医学） 南　谷　泰　仁
特任教授　 博士（医学） 高　橋　　　聡

Division of Stem Cell and Molecular Medicine �������������������������� 145
幹細胞分子医学分野

Professor Atsushi Iwama, M.D., Ph.D.
Senior Assistant Professor Motohiko Oshima, Ph.D.
Assistant Professor Yaeko Nakajima, Ph.D.
Assistant Professor Masayuki Yamashita, M.D., Ph.D.
Project Assistant Professor Takako Yokomizo, Ph.D.
Project Assistant Professor Kazumasa Aoyama, Ph.D.
Project Assistant Professor Shuhei Koide, Ph.D.

教　授　　 博士（医学） 岩　間　厚　志
講　師　　 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
特任助教　 博士（薬学） 横　溝　貴　子
特任助教　 博士（薬学） 青　山　和　正
特任助教　 博士（薬学） 小　出　周　平

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

Division of Regenerative Medicine �������������������������������140
再生医学分野

Professor Hideki Taniguchi, M.D., Ph.D.
Associate Professor Naoki Tanimizu, Ph.D.
Assistant Professor Yun-Zhong Nie, Ph.D.
Project Assistant Professor Yasuharu Ueno, Ph.D.
Project Assistant Professor Takayoshi Oba, M.D., Ph.D.

教　授　　 博士（医学） 谷　口　英　樹
准教授　　 博士（農学） 谷　水　直　樹
助　教　　 博士（医学） 聶　　　運　中
特任助教　 博士（医学） 上　野　康　晴
特任助教　 博士（医学） 大　場　敬　義
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International Vaccine Design Center　国際ワクチンデザインセンター

Division of Systems Immunology (Human Immune-Profiling Team) � ����������167
ヒト免疫プロファイリング系・数理免疫学分野

Professor Kei Sato, Ph.D. 教　授　　 博士（医学） 佐　藤　　　佳

Division of Human Immunology (Human Immune-Profiling Team) � �����������170
ヒト免疫プロファイリング系 ヒト免疫学分野

Professor Ken Ishii, M.D., Ph.D.
Visiting Professor Noriko Toyama-Sorimachi, Ph.D.
Project Associate Professor Toshihiko Kobayashi, Ph.D.

教　授　　 医学博士　 石　井　　　健
客員教授　 博士（医学） 反　町　典　子
特任講師　 博士（医学） 小　林　俊　彦

Division of Infection Immunology (Human Immune-Profiling Team) � ����������173
ヒト免疫プロファイリング系・感染免疫学分野

Professor Cevayir COBAN, M.D., Ph.D.
 (Clinical Microbiology) 
Visiting Professor Anavaj SAKUNTABHAI, 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
（臨床微生物学位）
客員教授　 博士（医学） サクンタバイ　アナヴァジ
特任助教　 博士（医学） リー　ミシェル

Division of Vaccine Engineering (New Dimensional Vaccine Design Team) � ������176
新次元ワクチンデザイン系・ワクチン工学分野

Project Professor Kouhei Tsumoto, Ph.D. 特任教授　 博士（工学） 津　本　浩　平

Division of Adjuvant Innovation (New Dimensional Vaccine Design Team) � ������191
新次元ワクチンデザイン系 アジュバント開発分野

Professor Ken Ishii, M.D., Ph.D.
Associate Professor Kouji Kobiyama, Ph.D.
Visiting Professor Jun Kunisawa, Ph.D.

教　授　　 博士（医学） 石　井　　　健
准教授　　 博士（医学） 小檜山　康　司
客員教授　 博士（薬学） 國　澤　　　純

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

Department of Special Pathogens �������������������������������160
高病原性感染症系

Professor Kei Sato, Ph.D. 
Visiting Professor Masaki Imai, D.V.M., Ph.D.
Visiting Professor Seiya Yamayoshi, D.V.M., Ph.D.
Associate Professor Takeshi Ichinohe, Ph.D. 
Associate Professor Jumpei Ito, Ph.D., D.V.M.

教　授　　 博士（医学） 佐　藤　　　佳
客員教授　 博士（獣医学） 今　井　正　樹
客員教授　 博士（医学） 山　吉　誠　也
准教授　　 博士（工学） 一　戸　猛　志
准教授　　 博士（理学） 伊　東　潤　平

Department of Infectious Disease Control � �������������������������163
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 � ����������165
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
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Center for Gene & Cell Therapy � �������������������������������200
遺伝子・細胞治療センター

Director/Professor Takashi Okada, M.D., Ph.D.
Professor Tomoki Todo, M.D., Ph.D.
Professor Fumitaka Nagamura, M.D., D.M.Sc.
Invited Professor Koji Tamada, M.D., Ph.D.
Project Professor Satoshi Takahashi, M.D., D.M.Sc.
Visiting Professor Shin-ichi Muramatsu, M.D., Ph.D.
Associate Professor Tokiko Nagamura-Inoue, M.D., Ph.D.

センター長／教授 博士（医学） 岡　田　尚　巳
教　授　　 博士（医学） 藤　堂　具　紀
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　 博士（医学） 高　橋　　　聡
客員教授　 博士（医学） 村　松　慎　一
准教授　　 博士（医学） 長　村　登紀子

Laboratory Animal Research Center　実験動物施設

Division of Animal Genetics � ���������������������������������205
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

Amami Laboratory of Injurious Animals ���������������������������209
奄美病害動物研究施設

Professor Tomoji Mashimo, Ph.D.
Visiting Associate Professor Takeshi Annoura, Ph.D.
Assistant Professor Shin-Ichi Yokota, D.V.M., Ph.D.

教　授　　 博士（人間・環境学） 真　下　知　士
客員准教授 医学博士　 案　浦　　　健
助　教　　 博士（人間科学） 横　田　伸　一

Animal Center � �����������������������������������������208
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

Division of Mucosal Vaccines (New Dimensional Vaccine Design Team) ���������194
新次元ワクチンデザイン系・粘膜ワクチン分野

Project Professor Kohtaro Fujihashi, D.D.S., Ph.D. 特任教授　 博士（歯学） 藤　橋　浩太郎

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

Division of Molecular and Medical Genetics � ������������������������197
分子遺伝医学分野

Professor Takashi Okada, M.D., Ph.D.
Project Senior Assistant Professor Yasunari Matsuzaka, Ph.D.
Assistant Professor Yuji Tsunekawa, Ph.D.
Project Assistant Professor Yuko Nitahara-Kasahara, Ph.D.
Project Assistant Professor Hiromi Hayashita-Kinoh, Ph.D.
Project Assistant Professor Ken Sugo, Ph.D.

教　授　　 博士（医学） 岡　田　尚　巳
特任講師　 博士（医学） 松　坂　恭　成
助　教　　 博士（医学） 恒　川　雄　二
特任助教　 博士（医学） 笠　原　優　子
特任助教　 博士（医学） 喜　納　裕　美
特任助教　 博士（工学） 菅　生　　　健
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Research Center for Asian Infectious Diseases � ����������������������� 230
アジア感染症研究拠点

Director/Professor Yasushi Kawaguchi, D.V.M., Ph.D.
Project Professor Mitsue Hayashi, Ph.D.
Visiting Professor Masaki Imai, D.V.M., Ph.D.
Visiting Professor Seiya Yamayoshi, D.V.M., Ph.D.
Associate Professor Akihisa Kato, 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
特任教授　 法学博士　 林　　　光　江
客員教授　 博士（獣医学） 今　井　正　樹
客員教授　 博士（医学） 山　吉　誠　也
准教授　　 博士（医学） 加　藤　哲　久
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) � ���������������236
遺伝子解析施設（フロンティア研究領域）

Professor Makoto Nakanishi, M.D., Ph.D.
Associate Professor Kazuo Tatebayashi, Ph.D. 

教　授　　 理学博士　 中　西　　　真
准教授　　 博士（薬学） 舘　林　和　夫

IMSUT Hospital　附属病院

Department of Hematology/Oncology � ���������������������������238
血液腫瘍内科

Professor Yasuhito Nannya, M.D., D.M.Sc.
Project Professor Satoshi Takahashi, M.D., D.M.Sc.
Associate Professor Tokiko Nagamura-Inoue, M.D., Ph.D.
Associate Professor Takaaki Konuma, M.D., Ph.D.
Associate Professor Kazuaki Yokoyama, M.D., Ph.D.
Project Associate Professor Hiroshi Yasui, M.D., D.M.Sc.
Assistant Professor Tomofusa Fukuyama, M.D., D.M.Sc.
Assistant Professor Masamichi Isobe, M.D., D.M.Sc.
Assistant Professor Toyotaka Kawamata, M.D., D.M.Sc.
Assistant Professor Aki Sato, M.D., D.M.Sc.

教　授　　 博士（医学） 南　谷　泰　仁
特任准教授 博士（医学） 高　橋　　　聡
准教授　　 博士（医学） 長　村　登紀子
准教授　　 博士（医学） 小　沼　貴　晶
准教授　　 博士（医学） 横　山　和　明
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） 磯　部　優　理
助　教　　 博士（医学） 川　俣　豊　隆
助　教　　 博士（医学） 佐　藤　亜　紀

Medical Proteomics Laboratory � �������������������������������210
疾患プロテオミクスラボラトリー

Professor MutsuhiroTakekawa, M.D., Ph.D.
Project Professor Kouhei Tsumoto, Ph.D.
Associate Professor Masaaki Oyama, Ph.D.
Associate Professor Satoru Nagatoishi, Ph.D.

Senior Assistant Professor Makoto Nakakido, Ph.D.

Assistant Professor Ryo Matsunaga, Ph.D.

Project Assistant Professor Hiroshi Sagara, Ph.D. 

教　授　　 博士（医学） 武　川　睦　寛
特任教授　 博士（工学） 津　本　浩　平
准教授　　 博士（医学） 尾　山　大　明
准教授　　 博士（生命科学） 長門石　　　曉
（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）
助　教　　 博士（生命科学） 松　長　　　遼
（大学院工学系研究科）
特任助教　 博士（医学） 相　良　　　洋
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Department of Radiological Technology
放射線部

Associate Professor Hiroyuki Akai, M.D., D.M.Sc.
Head Radiologic Technologist Kenji Ino, RT

准教授　　 博士（医学） 赤　井　宏　行
放射線技師長　　　　　　井　野　賢　二

Department of Oncology and General Medicine � ����������������������252
腫瘍・総合内科

Head, Professor Narikazu Boku, M.D., D.M.Sc.
Professor Hiroshi Yotsuyanagi, 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 Koichi Kimura, M.D., D.M.Sc.
Assistant Professor Keisuke Baba, M.D., D.M.Sc.

教　授　　 博士（医学） 朴　　　成　和
教　授　　 博士（医学） 四　柳　　　宏
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） 木　村　公　一
助　教　　 博士（医学） 馬　場　啓　介

Department of Applied Genomics � ������������������������������256
ゲノム診療科

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

Department of Radiology ������������������������������������259
放射線科

Associate Professor Hiroyuki Akai, M.D., D.M.Sc.
Senior Assistant Professor Toshihiro Furuta, M.D., D.M.Sc.
Assistant Professor Haruomi Yamaguchi, M.D., D.M.Sc.
Project Assistant Professor Shimpei Kato, M.D., D.M.Sc.

准教授　　 博士（医学） 赤　井　宏　行
講　師　　 博士（医学） 古　田　寿　宏
助　教　　 博士（医学） 山　口　晴　臣
特任助教　 博士（医学） 加　藤　伸　平

Department of Palliative Medicine and Advanced Clinical Oncology � ����������262
先端緩和医療科

Project Senior Assistant Professor Yasuki Hijikata, M.D., Ph.D.
Assistant Professor Tetsuya Ito, M.D., Ph.D.

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 � ����������������������������264
病理診断科

Department of Pathology
病理部

Associate Professor Yasunori Ota, M.D., Ph.D. 
Project Assistant Professor Tamami Denda, Ph.D.

准教授　　 博士（医学） 大　田　泰　徳
特任助教　 博士（保健学） 傳　田　珠　美

Department of Infectious Diseases and Applied Immunology � ��������������245
感染免疫内科

Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Senior Assistant Professor Eisuke Adachi, M.D., D.M.Sc.
Project Senior Assistant Professor Michiko Koga, M.D., D.M.Sc.
Assistant Professor Makoto Saito, M.D., D.Phil.
Assistant Professor Yoshiaki Kannno, M.D., D.M.Sc.
Assistant Professor Kazuhiko Ikeuchi, M.D., D.M.Sc.

教　授　　 博士（医学） 四　柳　　　宏
講　師　　 博士（医学） 安　達　英　輔
特任講師　 博士（医学） 古　賀　道　子
助　教　　 博士（医学） 齋　藤　　　真
助　教　　 博士（医学） 菅　野　芳　明
助　教　　 博士（医学） 池　内　和　彦

Department of Rheumatology and Allergy � �������������������������249
アレルギー免疫科

Associate Professor Motohisa Yamamoto, M.D., D.M.Sc.
Assistant Professor Masaaki Uehara, M.D., D.M.Sc.

准教授　　 博士（医学） 山　本　元　久
助　教　　 博士（医学） 上　原　昌　晃
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Department of Gastroenterology ��������������������������������266
消化器内科

Professor Hiroaki Ikematsu, M.D., Ph.D.
Associate Professor Yoshihiro Hirata, M.D., D.M.Sc. 
Senior Assistant Professor Yasuo Matsubara, M.D., D.M.Sc. 

教　授　　 博士（医学） 池　松　弘　朗
准教授　　 博士（医学） 平　田　喜　裕
講　師　　 博士（医学） 松　原　康　朗

Department of Surgery � ������������������������������������268
外科

Professor Dai Shida, M.D., Ph.D.
Associate Professor Susumu Aiko, M.D., Ph.D.
Assistant Professor Yuka Ahiko, M.D.
Assistant Professor Naoki Sakuyama, M.D.
Assistant Professor Haruna Onoyama, M.D.
Assistant Professor Satoko Monma, M.D.
Assistant Professor Shigehiro Kojima, M.D.

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
助　教　　 博士（医学） 柵　山　尚　紀
助　教　　 博士（医学） 小野山　温　那
助　教　　　　　　　　門　間　聡　子
助　教　　 博士（生命医科学） 小　島　成　浩

Department of Anesthesia � ����������������������������������271
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 ����������������������������������273
関節外科

Professor Tomoki Todo, M.D., Ph.D. 
Assistant Professor Kumiko Ono, M.D., Ph.D. 

教　授　　 博士（医学） 藤　堂　具　紀
助　教　　 博士（医学） 大　野　久美子

Department of Surgical Neuro-Oncology ���������������������������274
脳腫瘍外科

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

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

Department of Urology � ������������������������������������277
泌尿器科

Professor Haruki Kume, M.D., Ph.D.
Project Senior Assistant Professor Sayuri Takahashi, M.D., Ph.D.
Project Assistant Professor Mariko Tabata, M.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　　　　　　　田　畑　真梨子

Department of Cell Processing and Transfusion �����������������������280
セルプロセッシング・輸血部

Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D. 
Associate Professor Kazuaki Yokoyama, M.D., Ph.D. 

病院教授　 博士（医学） 長　村　登紀子
准教授　　 博士（医学） 横　山　和　明

Department of Medical Informatics � �����������������������������279
医療情報部

Associate Professor Hiroyuki Akai, M.D., D.M.Sc.
Senior Assistant Professor Toshihiro Furuta, M.D., D.M.Sc.
Assistant Professor Haruomi Yamaguchi, M.D., D.M.Sc.

准教授　　 博士（医学） 赤　井　宏　行
講　師　　 博士（医学） 古　田　寿　宏
助　教　　 博士（医学） 山　口　晴　臣
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Therapeutic Vector Development Center � ��������������������������291
治療ベクター開発センター

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

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

IMSUT CORD �������������������������������������������292
臍帯血・臍帯バンク

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

Center for Translational Research �������������������������������289
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

Department of Laboratory Medicine ������������������������������285
検査部

Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D.
Assistant Professor Tomohiro Ishigaki, M.D., Ph.D.
Project Senior Assistant Professor Koichi Kimura, M.D., Ph.D.
Chief Technologist Hironori Shimosaka

部長／病院教授 博士（医学） 長　村　登紀子
副部長／助教 博士（医学） 石　垣　知　寛
特任講師　 博士（医学） 木　村　公　一
技師長　　 臨床検査技師 下　坂　浩　則

Center for Clinical Safety and Infection Control � ����������������������287
医療安全・感染制御センター

Head, Professor Yasuhito Nannya, M.D., D.M.Sc. 教　授　　 博士（医学） 南　谷　泰　仁

Department of Medical Safety Management
医療安全管理部

Head, Associate Professor Susumu Aikou, M.D, D.M.Sc.
Associate Professor Motohisa Yamamoto, M.D., D.M.Sc.
Nurse Manager Nozomi Linzbichler
Director of Pharmacy Seiichiro Kuroda
Associate Professor Ayako Kamisato, Ph.D.

准教授　　 博士（医学） 愛　甲　　　丞
准教授　　 博士（医学） 山　本　元　久
看護師長　　　　　　　リンツビヒラ希
薬剤部長　　　　　　　黑　田　誠一郎
准教授　　 博士（法学） 神　里　彩　子

Surgical Center � ����������������������������������������283
手術部

Project Professor Minoru Tanaka, M.D., Ph.D. 特任教授　 博士（医学） 田　中　　　実

Department of Infection Prevention and Control
感染制御部

Head, Senior Assistant Professor Eisuke Adachi, M.D, D.M.Sc.
Nurse Manager Mika Kogayu
Nurse Manager Fumie Kameda
Pharmacist Mika Yamamura
Clinical laboratory technician Hiroko Shibata

講　師　　 博士（医学） 安　達　英　輔
看護師長　　　　　　　小　粥　美　香
看護師長　　　　　　　亀　田　史　絵
薬剤師　　　　　　　　山　村　美　桂
臨床検査技師　　　　　柴　田　浩　子
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Department of Nursing � ������������������������������������294
看護部

Director Eiko Yoshii, RN, CNA.
Deputy Director Minayo Hisahara, RN. 
Deputy Director Masako Ozawa, RN.
Nurse Manager Hatsuko Narita, RN.
Nurse Manager Mika Kogayu, RN. MSN.
Nurse Manage Tomoko Sato, RN. MSN.
Nurse Manager Nozomi Linzbichler, RN.
Nurse Manager Yukari Tsuru, RN.
Nurse Manager Fumie Kameda, RN.
Nurse Manager Junko Sunada, RN. MSN.
Nurse Manager Emiko Sugiyama, RN.

看護部長　 看護管理者 吉　井　栄　子
副看護部長　　　　　　久　原　みな代
副看護部長　　　　　　小　澤　昌　子
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　 修士（看護学） 佐　藤　朋　子
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
看護師長　 修士（心理学） 砂　田　純　子
看護師長　　　　　　　杉　山　栄美子

Department of Pharmacy ������������������������������������296
薬剤部

Director Seiichiro Kuroda
Chief Sonoe Minegishi-Higashino
Chief Yohei Iimura
Pharmacist Mika Yamamura
Pharmacist Mai Yokota

薬剤部長　　　　　　　黒　田　誠一郎
薬剤主任　　　　　　　峰　岸　園　恵
薬剤主任　　　　　　　飯　村　洋　平
薬剤師　　　　　　　　山　村　実　佳
薬剤師　　　　　　　　横　田　　　舞

Department of AIDS Vaccine Development ��������������������������298
エイズワクチン開発担当

Invited 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

IMSUT Distinguished Professor Unit　東京大学特任教授部門

Division of Virology ���������������������������������������301
ウイルス感染部門

Project Professor Yoshihiro Kawaoka, D.V.M., Ph.D. 特任教授　 獣医学博士 河　岡　義　裕

Social Cooperation Research Programs　社会連携研究部門

Project Division of RNA Medical Science ���������������������������306
RNA 医科学社会連携研究部門

Project Associate Professor Masaki Takahashi, Ph.D.
Project Senior Assistant Professor Kaku Goto, Ph.D.

特任准教授 博士（理学） 高　橋　理　貴
特任講師　 博士（医学） 後　藤　　　覚

Project Division of International Advanced Medical Research � ��������������308
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 Advanced Biopharmaceutical Science � ����������������309
先進的バイオ医薬品学社会連携研究部門

Project Professor Kouhei Tsumoto, Ph.D.
Project Senior Assistant Professor Susana de Vega, Ph.D. 

特任教授　 博士（工学） 津　本　浩　平
特任講師　 博士（工学） スサーナ　デ　ベガ
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Dean’s Office　所長オフィス

Project Coordination Office �����������������������������������326
プロジェクトコーディネーター室

Professor Mutsuhiro Takekawa, M.D., Ph.D. 教　授　　 博士（医学） 武　川　睦　寛

Research Platform Office ������������������������������������328
学術研究基盤支援室

Chair and Professor Mutsuhiro Takekawa, M.D., Ph.D. 
Advisor and Senior Professor Jun-ichiro Inoue, Ph.D.
Project Professor Yataro Daigo, M.D., Ph.D.

教授・室長 博士（医学） 武　川　睦　寛
特命教授・アドバイザー 薬学博士　 井　上　純一郎
特任教授　 博士（医学） 醍　醐　弥太郎

Corporate Sponsored Research Program　寄付研究部門

Project Division of Oncolytic Virus Development � ���������������������323
ウイルス療法開発寄付研究部門

Project Professor Minoru Tanaka, M.D, Ph.D. 特任教授　 博士（医学） 田　中　　　実

Division of Clinical Precision Research Platform � ���������������������317
臨床精密研究基盤社会連携研究部門

Project Professor Satoshi Takahashi, M.D., D.M.Sc.
Project Assistant Professor Kimihito Kawabata, M.D., D.M.Sc.

特任教授　 博士（医学） 高　橋　　　聡
特任助教　 博士（医学） 川　畑　公　人

Project Division of Innovative Diagnostics Technology Platform � ������������321
革新的診断技術応用基盤社会連携研究部門

Professor Hiroshi Yotsuyanagi, M.D.
Project Associate Professor  Hiroshi Yasui, M.D., D.M.Sc.

教　授　　 博士（医学） 四　柳　　　宏
特任准教授 博士（医学） 安　井　　　寛

Consortium　コンソーシアム

Consortium for Gene Therapy and Regenerative Medicine �����������������325
遺伝子治療・再生医療コンソーシアム

Professor Atsushi Iwama, M.D., Ph.D.
Professor Tomoki Todo, M.D., Ph.D.
Professor Kaori Muto, Ph.D.
Professor Takashi Okada, M.D., Ph.D.
Professor Hideki Taniguchi, M.D., Ph.D.
Professor Fumitaka Nagamura, M.D., Ph.D.
Associate Professor Tokiko Nagamura-lnoue, M.D., D.M.Sc.

教　授　　 博士（医学） 岩　間　厚　志
教　授　　 博士（医学） 藤　堂　具　紀
教　授　　 博士（保健学） 武　藤　香　織
教　授　　 博士（医学） 岡　田　尚　巳
教　授　　 博士（医学） 谷　口　英　樹
教　授　　 博士（医学） 長　村　文　孝
准教授　　 博士（医学） 長　村　登紀子

Project Division of Genomic Medicine and Disease Prevention � �������������315
ゲノム予防医学社会連携研究部門

Project Professor Toru Suzuki, M.D., Ph.D.
Professor Yoshinori Murakami, M.D., Ph.D. 
Project Assistant Professor Tomoko Takahashi, Ph.D.

特任教授　 博士（医学） 鈴　木　　　亨
教　授　　 博士（医学） 村　上　善　則
特任助教　 博士（理学） 高　橋　朋　子
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BioBank Japan ������������������������������������������330
バイオバンク・ジャパン

Professor Makoto Nakanishi, M.D., Ph.D. 
Professor Yuji Yamanashi, Ph.D. 
Project Professor Koichi Matsuda, M.D., Ph.D. 
Cooperative Professor Yoichiro Kamatani, M.D., Ph.D.
Visiting Professor Takayuki Morisaki, M.D., Ph.D. 

教　授　　 医学博士　 中　西　　　真
教　授　　 理学博士　 山　梨　裕　司
特任教授　 博士（医学） 松　田　浩　一
連携教授　 博士（医科学） 鎌　谷　洋一郎
客員教授　 医学博士　 森　崎　隆　幸

Common Research Facilities　共通施設等

Culture Media Section
培地室

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

Library
図書室

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

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

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

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 Tomoji Mashimo, Ph.D. 室長	 博士（人間・環境学）	 真　下　知　士

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 Seiya Imoto, Ph.D. 室長	 博士（数理学）	井　元　清　哉

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
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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 Tokiko Nagamura-Inoue, M.D., Ph.D. 管理者	 博士（医学）	長　村　登紀子

IMSUT-HLC Cell Processing Facility
IMSUT-HLC セルプロセッシング施設

Head Tokiko Nagamura-Inoue, M.D., Ph.D. 施設長	 博士（医学）	長　村　登紀子

Administration Office
事務部

General Manager Isao Uehara
Manager of Administrative Affairs Division Yoko Akutsu
Manager of Research Support Division Yuji Takayama
Manager of Hospital Division Makoto Jin

事務部長	 	 上　原　　　功
管理課長	 	 圷　　　陽　子
研究支援課長		 高　山　勇　二
病院課長	 	 神　　　　　誠
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Department of Microbiology and Immunology

Division of Infectious Genetics
感染遺伝学分野

Professor Kensuke Miyake, M.D., Ph.D.
Associate Professor Takuma Shibata, Ph.D.
Project Associate Professor Ryutaro Fukui, 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）　　柴　田　琢　磨
特任准教授　博士（医学）　　福　井　竜太郎
助　教　　　博士（医学）　　佐　藤　亮　太

Immune cells express multiple Toll-like receptors (TLRs) which are crucial for 
recognizing pathogen-derived products from microorganisms and viruses. Recent 
studies have demonstrated that dysregulation in TLR signaling is a critical factor in 
the onset of autoimmune and autoinflammatory diseases. Nucleic acid(NA) 
-sensing TLRs detect not only bacterial and viral NAs, but also host-derived NAs. 
This raises the possibility of a sophisticated regulatory mechanism that finely tunes 
NA -sensing TLR expression, subcellular localization, and functional activity to 
avoid excessive responses to self-derived NAs. This concept suggests that 
elucidating the regulatory mechanisms of NA-sensing TLRs could advance our 
understanding of the pathogenesis and process of various TLR-induced diseases. 
Our research endeavors to uncover the regulatory mechanisms that control TLR-
mediated recognition of pathogenic ligands, as well as the identification of 
endogenous ligands. We finally aim to unravel the complex pathogenic 
mechanisms underlying histiocytosis and autoimmune diseases such as Systemic 
Lupus Erythematosus, which are hypothesized to be mediated by aberrant TLR 
activation.

1.  Nucleosides drive histiocytosis in SLC29A3 
disorders by activating TLR7

Takuma Shibata1, Ryota Sato1, Masato Taoka2, 
Shin-Ichiroh Saitoh1, Mayumi Komine3, Kiyoshi 
Yamaguchi4, Susumu Goyama5, Yuji Motoi1, Jiro 
Kitaura6, Kumi Izawa6, Yoshio Yamauchi2, Yumiko 
Tsukamoto7, Takeshi Ichinohe8, Etsuko Fujita3, Ryo-
suke Hiranuma1, Ryutaro Fukui1, Yoichi Furuka-
wa4, Toshio Kitamura9, Toshiyuki Takai10, Arinobu 
Tojo11, Mamitaro Ohtsuki3, Umeharu Ohto12, Toshi-
yuki Shimizu12, Manabu Ozawa13, Nobuaki Yoshi-
da13, Toshiaki Isobe2, Eicke Latz14, Kojiro Mukai15, 
Tomohiko Taguchi15, Kensuke Miyake1

1 Division of Innate Immunity, Department of Mi-
crobiology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo; Tokyo 108-

8639, Japan. 
2 Department of Chemistry, Graduate School of Sci-
ence, Tokyo Metropolitan University; Tokyo 192-
0397, Japan. 
3 Department of Dermatology, Jichi Medical Univer-
sity; Tochigi 329-0498, Japan. 

4 Division of Clinical Genome Research, The Insti-
tute of Medical Science, The University of Tokyo; 
Tokyo 108-8639, Japan. 

5 Division of Molecular Oncology, Department of 
Computational Biology and Medical Sciences, 
Graduate School of Frontier Sciences, The Universi-
ty of Tokyo; Tokyo 108-8639, Japan. 

6 Atopy Research Center, Juntendo University Grad-
uate School of Medicine; Tokyo 113-8421, Japan. 

7 Department of Mycobacteriology, Leprosy Re-
search Center, National Institute of Infectious Dis-
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eases; Tokyo 189-0002, Japan. 
8 Division of Viral Infection, Department of Infec-
tious Disease Control, International Research 
Center for Infectious Diseases, The Institute of Med-
ical Science, The University of Tokyo; Tokyo 108-
8639, Japan. 
9 Division of Cellular Therapy, The Institute of Med-
ical Science, The University of Tokyo; Tokyo 108-
8639, Japan. 

10 Department of Experimental Immunology, Insti-
tute of Development, Aging and Cancer, Tohoku 
University; Sendai 980-8575, Japan. 
11 Department of Hematology and Oncology, Re-
search Hospital, The Institute of Medical Science, 
The University of Tokyo; Tokyo 108-8639, Japan. 
12 Graduate School of Pharmaceutical Sciences, The 
University of Tokyo; Tokyo 113-0033, Japan. 
13 Laboratory of Developmental Genetics, Center for 
Experimental Medicine and Systems Biology, The 
Institute of Medical Science, The University of To-
kyo; Tokyo 108-8639, Japan. 
14 Institute of Innate Immunity, University Hospital 
Bonn, University of Bonn; 53127 Bonn, Germany. 
15 Laboratory of Organelle Pathophysiology, De-
partment of Integrative Life Sciences, Graduate 
School of Life Sciences, Tohoku University; Sendai 
980-8577, Japan.

Loss-of-function mutations in the lysosomal nu-
cleoside transporter SLC29A3 cause lysosomal nucle-
oside storage and histiocytosis: phagocyte accumula-
tion in multiple organs. However, little is known 
about the mechanism by which lysosomal nucleoside 
storage drives histiocytosis. Herein, histiocytosis in 
Slc29a3–/– mice was shown to depend on Toll-like re-
ceptor 7 (TLR7), which senses a combination of nucle-
osides and oligoribonucleotides (ORNs). TLR7 in-
creased phagocyte numbers by driving the 
proliferation of Ly6Chi immature monocytes and their 
maturation into Ly6Clow phagocytes in Slc29a3–/– mice. 
Downstream of TLR7, FcRγ and DAP10 were re-
quired for monocyte proliferation. Histiocytosis is ac-
companied by inflammation in SLC29A3 disorders. 
However, TLR7 in nucleoside-laden splenic mac-
rophages failed to activate inflammatory responses. 
Enhanced production of pro-inflammatory cytokines 
was observed only after stimulation with ssRNAs, 
which would increase lysosomal ORNs. Patient-de-
rived monocytes harboring the G208R SLC29A3 mu-
tation showed enhanced survival and proliferation in 
a TLR8 antagonist-sensitive manner. These results 
demonstrated that TLR7/8 responses to lysosomal nu-
cleoside stress drive SLC29A3 disorders.

2.   Toll-like receptor 7 signaling modifies the sub-
set pattern and functions of monocytes in NZ-
BWF1 mice.

Reika Tanaka1, Ryutaro Fukui1, Yusuke Murakami1, 

2, Yinga Wu3, Marie Sekiguchi3, Shigaru Kakuta3, 
Naomi Yamashita2, Kensuke Miyake1, 4

: 1Division of Innate Immunity, Department of Mi-
crobiology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo. 2Department 
of Pharmacotherapy, Research Institute of Pharma-
ceutical Sciences, Musashino University. 3Laborato-
ry of Biomedical Science, Graduate School of Agri-
cultural and Life Sciences, The University of Tokyo. 
4Laboratory of Innate Immunity, Center for Exper-
imental Medicine and Systems Biology, The Insti-
tute of Medical Science, The University of Tokyo.

Systemic lupus erythematosus (SLE) is an autoim-
mune disease characterized by autoantibody produc-
tion and multiple organ damage. Toll-like receptor 7 
(TLR7), an innate immune RNA sensor expressed in 
monocytes/macrophages, dendritic cells (DCs), and B 
cells, promotes disease progression. We showed that 
the lupus nephritis in NZBWF1 mice is ameliorated 
with anti-mouse TLR7 monoclonal antibody in previ-
ous study (Murakami and Fukui, Front. Immunol. 
2021). To investigate how TLR7 drives lupus nephri-
tis, we generated Tlr7-/- (TLR7 knockout, TLR7-KO) 
NZBWF1 mice. The phenotype of TLR7-KO NZBWF1 
mice is similar to anti-TLR7 antibody treated NZB-
WF1 mice and more reliable. We compared the im-
mune cells in TLR7-KO NZBWF1 mice and WT by 
single cell RNA-sequencing, and found that an atypi-
cal subset of monocytes expands only in the spleen of 
WT NZBWF1 mice. We also found that the infiltrating 
patrolling monocytes in glomeruli expressing specific 
markers, for example, PD-L2. We are analyzing the 
function of these monocyte subsets focusing on the 
cytokine production and the interaction with B cells.

3.  Thioredoxin-mediated suppression of NLRP1 
inflammasome

Zhikuan Zhang1, Takuma Shibata2, Akiko Fujimu-
ra1, Jiro Kitaura3, Kensuke Miyake2, Umeharu 
Ohto1 and Toshiyuki Shimizu1

1 Graduate School of Pharmaceutical Sciences, The 
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, To-
kyo 113-0033, Japan
2 Division of Innate Immunity, Department of Mi-
crobiology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo, 4-6-1 Shi-
rokanedai, Minato-ku, Tokyo, 108-8639, Japan
3 Atopy (Allergy) Research Center, Juntendo Uni-
versity Graduate School of Medicine, 2-1-1 Hongo, 
Bunkyo-ku, Tokyo 113-8421, Japan; Department of 
Science of Allergy and Inflammation, Juntendo Uni-
versity Graduate School of Medicine, 2-1-1 Hongo, 
Bunkyo-ku, Tokyo 113-8421, Japan

Inflammasome sensors detect pathogen- and dan-
ger-associated molecular patterns and promote in-
flammation and pyroptosis. The nucleotide-binding 
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oligomerization domain-like receptor (NLR) family 
pyrin-domain containing protein 1 (NLRP1) was the 
first inflammasome sensor described, and its hyper-
activation is linked to autoinflammatory disease and 
cancer. However, the mechanism underlying the acti-
vation and regulation of NLRP1 has not been clearly 
elucidated and, therefore, in this study, we sought to 
further investigate this phenomenon. We identified 
ubiquitously expressed endogenous thioredoxin 
(TRX) as a binder of NLRP1 and a suppressor of the 
NLRP1 inflammasome. The cryo-electron microscopy 
(cryo-EM) structure of a binary complex of NLRP1 

and TRX together with mutagenesis studies showed 
that TRX in the oxidized form was bound to the nu-
cleotide binding domain (NBD) subdomain of NLRP1. 
This observation highlights the crucial role of re-
dox-active cysteines of TRX in NLRP1 binding. Fur-
ther cellular assays revealed that TRX suppressed 
NLRP1 inflammasome activation and, thus, negative-
ly regulated NLRP1. Our data reveal the well-known 
TRX system as an intrinsic checkpoint for innate im-
munity and provide opportunities for future thera-
peutic intervention with NLRP1 inflammasome acti-
vation targeting this system.

Publications
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1.  Dual impacts of a glycan shield on the enve-
lope glycoprotein B of HSV-1: evasion from hu-
man antibodies in vivo and neurovirulence

Ayano Fukui, Yuhei Maruzuru, Shiho Ohno1, Moe-
ka Nobe, Shuji Iwata, Kosuke Takeshima, Naoto 
Koyanagi, Akihisa Kato, Shinobu Kitazume2, Yoshi-
ki Yamaguchi1, Yasushi Kawaguchi: 1Division of 
Structural Glycobiology, Institute of Molecular Bi-
omembrane and Glycobiology, Tohoku Medical and 
Pharmaceutical University, Miyagi 2Department of 
Clinical Laboratory Sciences, School of Health 
Sciences, Fukushima Medical University, Fukushi-
ma

Identification of the mechanisms of viral evasion 
from human antibodies is crucial both for under-
standing viral pathogenesis and for designing effec-
tive vaccines. Here we show in cell cultures that an 
N-glycan shield on the herpes simplex virus 1 (HSV-
1) envelope glycoprotein B (gB) mediated evasion 
from neutralization and antibody-dependent cellular 
cytotoxicity due to pooled γ-globulins derived from 
human blood. We also demonstrated that the pres-
ence of human γ-globulins in mice and immunity to 
HSV-1 induced by viral infection in mice significantly 

reduced replication in their eyes of a mutant virus 
lacking the glycosylation site but had little effect on 
the replication of its repaired virus. These results sug-
gest that an N-glycan shield on a specific site of HSV-
1 envelope gB mediated evasion from human anti-
bodies in vivo and from HSV-1 immunity induced by 
viral infection in vivo. Notably, we also found that an 
N-glycan shield on a specific site of HSV-1 gB was sig-
nificant for HSV-1 neurovirulence and replication in 
the central nervous system of naïve mice. Thus, we 
have identified a critical N-glycan shield on HSV-1 gB 
that has dual impacts, namely evasion from human 
antibodies in vivo and viral neurovirulence.

2.  Establishment of a system to quantify wild-
type herpes simplex virus-induced cell-cell fu-
sion reveals a role of N-glycosylation of HSV-1 
envelope glycoprotein B in cell-cell fusion

Ayano Fukui, Yuhei Maruzuru, Kosuke Takeshima, 
Naoto Koyanagi, Akihisa Kato, Yasushi Kawaguchi

Wild-type herpes simplex virus (HSV) strains in-
frequently mediate cell-cell fusion in cell cultures and 
barely induce large multinucleated cells. In this study, 
we established a system to quantify infrequent cell-
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cell fusion induced by wild-type HSV strains. The es-
tablished system clarified that the HSV-1 envelope 
glycoprotein B and its N-glycosylation at asparagine 
at position 141 were required for efficient cell-cell fu-

sion. This study provides a link between cell-cell fu-
sion induced by wild-type HSV-1 and viral pathogen-
esis in vivo.
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A squalene-based emulsion adjuvant, induces T 
follicular helper cells and humoral immune re-
sponses via α-tocopherol component

Adjuvants are chemical or biological materials that 
enhance the efficacy of vaccines. A-910823 is a squalene-
based emulsion adjuvant used for S-268019-b, a novel 
vaccine against severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) that is currently in clini-
cal development. Published evidence has demon-
strated that A-910823 can enhance the induction of 
neutralizing antibodies against SARS-CoV-2 in hu-
mans and animal models. However, the characteris-
tics and mechanisms of the immune responses in-
duced by A-910823 are not yet known. To characterize 
A-910823, we compared the adaptive immune re-
sponse profile enhanced by A-910823 with that of oth-
er adjuvants (AddaVax, QS21, aluminum salt-based 
adjuvants, and empty lipid nanoparticle [eLNP]) in a 
murine model. Compared with other adjuvants, 
A-910823 enhanced humoral immune responses to an 
equal or greater extent following potent T follicular 
helper (Tfh) and germinal center B (GCB) cell induc-
tion, without inducing a strong systemic inflammato-
ry cytokine response. Furthermore, S-268019-b con-
taining A-910823 adjuvant produced similar results 

even when given as a booster dose following primary 
administration of a lipid nanoparticle-encapsulated 
messenger RNA (mRNA-LNP) vaccine. Preparation 
of modified A-910823 adjuvants to identify which 
components of A-910823 play a role in driving the ad-
juvant effect and detailed evaluation of the immuno-
logical characteristics induced by each adjuvant 
showed that the induction of humoral immunity and 
Tfh and GCB cell induction in A-910823 were depend-
ent on α-tocopherol. Finally, we revealed that the re-
cruitment of inflammatory cells to the draining lymph 
nodes and induction of serum cytokines and chemok-
ines by A-910823 were also dependent on the α-to-
copherol component. This study demonstrates that 
the novel adjuvant A-910823 is capable of robust Tfh 
cell induction and humoral immune responses, even 
when given as a booster dose. The findings also em-
phasize that α-tocopherol drives the potent Tfh-in-
ducing adjuvant function of A-910823. Overall, our 
data provide key information that may inform the 
future production of improved adjuvants.

Dendritic cell proliferation by primary cilium in at-
opic dermatitis

Atopic dermatitis (AD) is a common allergic ecze-
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ma that affects up to 10% of adults in developed coun-
tries. Immune cells in the epidermis, namely, Langer-
hans cells (LCs), contribute to the pathogenesis of AD, 
although their exact role(s) in disease remain unclear. 
We performed immunostaining on human skin and 
peripheral blood mononuclear cells (PBMCs) and vis-
ualized primary cilium. Result and discussion: We 
show that human dendritic cells (DCs) and LCs have 
a previously unknown primary cilium-like structure. 
The primary cilium was assembled during DC prolif-
eration in response to the Th2 cytokine GM-CSF, and 
its formation was halted by DC maturation agents. 
This suggests that the role of primary cilium is to 
transduce proliferation signaling. The platelet-de-
rived growth factor receptor alpha (PDGFRα) path-
way, which is known for transducing proliferation 
signals in the primary cilium, promoted DC prolifera-
tion in a manner dependent on the intraflagellar 
transport (IFT) system. We also examined the epider-
mal samples from AD patients, and observed aber-
rantly ciliated LCs and keratinocytes in immature 
and proliferating states. Our results identify a poten-
tial relationship between the primary cilium and al-
lergic skin barrier disorders, and suggest that target-
ing the primary cilium may contribute to treating AD.

Challenges in developing personalized neoanti-
gen cancer vaccines

The recent success of cancer immunotherapies has 
highlighted the benefit of harnessing the immune sys-
tem for cancer treatment. Vaccines have a long history 
of promoting immunity to pathogens and, conse-
quently, vaccines targeting cancer neoantigens have 
been championed as a tool to direct and amplify im-
mune responses against tumours while sparing 
healthy tissue. In recent years, extensive preclinical 
research and more than one hundred clinical trials 
have tested different strategies of neoantigen discov-
ery and vaccine formulations. However, despite the 
enthusiasm for neoantigen vaccines, proof of une-
quivocal efficacy has remained beyond reach for the 
majority of clinical trials. In this Review, we focus on 

the key obstacles pertaining to vaccine design and tu-
mour environment that remain to be overcome in or-
der to unleash the true potential of neoantigen vac-
cines in cancer therapy.

The 100 Days Mission: how a new medical-coun-
termeasures network can deliver equity and inno-
vation

As shown during the response to COVID-19, the 
faster we can develop safe, effective and affordable 
vaccines, therapeutics and diagnostics for an escalat-
ing infectious disease, the more lives we can save. As 
the scientific advisory member for CEPI as well as 
IPPS and STEG for G7, Ken Ishii is committed to con-
tribute to the 100 days mission. The goal of the 100 
Days Mission is to prepare as much as possible so that 
within the first 100 days that a pandemic threat is 
identified, the following interventions can be made 
available, safe, effective, and affordable:

Accurate and approved rapid point of care diagnostic 
tests
An initial regimen of therapeutics
Vaccines ready to be produced at scale for global de-
ployment

In June 2021, G7 Leaders welcomed the “100 Days 
Mission’’ (100DM) in Carbis Bay, building on the col-
laborative scientific efforts which led to the develop-
ment of Diagnostics, Therapeutics, and Vaccines 
(DTVs) for COVID-19. The 1st 100 Day mission report 
was authored by scientific, governmental and indus-
try experts drawn from within and beyond the G7. It 
proposed 25 recommendations to harness scientific 
innovation and strengthen public and private collab-
oration that will reduce the time from discovery to 
deployment of DTVs within 100 days of the next pan-
demic threat.

In order to deliver on these ambitions, G7 scientif-
ic advisers called for the establishment of an Interna-
tional Pandemic Preparedness Secretariat (‘the Secre-
tariat’) to support implementation and catalyse 
scientific exchange on the progress of the 100DM.
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1.  Adjuvant discovery and development platform
Adjuvants are considered essential vaccine com-

ponents for enhancing vaccine responses. As a mem-
ber of IMSUT International Vaccine Design Center 
(https://vdesc.ims.u-tokyo.ac.jp/en/), we have system-
atically screened innate and adaptive immune signal-
ing molecules involved in the mode of action (MOA) 
of adjuvants and vaccines. Recently, we have been 
involved in the discovery of novel adjuvants as part of 
the AMED SCARDA project. One of the recent find-
ings is to understand how the combination of TLR9 
and STING agonists synergistically induce innate and 
adaptive responses to generate robust anti-tumor re-
sponses (Temizoz et al., International Immunology, 2022). 
Our recent projects have focused on investigating B 
cell development and the pathways involved in ger-
minal center (GC) formation for the generation of po-
tent antibody responses against infections and during 
vaccination. We found that TBK1, the well-known in-
nate immune signaling kinase that controls antiviral 
immune responses and nucleic acid-mediated type I 
interferon responses, is very important for the gener-
ation of GCs that confer sterile immunity to reinfec-
tion (Lee et al., J Exp Medicine, 2022). 

2.  Elucidation of host-pathogen interactions 
Our laboratory has investigated several aspects of 

immunopathology caused by Plasmodium parasites. 
We have recently studied the immunopathology of 
cerebral malaria, the deadliest complication of human 
malaria infection, in the brain using the CUBIC clear-
ance technique (Matsuo-Dapaah et al., Int Immunology, 
2021). The 3D reconstruction of malaria-infected brain 
showed that olfactory bulb is disrupted during exper-
imental cerebral malaria. We have recently made sig-
nificant progress in understanding new cell types that 
accumulate/reside in the olfactory bulb and interact 
with Plasmodium parasites. Chronic bone loss is an 
unforeseen complication of malaria which is mediat-
ed via MyD88 adaptor protein (Lee et al,. Science Im-
munology, 2017). We have been studying to address 
the crucial cell types important for MyD88-mediated 
bone loss. We also investigate bone marrow niches re-
sponsible for malaria-induced loss of memory. 

3.  Infection and Cancer 
Previously, we investigated the role of Lipocalin 2 

(LCN2, also known as siderocalin or neutrophil ge-
latinase-associated lipocalin (NGAL)) in malaria in-
fection that bolsters innate and adaptive immune re-
sponses to malaria infection through modulation of 
iron metabolism (Zhao et al., Cell Host Microbe, 2012). 
LCN2 expression is also increased in cancer. In car-
cinogenesis, in addition to the accumulation of so-
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Our laboratory focuses on the elucidation of host-pathogen interactions. We mainly 
work on malaria, but also cover several infectious diseases such as leishmaniasis 
and respiratory infections. We study both innate and adaptive immune responses 
against these diverse pathogens in order to develop successful vaccines against 
them.
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matic mutations, stroma-associated immunity is an 
important regulator of tumor growth. Tumor cells 
create a microenvironment by releasing various me-
diators to maintain their presence and spread. Due to 
the infiltration of monocytes and leukocytes against 
the tumor, it is hypothesized that the iron balance is 
disrupted by excessive iron consumption, possibly 
leading to increased expression of LCN2 as an intra-
cellular iron transporter. We recently investigated the 
expressions of programmed cell death ligand-1 (PD-
L1) and LCN2 in breast cancers with various molecu-
lar subtypes, along with their correlations with other 

prognostic indicators, including Ki-67, lymph node 
metastasis, histological grade, tumor-infiltrating lym-
phocyte (TILs) accumulation, and necrosis. We found 
that there is an association of LCN2 with known 
prognostic factors and molecular subtypes. Moreo-
ver, significant elevations of LCN2 and PD-L1 expres-
sions were observed in triple-negative and HER2-pos-
itive breast cancers. The findings from this research 
may contribute to the immunotherapeutic application 
of LCN2 and its prognostic significance in breast can-
cer management (Ekemen et al., Breast Cancer: Targets 
and Therapy, in press).
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1.  Understanding the evolution of SARS-CoV-2 

Yu Kaku, Keiya Uriu, Yusuke Kosugi, Shigeru Fuji-
ta, Luo Chen, Jarel Elgin Tolentino, Lin Pan, Arnon 
Plianchaisuk, Ziyi Guo, Alfredo Amolong Hinay, Jr., 
Kaoru Usui, Wilaiporn Saikruang, Wenye Li, Kaho 
Okumura, Naoko Misawa, Mai Suganami, Adam 
Patrick Strange, Naomi Ohsumi, Shiho Tanaka, 
Mika Chiba, Ryo Yoshimura, Kyoko Yasuda, Keiko 
Iida, Jumpei Ito, Kei Sato.

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a causative agent of coronavirus dis-
ease 2019 (COVID-19). SARS-CoV-2 emerged at the 
end of 2019 and has spread all over the world. Since 
then, more than 770 million people have been infected 
with this virus and more than 7 million people have 
died of COVID-19, meaning that COVID-19 is ongo-
ing pandemic and a most urgent and crucial problem 
in the current human society. To proceed and acceler-
ate COVID-19-releated researches in Japan, we 
launched a consortium, called “The Genotype to Phe-
notype Japan (G2P-Japan) Consortium” in January 
2021. As of December 2023, more than 10 principal 
investigators in Japan and Czech Republic join this 
consortium and proceed fruitful collaboration. We 
aim to elucidate the virological characteristics of the 

SARS-CoV-2 variants continuously emerging in the 
world.

2.  Predicting and understanding virus epidemics 
and evolution

Jumpei Ito, Arnon Plianchaisuk, Jarel Elgin Tolenti-
no, Mai Suganami, Adam Patrick Strange, Kaho 
Okumura, Kei Sato

During the COVID-19 pandemic, extensive viral 
genomic surveillance has been conducted, enabling 
us to track the epidemic and evolution of SARS-CoV-2 
in ultra-high resolution. Leveraging this big data, we 
are establishing theoretical and technical frameworks 
to understand and predict the epidemic and evolu-
tion of viruses. This year, we have developed a Bayes-
ian hierarchical model to predict the transmissibility 
of SARS-CoV-2 variants based on mutation patterns 
in the spike protein (Ito et al., 2023, Nat. Commun.). 
Additionally, we showed that the increased transmis-
sibility observed during the evolution of the Omicron 
variant can be explained by the acquisition of a small 
number of mutations in spike protein. 
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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 alone. 
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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1.  The biological functions of cell-cell interaction 
in human oncogenesis and its application to 
diagnosis and treatment of cancer.

Takeshi Ito, Yutaka Kasai, Yumi Tsuboi, Yue Guo, 
Marie Kawahara, Jialiang Nie, Tomoko Masuda, 
Hiromi Ichihara, Motoi Oba, Daisuke Matsubara1, 
Goh Tanaka2, Akihisa Mitani2, Takahide Nagase2 
and Yoshinori Murakami; 1Department of Diagnos-
tic Pathology, University of Tsukuba, Tsukuba, 2De-
partment of Respiratory Medicine, Graduate School 
of Medicine, The University of Tokyo. 

Disruption of cell adhesion is a critical step to in-
vasion and metastasis of human cancer and their ac-
quired resistance to anti-cancer drugs 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 establishing 

novel diagnostic markers and therapeutic targets for 
small cell lung cancer (SCLC) using CADM1. SCLC 
expresses a splicing variant of CADM1v8/9 contain-
ing a unique juxta-membrane fragment, which is spe-
cific to normal testis and SCLC. Since CADM1v8/9 
fragments are digested by a specific protease and re-
leased into blood stream, this fragment could provide 
a novel serum marker of SCLC. We generated mono-
clonal antibodies against the fragments of CAD-
M1v8/9 and established a sensitive and specific serum 
marker for diagnosis of SCLC (PCT/JP2019/011201). 
This detection system of SCLC is being validated us-
ing the serum from SCLC patients in collaboration 
with clinical oncologists in the University of Tokyo 
Hospital and National Cancer Center Hospital. Addi-
tional antibodies against CADM1 are being tested for 
their anti-tumor activity against SCLC by drug-conju-
gated antibodies partly in collaboration with a phar-
maceutical company. 

In addition, we conducted a comprehensive RT-
PCR-based screening for IgSF molecules that promote 
experimental lung metastasis in mice. By comparing 
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Elucidation of genetic and epigenetic alterations is essential to provide molecular 
targets for prevention, diagnosis, and treatment of human cancer. Our current 
interest is to understand the roles of cell-cell interaction in invasion, metastasis, 
drug resistance and immunological responses of cancer. Genomic abnormalities 
involved in human tumors, including lung, breast, thyroid, head and neck cancer, 
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project by the Ministry of Education, Culture, Sports, Science and Technology 
(MEXT), and contribute to various scientific projects through advanced technology 
in biomedical sciences. 
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the expression of 325 genes encoding cell-surface IgSF 
molecules between mouse melanoma B16 cells and its 
highly metastatic subline, B16F10 cells, we found that 
expression of the Immunoglobulin superfamily member 3 
(Igsf3) was significantly enhanced in B16F10 cells than 
in B16 cells. Knockdown of Igsf3 in B16F10 cells signif-
icantly reduced lung metastasis following intrave-
nous injection into C57BL/6 mice. IGSF3 promoted 
adhesion of B16F10 cells to vascular endothelial cells 
and functioned as a homophilic cell adhesion mole-
cule between B16F10 cells and vascular endothelial 
cells. Notably, the knockdown of IGSF3 in either 
B16F10 cells or vascular endothelial cells suppressed 
the trans-endothelial migration of B16F10 cells. More-
over, IGSF3 knockdown suppressed the extravasation 
of B16F10 cells into the lungs after intravenous injec-
tion. These results suggest that IGSF3 promotes the 
metastatic potential of B16F10 cells in the lungs by 
facilitating their adhesion to vascular endothelial cells 
(19).

2.   Identification  of  novel  immune  checkpoint 
molecules by screening molecular interaction 
between IgSFs.  

Takeshi Ito, Yumi Tsuboi, Mai Mizusawa, Yuki Azu-
ma, Miko Komiya, Shuhei Masuko, Tomoko Masu-
da and Yoshinori Murakami

We are investigating possible crosstalk of IgCAMs 
and its biological and immunological significance 
comprehensively by cloning more than 300 IgCAMs 
expressed in human cells and analyzing mole-
cule-molecule interactions using physico-chemical 
methods, including the surface plasmon resonance 
imaging (SPRi) and the amplified luminescence prox-
imity homogenous assay (ALPHA). Significant inter-
action was then evaluated individually using biologi-
cal assays between molecules to cells, cells to cells and 
cells to tissues generated in our laboratory. We have 
identified several candidate pairs of IgSFs involved in 
cancer metastasis and tumor immune-checkpoint reg-
ulation and their significance in cancer treatment is 
being investigated partly in collaboration with a 
pharmaceutical company. This year, we have newly 
identified Sialic acid-binding Ig-like lectin 7 (Siglec-7) 
as an inhibitory receptor for V-set and immunoglobu-
lin domain-containing 4 (VSIG4) that regulates an im-
mune checkpoint in NK cells and a small subset of T 
cells. Siglec-7 recognized sialic acid modification in 
the VSIG4 protein, and co-culture of cancer cells ex-
pressing VSIG4 with NK cell lines inhibited NK cell 
activity, including IFN-γ secretion and cytotoxicity. 
Moreover, the blockade of the VSIG4–Siglec-7 interac-
tion by the treatment of anti-VSIG4 or anti-Siglec-7 
neutralizing antibodies significantly restored NK cell 
activity. These results suggest that Siglec-7 functions 
as an inhibitory receptor for VSIG4 and represents a 
potential therapeutic target for cancer.

3.  Genomic-epidemiological studies of human 
cancers and various diseases and phenotypes 
using the materials and information of Biobank 
Japan and a population-based cohort in Ja-
pan.

Yoshinori Murakami, Masaru Koido3, Yoichiro 
Kamatani3 and Koichi Matsuda4; 3Laboratory of 
Complex Trait Genomics and 4Laboratory of Clini-
cal Genome Sequencing, Graduate School of Fron-
tier Sciences, The University of Tokyo

To unveil genomic and environmental factors and 
their interaction involved in human cancer, large 
numbers of patients suffered from gastric (1), colorec-
tal (2) and biliary tract (3) cancer, as well as controls 
within the same cohorts, were analyzed for DNA se-
quencing at the specific loci of hereditary cancer genes 
and prevalence and characterization of germline mu-
tations in cancer patients and control populations 
were determined in collaboration with Dr. Yukihide 
Momozawa and Dr. Hidewaki Nakagawa’s group in 
Riken, Center for Integrative Medical Sciences. In gas-
tric cancer, this collaborative study identified that 
Helicobacter pylori infection modifies gastric cancer 
risk associated with germline pathogenic variants in 
homologous recombination pathway genes, provid-
ing a typical example of genomic and environmental 
interaction in specific cancer (1). 

Furthermore, to understand the mechanisms of 
complex diseases, including cancer, and various spe-
cific human phenotypes, we carried out genome-wide 
association studies (GWAS) and their downstream 
analysis for lung adenocarcinoma (4,5), hepatocellu-
lar carcinoma (6), peptic ulcer (7), survival time of in-
dividuals (8), retinal and renal complications of type 
2 diabetes (9) and atrial fibrillation (10). Furthermore, 
construction of polygenic risk score based on the re-
sults of genome-wide association studies of various 
diseases and phenotypes was investigated from the 
view point of multi-biobank cooperation (11). To pro-
mote genetic studies for preventing and treating can-
cer and complex diseases in academia and company 
worldwide, we released genotyping data and serum 
metabolome data of patients from BioBank Japan. 

4.   Novel  therapeutic  and  diagnostic  target  dis-
covery for solid cancers

Atsushi Takano, Koji Teramoto5, Hidetoshi Sumi-
moto5, Yataro Daigo5, Yoshinori Murakami; 5De-
partment of Medical Oncology and Cancer Center, 
Center for Advanced Medicine against Cancer, Shi-
ga University of Medical Science

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 
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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 expression microarray, iii) 
validation of the clinicopathological 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 cancer cells by RNAi and cell growth/
invasion assays, v) evaluation of their usefulness as 
targets for passive immunotherapy using specific an-
tibodies and/or as a serum biomarker for solid cancer 
by high throughput ELISA and proteomics analysis, 
if they are tumor-specific transmembrane or secretory 
proteins, vi) screening of the epitope peptides recog-
nized by human histocompatibility leukocyte 
(HLA)-A*0201- or A*2402-restricted cytotoxic T lym-
phocyte (CTL) and dendritic cell (DC). This systemat-
ic approach identified dozens of molecules that ap-
pear to fall into the category of oncoantigens or 
neoantigens whose overexpression in various solid 
cancers including lung, esophagus, oral cavity, and 
breast cancers is an important feature of the malig-
nant nature of cancer cells (12) and that have very 
high immunogenicity to induce antigen-specific CTLs 
in cancer patients. We further validated these mole-
cules identified as potential targets for the develop-
ment of antibodies, small-molecular compounds, 
growth-suppressive cell-permeable peptides, and 
cancer vaccines that could have a more specific and 

strong anti-cancer effect with minimal risk of adverse 
events. We also identified novel cancer detection and/
or prognostic biomarkers (13).

Based on the achievements above, we are develop-
ing new immunotherapies as a project of IMSUT In-
ternational Joint Research Project. We are conducting 
International Conference on Harmonization (ICH) - 
Good Clinical Practice (GCP)-based clinical study us-
ing the combination of some of these peptides derived 
from oncoantigens in patients with lung cancer is 
now being conducted at 6 collaborative cancer centers 
and university hospitals including IMSUT hospital. 
In addition, new type of peptides-pulsed DC vaccina-
tion therapy is under development.

5.   Scientific Platform of Supporting Cohort Study 
and Biospecimen Analysis (CoBiA)

Yataro Daigo, Atsushi Takano, Rikako Shinozaki, 
Hiromi Ichihara, Yoshinori Murakami

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 
132,000 clinical materials. We also constructed tissue 
microarray system covering about 5000 archived clin-
ical cancers.  Using these clinical materials, we are 
validating the clinicopathological significance of vari-
ous candidate disease biomarkers as requested by re-
searchers and are contributing to their clinical appli-
cation and publications in international journals (4, 5, 
14-18).
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1.   Activation  of  the  receptor  tyrosine  kinase 
MuSK by the cytoplasmic protein Dok-7 in neu-
romuscular synaptogenesis.

Inoue-Yamauchi, A., Eguchi, T.1, Tokuoka, T., Zhong, 
Z., Yoda, M., Hwang, J., Ueta, R., Tezuka, T.2, 
Weatherbee, SD.3, Watanabe, Y.4, Sagara, H.4, Naga-
toishi, S.4, Tsumoto, K.4, and Yamanashi, Y.: 1,2 Pres-
ent affiliation: 1Brain-Skeletal Muscle Connection in 
Aging Project Team, Geroscience Research Center, 
National Center for Geriatrics and Gerontology and 
2Center for the Promotion of Interdisciplinary Edu-
cation and Research, Kyoto University. 3Depart-
ment of Genetics, Yale University. 4Medical Pro-
teomics Laboratory, 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 and maintenance of the neuromus-
cular junction (NMJ), providing a new insight into 
RTK-mediated signaling. 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-
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sion such as congenital myasthenic syndromes (CMS) 
and myasthenia gravis (MG), which are characterized 
by fatigable muscle weakness. The formation of NMJs 
is orchestrated by MuSK and by neural agrin, an ex-
tracellular activator of MuSK. However, experimen-
tally when motor nerves are ablated, AChRs form 
clusters in the correct, central region of muscle during 
embryogenesis 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 found that forced expression of 
Dok-7 lacking the C-terminal region rescued 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-ter-
minal 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 
of Lrp4. Together, these data indicate that Lrp4 is re-
quired for efficient activation of MuSK by Dok-7 in 
the muscle. Since Lrp4 is also essential for presynaptic 
differentiation of motor nerve terminals in the embry-

onic NMJ formation (Nature 489:438-442, 2012), this 
apparent cooperation between Lrp4 and Dok-7 in 
MuSK activation may be complicated.

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 in the nearby areas of ac-
tive zones for efficient neuromuscular transmission. 
Interestingly, overexpression of Dok-7 in skeletal 
muscle abnormally activates MuSK, leading to the 
formation of abnormally large NMJs in mice. Howev-
er, these mice with abnormally large NMJs show no 
obvious motor dysfunction. Recently, we have found 
that Dok-7 overexpression enhances NMJ transmis-
sion less markedly than NMJ size. Consistent with 
this, ultrastructural analyses revealed that the densi-
ties of active zones and synaptic vesicles in the pre-
synaptic motor nerve terminals were reduced. In ad-
dition, the density and size of postsynaptic junctional 
folds in the muscle membrane were also reduced. 
Moreover, terminal Schwann cells (tSCs) exhibits sig-
nificantly greater penetration of their processes into 
the synaptic clefts, which connect the pre- and 
post-synaptic specializations. Together, our findings 
demonstrate that forced expression of Dok-7 in mus-
cle enhances neuromuscular transmission with signif-
icant enlargement and ultrastructural alterations of 
NMJs, implying increased robustness of neuromus-
cular transmission. We are investigating Dok-7/
MuSK-mediated signaling, including downstream 
effectors, in regulating formation, maintenance and 
function of NMJs to develop mechanism-based thera-
pies for NMJ disorders. Recently, we have identified 
the novel downstream gene Cabp7, encoding calci-
um-binding protein 7, and shown its importance in 
the maintenance of NMJs in mice (see below). 

2.   Cabp7 negatively regulates age-related degen-
eration of NMJs.

Eguchi, T., Tezuka, T., Watanabe, Y., Inoue- 
Yamauchi, A., Sagara, S., Ozawa, M. 1, and Yamanashi 
Y.: 1Core Laboratory for Developing Advanced Ani-
mal Models, IMSUT.

As mentioned above, formation and maintenance 
of NMJs in the central region of the skeletal muscle 
are governed by MuSK. Interestingly, the transcripts 
and protein products of AChR subunit and other 
NMJ-related genes are expressed and accumulated 
also in the central, synaptic region of myotube in a 
manner dependent on MuSK. Indeed, we previously 
reported that midmuscle expression of AChR subunit 
gene Chrna1 and MuSK transcripts are lost or en-
hanced in mouse embryos lacking the essential MuSK 
activator Dok-7 or overexpressing it specifically in 
skeletal muscle, respectively. Thus, to identify 
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NMJ-related genes required for the formation and/or 
maintenance of NMJs, we performed RNA sequenc-
ing analysis of the synaptic and extrasynaptic regions 
of diaphragm muscles in WT mice (3 months old) and 
found that Cabp7 gene is the most upregulated 
among significantly upregulated genes in the synap-
tic region in comparison with the extrasynaptic re-
gion. Furthermore, we found that the expression level 
of the Cabp7 gene is significantly higher in the synap-
tic region in Dok-7 transgenic (Tg) mice, which over-
express Dok-7 specifically in skeletal muscle, than in 
wild-type (WT) mice (3 months old). Also, whole-
mount in situ hybridization analysis on embryos con-
firmed that Cabp7 transcripts are specifically ex-
pressed in the central region of the diaphragm muscle 
in Dok-7 Tg and wild-type mice and that the synaptic 
expression is significantly enhanced in Dok-7 Tg mice 
compared with that in WT mice. These findings to-
gether indicates that Dok-7-MuSK axis regulates ex-
pression of Cabp7 gene in skeletal muscle.

To explore the role for Cabp7 in muscle, we gener-
ated Cabp7 cKO mice, which lacks Cabp7 protein 
specifically in skeletal muscle, and found that Cabp7 
cKO mice showed a significant reduction in motor 
function and muscle strength at 12 and 24, but not 3 
or 6, months of age in comparison with the controls, 
as determined by rotarod, forelimb grip, and hind-
limb twitch/tetanic force tests. Furthermore, Cabp7 
cKO mice showed acceleration of age-related degen-
eration of NMJs as early as 6 to 12 months of age; 
namely, axonal swelling, nerve sprouting, denerva-
tion and size-reduction of NMJs. Because impaired 
NMJ function may lead to muscle atrophy and weak-
ness as observed in patients with myasthenia, we in-
vestigated if muscle-specific deletion of Cabp7 in 
mice affects muscle homeostasis and found that tibia-
lis anterior and gastrocnemius muscle masses were 
significantly reduced in Cabp7 cKO mice at 12 and 24, 
but not 3 or 6, months of age in comparison with the 
controls. In addition, the myofiber cross-section area 
(CSA) of gastrocnemius muscles was significantly re-
duced in Cabp7 cKO mice at 12 and 24, but not 3, 
months of age and showed significant shifts in CSA 
distribution with a higher frequency of small fibers in 
comparison with the controls. Taken together, these 
findings indicates that Cabp7 plays a protective role 
against age-related NMJ degeneration, muscle weak-
ness and atrophy, and motor dysfunction. Indeed, 
Cabp7 cKO mice showed a lifespan about 8 weeks 
shorter than the control mice.

In addition, we found that Cabp7 cKO mice 
showed increased protein expression of p25, a potent 
activator of Cdk5, in the tibialis anterior muscle at 3 
and 12 months of age in comparison with the control 
mice. Because Cdk5 negatively regulates NMJ forma-
tion and maintenance, we generated Adeno-associat-
ed virus-based vector (AAV-p25), which expressed 
p25 in myotubes under the control of the muscle-spe-
cific CK8 promoter, and found that AAV-p25 admin-

istration induces NMJ degeneration. Moreover, we 
also generated AAV-CIP, which expressed Cdk5 In-
hibitory Peptide (CIP), and found that AAV-CIP ad-
ministration restores NMJ integrity and muscle 
strength, and heals muscle atrophy in Cabp7 cKO 
mice. We are currently investigating how Dok-7-
MuSK-Cabp7-p25-Cdk5 axis contributes to NMJ ho-
meostasis and how CIP expression counteracts NMJ 
degeneration, muscle weakness and atrophy caused 
by the loss of Cabp7.

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

Inoue-Yamauchi, A., Eguchi, T., Tezuka, T., Mao, Y., 
Fan, W., Ochiai, C., Ma, WT., Burgess, RW.1, Ueta, 
R., and Yamanashi, Y.: 1The Jackson Laboratory. 

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-
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 by utilizing mice ex-
pressing various forms of agrin mutants, including 
those related to congenital myasthenic syndromes 
(see below). 

4.   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. 
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As mentioned above, impaired clustering of 
AChRs could underlie NMJ disorders, be they auto-
immune (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 can-
didate gene for mutations associated with CMS. In-
deed, we demonstrated that biallelic mutations in 
DOK7 underlie a major subgroup of CMS with pre-
dominantly proximal muscle weakness that did not 
show tubular aggregates on muscle biopsy but were 
found to have normal AChR function despite abnor-
mally small and simplified NMJs. We further demon-
strated that several mutations, including one associat-
ed with the majority of patients with the disease, 
impaired Dok-7’s ability to activate MuSK. This new 
disease entity is termed “DOK7 myasthenia.”

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 formation, maintenance 
and 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 salbutamol can increase NMJ 
number and enhance its function together with 
lifespan 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 to develop mechanism-based 
therapeutic approaches against DOK7 myasthenia. 

5.  DOK7 gene therapy that enlarges and regener-
ates NMJs.

Inoue-Yamauchi, A., Eguchi, T., Ueta, R., Lin, S., 
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.: 1Biolog-
ical Science Research, Kao Corporation. 2Laborato-
ry of Experimental Animals, National Center for 
Geriatrics and Gerontology. 3Department of Molec-
ular Therapy, National Institute of Neuroscience. 

4Division of Molecular and Medical Genetics, Center 
for Gene and Cell Therapy, 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 enhanced MuSK activation and AChR 
cluster formation. Indeed, 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 ap-
plied to model mice of another neuromuscular disor-
der, autosomal dominant Emery-Dreifuss muscular 
dystrophy, therapeutic administration of AAV-D7 
(DOK7 gene therapy) likewise resulted in enlarge-
ment of NMJs as well as positive effects on motor ac-
tivity and life span. Interestingly, DOK7 gene therapy 
suppressed denervation (nerve detachment) at NMJs, 
and enhanced motor activity and life span in a mouse 
model of familial amyotrophic lateral sclerosis (ALS), 
a progressive, multifactorial motor neurodegenera-
tive disease with severe muscle atrophy. These results 
suggest potential for DOK7 gene therapy in age-relat-
ed 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 rein-
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, including age-related one. 

6.   Roles of Dok-1 to Dok-6.

Inoue-Yamauchi, A., Wu, W., Sato, T., Jozawa, H., 
Kanno, T., Arimura, S.1, and Yamanashi, Y.: 1Pres-
ent affiliation: Department of Medicine Section of 
Gastroenterology and Hepatology, Baylor College of 
Medicine.

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 
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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 found that 
Dok-1/-2 and Dok-3 play distinctive roles in cell fu-
sion and proliferation during osteoclastogenesis and 
cooperatively protect mice from osteopenia. Addi-
tionally, we recently demonstrated that Dok-1/-2 and 
Dok-3 play distinctive roles in intestinal tumor 
growth and malignant progression. Interestingly, 
Dok-3 deficiency in non-tumor cells induces malig-
nant conversion of benign tumors without intensify-
ing mutagenesis in tumors, providing a new insight 
into the regulation of tumor malignant progression. 
We are currently investigating molecular mechanisms 
underlying the Dok-3-mediated suppression of ma-
lignant progression of intestinal tumors, which may 
lead to developing new therapeutic approaches 
against non-tumor cell-driven malignant progression. 
Also, we are investigating physiological and patho-
logical roles of Dok-1 to Dok-6, including those in tu-
mor malignancy, inflammatory disorders and tissue 
injury. 

7.   Omic analyses.

Eguchi, T., Jozawa, H., Fan, W., Tokuoka, Y., Yoda, 
M., Wu, W., Ueta, R., Iemura, S.1, Natsume, T.2, 
Kozuka-Hata, H.3, Oyama, M.3, and Yamanashi, Y.: 
1Translational Research Center, Fukushima Medi-
cal University. 2National Institute of Advanced Sci-
ence and Technology, Molecular Profiling Research 
Center for Drug Discovery. 3Medical Proteomics 

Laboratory, IMSUT.
To gain insights into signaling mechanisms un-

derlying a variety of physiological and pathophysio-
logical events, including NMJ formation, muscle  
atrophy, neurodegeneration, inflammation, tumori-
genesis, and tumor metastasis, we have performed 
proteomic and transcriptomic analyses. We are inves-
tigating the roles of candidate proteins and genes that 
appear to be involved in each of these biological 
events. For instance, we are conducting transcriptom-
ic and phospho-proteomic analyses related to muscle 
weakness due to defects of cytoplasmic protein kinas-
es. In addition, we have prepared experimental set-
tings for other omic approaches such as metabolomic 
analysis.

8.  Screening of chemical compound and siRNA 
libraries.

Inoue-Yamauchi, A., Hwang, J., Eguchi, T., Tsoum-
pra, M., 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 NMJ formation. We 
are investigating in vivo and in vitro effects, includ-
ing therapeutic ones in mouse models of human dis-
eases, of hit compounds or down- or up-regulation of 
candidate genes, and continue the ongoing screen-
ings to further collect appropriate hit compounds and 
candidate genes that may be involved in the regula-
tion of NMJ formation. We are also investigating tar-
get proteins, including those in humans, for the hit 
compounds or protein products of the candidate 
genes to understand their modes of actions. 

Publication

Li D, Johmura Y, Morimoto S, Doi M, Nakanishi K, 
Ozawa M, Tsunekawa Y, Inoue-Yamauchi A, 
Naruse H, Matsukawa T, Takeshita Y, Suzuki N, 
Aoki M, Nishiyama A, Zeng X, Konishi C, Suzuki 
N, Nishiyama A, Harris AS, Morita M, Yamaguchi 
K, Furukawa Y, Nakai K, Tsuji S, Yamazaki S, 

Yamanashi Y, Shimada S, Okada T, Okano H, Toda 
T, and Nakanishi M. LONRF2 is a protein quality 
control ubiquitin ligase whose deficiency causes 
late-onset neurological deficits. Nature Aging 3: 
1001-1019, 2023
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1.   LONRF  family  proteins  are  bona  fide  protein 
quality control ubiquitin-ligases

Dan Li, Teh-Wei Wang, Sae Aratani, Satoshi Ka-
wakami, Satoshi Omori, Maho Tamatani, Manabu 
Ozawa1, Keiko Nakanishi2, Chieko Konishi, Sayaka 
Yamane, Yoshie Chiba, Yoichi Furukawa3, Kenta 
Nakai4, Shoichi Shimada5, Yuji Yamanashi6, Takashi 
Okada7, Hideyuki Okano8, Tatsushi Toda9, Yoshika-
zu Johmura10, and Makoto Nakanishi:
1Laboratory of Reproductive Systems Biology, 3Di-
vision of Clinical Genome Research, 4Laboratory of 
Functional Analysis in silico, Human Genome 
Center, 6Division of Genetics, 7Division of Molecular 
and Medical Genetics, Center for Gene and Cell 
Therapy, IMSUT. 2Department of Pediatrics, Cen-
tral Hospital, and Department of Perinatology, In-
stitute for Developmental Research, Aichi Human 
Service Center. 5Department of Neuroscience and 
Cell Biology, Osaka University Graduate School of 
Medicine. 8Department of Physiology, Keio Univer-
sity School of Medicine. 9Department of Molecular 

Neurology, Graduate School of Medicine, University 
of Tokyo. 10Division of Cancer and Senescence Biol-
ogy, Cancer Research Institute, Kanazawa Universi-
ty
 
Many age-related diseases are causally linked to 

the misfolding of proteins, and certain environmental 
stresses can trigger the misfolding of mature proteins. 
To prevent this, all cells have evolved protein quality 
control (PQC) systems. These include translation con-
trol, molecular chaperone activity, and proteolytic 
degradation by either the proteasome or autophagy. 
For example, cleaved protein products generated by 
stalled ribosomes on defective mRNAs have been 
found to be targets for degradation by molecular 
pathways initiated at the ribosome. The protein will 
inevitably be cleaved and is likely to be defective if 
the ribosome cannot reach the correct termination co-
don. As a result, it may be advantageous for the cell to 
degrade such incomplete nascent chains. Protein mis-
folding is a major factor of neurodegenerative diseas-
es. Post-mitotic neurons are highly susceptible to pro-
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There is some evidence that senescent cells play an important role in aging and 
healthy lifespan. However, little is known about the molecular basis of aging-related 
pathologies. Our research is focused on understanding the common pathologies 
underlying a variety of aging-related diseases. Currently, we are interested in the 
role of p16-positive senescent cells in the age-dependent decline of various organ 
functions and the mechanism of senescent cell accumulation with aging. In 
addition, we are focusing on the mechanism underlying the accumulation of 
abnormal proteins as a cause of aging. By understanding the degradation 
mechanisms of misfolded proteins, we are promoting research on abnormal cellular 
functions caused by the accumulation of protein aggregates, especially in the 
pathogenesis of neurodegenerative diseases. We are also investigating the 
molecular link between DNA methylation and the maintenance of genome stability.
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tein aggregates that are not diluted by mitosis. 
Therefore, post-mitotic cells may have a specific pro-
tein quality control (PQC) system. The LONRF family 
of proteins consists of three isozymes, LONRF1-3. 
LONRF2 is a bona fide protein quality control ubiqui-
tin ligase induced in post-mitotic senescent cells. Un-
der unperturbed conditions, LONRF2 is predomi-
nantly expressed in neurons. LONRF2 binds and 
ubiquitylates abnormally structured TDP-43 and hn-
RNP M1 and artificially misfolded proteins. lonrf2-/- 
mice exhibit age-dependent TDP-43-mediated motor 
neuron (MN) degeneration and cerebellar ataxia. 
Mouse iPS cell-derived MNs lacking LONRF2 showed 
reduced survival, shortening of neurites, and accu-
mulation of pTDP-43 and G3BP1 after long-term cul-
ture. The shortening of neurites in human ALS pa-
tients-derived MNs are rescued by ectopic expression 
of LONRF2. 

Lonrf1 was ubiquitously expressed in different tis-
sues. Its expression in LSEC and Kupffer cells in-
creased with age in the liver. Lonrf1high Kupffer cells 
showed activation of regulatory pathways of pepti-
dase activity. In normal and NASH liver, the activa-
tion of NF-κB and p53 pathways and the suppression 
of IFNα, IFNγ, and proteasome signaling were de-
tected in LSECs. During wound healing process, Lon-
rf1high/p16high fibroblasts showed activation of cell 
growth and suppression of TGFβ and BMP signaling. 
Lonrf1high/p16low fibroblasts exhibited activation of 
WNT signaling. These results suggest that although 
Lonrf1 does not appear to be associated with senes-
cence induction and phenotypes, Lonrf1 may play a 
key role in linking oxidative damage responses and 
tissue remodeling during wound healing in different 
modes in senescent and non-senescent cells.

2.   M2  macrophage-derived  TGF-β  induces  age- 
associated loss of adipogenesis through pro-
genitor cell senescence

Xinyi Zeng, Teh-Wei Wang, Yoshimi Imawari, Yuki 
Okamura, Kiyoshi Yamaguchi1, Seira Hatakeyama1, 
Satoshi Yamazaki2, Eigo Shimizu3, Seiya Imoto3, 
Yoichi Furukawa2, Yoshikazu Johmura4, Makoto 
Nakanishi
1Division of Clinical Genome Research, 2Division of 
Stem Cell Biology, 3Division of Health Medical Intel-
ligence, 4Division of Cancer and Senescence Biology, 
Cancer Research Institute, Kanazawa University

Adipose tissue is an endocrine and energy storage 
organ composed of several different cell types, in-
cluding mature adipocytes, stromal cells, endothelial 
cells, and a variety of immune cells. Adipose tissue 
aging contributes to the pathogenesis of metabolic 
dysfunction and is likely induced by crosstalk be-
tween adipose progenitor cells (APCs) and immune 
cells, but the underlying molecular mechanisms re-
main largely unknown. In this study, we revealed the 

biological role of p16high senescent APCs, and investi-
gated the crosstalk between each cell types in the 
aged white adipose tissue. We performed the sin-
gle-cell RNA sequencing (scRNA-seq) analysis on the 
p16high adipose cells sorted from aged p16-CreERT2/Ro-
sa26-LSL-tdTomato mice. On the other hand, we con-
ducted the time serial analysis on the age-dependent 
bulk RNA-seq datasets of human and mouse white 
adipose tissues to infer the transcriptome alteration of 
adipogenic potential within aging. We show that M2 
macrophage-derived TGF-β induces APCs senes-
cence which impairs adipogenesis in vivo. p16high se-
nescent APCs increase with age and show loss of adi-
pogenic potential. The ligand-receptor interaction 
analysis reveals that M2 macrophages are the donors 
for TGF-β and the senescent APCs are the recipient. 
Indeed, treatment of APCs with TGF-β1 induces se-
nescent phenotypes through mitochondrial ROS-me-
diated DNA damage in vitro. TGF-β1 injection into 
gonadal white adipose tissue (gWAT) suppresses adi-
pogenic potential and induces fibrotic genes as well 
as p16 in APCs. A similar gWAT atrophy is observed 
in cancer cachexia by APCs senescence. Our results 
suggest that M2 macrophage-derived TGF-β induces 
age-related lipodystrophy by APCs senescence. The 
TGF-β treatment induced the DNA damage, mito-
chondrial ROS, and finally cellular senescence in 
APCs.

3.   CDCA7  is a hemimethylated DNA adaptor  for 
the nucleosome remodeler HELLS

Isabel E. Wassing1, Atsuya Nishiyama, Moeri Hiru-
ta2, Qingynuan Jia1, Reia Shikimachi2, Amika Ki-
kuchi2, Keita Sugimura1, Xing Hong, Yoshie Chiba, 
Chiristopher Jenness1, Kyohei Arita2, Hironori Fun-
abiki1 and Makoto Nakanishi:
1 Laboratory of Chromosome and Cell Biology, The 
Rockefeller University
2 Structural Biology Laboratory, Graduate School of 
Medical Life Science, Yokohama City University

Mutations of the SNF2 family ATPase HELLS and 
its activator CDCA7 cause immunodeficiency-centro-
meric instability-facial anomalies (ICF) syndrome, 
characterized by hypomethylation at heterochroma-
tin. The unique zinc-finger domain, zf-4CXXC_R1, of 
CDCA7 is widely conserved across eukaryotes but is 
absent from species that lack HELLS and DNA meth-
yltransferases, implying its specialized relation with 
methylated DNA. Here we demonstrate that zf-
4CXXC_R1 acts as a hemimethylated DNA sensor. 
The zf-4CXXC_R1 domain of CDCA7 selectively 
binds to DNA with a hemimethylated CpG, but not 
unmethylated or fully methylated CpG, and ICF dis-
esase mutations eliminated this binding. CDCA7 and 
HELLS interact via their N-terminal alpha helices, 
through which HELLS is recruited to hemimethylat-
ed DNA. While placement of a hemimethylated CpG 
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within the nucleosome core particle can hinder its rec-
ognition by CDCA7, cryo-EM structure analysis of 
the CDCA7-nucleosome complex suggests that zf-
4CXXC_R1 recognizes a hemimethylated CpG in the 

major groove at linker DNA. Our study provides in-
sights into how the CDCA7-HELLS nucleosome re-
modeling complex uniquely assists maintenance 
DNA methylation. 

Publications

1.   Li D, Johmura Y, Morimoto S, Doi M, Nakanishi K, 
Ozawa M, Tsunekawa Y, Inoue-Yamauchi A, 
Naruse H, Matsukawa T, Takeshita Y, Suzuki N, 
Aoki M, Nishiyama A, Zeng X, Konishi C, Suzuki 
N, Nishiyama A, Harris SA, Morita M, Yamaguchi 
K, Furukawa Y, Nakai K, Tsuji S, Yamazaki S, 
Yamanashi Y, Shimada S, Okada T, Okano H, Toda 
T, Nakanishi M. LONRF2 is a protein quality con-
trol ubiquitin ligase whose deficiency causes 
late-onset neurological deficits. Nature Aging. 3: 
1001-1019, 2023.
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H, Oyama M, Kawasoe Y, Tsurimoto T, Takahashi 
TS, Leonhardt H, Arita K, Nakanishi M. The ter-
mination of UHRF1-dependent PAF15 ubiquitin 
signaling is regulated by USP7 and ATAD5. Elife. 
e79013, 2023
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rhabdomyolysis-induced acute kidney injury. Bi-
ochem Biophys Res Commun. 673: 121-130, 2023 
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decitabine in myeloid tumor treatment. Cell Rep. 
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1.  DNA damage types and cell signaling that 
cause hair graying and hair thinning

Mohri Y, Nishimura EK, Hayano M1,2, Yang JH1, 
Oberdoerffer P1, Sinclair DA1.
1Department of Genetics, Blavatnik Institute, Paul 
F. Glenn Center for Biology of Aging Research, Har-
vard Medical School, Boston, MA, USA; 2Depart-
ment of Neuropsychiatry, Keio University School of 
Medicine, Shinjuku-ku, Tokyo, Japan

All living things experience an increase in entro-
py, manifested as a loss of genetic and epigenetic in-
formation. In yeast, epigenetic information is lost 
over time due to the relocalization of chromatin-mod-
ifying proteins to DNA breaks, causing cells to lose 
their identity, a hallmark of yeast aging. Using a DNA 
damage inducing model named “ICE”, we found that 
the induction of DNA double strand breaks (DSBs) 
with faithful DNA repair advances the expression of 
aging phenotypes with epigenetic changes. Impor-
tantly, DNA damage foci are relatively frequently 
found in somatic stem cells in the skin during physio-
logical aging. To study the fate and dynamics of 

DNA-damaged stem cells in tissues and the resultant 
impact in the expression of aging phenotypes, we first 
focused on the melanocyte lineage and traced the fate 
of melanocyte stem cells which acquired DNA DSBs 
and demonstrated that those cells disappear from the 
niche, causing the loss of mature melanocytes for hair 
pigmentation. This is consistent with our previous re-
port in which we demonstrated that genotoxic stress 
abrogates renewal of melanocyte stem cells by trig-
gering their ectopic differentiation (Inomata K et al. 
Cell, 2009). The aberrant differentiation and the re-
sultant loss of the cell lineage in tissues may partially 
explain the age-associated loss of lineage-specific epi-
genetic information in ICE mice. More than that, the 
fact underlie the fact that cell components in tissues 
are being replaced through stem cell differentiation 
and their eventual depletion. We are currently testing 
whether the selective induction of DNA double strand 
breaks in melanocyte stem cells similarly causes hair 
graying and whether it has some beneficial effects in 
suppressing melanoma development from the skin. 
Similarly, we are testing whether DNA DSBs in hair 
follicle stem cells promotes hair thinning and search-
ing for chemicals that can prevent stem cell loss by 
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Stem cell systems play fundamental roles in sustaining tissue turnover and 
homeostasis. Our goal is to understand the mechanisms of tissue homeostasis in 
mammals and to apply that knowledge to better understand the mechanisms 
underlying tissue/organ aging, cancer development and other relevant diseases 
associated with aging. We further aim to apply this knowledge to drug discovery, 
regenerative medicine and the prevention and treatment of age-associated 
diseases.
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DNA DSBs.

2.  Fate tracing of DNA-damaged hair follicle stem 
cells  and  their  seno-differentiation  clearance 
out of the niche

Miranda-Salmeron M, Matsumura H, Muroyama 
Y, Kato T, Higa M, Tan L, Kawamura Y, Nanba D, 
Mohri Y, and Nishimura EK.

Hair follicles, mammalian mini-organs that grow 
hair, miniaturize during aging, leading to hair thining 
and loss. In the event of severe genotoxicity such as 
DNA double-strand breaks (DSBs), stem cells are 
largely believed to choose between cell death (apop-
tosis) or irreversible cell cycle arrest (senescence) to 
prevent further damage to neighboring healthy cells 
and tissues. Accumulation of these senescent cells 
across organs has been implicated in disease and ag-
ing-related morbidities such as cancer. However, the 
exact fate and dynamics of sublethally damaged cells 
in tissues during aging/chemotherapy - and the de-
velopment of alopecia - and where exactly senescent 
cells exist in tissues are still largely unknown because 
of the lack of any single perfect marker of senescent 
cells. Previous work from our group demonstrated 
that various stem cells in the skin will aberrantly com-
mit to differentiation in response to DNA damage by 
abrogating their self-renewal capabilities to discard 
unfit/stressed/aged stem cells. We are testing the 
unique hypothesis that the tissue youth is achieved 
through rapid, dynamic clearance of DNA-damaged 
cells out of the epithelia as a robust genomic quality 
control mechanism. We are evaluating a combination 
of recently devised mouse lines that can induce DSBs 
in a small number of stem cells to visualize and trace 
the exact fate, senescent state, and dynamics of those 
individual cells in epithelial tissue such as the hair 
follicle. Upon hair follicle stem cell (HFSC) activation, 
DNA-damaged cells were observed at the epidermal 
level, hinting to their transdermal exit out of the niche. 
Remarkably, while DNA damaged HFSCs exhibited 
gH2AX foci, SAβ-galactosidase activity was not sig-
nificantly increased in such cells. We are in the pro-
cess of characterizing the identity of those DNA-dam-
aged HFSCs and their fate switching in the HFSC 
niche that leads to hair follicle miniaturization and 
hair loss. Taken together, our findings demonstrate a 
tissue-autonomous mechanism within the hair follicle 
niche that can effectively discard DNA-damaged 

cells.

3.  Dynamic stem cell selection safeguards the 
genomic integrity of the epidermis

Kato T, Liu N, Morinaga H, Asakawa K, Muraguchi 
T, Muroyama Y, Shimokawa M, Matsumura H, 
Nishimori Y, Tan LJ, Hayano M1,2,3, Sinclair DA1,4, 
Mohri Y, Nishimura EK. ; 1Department of Genetics, 
Blavatnik Institute, Paul F. Glenn Center for Biolo-
gy of Aging Research, Harvard Medical School, 
Boston, MA, USA; 2Department of Neuropsychia-
try, Keio University School of Medicine, Shinju-
ku-ku, Tokyo, Japan; 3Faculty of Science and  
Technology, Keio University, Yokohama, Japan; 
4Laboratory for Ageing Research, Department of 
Phar- macology, School of Medical Sciences, The 
University of New South Wales, Sydney, New South 
Wales, Australia

Maintaining genomic integrity and stability is cru 
cial for life; yet, no tissue-driven mechanism that ro-
bustly safeguards the epithelial genome has been dis-
covered. Epidermal stem cells (EpiSCs) continuously 
replenish the stratified layers of keratinocytes that 
protect organisms against various environmental 
stresses. To study the dynamics of DNA-damaged 
cells in tissues, we devised an in vivo fate tracing sys-
tem for EpiSCs with DNA double-strand breaks 
(DSBs) and demonstrated that those cells exit from 
their niches. Gene expression profiling of EpiSCs with 
DSBs reveals that DNA damage response (DDR)-p53-
Notch/p21 axis is specifically induced in EpiSCs with 
DSBs. Stem cell fate analysis showed that the clear-
ance of EpiSCs with DSBs is caused by selective  
differentiation and delamination through the DNA 
damage response (DDR)-p53-Notch/p21 axis, with 
the downregulation of ITGB1. Moreover, concomitant 
enhancement of symmetric cell divisions of surround-
ing stem cells indicates that the selective elimination 
of cells with DSBs is coupled with the augmented 
clonal expansion of intact stem cells. These data  
collectively demonstrate that tissue autonomy 
through the dynamic coupling of cell-autonomous 
and non-cell-autonomous mechanisms coordinately 
maintains the genomic quality of the epidermis. We 
are currently testing the stem cell elimination process 
is mediated by cell competition mechanisms and also 
whether the phenomenon has any correlation with 
systemic aging.
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1.  The ER calcium-sensor protein STIM1 presyn-
aptically regulates hippocampal short-term 
plasticity

Kobayashi, S., Ogawa, I., Kiyama, Y.1, Sakimura, 
K.2, Mishina, M.3, Kurosaki, T.4 and Manabe, T.: 
1Biochemistry and Molecular Biology, Graduate 
School of Medical and Dental Sciences, Kagoshima 
University, 2Brain Research Institute, Niigata Uni-
versity, 3Brain Science Laboratory, The Research 
Organization of Science and Technology, Ritsumei-
kan University, 4Immunology Frontier Research 
Center, Osaka University

Calcium plays a pivotal role in neurotransmitter 
release and synaptic plasticity. In the nerve terminals, 
voltage-gated calcium channels are the main source 
of calcium influx; however, the endoplasmic reticu-
lum (ER) also serves as an important internal calcium 
store and regulates calcium levels in the nerve termi-
nal depending on neural activity. Stromal interaction 
molecule 1 (STIM1) is a transmembrane, calcium-sen-
sor protein that is located primarily on the ER mem-
brane and is a key player in the regulation of store-op-

erated calcium entry. However, the functional roles of 
presynaptic STIM1 in synaptic transmission and plas-
ticity are not well determined. In this study, to eluci-
date the roles of STIM1 in presynaptic function, we 
generated presynaptic site-specific STIM1-deficient 
mice and examined whether presynaptic STIM1 in-
fluenced the release properties and short-term synap-
tic plasticity. In the electrophysiological analysis with 
acute hippocampal slices, we found that the loss of 
presynaptic STIM1 caused an enhancement of short-
term synaptic plasticity induced by low-frequency 
repetitive stimulation. Furthermore, the analysis of 
synaptic vesicle (SV) dynamics during higher-fre-
quency repetitive train stimulation indicated that the 
refilling rate of SVs to the readily-releasable pool 
(RRP) was normal, but that the size of the RRP of SVs 
significantly increased in mutant mice. These results 
indicate that the presynaptic STIM1 acts as an impor-
tant regulator of short-term synaptic plasticity.
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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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1.  Role of stress granule assembly in regulation 
of cellular stress response

Daichi Fujikawa1, Takanori Nakamura1, Daisuke 
Yoshioka1, Zizheng Li1, Hisashi Miriizumi1, Mari 
Taguchi1, Noriko Nishizumi-Tokai1, Hiroko Kozu-
ka-Hata2, Masaaki Oyama2, Yuji Kubota1, and Mut-
suhiro Takekawa1,2:1Division of Cell signaling and 
Molecular Medicine, IMUST, 2Medical Proteomics 
Laboratory, IMSUT

In dealing with environmental stresses, human 
cells either activate defense mechanisms to survive or 
initiate cell death signaling, depending on the level 
and type of stress. One of the major cellular defense 
mechanisms is the assembly of stress granules (SGs). 
SGs are cytoplasmic ribonucleoprotein foci that ap-
pear when eukaryotic cells are exposed to specific 
types of stress such as ER stress, heat shock, hypoxia 
or viral infection. The core components of SGs are 
large aggregates of stalled translation pre-initiation 
complexes that contain mRNA, 40S ribosomal subu-
nits, translation initiation factors and several 

RNA-binding proteins (RBPs). In general, the assem-
bly of SGs is triggered by stress-induced phosphoryl-
ation of eIF2α, and requires self-oligomerization of 
certain RBPs such as G3BP. In cells under various 
stresses, eIF2α is phosphorylated by several different 
stress-sensing kinases. Phosphorylation of eIF2α sup-
presses productive translation initiation by prevent-
ing formation of the eIF2-GTP-Met-tRNAi complex. 
Under the stress conditions, specific RBPs such as 
G3BP1/2, instead of the ternary complex, interact with 
an mRNA in the 43S complex, leading to the assembly 
of a translationally stalled 48S complex. Self-oli-
gomerization of RBPs by liquid-liquid phase separa-
tion (LLPS) promotes the formation of discrete cyto-
plasmic foci termed SGs. Although SGs were initially 
considered to control RNA metabolism and transla-
tion reprograming under stress, their roles in these 
processes remain obscure. In contrast, increasing evi-
dence shows that SGs function as signaling hubs by 
concentrating several signaling molecules into the 
granules, and promote adaptive stress responses such 
as the protection of cells from apoptosis and pyropto-
sis. However, the precise function of SGs in the regu-
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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.
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lation of cell-fate decisions under stress remains 
ill-defined. 

This year, using a proximity-labeling proteomic 
approach, we comprehensively analyzed SG-resident 
proteins and identified the executioner caspases, 
caspase-3 and -7, as SG components. We demonstrat-
ed that accumulation of caspase-3/7 into SGs was me-
diated by evolutionarily conserved amino acid resi-
dues within their large catalytic domains of the 
executioner caspases and inhibits their enzymatic ac-
tivities and consequent apoptosis induced by various 
stresses. Expression of a SG-localization-deficient 
caspase-3 mutant in cells largely counteracted the an-
ti-apoptotic effect of SGs, whereas enforced relocali-
zation of the caspase-3 mutant to SGs restored it. 
Thus, SG-mediated sequestration of executioner 
caspases is a mechanism underlying the broad cyto-
protective function of SGs. Furthermore, using a 
mouse xenograft tumor model, we showed that this 
mechanism prevented cancer cells from apoptosis in 
tumor tissues, thereby promoting cancer progression. 
Our results reveal the functional crosstalk between 
SG-mediated cell survival and caspase-mediated cell 
death signaling pathways and delineate a molecular 
mechanism that dictates cell-fate decisions under 
stress and promotes tumorigenesis.

2.   Identification  of  genes  whose  expression  is 
controlled by MAPK signaling pathways.

Yuji Kubota, Noriko Nishizumi-Tokai, Junichiro 
Nashimoto, Hitomi Seki, Jue Wang, Shuri Komai, 
Yusuke Takagi, 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.

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 tran-
scriptionally regulated by the MAPK signaling path-
ways, and have succeeded in identifying dozens of 
such genes. Interestingly, these transcripts include 
not only protein-coding mRNAs but also various 
non-coding, functional RNAs. We confirmed that 
some of these transcripts were indeed expressed pref-
erentially in cancer cells with hyper-ERK activity or in 
cells treated with certain types of stresses. The roles of 
these MAPK-dependent transcripts in the regulation 
of cell fate decisions are currently under investigation 
in our laboratory.

3.   Functional  crosstalk  between  ERK-mediated 
cell survival and caspase-mediated cell death 
pathways and  its dysregulation  in congenital 
RASopathies.

Yuji Kubota, Hisashi Moriizumi, Tomoyuki Tsuchi-
ya, Ryosuke Naka, Mutsuhiro Takekawa

MEK1 and MEK2, central components of the ERK 
cascade, are ubiquitously expressed and share a high 
level of amino acid sequence homology particularly 
in their kinase domains. However, they possess two 
regions of lower homology: 1) an N-terminal region, 
which contains an ERK-docking site and nuclear ex-
port sequence, and 2) a proline-rich loop region, 
which contributes to specific protein–protein interac-
tions important for the regulation of MEKs. The dif-
ferences in amino acid sequence between MEK1 and 
MEK2 suggest that these kinases can have unique 
functions in cells. In fact, previous studies using vari-
ous cell lines and MEK1/2-null mice demonstrated 
that these two molecules play overlapping and dis-
tinctive roles in the regulation of several biological 
processes, such as cell growth, survival, embryonic 
development, and carcinogenesis. However, the func-
tional differences, if any, between MEK1 and MEK2 
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during apoptotic cell death remain obscure. Besides 
their critical roles in physiological processes, MEK1/2 
also play crucial roles in carcinogenesis. Gain-of-
function mutations of MEK1/2 are detected in various 
sporadic cancers, including colorectal, lung, and 
ovarian cancers, and melanoma. These MEK mutants 
hyperactivate the ERK pathway and eventually in-
duce carcinogenesis. Moreover, recent genome-wide 
sequencing studies identified germline mutations of 
the MEK1/2 genes in a group of congenital diseases 
called RASopathies. RASopathies share many over-
lapping clinical features such as neurocognitive im-
pairment, cranio-facial dysmorphisms, cardiomyopa-
thies, and cutaneous and musculoskeletal 
abnormalities. Among these diseases, mutations in 
either MEK1 or MEK2 are detected in approximately 
25% of individuals with CFC syndrome, and abnor-
mally enhance their kinase activities. Despite the im-
portance of MEK mutations in the etiology of cancer 
and RASopathies, the precise roles and regulation of 
disease-associated MEK mutants during the apoptot-
ic process remain totally unknown.

This year, we identified MEK1, but not MEK2, as a 
specific substrate for the executioner caspase-3. Dur-
ing apoptosis, MEK1 is cleaved at an evolutionarily 
conserved Asp282 residue in the kinase domain, and 
thereby loses its enzymatic activity. Gene knockout 
experiments showed that MEK1 cleavage was medi-
ated by caspase-3, but not by the other executioner 
caspases (i.e., caspase-6 or -7). Following exposure of 
cells to osmotic stress, elevated ERK activity gradual-
ly decreased, and this was accompanied by increased 
cleavage of MEK1. In contrast, the expression of a 
caspase-uncleavable MEK1 mutant in cells main-
tained stress-induced ERK activity, thereby attenuat-
ing apoptotic cell death. Thus, caspase-3-mediated, 
proteolytic inhibition of MEK1 sensitizes cells to ap-
optosis by suppressing pro-survival ERK signaling. 
Furthermore, we found that a RASopathy-associated 
MEK1(Y130C) mutation prevented this caspase-3-me-
diated proteolytic inactivation of MEK1 and efficient-
ly protected cells from stress-induced apoptosis. Our 
data reveal the functional crosstalk between ERK-me-
diated cell survival and caspase-mediated cell death 
pathways and suggest that its dysregulation by a dis-
ease-associated MEK1 mutation is at least partly in-
volved in the pathophysiology of congenital RASopa-
thies.

4.   Identification of novel substrates of human mi-
togen-activated protein kinases and their roles 
in human cancer.

Yuji Kubota, Hitomi Seki, and Mutsuhiro Takeka-
wa

The ERK pathway transduces mitogenic signals 
and plays a pivotal role in a wide array of biological 
processes, including cell proliferation, differentiation, 

and carcinogenesis. Upon stimulation of cells with 
growth factors such as epidermal growth factor 
(EGF), their respective receptor tyrosine kinases 
(RTKs) activate Ras and recruit Raf family kinases to 
the plasma membrane, which promotes Raf activa-
tion. Activated Raf phosphorylates and activates 
MEK1/2, which in turn activate ERK1/2 by phospho-
rylation. A portion of the activated ERK then translo-
cates to the nucleus where it phosphorylates and acti-
vates specific substrate proteins, including several 
transcription factors (TFs) (e.g., ELK1 and Sp1), and 
promotes cell growth and tumorigenesis. Since ERK 
exerts their biological effects through the phosphoryl-
ation of their substrate proteins, the identification of 
which is a prerequisite for the understanding of regu-
latory mechanisms of critical biological phenomena. 
By developing a novel screening strategy using yeast 
Saccharomyces cerevisiae, we have isolated several 
new human ERK substrate proteins from cDNA li-
braries, including MCRIP1, NELF-A, and others. 
These substrates include regulatory molecules for the 
expression of growth-promoting genes and for cen-
trosome duplication, and several Ser/Thr protein ki-
nases that regulate inflammation and cell death. We 
confirmed that these molecules were indeed directly 
phosphorylated by ERK in vitro as well as in vivo in 
response to mitogenic stimuli. Thus, these molecules 
are bona fide substrates of ERK. The biological func-
tions of these novel substrate proteins are currently 
under investigation in our laboratory.

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

Shunske Fukuta, Natsumi Mikami, Yui Tanishiki, 
Shuri Komai, Noriko Nishizumi-Tokai, Hisashi 
Moriizumi, Yuji Kubota, and 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 various cell lines deficient for one of 
SAPK signaling molecules (e.g., GADD45, MTK1, and 
others) , we investigated the regulation and function 
of these molecules, and uncovered their roles in 
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DNA-damage response, stress response, inflamma-
tion, and cell growth control. Furthermore, using re-
al-time molecular imaging techniques, we elucidated 
unique spatio-temporal regulation of SAPK signaling 

molecules under certain stress conditions, and identi-
fied its role in the regulation of stress-induced pro-in-
flammatory cytokine production, apoptotic cell death, 
and embryonic development.
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1.  Ribosome-associated Quality Control (RQC)  
for translation abnormalities

Ribosome-associated Quality Control (RQC) mon-
itors aberrant translation and decomposes and re-
moves abnormal proteins during synthesis. RQC 
plays an important role in maintaining protein home-
ostasis at a very early stage. We have previously re-
ported a molecular mechanism that recognizes and 
dissociates stagnant ribosomes during translation 
elongation, the early stage of RQC. In the last several 
years, we have reported that the E3 ubiquitin ligase 
Hel2 and its mammalian homolog ZNF598 are re-
quired for RQC, and that the novel RQT complex is 
involved in the dissociation of ubiquitinated ribo-
somes into subunits. We and Hegde lab have reported 
that E3 ubiquitin ligase recognizes collided ribosomes 
(Disome/Trisome) and the specific structure of collid-
ed ribosomes. We previously reported that the ubiq-
uitination of uS10 by Hel2 was reconstituted. Next, 
we identified an RQT complex that specifically disso-
ciated the ubiquitinated ribosomes into subunits and 
reconstituted the reaction in vitro. In yeast, the RQT 
complex components Cue3 and Rqt4 interact with the 
K63-linked ubiquitin chain and accelerate the recruit-

ment of the RQT complex to the ubiquitinated collid-
ing ribosomes. The CUE domain of Cue3 and N-ter-
minal domain of Rqt4 bind independently to the 
K63-linked ubiquitin chain. Their deletion abolished 
the ribosomal dissociation mediated by the RQT com-
plex. High-speed atomic force microscopy (HS-AFM) 
revealed that the intrinsically disordered regions of 
Rqt4 enabled expansion of the searchable area for in-
teraction with the ubiquitin chain. These findings 
provide mechanistic insights into decoding the ubiq-
uitin code for the clearance of colliding ribosomes by 
the RQT complex.

In mammals, uS10 is polyubiquitinated, whereas 
eS10 is preferentially mono-ubiquitinated by ZNF598. 
We characterized the ubiquitination activity of 
ZNF598 and its importance in human RQT-mediated 
subunit dissociation using endogenous XBP1u and 
poly(A) translation stallers. Cryo-EM analysis of a hu-
man-collided disome revealed a distinct composite 
interface, with substantial differences that from of 
yeast collided disomes. Biochemical analysis of col-
lided ribosomes showed that ZNF598 forms K63-
linked polyubiquitin chains on uS10, which are cru-
cial for mammalian RQC initiation. The human RQT 
(hRQT) complex, composed only of ASCC3, ASCC2, 
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Quality control of translation eliminates aberrant proteins and maintains protein 
homeostasis and normal cell function. Improving the accuracy of translation and 
preventing the production of abnormal proteins is a practical approach for 
suppressing a series of neurodegenerative diseases, such as Alzheimer’s and 
Parkinson’s diseases. We analyzed the molecular mechanism of quality control 
mechanisms that suppress abnormal proteins and clarified the molecular basis of 
drug discovery. We propose that the increase in translation accuracy and 
enhancement of translation quality control mechanisms are possible strategies to 
prevent abnormal protein production and prolong healthy life expectancy.
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and TRIP4, dissociates collided ribosomes depending 
on the ATPase activity of ASCC3 and the ubiqui-
tin-binding capacity of ASCC2. The hRQT-mediated 
subunit dissociation requires K63-linked polyubiquit-
ination of uS10, while monoubiquitination of eS10 or 
uS10 is not sufficient. Therefore, we conclude that 
ZNF598 functionally marks collided mammalian ri-
bosomes via K63-linked polyubiquitination of uS10 
for trimeric hRQT complex-mediated subunit dissoci-
ation.

The collision of ribosomes also induces No-Go De-
cay (NGD) quality controls in conjugation with RQC 
and triggers endonucleolytic cleavage of mRNA in 
the collided ribosome. We also reported two path-
ways of NGD: mRNA cleavage coupled to the disso-
ciation of the collided ribosome response in RQC and 
mRNA cleavage independent of RQC in the vicinity 
of the collided ribosomes. The ubiquitin-binding ac-
tivity of Cue2 is required for NGDRQC-, but not NG-
DRQC+, and it involves the first two N-terminal Cue 
domains. In contrast, Trp122 of Cue2 was crucial for 
NGDRQC+. Moreover, the colliding ribosome associ-
ation factor Mbf1 and its interaction with uS3 are cru-
cial for NGDRQC+ via the SDD1-staller. We propose 
that in Cue2-dependent cleavage upstream of collid-
ed ribosomes (NGDRQC-), polyubiquitination of 
eS7a is recognized by two N-terminal Cue domains of 
Cue2. In contrast, for cleavage within collided ribo-
somes (NGDRQC+), the UBA domain, Trp122, and 
the interaction between Mbf1 and uS3 are critical.

NEMF (Rqc2 in yeast) interacts with 60S RNCs 
and recruits Ltn1/Listerin, which ubiquitinates pepti-
dyl-tRNA on dissociated 60S subunits. In the 60S sub-
unit, Rqc2 catalyzes the C-terminal extension of 
stalled tRNA-bound peptides with alanine and threo-
nine residues (CAT-tails) in a non-canonical mR-
NA-independent elongation reaction. CAT tailing en-
ables the degradation of substrates that lack an 
Ltn1p-accessible ubiquitination site by exposing a ly-
sine residue that is normally sequestered in the ribo-
some exit tunnel. In the context of nascent chain deg-
radation in budding yeast, CAT tailing is a fail-safe 
mechanism that expands the range of RQC-degrada-
ble substrates. However, the physiological functions 
of CAT-tailing remain elusive. We recently found that 
Failure to Degrade CAT-Tailed Proteins Disrupts 
Neuronal Morphogenesis and Cell Survival. NEMF, a 
mammalian RQC2 homolog, modifies the translation 
products of nonstop mRNAs, which are major erro-
neous mRNAs in mammals, with a C-terminal tail 
mainly composed of alanine and several other amino 
acids. Overproduction of non-stop mRNAs induces 
NC aggregation and caspase-3-dependent apoptosis 
and impairs neuronal morphogenesis, which is ameli

1.1.  Decoding of the ubiquitin code for clearance 
of colliding ribosomes by the RQT complex.

1 Matsuo, Y.*, 2-4Uchihashi, T. and 1Inada, T.*

1Division of RNA and Gene regulation, Institute of 
Medical Science, The University of Tokyo, Tokyo 
108-8639, Japan; 2Department of Physics, Nagoya 
University, Nagoya 464-8602, Japan; 3Institute for 
Glyco-core Research (iGCORE), Nagoya Universi-
ty, Nagoya, Japan; 4Department of Creative Re-
search, Exploratory Research Center on Life and 
Living Systems, National Institutes of Natural 
Sciences, Okazaki, Japan.

The collision sensor Hel2 specifically recognizes 
colliding ribosomes and ubiquitinates the ribosomal 
protein uS10, leading to noncanonical subunit disso-
ciation by the ribosome-associated quality control 
trigger (RQT) complex. Although uS10 ubiquitination 
is essential for rescuing stalled ribosomes, its function 
and recognition steps are not fully understood. Here, 
we showed that the RQT complex components Cue3 
and Rqt4 interacted with the K63-linked ubiquitin 
chain and accelerated the recruitment of the RQT 
complex to the ubiquitinated colliding ribosome. The 
CUE domain of Cue3 and the N-terminal domain of 
Rqt4 bound independently to the K63-linked ubiqui-
tin chain. Their deletion abolished ribosomal dissoci-
ation mediated by the RQT complex. High-speed 
atomic force microscopy (HS-AFM) reveals that the 
intrinsically disordered regions of Rqt4 enabled the 
expansion of the searchable area for interaction with 
the ubiquitin chain. These findings provide mecha-
nistic insight into the decoding of the ubiquitin code 
for clearance of colliding ribosomes by the RQT com-
plex.

1.2.  Structural basis for clearing of ribosome col-
lisions by the RQT complex.

1Best, K., 1Ikeuchi, K., 1,2Kater, L., 1Best, D., 1Musial, 
J., 3Matsuo, Y., 1Berninghausen, O., 1Becker, T., 3In-
ada, T.* and 1Beckmann, R.* 

1Department of Biochemistry, Gene Center, Feo-
dor-Lynen-Str. 25, University of Munich, 81377 Mu-
nich, Germany.; 2Friedrich Miescher Institute for 
Biomedical Research, Maulbeerstrasse 66, 4058 Ba-
sel, Switzerland.; 3Division of RNA and gene regula-
tion, Institute of Medical Science, The University of 
Tokyo, Minato-Ku 108-8639, Japan.

Translation of aberrant messenger RNAs can 
cause stalling of ribosomes resulting in ribosomal col-
lisions. Collided ribosomes are specifically recog-
nized to initiate stress responses and quality control 
pathways. Ribosome-associated quality control facili-
tates the degradation of incomplete translation prod-
ucts and requires dissociation of the stalled ribo-
somes. A central event is therefore the splitting of 
collided ribosomes by the ribosome quality control 
trigger complex, RQT, by an unknown mechanism. 
Here we show that RQT requires accessible mRNA 
and the presence of a neighboring ribosome. Cryo-
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genic electron microscopy of RQT-ribosome complex-
es reveals that RQT engages the 40S subunit of the 
lead ribosome and can switch between two conforma-
tions. We propose that the Ski2-like helicase 1 (Slh1) 
subunit of RQT applies a pulling force on the mRNA, 
causing destabilizing conformational changes of the 
small ribosomal subunit, ultimately resulting in subu-
nit dissociation. Our findings provide the conceptual 
framework for a helicase-driven ribosomal splitting 
mechanism.

1.3.  Molecular basis of eIF5A-dependent CAT tail-
ing in eukaryotic ribosome-associated quality 
control.

Tesina, P.#,*, Ebine, S.#, Buschauer, R.#, Thoms, M., 
Matsuo, Y., Inada, T.* and Beckmann, R.* (#Equal 
contribution) *
1Department of Physiology, Juntendo University 
Graduate School of Medicine, Bunkyo-ku, Tokyo 
113-8421, Japan; 2Division of RNA and gene regula-
tion, Institute of Medical Science, The University of 
Tokyo, Minato-Ku, 108-8639, Japan; 3Institute for 
Genetic Medicine, Hokkaido University, Kita-Ku, 
Sapporo, 060-0815, Japan; 4Institute of Microbial 
Chemistry (Bikaken), Shinagawa-ku, Tokyo, 141-
0021, Japan.

Ribosome-associated quality control (RQC) is a 
conserved process degrading potentially toxic trun-
cated nascent peptides whose malfunction underlies 
neurodegeneration and proteostasis decline in aging. 
During RQC, dissociation of stalled ribosomes is fol-
lowed by elongation of the nascent peptide with ala-
nine and threonine residues, driven by Rqc2 inde-
pendently of mRNA, the small ribosomal subunit and 
guanosine triphosphate (GTP)-hydrolyzing factors. 
The resulting CAT tails (carboxy-terminal tails) and 
ubiquitination by Ltn1 mark nascent peptides for pro-
teasomal degradation. Here we present ten cryogenic 
electron microscopy (cryo-EM) structures, revealing 
the mechanistic basis of individual steps of the CAT 
tailing cycle covering initiation, decoding, peptidyl 
transfer, and tRNA translocation. We discovered eI-
F5A as a crucial eukaryotic RQC factor enabling pep-
tidyl transfer. Moreover, we observed dynamic be-
havior of RQC factors and tRNAs allowing for the 
processivity of the CAT tailing cycle without addi-
tional energy input. Together, these results elucidate 
key differences as well as common principles between 
CAT tailing and canonical translation. 

1.4.  Molecular basis for recognition and deubiq-
uitination of 40S ribosomes by Otu2.

1Ikeuchi,K., 2Ivic, N., 1Buschauer, R., 1,3Cheng, J., 
4Fröhlich, T., 5Matsuo, Y., 1Berninghausen, O., 5Ina-
da, T., 1Becker, T.* and 1Beckmann, R.*
1Department of Biochemistry Gene Center Feo-

dor-Lynen-Str. University of Munich 81377 Munich 
Germany. 2Depertment of Physical Chemistry Rud-
jer Boskovic Institute Bijenicka cesta 54 10000, Za-
greb Croatia.; 3Institutes of biomedical science 
Shanghai Key Laboratory of Medical Epigenetics, 
International Co-laboratory of Medical Epigenetics 
and Metabolism (Ministry of Science and Technolo-
gy) Fudan university Dong’an Road 131 200032 
Shanghai China.; 4LAFUGA Laboratory for Func-
tional Genome Analysis Gene Center Feodor-Ly-
nen-Str. 25, University of Munich 81377 Munich 
Germany.; 5Division of RNA and Gene Regulation 
Institute of Medical Science The University of To-
kyo, Minato-ku 108-8639 Japan.

In actively translating 80S ribosomes the riboso-
mal protein eS7 of the 40S subunit is monoubiquiti-
nated by the E3 ligase Not4 and deubiquitinated by 
Otu2 upon ribosomal subunit recycling. Despite its 
importance for translation efficiency the exact role 
and structural basis for this translational reset is poor-
ly understood. Here, structural analysis by cryo-elec-
tron microscopy of native and reconstituted Otu2-
bound ribosomal complexes reveals that Otu2 
engages 40S subunits mainly between ribosome recy-
cling and initiation stages. Otu2 binds to several sites 
on the intersubunit surface of the 40S that are not oc-
cupied by any other 40S-binding factors. This binding 
mode explains the discrimination against 80S ribo-
somes via the largely helical N-terminal domain of 
Otu2 as well as the specificity for mono-ubiquitinated 
eS7 on 40S. Collectively, this study reveals mechanis-
tic insights into the Otu2-driven deubiquitination 
steps for translational reset during ribosome recy-
cling/(re)initiation.

1.5.  Mechanistic insights into the roles of the 
UFM1 E3 ligase complex in ufmylation and ri-
bosome-associated protein quality control.

1Ishimura, R.#, 2Ito, S.#, 1Mao, G., 1Komatsu-Hirota, 
S., 2Inada, T.*, 3Noda, N.*, 1Komatsu, M.* (#Equal 
contribution)
1Department of Physiology, Juntendo University 
Graduate School of Medicine, Bunkyo-ku, Tokyo 
113-8421, Japan; 2Division of RNA and gene regula-
tion, Institute of Medical Science, The University of 
Tokyo, Minato-Ku, 108-8639, Japan; 3Institute for 
Genetic Medicine, Hokkaido University, Kita-Ku, 
Sapporo, 060-0815, Japan; 4Institute of Microbial 
Chemistry (Bikaken), Shinagawa-ku, Tokyo, 141-
0021, Japan.

Ubiquitin-fold modifier 1 (UFM1) is a ubiqui-
tin-like protein covalently conjugated with intracellu-
lar proteins through ufmylation, similar to ubiquityl-
ation. Ufmylation is involved in processes such as 
endoplasmic reticulum (ER)-associated protein deg-
radation, ribosome-associated protein quality control 



57

(RQC) at the ER (ER-RQC), and ER-phagy. However, 
it remains unclear how ufmylation regulates such dis-
tinct ER-related functions. Here, we provide insights 
into the mechanism of the UFM1 E3 complex in not 
only ufmylation but also ER-RQC. The E3 complex 
consisting of UFL1 and UFBP1 interacted with UFC1, 
UFM1 E2, and, subsequently, CDK5RAP3, an adaptor 
for ufmylation of ribosomal subunit RPL26. Upon 
disome formation, the E3 complex associated with uf-
mylated RPL26 on the 60S subunit through the 
UFM1-interacting region of UFBP1. Loss of E3 com-
ponents or disruption of the interaction between 
UFBP1 and ufmylated RPL26 attenuated ER-RQC. 
These results provide insights into not only the mo-
lecular basis of the ufmylation but also its role in pro-
teostasis.

2.  Molecular mechanism of quality control NRD 
for deficient ribosomes.

The ribosome is the central machinery for protein 
synthesis and is responsible for accurate codon recog-
nition and highly efficient peptide-bond formation. 
Ribosomes interact with various factors to perform 
essential functions in gene expression. Since abnor-
mal ribosomes generated during the synthesis cause 
various expression abnormalities, cells have a quality 
control mechanism Nonfunctional Ribosomal RNA 
Decay (NRD) recognizes and eliminates functionally 
defective ribosomes. We recently analyzed the quality 
control of ribosomes deficient in function due to base 
substitution mutations conserved in all species, which 
are essential for accurate codon recognition in 18S 
rRNA and ubiquitin at the K212 residue of ribosomal 
protein uS3 in yeast. We identified E3 ubiquitin ligas-
es that are both essential and involved. We identified 
Fap1 as a stalling sensor that triggers 18S nonfunc-
tional rRNA decay via polyubiquitination of uS3. Ri-

bosome profiling revealed the enrichment of Fap1 at 
the translation initiation site and an association with 
elongating individual ribosomes. Cryo-EM structures 
of Fap1-bound ribosomes revealed that Fap1 probes 
the mRNA simultaneously at both the entry and exit 
channels, suggesting an mRNA stasis sensing activity 
and Fap1 sterically hinders the formation of canonical 
collided di-ribosomes. Our findings indicate that in-
dividual stalled ribosomes are the potential signal for 
ribosome dysfunction, leading to accelerated turno-
ver of the ribosome itself. It was also revealed that the 
ubiquitinated stagnant 80S ribosome was dissociated 
into its subunits by Slh1, and then the abnormal 40S 
was degraded.

3.   The  function  of  ribosome  dynamic  modifica-
tion in stress response

The synthesis and modification of secretory pro-
teins in the endoplasmic reticulum is essential for 
cells. The accumulation of abnormal proteins in the 
endoplasmic reticulum is harmful to cells and there-
fore responds by inducing the UPR pathway. In Sac-
charomyces cerevisiae, the membrane protein Ire1, 
activated by endoplasmic reticulum stress, splices the 
precursor mRNA of the transcription factor Hac1, 
and Hac1 is synthesized to induce transcription of 
chaperones. In higher eukaryotes, PARK phosphoryl-
ates eIF2α and suppresses the initiation of cell-wide 
translation. To elucidate the physiological function of 
ribosomal ubiquitination, we discovered a novel 
translational regulator in the endoplasmic reticulum 
stress response. We discovered a novel translational 
control mechanism during endoplasmic reticulum 
stress in S. cerevisiae and clarified that ubiquitination 
of ribosomal protein eS7 by E3 ubiquitin ligase Not4 
is essential.
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1.  Generation and characterization of proteaso-
mopathy model mice

Hikaru Tsuchiya1, Takuya Tomita, Hiromichi Yon-
ekawa1, He Zhang, Taeko Kobayashi, Keiji Tanaka1, 
Yasushi Saeki: 1Laboratory of Protein Metabolism, 
Tokyo Metropolitan Institute of Medical Science

The proteasome plays a central role in many bio-
logical processes, including cell proliferation, tran-
scriptional regulation, inflammation and proteostasis, 
by selectively degrading ubiquitinated proteins. Nev-
ertheless, proteasome research at the whole-body lev-
el has lagged far behind because the proteasome is 
essential for the viability of all cells and knockout 
mice of the constitutive subunits are embryonic le-
thal. Recently, heterozygous mutations in PSMD12, a 
19S subunit gene of the proteasome, have been identi-
fied in patients with developmental disorders and au-
tism. Based on this finding, we generated three lines 
of heterozygous mutant mice lacking the 3’ end of 
Psmd12 at different lengths. The most deficient Psmd12 
mutant mice exhibited growth retardation, impaired 
liver function, and diaphragmatic hernia. Further his-
tological analysis revealed hepatocyte shedding and 
accumulation of ubiquitinated substrates in the cere-
bellum. The other two lines of mutant mice had mild 

or no phenotypes. Next, we performed a deep pro-
teomic analysis of the liver and unexpectedly found 
that the mildest Psmd12 mutant mice showed the 
largest proteome changes, with accumulation of pro-
teins involved in mitochondrial dysfunction, DNA 
damage, and oxidative stress responses. Thus, the 
systemic proteasome mutant mice revealed that pro-
teasome dysfunction exhibits diverse phenotypes, in-
cluding impaired liver function, and that a slight de-
crease of the proteasome activity can trigger abnormal 
proteostasis.

2.  A quality control system to monitor the integri-
ty of protein complex

Takuya Tomita, Masato Kanemaki2, Akinori Endo1, 
Hikaru Tsuchiya1, Keiji Tanaka1, Yasushi Saeki: 
2Department of Chromosome Science, National In-
stitute of Genetics

Approximately half of all proteins form complex-
es to achieve functional expression in cells. The stoi-
chiometry of the subunits that form a complex must 
be properly maintained, and failure of assembly or 
disruption of this balance due to causes such as aneu-
ploidy results in the accumulation of misassembled 
intermediates and orphan subunits. Recently, multi-
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The ubiquitin-proteasome system and lysosomes are the major proteolytic 
pathways and play a fundamental role in cellular protein homeostasis 
(proteostasis). Their dysregulation causes a plethora of diseases, including 
neurodegenerative disorders, but the detailed pathogenic mechanisms remain 
largely unknown. Our goal is to elucidate the basic molecular mechanisms 
governing proteostasis-related diseases by analyzing the regulation of protein 
metabolism, thereby providing the basis for therapeutic strategies.
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ple protein quality control mechanisms have been 
discovered that target these incorrectly assembled 
proteins for degradation. For example, the E3 ligases 
HUWE1 and STUB1/CHIP are well established as 
general quality control factors, and some E3 ligases 
that are dedicated to specific complexes have been 
identified, such as UBE2O for ribosomal proteins, 
HERC1 for proteasome intermediates and HERC2 for 
CCT/TRiC chaperonin. However, it has not been de-
scribed whether cells have quality control mecha-
nisms that specifically monitors the integrity protein 
complexes. 

We have discovered a quality control system for 
the disintegrated minichromosome maintenance 
(MCM) complex generated by depletion of a single 
MCM subunit using auxin-inducible degron (AID) 
system. Rapid depletion of MCM2-mAID destabi-
lized the remaining MCM subunits, and we identified 
the ubiquitin ligase CRL4 (DCAF X) for selective re-
moval of MCM5 by the proteasome. Mechanistically, 
the CRL4 substrate adaptor DCAF X recognized the 
buried region inside the MCM complex and ubiquiti-
nated only after the disintegration. This mechanism 
appeared to be distinct from the elimination pathway 
of the orphan subunit during assembly. Thus, CRL4 
(DCAF X) is an E3 ligase that monitors the integrity of 
the MCM complex, thus providing insights into the 
surveillance mechanisms of complex integrity.

3.  Liquid-to-solid phase transition of ubiquitylat-
ed proteins triggered by ATP depletion

Akinori Endo1, Chikage Takahashi1, Hikaru Tsuchi-
ya1, Keiji Tanaka1, Yasushi Saeki

Ubiquitin-positive inclusions are a hallmark of al-
most all the neurodegenerative diseases such as 
Alzheimer’s disease and amyotrophic lateral sclero-
sis. Dysregulation of ubiquitin-dependent phase sep-
aration has been implicated in the disease pathogene-
sis, but little is known about the molecular mechanisms 
involved. We have shown that proteasomes undergo 
liquid-liquid phase separation (LLPS) together with 
ubiquitinated proteins in response to changes of in 
the cellular environments (Yasuda et al, Nature 2020; 
Iriki et al, Cell Rep 2023). Recently, we found that ATP 
depletion also induces LLPS of the proteasome and 
ubiquitinated proteins. The decrease in ATP levels 
caused a massive remodeling of the ubiquitin pro-
teome, especially in ATP-binding proteins and com-
ponents of certain protein complexes, and condensa-
tion in a RAD23B- and UBQLN-dependent manner. 
Restoration of ATP levels resolved this condensation, 
which required p97 activity and proteasome deubiq-
uitination activity, suggesting that the primary func-
tion of the condensates is sequestration of the ubiquit-
inated proteins rather than their degradation. 
Interestingly, inhibition of p97 or prolonged ATP de-
pletion resulted in insolubilization of the ubiquitinat-

ed protein, that is, a phase transition from the  
liquid-to-solid phase transition. Thus, ubiquitin-de-
pendent LLPS contributes to the correction of im-
paired proteostasis upon ATP stress and may be in-
volved in the formation of ubiquitin-positive 
inclusions.

4.   USP8 prevents aberrant NF-κB and Nrf2 activa-
tion by counteracting ubiquitin signals from 
endosomes

Akinori Endo1, Toshiaki Fukushima3, Chikage 
Takahashi1, Hikaru Tsuchiya1, Fumiaki Ohtake4, 
Sayaka Ono1, Tony Ly3, Yukiko Yoshida1, Keiji 
Tanaka1, Yasushi Saeki, Masayuki Komada3: 3Cell 
Biology Center, Institute of Innovative Research, 
Tokyo Institute of Technology, 4Institute for Ad-
vanced Life Sciences, Hoshi University

K63-linked ubiquitin chains attached to plasma 
membrane proteins serve as tags for endocytosis and 
endosome-to-lysosome sorting. USP8 is an essential 
deubiquitinase for the maintenance of endosomal 
functions. Prolonged depletion of USP8 leads to cell 
death, but the major effects on cellular signaling path-
ways are poorly understood. Here, we show that 
USP8 depletion causes aberrant accumulation of K63-
linked ubiquitin chains on endosomes and induces 
immune and stress responses. Upon USP8 depletion, 
two different decoders for K63-linked ubiquitin 
chains, TAB2/3 and p62, were recruited to endosomes 
and activated the TAK1–NF-κB and Keap1–Nrf2 
pathways, respectively. Oxidative stress, an environ-
mental stimulus that potentially suppresses USP8 ac-
tivity, induced accumulation of K63-linked ubiquitin 
chains on endosomes, recruitment of TAB2, and ex-
pression of the inflammatory cytokine. The results 
demonstrate that USP8 is a gatekeeper of misdirected 
ubiquitin signals and inhibits immune and stress re-
sponse pathways by removing K63-linked ubiquitin 
chains from endosomes.

5.  Dynamic changes of lysosomal protein degra-
dation in neural stem cells of the postnatal 
mouse brain

He Zhang, Karan Ishii5, Tatsuya Shibata5, Shunsuke 
Ishii6, Marika Hirao5, Zhou Lu, Risa Takamura5, 
Satsuki Kitano7, Hitoshi Miyachi7, Ryoichiro Kag-
eyama8, Eisuke Itakura6 and Taeko Kobayashi: 
5Graduate School of Biostudies, Kyoto University, 
6Graduate School of Science, Chiba University, 7In-
stitute for Life and Medical Sciences, Kyoto Univer-
sity, 8RIKEN Center for Brain Science
 
Lysosomes are intracellular organelles responsi-

ble for degrading diverse macromolecules delivered 
from several pathways, including the endo-lysosomal 
and autophagic pathways. Recent reports have sug-
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gested that lysosomes are essential for regulating 
neural stem cells in developing, adult, and aged 
brains. However, the activity of these lysosomes has 
yet to be monitored in these brain tissues. Here, we 
report the development of a new probe to measure 
lysosomal protein degradation in brain tissue by im-
munostaining. Our results indicate that lysosomal 
protein degradation fluctuates in neural stem cells of 
the hippocampal dentate gyrus, depending on age 
and brain disorders. Neural stem cells increase their 

lysosomal activity during hippocampal development 
in the dentate gyrus, but aging and aging-related dis-
ease reduce lysosomal activity. In addition, physical 
exercise increases lysosomal activity in neural stem 
cells and astrocytes in the dentate gyrus. We therefore 
propose that three different stages of lysosomal activ-
ity exist: the state of increase during development, the 
stable state during adulthood, and the state of reduc-
tion due to damage caused by either age or disease.

Publications 

Akizuki, Y., Morita, M., Mori, Y., Kaiho-Soma, A., 
Dixit, S., Endo, A., Shimogawa, M., Hayashi, G., 
Naito, M., Okamoto, A., Tanaka, K., Saeki, Y., 
Ohtake, F. cIAP1-based degraders induce degrada-
tion via branched ubiquitin architectures. Nat. 
Chem. Biol., 19:311-322, 2023. 

Iriki, T., Iio, H., Yasuda, S., Matsuta, S., Kato, M., Ko-
sako, H., Hirayama, S., Endo, A., Ohtake, F., Kami-
ya, M., Urano, Y., Saeki, Y., Hamazaki, J., and Mura-
ta S. Senescent Cells form nuclear foci that contain 
the 26S proteasome. Cell Rep. 42:112880, 2023.

Zhang, H., Ishii, K., Shibata, T., Ishii, S., Hirao, M., Lu, 
Z., Takamura, R., Kitano, S., Miyachi, H., Kag-
eyama, R., Itakura, E. and *Kobayashi, T. Fluctua-
tion of lysosomal protein degradation in neural 
stem cells of postnatal mouse brain. Development, 

in press.
*Endo, A., Fukushima, T., Takahashi, C., Tsuchiya, H., 

Ohtake, F., Ono ,S., Ly, T., Yoshida, Y., Tanaka, K., 
*Saeki, Y., and *Komada, M. USP8 prevents aber-
rant NF-κB and Nrf2 activation by counteracting 
ubiquitin signals from endosomes. J. Cell Biol., in 
press.

Kobayashi, T. Protein homeostasis and degradation 
in quiescent neural stem cells. J. of Biochem., in 
press.

佐伯泰、土屋光、遠藤彬則、冨田拓哉．ユビキチン
化プロテオーム解析とユビキチン鎖絶対定量．羊
土社．実験医学別冊「決定版 質量分析活用スタン
ダード」．213-224, 2023. 

小林妙子．神経幹細胞におけるリソソーム機能．羊
土社．実験医学．41(11): 1743-1747, 2023. 



61

1.  Multiancestry comprehensive molecular anal-
ysis of gastric cancer

Gastric cancer is among the most common malig-
nancies worldwide, characterized by geographical, 
epidemiological and histological heterogeneity. Here, 
we report an extensive, multiancestral landscape of 
driver events in gastric cancer, involving 1,335 cases. 
Seventy-seven significantly mutated genes (SMGs) 
were identified, including ARHGAP5 and TRIM49C. 
We also identified subtype-specific drivers, including 
PIGR and SOX9, which were enriched in the diffuse 
subtype of the disease. SMGs also varied according to 
Epstein-Barr virus infection status and ancestry. 
Non-protein-truncating CDH1 mutations, which are 
characterized by in-frame splicing alterations, target-
ed localized extracellular domains and uniquely oc-
curred in sporadic diffuse-type cases. In patients with 
gastric cancer with East Asian ancestry, our data sug-
gested a link between alcohol consumption or metab-
olism and the development of RHOA mutations. 
Moreover, mutations with potential roles in immune 
evasion were identified. Overall, these data provide 
comprehensive insights into the molecular landscape 
of gastric cancer across various subtypes and ances-
tries.

2.  Genomic analysis and evolutionary simulation 
of MSI-H colorectal cancer

Intratumor heterogeneity (ITH) in microsatellite 
instability-high (MSI-H) colorectal cancer (CRC) has 
been poorly studied. We aimed to clarify how the ITH 
of MSI-H CRCs is generated in cancer evolution and 
how immune selective pressure affects ITH. We rea-
nalyzed public whole-exome sequencing data on 246 
MSI-H CRCs. In addition, we performed a multi-re-
gion analysis from 6 MSI-H CRCs. To verify the pro-
cess of subclonal immune escape accumulation, a 
novel computational model of cancer evolution under 
immune pressure was developed. Our analysis pre-
sented the enrichment of functional genomic altera-
tions in antigen-presentation machinery (APM). As-
sociative analysis of neoantigens indicated the 
generation of immune escape mechanisms via HLA 
alterations. Multiregion analysis revealed the clonal 
acquisition of driver mutations and subclonal accu-
mulation of APM defects in MSI-H CRCs. Examina-
tion of variant allele frequencies demonstrated that 
subclonal mutations tend to be subjected to selective 
sweep. Computational simulations of tumour pro-
gression with the interaction of immune cells success-
fully verified the subclonal accumulation of immune 
escape mutations and suggested the efficacy of early 

Human Genome Center

Laboratory of Molecular Medicine
ゲノム医科学分野

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

教　授　医学博士　　　柴　田　龍　弘
講　師　博士（理学）　　新井田　厚　司
助　教　博士（農学）　　高　橋　数　冴

The Laboratory of Molecular Medicine focuses on comprehensive characterization 
of currently-untreatable diseases including cancer on the basis of molecular 
genomics and aims to make “breakthroughs for human health” by identifying novel 
disease-related genes/pathways, including potential therapeutic or preventive 
targets and biomarkers, and to understand human diseases as heterogeneous but 
intervention-able “biological systems”. This group has also organized the facility for 
the analysis of next-generation high-performance sequencers.



62

initiation of an immune checkpoint inhibitor (ICI) 
-based treatment. Our results demonstrate the hetero-
geneous acquisition of immune escape mechanisms 
in MSI-H CRCs by Darwinian selection, providing 
novel insights into ICI-based treatment strategies.

3.  Evaluating selection working on intra-tumor 
heterogeneity.

A tumor is defined as a population of cells that 
rapidly expands from a single original cell. It is now 
widely acknowledged that a tumor is composed of 
genetically diverse subclones, leading to intra-tumor 
heterogeneity (ITH). Ongoing discussions center on 
the impact of selection on the quality and quantity of 
ITH, as it directly affects the medical response of tum-
ors, resistance to therapy, and the likelihood of recur-
rence and/or metastasis. The central question revolves 

around the significance of Darwinian selection within 
the tumor cell population. Various studies have sug-
gested that the observed ITH patterns could be ex-
plained by non-Darwinian or neutral models, while 
others propose a role for Darwinian selection.We are 
currently developing a novel and straightforward sta-
tistical test to assess the influence of Darwinian selec-
tion (or positive selection) on intratumor heterogene-
ity. Through this approach, we plan to analyze ITH 
data across different cancer types and investigate the 
contribution of Darwinian selection, examining its re-
lationship with factors such as cancer type, age, clini-
cal stage, and genomic background. These findings 
underscore the importance of understanding Darwin-
ian selection in shaping ITH and emphasize its poten-
tial implications for improving cancer diagnosis and 
treatment strategies.
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1.  Functional analysis of p53 signaling pathway 
Regulation of the innate immune response and 
gut microbiome by p53

p53 is a key tumor suppressor mutated in half of 
human cancers. In recent years, p53 was shown to 
regulate a wide variety of functions. From the tran-
scriptome analysis of 24 tissues of irradiated mice, we 
identified 553 genes markedly induced by p53. Gene 
Ontology (GO) enrichment analysis found that the 
most associated biological process was innate immu-
nity. 16S rRNA-seq analysis revealed that Akkerman-
sia, which has anti-inflammatory properties and is 
involved in the regulation of intestinal barrier integri-
ty, was decreased in p53-knockout (p53-/- ) mice after 
radiation. p53-/- mice were susceptible to radiation-in-
duced GI toxicity and had a significantly shorter sur-
vival time than p53-wild-type (p53+/+ ) mice following 
radiation. However, administration of antibiotics re-
sulted in a significant improvement in survival and 
protection against GI toxicity. Mbl2 and Lcn2, which 
have antimicrobial activity, were identified to be di-
rectly transactivated by p53 and secreted by liver into 
the circulatory system. We also found the expression 
of MBL2 and LCN2 was decreased in liver cancer tis-
sues with p53 mutations compared with those with-
out p53 mutations. These results indicate that p53 is 
involved in shaping the gut microbiome through its 

downstream targets related to the innate immune 
system, thus protecting the intestinal barrier.

2.  Analysis of host genetic factors of various dis-
eases  
Helicobacter pylori, homologous-recombina-
tion genes, and gastric cancer

Background: Helicobacter pylori infection is a 
well-known risk factor for gastric cancer. However, 
the contribution of germline pathogenic variants in 
cancer-predisposing genes and their effect, when 
combined with H. pylori infection, on the risk of gas-
tric cancer has not been widely evaluated.

Methods: We evaluated the association between 
germline pathogenic variants in 27 cancer-predispos-
ing genes and the risk of gastric cancer in a sample of 
10,426 patients with gastric cancer and 38,153 controls 
from BioBank Japan. We also assessed the combined 
effect of pathogenic variants and H. pylori infection 
status on the risk of gastric cancer and calculated the 
cumulative risk in 1433 patients with gastric cancer 
and 5997 controls from the Hospital-based Epidemio-
logic Research Program at Aichi Cancer Center (HER-
PACC).

Results: Germline pathogenic variants in nine 
genes (APC, ATM, BRCA1, BRCA2, CDH1, MLH1, 
MSH2, MSH6, and PALB2) were associated with the 
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risk of gastric cancer. We found an interaction be-
tween H. pylori infection and pathogenic variants in 
homologous-recombination genes with respect to the 
risk of gastric cancer in the sample from HERPACC 
(relative excess risk due to the interaction, 16.01; 95% 
confidence interval [CI], 2.22 to 29.81; P = 0.02). At 85 
years of age, persons with H. pylori infection and a 
pathogenic variant had a higher cumulative risk of 
gastric cancer than noncarriers infected with H. pylori 
(45.5% [95% CI, 20.7 to 62.6] vs. 14.4% [95% CI, 12.2 to 
16.6]).

Conclusions: H. pylori infection modified the risk 
of gastric cancer associated with germline pathogenic 
variants in homologous-recombination genes. (Fund-
ed by the Japan Agency for Medical Research and De-
velopment and others.).

East Asian-specific and cross-ancestry genome- 
wide meta-analyses provide mechanistic insights 
into peptic ulcer disease, 

Peptic ulcer disease (PUD) refers to acid-induced 

injury of the digestive tract, occurring mainly in the 
stomach (gastric ulcer (GU)) or duodenum (duodenal 
ulcer (DU)). In the present study, we conducted a 
large-scale, cross-ancestry meta-analysis of PUD com-
bining genome-wide association studies with Japa-
nese and European studies (52,032 cases and 905,344 
controls), and discovered 25 new loci highly concord-
ant across ancestries. An examination of GU and DU 
genetic architecture demonstrated that GUs shared 
the same risk loci as DUs, although with smaller ge-
netic effect sizes and higher polygenicity than DUs, 
indicating higher heterogeneity of GUs. Helicobacter 
pylori (HP)-stratified analysis found an HP-related 
host genetic locus. Integrative analyses using bulk 
and single-cell transcriptome profiles highlighted the 
genetic factors of PUD being enriched in the highly 
expressed genes in stomach tissues, especially in so-
matostatin-producing D cells. Our results provide ge-
netic evidence that gastrointestinal cell differentia-
tions and hormone regulations are critical in PUD 
etiology.
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1.  Epigenetic characterization of housekeeping 
core promoters and their importance in tumor 
suppression

Martin Loza, Alexis Vandenbon1, and Kenta Nakai
1Institute for Life and Medical Sciences, Kyoto Uni-
versity, Japan.

In this research, we elucidate the presence of 
around 11,000 housekeeping cis-regulatory elements 
(HK-CREs) and describe their main characteristics. 
Besides the trivial promoters of housekeeping genes, 
most HK-CREs reside in promoter regions and are in-
volved in a broader role beyond housekeeping gene 
regulation. HK-CREs are conserved regions rich in 
unmethylated CpG sites. Their distribution highly 
correlates with that of protein-coding genes, and they 
interact with many genes over long distances. We ob-

served reduced activity of a subset of HK-CREs in di-
verse cancer subtypes due to aberrant methylation, 
particularly those located in chromosome 19 and as-
sociated with zinc finger genes. Further analysis of 
samples from 17 cancer subtypes showed a signifi-
cantly increased survival probability of patients with 
higher expression of these genes, suggesting them as 
housekeeping tumor suppressor genes. Overall, our 
work unravels the presence of housekeeping CREs in-
dispensable for the maintenance and stability of cells.

2.  A graph-embedding approach dissecting en-
hancer-cofactor-promoter interactions

Sung-Joon Park and Kenta Nakai

The spatial genome organization mediates the 
functional impact of distal chromosomal interactions. 
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Particularly, enhancer-promoter interactions have 
been intensively studied by cutting-edge computa-
tional algorithms. However, we still have a very lim-
ited understanding of how enhancer signals transmit 
to their target promoters through highly intricate reg-
ulatory networks. Here, we developed a new compu-
tational framework. The method combined a regres-
sion modeling that predicts gene expression by 
inferring important promoter-distal and -proximal 
gene regulators with a graph-embedding algorithm 
that detects cell-type specific and conserved regulato-
ry interactions in complex gene regulatory networks. 
We applied the method to human naïve and germinal 
center B cells. Consequently, we identified sets of pro-
moter-distal transcription factors and architectural 
cofactor proteins, which are appropriately co-regulat-
ed to prevent malignancy. These results highlight the 
importance of understanding the cis- and trans-regu-
latory interactions composed in the transcriptional 
domain. Our approach offers an alternative method 
to understanding enhancer biology mediated by pro-
tein-protein interactions in the 3D genome organiza-
tion.

3.  HyGAnno: Hybrid graph neural network-based 
cell type annotation for single-cell ATAC se-
quencing data

Weihang Zhang, Yang Cui, Bowen Liu, Martin 
Loza, Sung-Joon Park and Kenta Nakai

Reliable cell type annotations are crucial for inves-
tigating cellular heterogeneity in single-cell omics 
data. Although various computational approaches 
have been proposed for single-cell RNA sequencing 
(scRNA-seq) annotation, high-quality cell labels are 
still lacking in single-cell ATAC sequencing (scAT-
AC-seq) data because of extreme sparsity and incon-
sistent chromatin accessibility between datasets. 
Here, we present a novel automated cell annotation 
method called HyGAnno that transfers cell type in-
formation from a well-labeled scRNA-seq reference 
to an unlabeled scATAC-seq target via a parallel 
graph neural network in a semi-supervised manner. 
Unlike existing methods that utilize only gene expres-
sion or gene activity features, HyGAnno integrates 
genome-wide accessibility peak features to facilitate 
the training process. In addition, HyGAnno recon-
structs a reference-target cell graph that can be used 
to detect cells with low prediction reliability accord-
ing to their specific graph connectivity patterns. Hy-
GAnno was tested using large datasets and demon-
strated the advantages of accurate cell annotation, 
interpretable cell embedding, robustness to noisy ref-
erence data, and adaptability to tumor tissues.

4.  Spatial Transcriptomics Analysis via Im-
age-Aided Graph Contrastive Learning for Do-
main Exploration and Alignment-Free Integra-
tion

Yitao Yang, Yang Cui, Xin Zeng, Yubo Zhang, Mar-
tin Loza, Sung-Joon Park and Kenta Nakai

Biological tissues, as intricate networks of varied 
cell types, perform essential life functions through 
unique spatial configurations. Recent spatial tran-
scriptomics techniques, such as 10x Visium, have 
greatly enhanced our ability to map genetic data 
within these configurations, offering deeper insights 
into the genetic makeup of tissues in health and dis-
ease and advancing our grasp of molecular and phys-
iological intricacies. We propose Spatial Transcrip-
tomics and Image-based Graph learning (STAIG), a 
deep learning framework for advanced spatial region 
identification in spatial transcriptomics. STAIG inte-
grates gene expression, spatial coordinates, and histo-
logical images using graph contrastive learning, ex-
celling in feature extraction and enhancing analysis 
on datasets with or without histological images. It has 
outperformed existing methods in recognizing spa-
tial regions within Visium and other platform data-
sets. STAIG was specifically engineered to counter 
batch effects and to allow for the integration of tissue 
slices without pre-alignment. In applications to hu-
man breast cancer and zebrafish melanoma, STAIG 
has identified regions with high precision, uncover-
ing new insights into tumor microenvironments. 
STAIG thus offers a versatile tool for probing cellular 
structures and interactions, enriching our under-
standing of spatial transcriptomics.

5.  TF-EPI: An Interpretable Enhancer Promoter 
Interaction Detection Method Based on Large 
Language Model

Bowen Liu, Weihang Zhang, Xin Zeng, Martin 
Loza, Sung-Joon Park and Kenta Nakai

The detection of enhancer-promoter interactions 
(EPIs) is crucial for understanding gene expression 
regulation, disease mechanisms, and more. In this 
study, we developed TF-EPI, a deep learning model 
based on Transformer, designed to detect these inter-
actions solely from DNA sequences. The performance 
of TF-EPI surpassed other state-of-the-art methods in 
multiple benchmark datasets. Importantly, by utiliz-
ing the attention mechanism of the Transformer, we 
identified distinct cell type-specific motifs and se-
quences in enhancers and promoters, which we vali-
dated against databases like Jaspar and UniBind, 
highlighting the potential of our method in discover-
ing new biological insights. Moreover, our analysis of 
the transcription factors corresponding to these motif 
and short sequence pairs revealed the heterogeneity 
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and commonality of gene regulatory mechanisms 
and demonstrated the ability to identify TFs relevant 
to the source information of the cell line. Finally, the 
introduction of transfer learning can mitigate the 
challenges posed by cell type-specific gene regula-
tion, yielding enhanced accuracy in cross-cell line EPI 
detection results. Overall, our work unveils impor-
tant sequences information for the investigation of 
enhancer-promoter pairs based on the attention 
mechanism of Transformer, which provides an im-
portant milestone in the investigation of cis-regulato-
ry grammar.

6.  Computational Transcriptomic Analysis Identi-
fies a Novel Immune-dysregulated TNBC Sub-
type Regulated by STAT3

Yang Cui and Kenta Nakai

Triple-negative breast cancer (TNBC) is the most 
aggressive subtype of breast cancer and frequently 
appears to be resistant to treatment due to its exten-
sive intratumoral heterogeneity. The tumor microen-
vironment (TME) plays a critical role in TNBC immu-
nomodulation and progression. In this study, we 
leveraged TNBC bulk RNA-seq data and TNBC scR-
NA-seq data to investigate the TNBC TME. Utilizing 
CIBERSORTx to deconvolve the bulk RNA-seq data 
with scRNA-seq as a reference, we identified cell 
compositions within the TME. Non-negative matrix 
factorization further revealed three unique clusters, 
with patients in Cluster 2 (C2) exhibiting significantly 
shorter survival times. Next, we trained a random for-
est classifier on TNBC bulk RNA-seq data to identify 
the C2 patients within the scRNA-seq dataset. We 
found a reduced abundance of immune cells, includ-
ing CD4+ T cells, CD8+ T cells, DC, Macrophage, and 
NK cells, and an increase in breast cancer cells in C2, 
indicating an immunosuppressive environment. We 
further conducted cell-cell communication (CCC) 
analysis and found compromised MHC-I and MHC-
II signaling in CD8+ T cells and macrophages, respec-
tively, in C2. Followed SCENIC analysis unveiled the 
gene regulatory network of the CD8+ T cells in C2, 
revealing an enrichment of regulon STAT3, which is 
associated with T cell dysfunction. Our study unveils 
an immunodysregulated subtype within TNBC, and 
provides valuable insights into its heterogeneity.

7.  Development of the splice site prediction mod-
el that can account for long-distance effects 
using Transformer.

Yuna Miyachi and Kenta Nakai

RNA splicing is an essential process in the regula-
tion of gene expression. Recently, deep learning 
methods have been applied to predict splice sites and 

elucidate their complex mechanisms. However, there 
are no existing methods that account for both long-
range sequence effects and high interpretability.

To solve this problem, we created a new splice site 
prediction model consisting of a convolution layer 
and an attention mechanism, taking as input sequenc-
es up to 100k in length. The combination of the convo-
lutional layer and the attention mechanism allowed 
the model to learn both local and global features. The 
results show that the proposed model outperforms 
the state-of-the-art SpliceAI model in terms of preci-
sion and F1 score on a dataset of Gencode annota-
tions. We also performed predictions on an aberrant 
splicing dataset generated from DBASS and com-
pared the performance of the proposed method with 
SpliceAI. We found that our model is more sensitive 
to changes in splice sites than SpliceAI if the thresh-
old is set sufficiently low. We also examined which 
sequences are important for splicing by analyzing the 
attention weights. We found several exonic splicing 
enhancer candidates in addition to the GT-AG rule, 
which is known as a consensus sequence for donor 
and acceptor sites of intron. Altogether, our proposed 
model has high interpretability and achieved high 
prediction performance, which could be useful for 
disease diagnosis and mechanistic elucidation, such 
as the detection of pathogenic mutations that cause 
aberrant splicing.

8.  Comparative Single-cell Analyses of Human 
and Mouse Dendritic Cell Progenitors

Phit Ling Tan, Florent Ginhoux2, Kenta Nakai
2Singapore Immunology Network (SIgN), A*STAR

The dendritic cells (DC) population comprises a 
heterogeneous family of immune cells, including 
plasmacytoid DC (pDC) and two subsets of conven-
tional DC (cDC1 and cDC2). Despite the well charac-
terization of mature DC, the origins and differentia-
tion pathways of human DC are still not clearly 
elucidated as compared to the mouse counterpart. In 
this study, we compare human and mouse bone mar-
row cell types in order to find out the progenitors of 
differentiated DC populations. We integrated multi-
ple public datasets via Mutual Nearest Neighbors 
(Haghverdi et al., 2018). We also predicted transcrip-
tion factor (TF) regulons and gene regulatory net-
works with SCENIC+ (Bravo and De Winter et al., 
2023). In the future, we intend to identify the homolo-
gous TFs of the same lineage across humans and 
mouse to understand the genetic mechanisms of DC 
specification.

9.  Discovery of human oncogenes guided by bio-
informatics analysis of multi-omics data.

Martin Loza, Alexis Vandenbon1, Gözde Korkmaz3, 
and Kenta Nakai
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3School of Medicine, Koç University, Turkey

Cis-regulatory elements, as enhancers and pro-
moters, orchestrate the spatial and temporal expres-
sion of genes and are indispensable for organismal 
development and disease protection. In our latest 
publication (Loza et al., 2023), we uncovered the exist-
ence of a subset of housekeeping regulatory elements 
with potential tumor suppression capabilities. 

Functional genomics that is based on functional 
phenotypic screening has become highly prominent 
in cancer-focused studies to identify the function of 
genes and regulatory elements essential for the malig-
nant phenotype. In the last decade, CRISPR-based 
screening has been stated as a fundamental method 
for genome-wide loss-of-function (LOF) screening. 
Pooled library approaches make it possible to uncov-
er novel genes that promote malignancy, and until 
now, several studies have demonstrated the applica-
bility of CRISPR-based genome-wide LOF screenings 
to identify novel oncogenic genes. 

Altogether, the scope of this study is to validate 
the functionality of the housekeeping core promoters 
identified as potential tumor suppressors. Using 
CRISPR-based screening, we will validate their tar-
gets as potential human oncogenes for diverse cancer 
sub-types.

10.  Comparative single-cell transcriptomic analy-
sis reveals key differentiation drivers and po-
tential origin of vertebrate retina

Xin Zeng, Fuki Gyoja4, Yang Cui, Martin Loza, 
Takehiro G. Kusakabe4, Kenta Nakai
4Faculty of Science and Engineering, Konan Univer-
sity

The retina plays a vital role in capturing and pro-
cessing visual information in vertebrates, allowing 
them to adapt to diverse environments. Single-cell ex-
pression profiles of the vertebrate retina have been 
described; however, a deeper understanding of the 
expression patterns in the context of development 
and evolution among homologous cell types is lack-
ing. To identify such shared patterns, we examined 
and compared approximately 230,000 retinal cells 
from three species: mouse, chicken, and zebrafish. We 
found significant similarities among homologous cell 
types, indicating inherent regulatory patterns. To un-
derstand these shared patterns, we constructed gene 
regulatory networks for each developmental stage for 
the three species. We identified 690 regulons with 381 
regulators across the three species. In addition, we 
identified ten common cell type-specific regulators 
and 16 preserved regulons. Using RNA velocity anal-
ysis, we pinpointed conserved driver genes key to ret-
inal cell differentiation in both mouse and zebrafish, 
and by intersecting regulators, we extracted the cru-

cial regulators that facilitate these differentiation pro-
cesses. Finally, investigation of the potential origins 
of photoreceptors and retinal ganglion cells by exam-
ining conserved expression patterns among the three 
vertebrate species and the invertebrate Ciona intesti-
nalis revealed functional similarities in light trans-
duction mechanisms between Ciona photore-
ceptor-related cells and vertebrate retinal cells. Our 
findings offer insights into the conserved regulatory 
frameworks intrinsic, evolutionarily preserved differ-
entiation programs, and ancestral origins of verte-
brate retinal cells.

11.  Exploring the role of hysteresis in mac-
rophage lipid metabolism and robustness of 
repolarization memory 

Yubo Zhang, Kei Ishida5, Wenbo Yang, Yutaro Ku-
magai6, Sung-Joon Park, Jun Kunisawa6 and Kenta 
Nakai 
5National Institutes of Biomedical Innovation, 
Health and Nutrition (NIBIOHN)
6National Institute of Advanced Industrial Science 
and Technology (AIST) 

Macrophages exhibit polarization, leading to 
functionally distinct phenotypic changes. This pro-
cess of polarization and subsequent de-/re-polariza-
tion results in hysteresis, where the cells retain genet-
ic and epigenetic markers from previous states, 
impacting their core functions. To probe the role of 
hysteresis in lipid metabolism, we utilized computa-
tional analysis on an extensive public dataset. Our 
approach involved reanalyzing 154 RNA-seq datasets 
pertaining to (re)polarized macrophages, including 
those with lipid accumulation. We applied Weighted 
Gene Correlation Network Analysis (WGCNA) and 
conducted functional enrichment analysis. This led to 
the identification of 10 significant gene modules, in-
cluding one uniquely associated with polarized mac-
rophages without de-/re-polarization history, linked 
to cholesterol biosynthesis. Conversely, a module en-
riched in inflammatory and LPS response was closely 
related to cells with a history of specific macrophage 
de-/re-polarization. To further validate the expression 
trends of hysteresis genes in de-/repolarized mac-
rophages, we are using lab techniques like PCR and 
Western Blot, aligning these with prior research. We 
extended the de-/repolarization duration to bolster 
the credibility of our results. Our research aims to es-
tablish the reproducibility of the hysteresis effect and 
highlight the importance of its inhibition in regulat-
ing lipid metabolism. The complex regulation of cel-
lular memory, however, still presents significant un-
knowns. Herein, we delve into our ongoing efforts to 
elucidate the role of macrophage hysteresis. This re-
search was presented at InCOB2023. 
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12.  Identification of transcription factors that 
contribute to enhancer-promoter communica-
tion in mESCs by heterogeneous graph neu-
ral network

Yubo Zhang, Xufeng Shu7, Yitao Yang, Wenbo Yang, 
Piero Carninci7 and Kenta Nakai 
7RIKEN Center for Integrative Medical Sciences

Transcription factors (TFs) play a critical role in 
the communication between enhancers and promot-
ers, essential for gene expression in mouse embryonic 
stem cells (mESCs). Moving beyond the traditional 
focus on pairwise TF interactions, our research delves 
into a more sophisticated network involving multiple 
interactions and transcriptional condensates. We em-
ploy state-of-the-art sequencing methods and deep 
learning techniques to unravel complex TF interac-
tions within enhancer-promoter loops, aiming to un-
cover crucial, yet hidden, TF pairs that influence 
mESC identity and differentiation. In this endeavor, 
we use CAGE-seq to identify promoter and enhancer 
regions in mESCs precisely and complement this with 
RADICL-seq and PCHi-C for detecting chromatin 
loops. By integrating computational analysis of TF 
binding sites with existing protein-protein interaction 
data, we create an extensive network graph featuring 
enhancers, promoters, and TFs. The innovative 
co-contrastive learning method, HeCo, allows us to 
produce simplified representations of TF nodes. This 
methodology aids in predicting missing links in the 
TF network, which we hypothesize to be critical in en-
hancer-promoter interactions. These predictions, in-
cluding 20 high-confidence TF-TF interaction pairs, 
are currently being validated through experimental 
wet-lab techniques. Our overarching objective is to 
lead the development of a detailed graph that maps 
the Enhancer-TFs-Promoter/Genes regulatory net-
work in mESCs. This project is aimed at pinpointing 
essential TFs and regulatory components involved in 
enhancer-promoter communications and loop forma-
tions. Through this, we hope to facilitate the predic-
tion and discovery of novel TF interactions, thereby 
advancing the understanding of complex biological 
networks in stem cell research.

13.  Identification of COPS5 as a novel biomarker 
of diffuse large B cell lymphoma by a ma-
chine-learning algorithm

Yutong Dai, Sung-Joon Park, Jingmei Li8, Keita 
Yamamoto8, Susumu Goyama8 and Kenta Nakai
8Graduate School of Frontier Sciences, The Univer-
sity of Tokyo

The transition from generalized medicine to preci-
sion medicine has been pivotal in cancer research, 
emphasizing the need for biomarkers. Despite chal-
lenges in identifying meaningful biomarkers, ma-

chine-learning approaches for biomarker discovery 
have been widely adopted. Particularly, Deep learn-
ing, while powerful, faces criticism for its interpreta-
bility and performance issues due to missing data. 

To address these challenges, our study employs 
the Joint Non-Negative Matrix Factorization (JNMF), 
an unsupervised algorithm, to unravel cancer bio-
markers from multi-omics data. Unlike prior pan-can-
cer studies, our approach integrates JNMF, gene sig-
nature and pathway analysis, and patient data 
validation, ensuring high interpretability and clinical 
relevance. The JNMF efficiently handles sparse data-
sets, demonstrated through simulations and the Can-
cer Cell Line Encyclopedia (CCLE) datasets. The anal-
ysis identifies 40 reproducible and robust feature sets, 
termed Common Pattern Modules (CPMs), revealing 
cancer-specific patterns. Notably, the hematopoietic 
and lymphoid-specific CPM highlights genomic fea-
tures of diffuse large B-cell lymphoma (DLBCL). 
Pathway analysis associates DLBCL key pathways, 
including NF-κB, TP53, JAK-STAT, and PI3K, with 
COPS5 identified as a key upstream regulator of DL-
BCL-related pathways in this CPM. Survival analysis 
using The Cancer Genome Atlas (TCGA) and Gene 
Expression Omnibus (GEO) data establishes COPS5 
overexpression as a predictor of poor patient surviv-
al, corroborating its role in DLBCL. Moreover, Con-
sistent with our observation of overexpression of 
COPS5, MYC, BCL6, TP53, and STAT3 in DLBCL-spe-
cific CPM, a positive correlation between COPS5 ex-
pression levels and these genes was also observed in 
DLBCL patients. More significantly, CRISPR/Cas9 
knockout experiments further validate COPS5’s sig-
nificance in promoting malignant growth in mature 
B-cell neoplasms.

In conclusion, the integrated analysis unveils DL-
BCL genomic characteristics, spotlighting COPS5 as a 
potential prognostic biomarker. The methodology 
holds promise for extracting clinically significant bio-
markers from diverse omics data, advancing preci-
sion medicine in cancer research.

14.  GlycoMSParser: an automated pipeline for 
comprehensive permethylated glycan analy-
sis

Huan-Chuan Tseng, Wei-Kang Tseng9, Yuen-Hsien 
Tseng10, Kenta Nakai
9National Chengchi University, Taiwan
10National Taiwan Normal University, Taiwan

We’re trying to establish a pipeline that is applica-
ble to automatically annotate glycans (polysaccha-
rides) extracted from proteins obtained from biologi-
cal samples, which were generally analyzed and 
annotated manually. Software for annotating spectra 
based on in silico calculated glycan fragments and da-
tabase search still needs man to operate it with proper 
knowledge and conditions based on the experimental 
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method. In our research, we developed one non-ma-
chine learning algorithm that can annotate glycan as-
sisted with glycosyltransferase gene expression (if it 
exists and the functions are known) and can predict 
and annotate similar glycan structures under the 
same experimental method in unknown samples. 
We’re still improving the whole pipeline and testing it 
with more data and parameters to get more compre-
hensive and convincing results for publishing this re-
search. 

15.  Cross-sample genetic correlations reveal a 
causal relationship between human complex 
traits

Yi Zheng, Zheng Ning11, Yudi Pawitan11, Xia Shen11, 
Kenta Nakai
11Karolinska Institutet, Sweden

Ascertaining causality in human complex traits is 
crucial for understanding biology and disease pre-
vention. In this research, we introduce a novel con-
cept termed cross-sample genetic correlation (X-rG). 
It is calculated from GWAS summary statistics of two 
phenotypes from different cohorts and serves as an 
indicator to identify potential causal relationships be-
tween complex traits. Through mathematical mode-
ling and numerical simulations, we have found that 
when the difference in genetic correlation between 
two cohorts is attributable to causal effects, a signifi-
cant disparity in X-rG values is observed. Conversely, 
variation in genetic correlations due to pleiotropy 
leads to symmetric X-rG values. Leveraging this fea-
ture, we screened for asymmetry in X-rG among 211 
complex traits between male and female cohorts in 
the UK Biobank, identifying 207 pairs of traits with 
potential causal relationships. The findings under-
score the pivotal roles of education and occupation 
type in exposure and outcome, respectively, which 
are beneficial for improving health indicators and 
well-being. This method provides an effective com-
plement to causal reasoning for complex traits and 
diseases and has significant implications for the de-
velopment of precision medicine strategies.

16.  Discovery of antibodies with potential thera-
peutic applications aided by machine learning 
and artificial intelligence.

Diana Hinojosa-Trujillo12, Bowen Liu, Weihang 
Zhang, Melissa Garcia-Vega12, Sofia Hernandez-Va-
lenzuela12, Monica Resendiz-Sandoval12, Martin 
Loza, and Jesus Hernandez12

12Centro de Investigacion en Alimentacion y Desar-
rollo, Mexico

The use of antibodies to improve human health is 
an emerging area of biotechnology and immunology. 
They represent a therapeutic strategy with several ap-

plications for managing various types of cancer, in-
fectious and inflammatory diseases, and other nonin-
fectious diseases. Several pharmaceutics and research 
groups have worked in the last years to find new ther-
apeutic applications for antibodies, including anti-
body modifications to enhance their efficacy and sta-
bility and facilitate their administration. One critical 
step in this area is antibody discovery, which repre-
sents the major challenge of the field. The new com-
putational and experimental methodologies offer im-
portant advantages for discovering and testing new 
antibodies. Single-cell RNAseq is the best example of 
these new tools since it allows isolating antibody se-
quences from B-cells of individuals immunized with 
the therapeutic target. However, analyzing a signifi-
cant number of sequences takes time and effort. The 
use of computational approaches like deep learning, 
machine learning, and artificial intelligence can po-
tentially assist in discovering new antibodies, provid-
ing a tool for the prediction of neutralizing profiles, 
thus virtually reducing the time, effort, and resources 
invested. 

In this project, we aim to build a bioinformatics 
pipeline based on artificial intelligence to discover 
new neutralizing antibodies against SARS-CoV-2. 
The final platform could be extended to assist in the 
discovery of antibodies against other diseases using 
public libraries or new ones generated by Prof. 
Hernández´s Laboratory. 

17.  Identifying pioneer molecular modulating 
global chromatin accessibility by genome- 
wide ATAC-see screening and ATAC-seq anal-
ysis

Sung-Joon Park, Yasuyuki Ohkawa13, Kenta Nakai, 
Yusuke Miyanari14

13 Medical Institute of Bioregulation, Kyushu Uni-
versity
14WPI Nano Life Science Institute, Kanazawa Uni-
versity

The dynamics of chromatin accessibility play a 
crucial role in a local environment for accomplishing 
various biological functions. Here, to understand the 
molecular mechanisms underlying the control of 
chromatin accessibility, we conducted a genome-wide 
CRISPR screening combined with an optimized AT-
AC-see that covers more than 19,000 human genes in 
eHAP cells, along with developing a computational 
analytic pipeline. This examination detected genes 
previously unknown to modulate global chromatin 
accessibility, including TFDP1, HNRNPU, EIF3D, 
and THAP11. Particularly, the transcription factor 
TFDP1 markedly impacted global chromatin accessi-
bility through transcriptional regulation of canonical 
histones. That is, the TFDP1-depleted cells showed 
increased global chromatin accessibility and en-
hanced the efficiency of DNA-associated applications, 
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including iPSC reprogramming. These results high-
light the potential that the manipulation of chromatin 
accessibility by altering key molecules is a promising 
tool for enhancing the efficiency of various cell engi-
neering applications.

18.  Resting heart rate and risk of dementia: a 
Mendelian Randomization Study in the Inter-
national Genomics of Alzheimer9s Project 
and UK Biobank 

Xingxing Chen15,16, Yi Zheng, Jun Wang17, Blake 
Yue18,19, Xian Zhang16, Kenta Nakai , Lijing L 
Yan15,16,20,21

15School of Public Health, Wuhan University, China
16Duke Kunshan University, Global Health Research 
Center, China
17Huazhong University of Science and Technology, 
China
18Edith Cowan University, Australia
19Auckland University of Technology, New Zealand
20Duke University, USA
21Peking University, China

Observational studies have demonstrated that a 
higher resting heart rate (RHR) is associated with an 
increased risk of dementia. However, it is not clear 
whether the association is causal. This study aimed to 
determine the causal effects of higher genetically pre-
dicted RHR on the risk of dementia. We performed a 
generalized summary Mendelian randomization 
(GSMR) analysis to analyze the corresponding effects 
of higher RHR on the following different outcomes: 1) 
diagnosis of AD (International Genomics of Alzheim-
er’s Project), 2) family history (maternal and paternal) 
of AD from UK Biobank, 3) combined meta-analysis 
including these three GWAS results. Further analyses 
were conducted to determine the possibility of re-
verse causal association by adjusting for RHR modi-
fying medication. The results of GSMR showed no 
significant causal effect of higher genetically predict-
ed RHR on the risk of AD (βGSMR = 0.12, P = 0.30). 
GSMR applied to the maternal family history of AD 
(βGSMR = -0.18, P = 0.13) and to the paternal family his-
tory of AD (βGSMR = -0.14, P = 0.39) showed the same 
results. Furthermore, the results were robust after ad-
justing for RHR modifying drugs (βGSMR = -0.03, P = 
0.72). In conclusion, our study did not find any evi-
dence that supports a causal effect of higher RHR on 
dementia. Previous observational associations be-
tween RHR and dementia are likely attributed to the 
correlation between RHR and other cardiovascular 
diseases. 

19.  DeepBIO: An automated and interpretable 
deep-learning platform for high-throughput 
biological sequence prediction, functional an-
notation, and visualization analysis 

Ruheng Wang22, Yi iang22, Junru Jin22, Chenglin 
Yin22, Haoqing Yu22, Fengsheng Wang22, Jiuxin 
Feng22, Ran Su23, Kenta Nakai, Quan Zou24, & Leyi 
Wei22

22Shandong University, China
23Tianjin University, China
24University of Electronic Science and Technology of 
China, China

DeepBIO is the first-of-its-kind automated and in-
terpretable deep-learning platform for high-through-
put biological sequence functional analysis. It is a 
one-stop-shop web service that enables researchers to 
develop new deep-learning architectures to answer 
any biological question. Specifically, given any bio-
logical sequence data, DeepBIO supports a total of 42 
state-of-the-art deep-learning algorithms for model 
training, comparison, optimization, and evaluation in 
a fully automated pipeline. DeepBIO provides a com-
prehensive result visualization analysis for predictive 
models covering several aspects, such as model inter-
pretability, feature analysis, and functional sequential 
region discovery. We expect DeepBIO to ensure the 
reproducibility of deep-learning biological sequence 
analysis, lessen the programming and hardware bur-
den for biologists, and provide meaningful functional 
insights at both the sequence level and base level from 
biological sequences alone. DeepBIO is publicly avail-
able at https://inner.wei-group.net/DeepBIO.

20.  19n01, a broadly neutralizing antibody against 
omicron BA.1, BA.2, BA.4/5, and other SARS-
CoV2 variants of concern

Melissa Garcia-Vega12, Edgar A. Melgoza-Gonza-
lez12, Sofia Hernandez-Valenzuela12, Diana Hinojo-
sa-Trujillo12, Monica Resendiz-Sandoval12, Mara 
Anais Llamas-Covarrubias25, Martin Loza-Lopez, 
Olivia Valenzuela26, Alan Soto-Gaxiola27, Miguel A. 
Hernandez-Onate28, Veronica Mata-Haro28, Irene 
Cassaniti39, Jose Camilla Sammartino29, Alessandro 
Ferrari29, Luca Simonelli30, Mattia Pedotti30, Rui 
Sun11, Fanglei Zuo11, Fausto Baldanti29, Luca Vara-
ni30, Harold Marcotte11, Qiang Pan-Hammarstrom11, 
and Jesus Hernandez12

25Research Institute for Microbial Diseases, Osaka 
University 
26Division de Ciencias de la Salud, Universidad de 
Sonora, Mexico
27Secretaria de Salud del Estado de Sonora, Mexico
28Centro de Investigacion en Alimentacion y Desar-
rollo, Mexico 
29Fondazione IRCCS Policlinico San Matteo, Italy
30Universita` della Svizzera italiana (USI), Italy

This study reports the isolation and characteriza-
tion of a human monoclonal antibody (mAb) called 
19n01. This mAb was isolated by using single-cell 
RNAseq of B cells from donors infected with the an-
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cestral strain. This mAb possesses a potent and broad 
capacity to bind and neutralize all previously circu-
lating variants of concern (VOCs), including Omicron 
sublineages BA.1, BA.2, and BA.4/5. The pseudovirus 
neutralization assay revealed robust neutralization 
capacity against the G614 strain, BA.1, BA.2, and 
BA.4/5, with inhibitory concentration (IC50) values 
ranging from 0.0035 to 0.0164 mg/mL. The microneu-
tralization assay using the G614 strain and VOCs 

demonstrated IC50 values of 0.013–0.267 mg/mL. Bio-
physical and structural analysis showed that 19n01 
cross-competes with ACE2 binding to the recep-
tor-binding domain (RBD), and the kinetic parame-
ters confirmed the high affinity against the Omicron 
sublineages (KD of 61 and 30 nM for BA.2 and BA.4/5, 
respectively). These results suggest that the 19n01 is a 
remarkably potent and broadly reactive mAb.
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The Department of Public Policy contributes to accomplishment of the following 
major missions: research ethics consultation to help scientists to comply with 
ethical guidelines and build public trust; public policy science studies of translational 
research and its societal impact; and promotion of patient and public involvement/
engagement in research and health care. Through qualitative and quantitative 
social science studies and policy analysis, we facilitate discussion of the challenges 
posed by the advances in medical science.

1.  Public attitudes toward cloud computing and 
willingness to share personal health records 
(PHRs) and genome data for health care re-
search in Japan. 
Japan’s government aims to promote the linkage 

of medical records, including medical genomic test-
ing data and personal health records (PHRs), via 
cloud computing (the cloud). However, linking na-
tional medical records and using them for health care 
research can be controversial. Additionally, many 
ethical issues with using cloud networks with health 
care and genome data have been noted. However, no 
research has yet explored the Japanese public’s opin-
ions about their PHRs, including genome data, being 
shared for health care research or the use of the cloud 
for storing and analyzing such data. Therefore, we 
conducted a survey in March 2021 to clarify the pub-
lic’s attitudes toward sharing their PHRs, including 
genome data and using the cloud for health care re-
search. We analyzed data to experimentally create 
digital health basic literacy scores (BLSs). Our results 
showed that the Japanese public had concerns about 
data sharing that overlapped with structural cloud 
computing issues. The effect of incentives on changes 
in participants’ willingness to share data (WTSD) was 
limited. Instead, there could be a correlation between 
WTSD and BLSs. Finally, we argue that it is vital to 

consider not only researchers but also research partic-
ipants as value cocreators in health care research con-
ducted through the cloud to overcome both parties’ 
vulnerability.

2.  Is legislation to prevent genetic discrimination 
necessary in Japan? An overview of the cur-
rent policies and public attitudes
Genetic discrimination (GD) has not been dis-

cussed in East Asia as extensively as in Europe and 
North America. Influenced by UNESCO’s universal 
declaration in 1997, the Japanese government took a 
stringent approach toward GD by releasing the Basic 
Principles on Human Genome Research in 2000. 
However, Japanese society has mostly been ignoring 
the prevention of GD for decades, and the principle of 
prohibiting GD was never adhered to in any of the 
Japanese laws. We conducted anonymous surveys 
among the general adult population in 2017 and 2022 
to explore their experiences of GD and attitudes to-
ward laws carrying penalties to prevent GD in Japan. 
In both years, approximately 3% of the respondents 
had experienced some unfavorable treatment regard-
ing their genetic information. They showed higher 
recognition of the benefits of using genetic informa-
tion and lower recognition of concerns about using 
genetic information and GD in 2022 than in 2017. 
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However, the awareness regarding the need for legis-
lation with penalties on GD had increased over the 
five-year period. In 2022, the framework of a bill to 
promote genomic medicine and prevent GD without 
any relevant penalties was released by the Bipartisan 
Diet Members Caucus. Considering that the absence 
of regulations may be a barrier to obtaining genomic 
medicine, as the initial step toward making the prohi-
bition of GD more effective, legislation that no form of 
GD will be tolerated may stimulate education and 
awareness regarding respect for the human genome 
and its diversity.

3.  Hope for the best, but prepare for the worst: 
Social media posted by participants in stem 
cell clinical trials
This article examines the influence of social media 

posts on clinical trials involving stem cell–based in-
terventions. Based on the literature review, we identi-
fied three potential risks associated with social media 
posts regarding clinical trials that involve stem cell–
based interventions: (1) threats to scientific validity, 
(2) amplification of excessive expectations, and (3) 
breaches of confidentiality. Additionally, preliminary 
recommendations are provided to safeguard the val-
ue of stem cell clinical trials for future patients in the 
age of social media. Our approach aims to safeguard 
the well-being of forthcoming participants and en-
sure the scientific validity of stem cell research, as 
well as possibly aid in the further development of 
shared guidelines for posting stem cell clinical trial 
information on social media platforms..

4.  Attitudes towards human fetal tissue research: 
Survey of researchers and the public in Japan
The rules for human fetal tissue (HFT) research in 

Japan are unclear. We conducted a web survey to ex-
amine the attitudes of Japanese researchers (n=535) 
and the public (n=3,000) toward HFT research. The 
results demonstrated that 5.8% of researchers and 
18.8% of the public explicitly opposed HFT research, 
and 71.8% of the researchers thought that the rules for 
HFT research need to be clarified. Even among re-
searchers who intended to consider conducting HFT 
research, 74.2% responded that the rules should be 
clarified. Although different from attitudes to make 
decisions regarding HFT donation, being non-reli-
gious and in their reproductive age among women in 
the public group were factors for accepting attitudes 
toward HFT research. To establish the rules, it is nec-
essary to develop a system that can adequately pro-
tect vulnerable women who are asked to provide 
HFT.

5.  Survey of Japanese researchers and the pub-
lic regarding the culture of human embryos in 
vitro beyond 14 days
The International Society for Stem Cell Research 

(ISSCR) has eliminated its prohibition on research in-

volving the culturing of human embryos beyond 14 
days within the updated 2021 guidelines. We con-
ducted a survey of Japanese researchers working in 
stem cell- or embryo-related research (n = 535) and 
the public (n=3,000) about their attitudes toward the 
14-day rule. Among the researchers, 46.2% agreed 
that embryos could be cultured beyond 14 days, a re-
sult that was slightly lower among the public (37.9%). 
Among those that disagreed with embryo culturing 
beyond 14 days, 9.5% of researchers and 5.1% of the 
public agreed with culturing embryos within 14 days. 
Among the public, higher comprehension levels cor-
related with both agreement and disagreement with 
the culture of embryos beyond 14 days compared 
with “cannot judge.” Further research and public dis-
course are necessary in order to better understand the 
factors informing participant decisions regarding the 
14-day rule.

6.  Current situation of the hospitalization of per-
sons without family in Japan and related med-
ical challenges
This study aims to determine the approximate 

number of hospitalizations of persons without family 
and the medical challenges they encounter in hospi-
tals across Japan. Self-administered questionnaires 
were mailed to 4,000 randomly selected hospitals na-
tionwide to investigate the actual conditions and 
problems, decision-making processes, and use of the 
government-recommended Guidelines for the hospi-
talization of, and decision-making support for, per-
sons without family. To identify the characteristics of 
each region and role of hospitals, chi-square tests 
were used to make separate group comparisons by 
hospital location and type. Responses were received 
from 1,271 hospitals (31.2% response rate), of which 
952 hospitals provided information regarding the 
number of admissions of persons without family. The 
mean (SD) and median number of hospitalizations 
(approximate number per year) of patients without 
family was 16 (79) and 5, respectively. Approximately 
70% of the target hospitals had experienced the hospi-
talization of a person without family, and 30% of the 
hospitals did not. The most common difficulties en-
countered during the hospitalization were collecting 
emergency contact information, decision-making re-
lated to medical care, and discharge support. In the 
absence of family members and surrogates, the medi-
cal team undertook the decision-making process, 
which was commonly performed according to manu-
als and guidelines and by consulting an ethics com-
mittee. Regarding the use of the government-recom-
mended Guidelines, approximately 70% of the 
hospitals that were aware of these Guidelines re-
sponded that they had never taken any action based 
on these Guidelines, with significant differences by 
region and hospital type. To solve the problems relat-
ed to the hospitalization of persons without family, 
the public should be made aware of these Guidelines, 
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and measures should be undertaken to make clinical 
ethics consultation a sustainable activity within hos-
pitals.

7.  Examination of the concept of FPIC (Free, Pri-
or, and Informed Consent) with reference to 
the draft Ethical Guidelines for Research on 
the Ainu People
The Ainu Association of Hokkaido and academic 

anthropology and archaeology societies are develop-
ing “Ethical Guidelines for Research on the Ainu Peo-
ple,” which position free, prior, and informed consent 
(FPIC) as their basis. This is the first document that 
Japanese research ethics regulations introduce FPIC. 
Based on a literature review, this article examines the 
expectations and unsolved problems of introducing 
FPIC in Japanese research ethics. As FPIC was origi-
nally advocated to protect lands and resources from 
exploitation, the challenges of adapting FPIC to re-
search ethics are assessed.

The Ainu are the only officially recognized Indig-
enous people in Japan. However, after a long history 
of assimilation, the Ainu do not have representative 
organizations or an identity certification system. Past 
excavations of Ainu human remains for the purpose 

of academic research have been an important topic. 
The draft guidelines are expected not only to clarify 
how to handle such human remains but also to cover 
research about living Ainu people. Against the back-
ground of criticism of global genomic projects such as 
the Human Genome Diversity Project, community 
engagement is increasingly valued. Therefore, it is ap-
propriate to focus on FPIC, which was advocated to 
ensure opportunities for Indigenous peoples to be 
consulted regarding the relevant research project. 
Canada and Taiwan have governmental structures to 
ensure such opportunities with guidelines or laws, 
but some adjustments to their research contexts can 
be seen. Japanese draft guidelines could also increase 
opportunities for Ainu people to engage in research 
projects by introducing FPIC. However, as the draft 
guidelines are overseen by a limited number of socie-
ties, their effectiveness and scope are somewhat limit-
ed. To enhance their efficiency, a wider variety of re-
lated academic societies should be involved in 
discussions. Moreover, as the Ainu people have no 
representative organizations, the problem of how to 
ensure meaningful consultation is vital. Further eval-
uation of practices and international comparisons 
will be required.
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The objective of Division of Medical Data Informatics is to develop fundamental 
data informatics technologies for medical data, including algorithm theory, big data 
technologies, artificial intelligence, data mining, and privacy preserving 
technologies. Medical data, especially genome data are increasing exponentially 
from basics to clinical research in medical science. Our aim is to innovate medical 
science with novel data informatics solutions.

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

a.  (ε, κ)-Randomized Anonymization

Akihito Yamamoto1, Eizen Kimura2, Tetsuo 
Shibuya1: 1Division of Medical Data Informatics, In-
stitute of Medical Science, The University of Tokyo, 
2Medical school of Ehime University

As the amount of biomedical and healthcare data 
increases, data mining for medicine becomes more 
and more important for health improvement. At the 
same time, privacy concerns in data utilization have 
also been growing. The key concepts for privacy pro-
tection are k-anonymity and differential privacy, but 
k-anonymity alone cannot protect personal presence 
information, and differential privacy alone would 
leak the identity. To promote data sharing through-
out the world, universal methods to release the entire 
data while satisfying both concepts are required, but 
such a method does not yet exist. Therefore, we pro-
pose a novel privacy-preserving method, (ε, k)-Rand-
omized Anonymization. In this study, we first pres-
ent two methods that compose the Randomized 
Anonymization method [1]. They perform k-an-
onymization and randomized response in sequence 
and have adequate randomness and high privacy 

guarantees, respectively. Then, we show the algo-
rithm for (ε, k)-Randomized Anonymization, which 
can provide highly accurate outputs with both k-ano-
nymity and differential privacy. In addition, we de-
scribe the analysis procedures for each method using 
an inverse matrix and expectation-maximization 
(EM) algorithm. In the experiments, we used real data 
to evaluate our methods’ anonymity, privacy level, 
and accuracy. Furthermore, we show several exam-
ples of analysis results to demonstrate high utility of 
the proposed methods.

b.  Differentially Private SNPs Ranking Publica-
tion of GWAS

i)   Compressive Mechanism-based Method with 
Haar Wavelet Transform

Akihito Yamamoto1, Tetsuo Shibuya1: 1Division of 
Medical Data Informatics, Institute of Medical Sci-
ence, The University of Tokyo

To promote the use of personal genome informa-
tion in medicine, it is important to analyze the rela-
tionship between diseases and the human genomes. 
Therefore, statistical analysis using genomic data is 
often conducted, but there is a privacy concern with 
respect to releasing the statistics as they are. Existing 
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methods to address this problem using the concept of 
differential privacy cannot provide accurate outputs 
under strong privacy guarantees, making them less 
practical. In this study, for the first time, we investi-
gate the application of a compressive mechanism to 
genomic statistical data and propose two approaches 
[2]. The first is to apply the normal compressive mech-
anism to the statistics vector along with an algorithm 
to determine the number of nonzero entries in a 
sparse representation. The second is to alter the mech-
anism based on the data, aiming to release significant 
single nucleotide polymorphisms with a high proba-
bility. In this algorithm, we apply the compressive 
mechanism with the input as a sparse vector for sig-
nificant data and the Laplace mechanism for nonsig-
nificant data. By using the Haar wavelet transform for 
the compressive mechanism, we can determine the 
number of nonzero elements and the amount of noise. 
In addition, we give theoretical guarantees that our 
proposed methods achieve ε-differential privacy. We 
evaluated our methods in terms of accuracy and rank 
error compared with the Laplace and exponential 
mechanisms. The results show that our second meth-
od in particular can guarantee high privacy assurance 
as well as utility.

ii)  Enhancement via a Joint Permutate-and-Flip

Akihito Yamamoto1, Tetsuo Shibuya1: 1Division of 
Medical Data Informatics, Institute of Medical Sci-
ence, The University of Tokyo

Owing to an increase in the amount of biomedical 
and healthcare data, privacy concerns regarding the 
use of genomic data have become well-recognized. 
Specifically, it is essential to develop personalized 
medicine to extract significant loci associated with 
diseases through large-scale genomic statistical anal-
yses while protecting privacy. Although there are sev-
eral differentially private methods for this purpose, 
they are too computationally complex to achieve high 
accuracy, and there is room for improvement in terms 
of the output error. In this study, we propose a novel 
mechanism, Joint Permute-and-Flip, that can provide 
higher-quality outputs than state-of-the-art tech-
niques for top-K selection [8]. We also present an effi-
cient algorithm that can perform Joint Permute-and-
Flip in O(m log m) time when the dataset contains m 
elements, making it applicable even to large-scale 
analyses involving 106 elements. Additionally, we 
propose new score functions suitable for genomic sta-
tistical analysis that can be expressed as a single equa-
tion and achieve high accuracy. This is expected to 
facilitate the construction of accurate and efficient 
scores for a wider variety of genome statistics. Exper-
imental results demonstrate that our Joint Permute-
and-Flip method outperforms existing methods in 
terms of both accuracy and rank error and requires 
only half the run time of the exponential mechanism.

c.  Differentially Private Publication of GWAS Sta-
tistics

i)  Publication via Local Differential Privacy

Akihito Yamamoto1, Tetsuo Shibuya1: 1Division of 
Medical Data Informatics, Institute of Medical Sci-
ence, The University of Tokyo

As the amount of personal genomic information 
and privacy concerns in data publication have been 
growing, several studies have pointed out that the 
presence information of a particular individual could 
be revealed from the statistics obtained in large-scale 
genomic analyses. Existing methods for releasing ge-
nome statistics under differential privacy do not pre-
vent the leakage of personal information by untrusted 
data collectors. In addition, the existing studies for 
statistical tests using a contingency table had restric-
tions on the number of cases and controls. Moreover, 
the methods for correcting for population stratifica-
tion cannot protect genotype information. Thus, de-
veloping a more general and stronger method is de-
sired. In this study, we present privacy-preserving 
methods for releasing key genome statistics [6]. Our 
methods enhance the randomized response technique 
and guarantee individuals’ privacy, even when un-
trusted data collectors exist. Moreover, our methods 
do not require any restrictions on the contingency ta-
bles, and they also guarantee the privacy of targeted 
genotype information for the analyses to correct for 
population stratification. The experimental results in-
dicate that our methods can achieve comparable high 
accuracy to existing methods while preserving priva-
cy more strictly from any data collectors. Further-
more, for statistical analysis using a contingency ta-
ble, we consider the case where different privacy 
budgets are assigned to each of the row and column 
information, and present optimal methods in terms of 
privacy assurance for the entire table that outperform 
the existing method. Overall, this study is the first 
step toward genomic statistical analysis under local 
differential privacy.

ii)  Publication using Smooth Sensitivity

Akihito Yamamoto1, Tetsuo Shibuya1: 1Division of 
Medical Data Informatics, Institute of Medical Sci-
ence, The University of Tokyo

With the recent increase in the medical data and 
health awareness, the use of genomic data to promote 
personalized medicine has been widely considered. 
Simultaneously, privacy concerns have arisen with 
the publication of statistics obtained from large-scale 
genomic statistical analysis such as GWAS. All exist-
ing differentially private methods for GWAS statistics 
protect privacy by adding noise based on global sen-
sitivity, considering the worst-case scenario of possi-
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ble datasets. However, the amount of noise required 
in practical cases is considerably smaller, and these 
methods do not achieve the desired accuracy in pri-
vate statistics. In this study, we propose a privacy-pre-
serving method for publishing much more accurate 
statistics using smooth sensitivity, which generates 
tailored noise for each dataset [7]. We first introduce a 
more rigorous theorem on the properties of the noise 
distribution than was known previously and propose 
a new ϵ-differentially private method for publishing 
GWAS statistics. We also provide theoretical proof of 
the privacy guarantee. Thereafter, we present novel 
theorems for computing the smooth sensitivity signif-
icantly faster than conventional approaches. This ena-
bles the application of smooth sensitivity to GWAS 
statistics, which would otherwise be impossible be-
cause of the exceedingly high computational com-
plexity. Based on these theorems, we performed de-
tailed analyses of key GWAS statistics and developed 
efficient algorithms to obtain their smooth sensitivi-
ties. Experimental results demonstrate that our pro-
posed methods achieve at least 3 times higher accura-
cy than existing global sensitivity-based methods. 
Furthermore, the execution time is sufficiently short, 
and the accuracy increases when the dataset becomes 
larger, suggesting that our methods are suitable for 
the publication of statistics in large-scale analysis. Be-
cause our method is expected to be applicable to other 
general statistics, this study is an important step to-
ward highly accurate statistical analysis using smooth 
sensitivity.

d.  Differential Private Publication of Graph Prop-
erties

i)   Reducing Communication Cost for Publishing 
Differentially Private Subgraph Counting

Quentin Hillebrand1, Vorapong Suppakitpaisarn2, 
Tetsuo Shibuya1: 1Division of Medical Data Infor-
matics, Institute of Medical Science, The University 
of Tokyo, 2Graduate School of Information Science 
and Technology, The University of Tokyo

We suggest the use of hash functions to cut down 
the communication costs when counting subgraphs 
under edge local differential privacy [5]. While vari-
ous algorithms exist for computing graph statistics, 
including the count of subgraphs, under the edge lo-
cal differential privacy, many suffer with high com-
munication costs, making them less efficient for large 
graphs. Though data compression is a typical ap-
proach in differential privacy, its application in local 
differential privacy requires a form of compression 
that every node can reproduce. In our study, we in-
troduce linear congruence hashing. With a sampling 
rate of s, our method can cut communication costs by 
a factor of s2, albeit at the cost of increasing variance in 
the published graph statistic by a factor of s. The ex-

perimental results indicate that, when matched for 
communication costs, our method achieves a reduc-
tion in the l2-error for triangle counts by up to 1000 
times compared to the performance of leading algo-
rithms.

ii)  Hardness of Bounding Influence via Graph 
Modification

Robert Barish1, Tetsuo Shibuya1: 1Division of Medi-
cal Data Informatics, Institute of Medical Science, 
The University of Tokyo

We consider the problem of minimally modifying 
graphs and digraphs by way of exclusively deleting 
vertices, exclusively deleting edges, or exclusively 
adding new edges, with or without connectivity con-
straints for the resulting graph or digraph, to ensure 
that centrality-based influence scores of all vertices 
satisfy either a specified lowerbound or upperbound 
[3]. Here, we classify the hardness of exactly or ap-
proximately solving this problem for: (1) all vertex- 
and edge-deletion cases for betweenness, harmonic, 
degree, and in-degree centralities; (2) all vertex dele-
tion cases for eigenvector, Katz, and PageRank cen-
tralities; (3) all edge-deletion cases for eigenvector, 
Katz, and PageRank centralities under a connectivity 
and weak-connectivity constraint; and (4) a set of 
edge-addition cases for harmonic, degree, and in-de-
gree centralities. We show that some of our results, in 
particular those for eigenvector, Katz, and PageRank 
centralities, hold for planar or planar subcubic classes 
of graphs and digraphs. Finally, under a variety of 
constraints, we establish that no polynomial time con-
stant factor approximation algorithm can exist for 
computing the cardinality of a minimum set of verti-
ces or minimum set of edges whose deletion ensures 
a lowerbound betweenness centrality score, or a low-
er- or upperbound eigenvector, Katz, or PageRank 
centrality score unless P = NP.

iii) Hardness of Counting Proper Connected Col-
orings

Robert Barish1, Tetsuo Shibuya1: 1Division of Medi-
cal Data Informatics, Institute of Medical Science, 
The University of Tokyo

A k-proper connected 2-coloring for a graph is an 
edge bipartition which ensures the existence of at 
least k vertex disjoint simple alternating paths (i.e., 
paths where no two adjacent edges belong to the 
same partition) between all pairs of vertices. In this 
work, for every positive integer k, we show that exact-
ly counting such colorings is #P-hard under many-
one counting reductions, as well as #P-complete un-
der many-one counting reductions when k = 1. 
Furthermore, for every positive integer k and every ε> 
0, we show that the worst case asymptotic running 
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time for any algorithm approximating the number of 
k-proper connected 2-colorings for an order n graph 
within a multiplicative factor of 1 + ε must be at least 
the worst case asymptotic running time of an algo-
rithm approximating an n-variable instance of #3-SAT 
within the same multiplicative factor. Here, assuming 
the Exponential Time Hypothesis (ETH), for every 
positive integer k and every ε > 0, we are able to rule 
out the existence of a 2o(nk)/ε2 algorithm for approxi-
mating the number of k-proper connected 2-colorings 
of an order n graph within a factor of 1 + ε. In addi-
tion, for every positive integer k, we rule out the exist-
ence of a 2o(nk) time algorithm for finding a k-proper 
connected 2-coloring of an order n graph under the 
ETH, or for exactly counting such colorings assuming 
the moderated Counting Exponential Time Hypothe-
sis (#ETH) [9].

2.  Development of Artificial Intelligence Technol-
ogies for Biomedical Research

a.  Feature Selection for Cancer Classification

Zixuan Wang1, Yi Zhou2, Tatsuya Takagi3, Jiangning 
Song4, Yu-Shi Tian3 and Tetsuo Shibuya1: 1Division 
of Medical Data Informatics, Institute of Medical 
Science, The University of Tokyo, 2Beijing Interna-
tional Center for Mathematical Research, Peking 
University, 3Graduate School of Pharmaceutical 
Sciences, Osaka University, 4Biomedicine Discovery 
Institute and Monash Data Futures Institute, 
Monash University

Microarray data have been widely utilized for 
cancer classification. The main characteristic of mi-
croarray data is “large p and small n” in that data con-
tain a small number of subjects but a large number of 
genes. It may affect the validity of the classification. 
Thus, there is a pressing demand of techniques able to 
select genes relevant to cancer classification. This 
study proposed a novel feature (gene) selection meth-
od, Iso-GA, for cancer classification [10]. Iso-GA hy-
brids the manifold learning algorithm, Isomap, in the 
genetic algorithm (GA) to account for the latent non-
linear structure of the gene expression in the microar-
ray data. The Davies–Bouldin index is adopted to 
evaluate the candidate solutions in Isomap and to 

avoid the classifier dependency problem. Additional-
ly, a probability-based framework is introduced to 
reduce the possibility of genes being randomly select-
ed by GA. The performance of Iso-GA was evaluated 
on eight benchmark microarray datasets of cancers. 
Iso-GA outperformed other benchmarking gene se-
lection methods, leading to good classification accu-
racy with fewer critical genes selected. The proposed 
Iso-GA method can effectively select fewer but critical 
genes from microarray data to achieve competitive 
classification performance.

b.  KEGG for Taxonomy-based Analysis of Path-
ways and Genomes

Minoru Kanehisa1, Miho Furumichi1, Yoko Sato2, 
Masayuki Kawashima3 and Mari Ishiguro- 
Watanabe4: 1Institute for Chemical Research, Kyoto 
University, 2Digital Lab Division, Fujitsu Limited, 
3Network Support Co. Ltd, 4Division of Medical 
Data Informatics, Institute of Medical Science, The 
University of Tokyo

KEGG is a manually curated database resource in-
tegrating various biological objects categorized into 
systems, genomic, chemical and health information. 
Each object (database entry) is identified by the KEGG 
identifier (kid), which generally takes the form of a 
prefix followed by a five-digit number, and can be re-
trieved by appending /entry/kid in the URL. The 
KEGG pathway map viewer, the Brite hierarchy 
viewer and the newly released KEGG genome brows-
er can be launched by appending /pathway/kid, /
brite/kid and /genome/kid, respectively, in the URL. 
Together with an improved annotation procedure for 
KO (KEGG Orthology) assignment, an increasing 
number of eukaryotic genomes have been included in 
KEGG for better representation of organisms in the 
taxonomic tree. Multiple taxonomy files are generat-
ed for classification of KEGG organisms and viruses, 
and the Brite hierarchy viewer is used for taxonomy 
mapping, a variant of Brite mapping in the new KEGG 
Mapper suite. The taxonomy mapping enables analy-
sis of, for example, how functional links of genes in 
the pathway and physical links of genes on the chro-
mosome are conserved among organism groups.
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1.  Whole Genome Sequencing and Genomic 
Medicine

a.  Creating New Genomic Medicine by Integrat-
ing Human Whole Genome and Commensal 
Microbiota

Katayama K, Sato N, Shimizu E, Kasajima R, 
Yamaguchi K, Yokoyama K, Yadome M, Hyugaji T, 
Komura M, Yamamoto M, Saito A, Zhang Y-Z, Fu-
jimoto K, Kobayashi M, Ogawa M, Takei T, Yasui H, 
Yuji K, Takane K, Ikenoue T, Robert B, Shibuya T, 
Hiroshima Y, Hasegawa T, Miyagi Y, Muto K, Go-
yama S, Shida D, Boku N, Kawabata K, Miyano S, 
Yamaguchi R, Uematsu S, Kumasaka N, Takahashi 

S, Nanya Y, Furukawa Y, 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 
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Our mission is to realize genomic medicine based on the integrated data analysis 
of whole genomes of human and commensal microbiota by supercomputing. 
Development of computational data analysis methods including artificial intelligence 
for genomic, health, and medical big data is one of our main focuses. We promote 
integrative analysis of human whole genome, RNA and other omics data, 
commensal microbiota including bacteriome and virome, and health and medical-
related big data. Furthermore, health medical intelligence aims at using the analysis 
results of such big data to create personalized health-medical action plan of 
individuals.
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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 
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. 

b.  Establishment of Data Analysis Center in Ac-
tion Plan for Whole Genome Analysis of Minis-
try of Health, Labour and Welfare

Katayama K, Shibuya T, Yamaguchi R, Kumasaka 
N, Matsuda K, Miyo K1, Okamura H2, Ota K2, Shin-
tani A2, Shiraishi Y3, Kohno T3, Kato M3, Okada Y4, 
Fujimoto A4, Kasai S5, Imoto S: 1National Center for 
Global Health and Medicine, 2Osaka Metropolitan 
University, 3National Cancer Center, Japan, 4Uni-
versity of Tokyo School of Medicine, Japan, 5Infor-
mation-Technology Promotion Agency, Japan 

Based on the Whole Genome Analysis Action Plan 
(Version 1) formulated on December 20, 2019 by the 
Ministry of Health, Labour and Welfare, the AMED 
project was launched in 2021 aiming at returning the 
result of WGS analysis to the patients as medical ac-
tions. This national project covers a wide range of in-
tractable cancers, including gastrointestinal, hemato-
logical, pediatric, rare, gynecological, and respiratory 
cancers. A total of 9,900 patients will be subjected to 
whole genome sequencing analysis with depth of 30x 
for normal and 120x for tumor samples, and RNA se-
quencing will also be conducted. 

Our team (PI: Prof. Seiya Imoto of IMSUT) is 
building the Analysis Data Center to collect and com-
pile a database of genomic data and clinical informa-
tion of these cancer patients. The mission of the Anal-
ysis Data Center is to construct a unified analysis 
pipeline for primary analysis of genomic data, to col-
lect clinical information, to build a reporting system 
that can be used in expert panels, to build a secure 
data sharing system, and to build an analysis envi-
ronment that can perform advanced secondary analy-
sis in a hybrid computational environment of 
on-premises and cloud.

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, Sato N, 

Zhang Y-Z, Katayama K, Satoh M, Sato S, Tremmel 
G, Uematsu M, Kawaguchi Y, Usui Y, Nakano Y, 
Hayashi T, Kashima K, Yuki Y, Yamaguchi K, Fu-
rukawa Y, Kakuta M, Akiyama Y4, Yamaguchi R, 
Crowe SE5, Ernst PB6, Miyano S, Kiyono H, Imoto 
S, Uematsu S: 4Department of Computer Science, 
Tokyo Institute of Technology, Japan, 5Department 
of Medicine, University of California, San Diego, 
USA, 6CU-UCSD Center for Mucosal Immunology, 
Allergy and Vaccines, University of California San 
Diego, USA.

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.  Functional restoration of bacteriomes and vi-
romes by fecal microbiota transplantation 

Fujimoto K, Kimura Y, Allegretti JR7, Yamamoto 
M, Zhang Y-Z, Katayama K, Tremmel G, Kawagu-
chi Y8, Shimohigoshi M8, Hayashi T8, Uematsu M8, 
Yamaguchi K, Furukawa Y, Akiyama Y9, Yamagu-
chi R, Crowe SE10, Ernst PB10, Miyano S, Kiyono H, 
Imoto S, Uematsu S: 7Brigham and Women’s Hospi-
tal, Boston, Massachusetts, USA. 8Osaka City Uni-
versity, 9Department of Computer Science, Tokyo 
Institute of Technology, 10University of California, 
San Diego. 

Fecal microbiota transplantation (FMT) is an effec-
tive therapy for recurrent Clostridioides difficile in-
fection (rCDI). However, the overall mechanisms  
underlying FMT success await comprehensive eluci-
dation, and the safety of FMT has recently become a 
serious concern because of the occurrence of drug-re-
sistant bacteremia transmitted by FMT. We investi-
gated whether functional restoration of the bacteri-
omes and viromes by FMT could be an indicator of 
successful FMT. The human intestinal bacteriomes 
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and viromes from 9 patients with rCDI who had un-
dergone successful FMT and their donors were ana-
lyzed. Prophage-based and CRISPR spacer-based 
host bacteria–phage associations in samples from re-
cipients before and after FMT and in donor samples 
were examined. The gene functions of intestinal mi-
croorganisms affected by FMT were evaluated. 
Metagenomic sequencing of both the viromes and 
bacteriomes revealed that FMT does change the char-
acteristics of intestinal bacteriomes and viromes in 
recipients after FMT compared with those before 
FMT. In particular, many Proteobacteria, the fecal 
abundance of which was high before FMT, were elim-
inated, and the proportion of Microviridae increased 
in recipients. Most temperate phages also behaved in 
parallel with the host bacteria that were altered by 
FMT. Furthermore, the identification of bacterial and 
viral gene functions before and after FMT revealed 
that some distinctive pathways, including fluoroben-
zoate degradation and secondary bile acid biosynthe-
sis, were significantly represented. 

3.  Health Medical Data Science

a.  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.

b.  Immunogenomic pan-cancer landscape re-
veals immune escape mechanisms and immu-
noediting histories

Mizuno S11, Yamaguchi R, Hasegawa T, Hayashi S, 
Fujita M12, Zhang F13, Koh Y14, Lee S-Y15, Yoon 
S-S14, Shimizu E, Komura M, Fujimoto A12, Nagai 
M16, Kato M16, Liang H17, Miyano S, Zhang Z13, Na-
kagawa H12, Imoto S: 11Kyushu University, 12Riken, 
13Peking University, 14Seoul National University 
Hospital, 15Samsung SDS, 16National Cancer Center, 
Japan, 17The University of Texas MD Anderson 
Cancer Center, USA. 

Immune reactions in the tumor microenvironment 
are an important hallmark of cancer, and emerging 
immune therapies have been proven effective against 
several types of cancers. To investigate cancer ge-
nome-immune interactions and the role of immu-
noediting or immune escape mechanisms in cancer 
development, we analyzed 2834 whole genome and 
RNA sequencing datasets across 31 distinct tumor 
types with respect to key immunogenomic aspects 
and provided comprehensive immunogenomic pro-
files of pan-cancers. We found that selective copy 
number changes in immune-related genes may con-
tribute to immune escape. Furthermore, we devel-
oped an index of the immunoediting history of each 
tumor sample based on the information of mutations 
in exonic regions and pseudogenes and evaluated the 
immunoediting history of each tumor. Our immu-
no-genomic analyses of pan-cancers have the poten-
tial to identify a subset of tumors with immunogenic-
ity and diverse backgrounds or intrinsic pathways 
associated with their immune status and immunoed-
iting history.

c.  Enhancing breakpoint resolution with deep 
segmentation model: a general refinement 
method for read-depth based structural variant 
callers

Zhang Y-Z, Imoto S, Miyano S, Yamaguchi R: 

Read-depths (RDs) are frequently used in identi-
fying structural variants (SVs) from sequencing data. 
For existing RD-based SV callers, it is difficult for 
them to determine breakpoints in single-nucleotide 
resolution due to the noisiness of RD data and the 
bin-based calculation. In this paper, we propose to 
use the deep segmentation model UNet to learn base-
wise RD patterns surrounding breakpoints of known 
SVs. We integrate model predictions with an RD-
based SV caller to enhance breakpoints in single-nu-
cleotide resolution. We show that UNet can be trained 
with a small amount of data and can be applied both 
in-sample and cross-sample. An enhancement pipe-
line named RDBKE significantly increases the num-
ber of SVs with more precise breakpoints on simulat-
ed and real data.

4.  COVID-19
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a.  A nation-wide consortium to elucidate host ge-
netics of COVID-19 pandemic in Japan 

Japan COVID-19 Task Force

Identifying the host genetic factors underlying se-
vere COVID-19 is an emerging challenge. Here we 
conducted a genome-wide association study (GWAS) 
involving 2,393 cases of COVID-19 in a cohort of Jap-
anese individuals collected during the initial waves of 
the pandemic, with 3,289 unaffected controls. We 
identified a variant on chromosome 5 at 5q35 
(rs60200309-A), close to the dedicator of cytokinesis 2 
gene (DOCK2), which was associated with severe 
COVID-19 in patients less than 65 years of age. This 
risk allele was prevalent in East Asian individuals but 
rare in Europeans, highlighting the value of ge-
nome-wide association studies in non-European pop-
ulations. RNA-sequencing analysis of 473 bulk pe-
ripheral blood samples identified decreased 
expression of DOCK2 associated with the risk allele 
in these younger patients. DOCK2 expression was 
suppressed in patients with severe cases of COV-
ID-19. Single-cell RNA-sequencing analysis (n = 61 
individuals) identified cell-type-specific downregula-
tion of DOCK2 and a COVID-19-specific decreasing 
effect of the risk allele on DOCK2 expression in 
non-classical monocytes. Immunohistochemistry of 
lung specimens from patients with severe COVID-19 
pneumonia showed suppressed DOCK2 expression. 
Moreover, inhibition of DOCK2 function with CPYPP 
increased the severity of pneumonia in a Syrian ham-
ster model of SARS-CoV-2 infection, characterized by 
weight loss, lung oedema, enhanced viral loads, im-
paired macrophage recruitment and dysregulated 
type I interferon responses. We conclude that DOCK2 
has an important role in the host immune response to 
SARS-CoV-2 infection and the development of severe 
COVID-19, and could be further explored as a poten-
tial biomarker and/or therapeutic target.

b.  COVID-19 risk assessment at the Tokyo 2020 
Olympic Games 

Murakami M18, Miura F19, Kitajima M20, Fujii K21, 
Yasutaka T22, Iwasaki Y22, Ono K22, Shimazu Y23, 
Sorano S24, Okuda T25, Ozaki A26, Katayama K, Ni-
shikawa Y27, Kobashi Y28, Sawano T29, Abe T23, Saito 
MM30, Tsubokura M18, Naito W22, Imoto S: 18Fukus-
hima Medical University, 19Ehime University, 20Hok-
kaido University, 21Kao, 22National Institute of Ad-
vanced Industrial Science and Technology (AIST), 
23Southern TOHOKU General Hospital, 24Nagasaki 
University, 25Keio University, 26Jyoban Hospital of 
Tokiwa Foundation, 27Kyoto University, 28Seireikai 
Group Hirata Central Hospital, 29Sendai Open Hos-
pital, 30University of Nagasaki 

The 2020 Olympic/Paralympic Games have been 

postponed to 2021, due to the COVID-19 pandemic. 
We developed a model that integrated source–envi-
ronment–receptor pathways to evaluate how preven-
tive efforts can reduce the infection risk among spec-
tators at the opening ceremony of Tokyo Olympic 
Games. We simulated viral loads of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) emit-
ted from infectors through talking/coughing/sneez-
ing and modeled temporal environmental behaviors, 
including virus inactivation and transfer. We per-
formed Monte Carlo simulations to estimate the ex-
pected number of newly infected individuals with 
and without preventive measures, yielding the crude 
probability of a spectator being an infector among the 
60,000 people expected to attend the opening ceremo-
ny. Two indicators, i.e., the expected number of newly 
infected individuals and the newly infected individu-
als per infector entry, were proposed to demonstrate 
the extent of achievable infection risk reduction levels 
by implementing possible preventive measures. A 
no-prevention scenario produced 1.5–1.7 newly in-
fected individuals per infector entry, whereas a com-
bination of cooperative preventive measures by or-
ganizers and the spectators achieved a 99% risk 
reduction, corresponding to 0.009–0.012 newly infect-
ed individuals per infector entry. The expected num-
ber of newly infected individuals was calculated as 
0.005 for the combination of cooperative preventive 
scenarios with the crude probability of a spectator be-
ing an infector of 1 × 10−5. Based on our estimates, a 
combination of cooperative preventions between or-
ganizers and spectators is required to prevent a viral 
spread at the Tokyo Olympic/Paralympic Games. 
Further, under the assumption that society accepts < 
10 newly infected persons traced to events held dur-
ing the entire Olympic/Paralympic Games, we pro-
pose a crude probability of infectors of < 5 × 10−5 as a 
benchmark for the suppression of the infection. This 
is the first study to develop a model that can assess 
the infection risk among spectators due to exposure 
pathways at a mass gathering event. 

c.  COVID-19 wastewater surveillance implement-
ed in the Tokyo 2020 Olympic and Paralympic 
Village 

Kitajima M31, Murakami M32, Iwamoto R33, Katay-
ama H34, Imoto S: 31Hokkaido University, 32Center 
for Infectious Disease Education and Research, Osa-
ka University, 33Shionogi & Co. Ltd., 34Graduate 
School of Engineering, The University of Tokyo

Wastewater-based epidemiology (WBE), which 
has attracted attention as a COVID-19 surveillance 
tool,1 was implemented in the Tokyo 2020 Olympic 
and Paralympic Village in order to better understand 
COVID-19 incidence in the village.2 Between July 14 
and September 8, 2021, 690 wastewater samples—361 
and 329 samples collected via passive and grab sam-
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pling, respectively—were collected from manholes in 
the village. We collected wastewater samples, in addi-
tion to clinical data (i.e., confirmed positive cases), 
from seven distinct areas comprising the entire resi-
dential buildings. The wastewater samples were ex-
amined for the presence and concentration of SARS-
CoV-2 RNA using a highly sensitive reverse transcri- 

ption (RT)-qPCR-based detection method. We tested 
for SARS-CoV-2 RNA in wastewater and reported 
data daily to the Tokyo Organising Committee of the 
Olympic and Paralympic Games. The reported data 
were used as one of the indicators reflecting COV-
ID-19 incidence to support judgement of the need for 
enhanced infection prevention measures.
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Project Professor Satoshi Uematsu, M.D., Ph.D.
Project Associate Professor Kosuke Fujimoto, M.D., Ph.D.

特任教授　　博士（医学）　　植　松　　　智
特任准教授　博士（医学）　　藤　本　康　介

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 in diseases.

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.

In recent years, intestinal dysbiosis has been de-
tected in a variety of diseases. It has become clear that 
dysbiosis is involved in the pathogenesis of these dis-
eases. We collected fecal samples from 10 Crohn’s dis-
ease patients in remission and performed metagen-
omic analysis. Disease-specific defective bacteria and 
gene pathways have been identified. We identified 
metabolites that may accumulate in the intestine as a 
result of changes in intestinal bacteria. It has been 
suggested that this metabolite may produce substanc-
es that induce inflammation and contribute to the in-
duction of enteritis. Graft-versus-host disease is a se-
rious side effect after bone marrow transplantation in 
leukemia patients. We are collecting fecal samples 
over time and performing metagenomic analysis in 

patients with bone marrow transplantation. We have 
identified Enterococcus faecalis that increase in the gut 
after bone marrow transplantation. Interestingly, E. 
faecalis isolated from the patients are cytolysin posi-
tive virulent strain and may increase the risk of 
GVHD. Functional analysis of E. faecalis is currently 
underway.

2.  Development of a microbiome digital twin to 
predict disease states based on metagenome 
analysis of intestinal microflora

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.

We are developing a digital twin that predicts dis-
ease states using metagenomic data of the intestinal 
microbiota and gene pathway analysis data as teach-
ing data. For this purpose, we collected fecal samples 
from 10 Crohn’s disease patients and 18 Parkinson’s 
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disease patients and performed metagenomic analy-
sis. Currently, under collaboration with Fujitsu, we 
are comparing these data with metagenomic data of 
100 healthy subjects and performing machine learn-
ing and deep learning.

3.  Development of phage therapy

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 have 
developed the isolation method of intestinal viruses. 
We also have generated analysis pipeline of metagen-
ome analysis of viral genome and the method to ana-
lyze host-parasite association identified based on the 
shotgun sequencing data of the bacterial flora and vi-
ral plexus. We are compiling an comprehensive cata-
log of enzymes derived from phage infecting Acineto-
bacter baumannii for the purpose of developing 
next-generation phage therapies against Gram-nega-
tive bacteria. We are also developing a platform for 
the creation of artificial phage capable of killing Es-
cherichia coli.

4.  Development of next-generation mucosal vac-
cine against infectious diseases

Kosuke Fujimoto1, Satoshi Uematsu1

1Division of Metagenome Medicine, Human Ge-
nome Center, The Institute of Medical Science, The 
University of Tokyo.

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 including Th1 and 
Th17 responses in the mucosa were acquired by anti-
gen boosting of the target organs. This immunization 
effectively regulated Streptococcus pneumoniae infec-
tion in mice. The patent of this new vaccine strategy 
was granted in 2019 in Japan, in 2020 in US and in 
2021 in Europe. We are currently conducting monkey 
experiments for formulation in human on the basis of 
collaboration with Mitsubishi Tanabe Pharmaceutical 
company by using PspA, a universal Ag of S. pneumo-
niae. Although vaccination is recommended for pro-
tection against invasive pneumococcal disease, the 
frequency of pneumococcal pneumonia is still high 
worldwide. In fact, no vaccines are effective for all 
pneumococcal serotypes. Fusion pneumococcal sur-
face protein A (PspA) has been shown to induce a 
broad range of cross-reactivity with clinical isolates 
and afford cross-protection against pneumococcal 
challenge in mice. Furthermore, we developed prime-
boost-type mucosal vaccines that induce both anti-
gen-specific IgG in serum and antigen-specific IgA in 
targeted mucosal organs in previous studies. We in-
vestigated whether our prime-boost-type immuniza-
tion with a fusion PspA was effective against pneu-
mococcal infection in mice and cynomolgus macaques. 
C57BL/6 mice were intramuscularly injected with fu-
sion PspA combined with CpG oligodeoxynucleo-
tides and/or curdlan. Six weeks later, PspA was ad-
ministered intranasally. Blood and bronchoalveolar 
lavage fluid were collected and antigen-specific IgG 
and IgA titers were measured. Some mice were given 
intranasal Streptococcus pneumoniae and the severi-
ty of infection was analyzed. Macaques were intra-
muscularly injected with fusion PspA combined with 
CpG oligodeoxynucleotides and/or curdlan at week 0 
and week 4. Then, 13 or 41 weeks later, PspA was ad-
ministered intratracheally. Blood and bronchoalveo-
lar lavage fluid were collected and antigen-specific 
IgG and IgA titers were measured. Some macaques 
were intranasally administered S. pneumoniae and 
analyzed for the severity of pneumonia. Serum sam-
ples from mice and macaques injected with antigens 
in combination with CpG oligodeoxynucleotides and/
or curdlan contained antigen-specific IgG. Bronchial 
samples contained antigen-specific IgA after the fu-
sion PspA boosting. This immunization regimen ef-
fectively prevented S. pneumoniae infection. Prime-
boost-type immunization with a fusion PspA 
prevented S. pneumoniae infection in mice and ma-
caques. 
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Professor　Natsuhiko Kumasaka, Ph.D. 教　授　博士（理学）　　熊　坂　夏　彦

A genome-wide association study (GWAS) is a powerful approach for identifying 
genetic variants and related genes involved in the molecular mechanisms of 
common complex traits, such as diabetes and human height. As of April 2023, the 
GWAS Catalogue reports 496,341 genetic associations discovered for 56,399 
common complex traits. The Division of Digital Genomics aims to identify these 
genetic associations of common complex traits and uncover their molecular 
mechanisms using cutting-edge molecular biology assays and integrated 
mathematical and statistical approaches.

1.  Discovery of genetic determinants for child 
health and development

Natsuhiko Kumasaka

The Japan Environment and Children’s Study 
(JECS) is a nationwide birth cohort study launched in 
2011. Its primary objective is to investigate the impact 
of environmental exposures during pregnancy and 
childhood on children’s health and development. 
JECS collected a vast amount of data on parents and 
their children, including information on reproduction 
and pregnancy complications, congenital anomalies, 
neuropsychiatric disorders, immune system disor-
ders, and metabolic and endocrine system disorders.

Genome-wide genotyping using SNP microarrays 
was recently performed to identify common genetic 
variants in the children of 100,000 participants. The 
purpose of this genetic screening is to assess which 
genetic variants affect child health and development 
outcomes observed in JECS as confounding factors. 
Furthermore, our aim is to improve child health by 
mapping gene-environment interactions, particularly 
for those who belong to a genetically vulnerable 
group exposed to specific environmental hazards.

My responsibilities involve maintaining whole-ge-

nome genotyping data and conducting genome-wide 
association studies on various child health and devel-
opmental outcomes. As of December 2023, a whole-ge-
nome imputation has been performed using a refer-
ence haplotype panel from the 1000 Genomes Project. 
I have conducted Genome-Wide Association Studies 
(GWAS) for various disease states, including Kawasa-
ki disease, food allergies, and congenital anomalies, 
as well as developmental measures such as BMI and 
gross motor scores. The aim is to create a comprehen-
sive list of genetic determinants for child health and 
development. The summary statistics from those 
GWAS will be publicly available as part of the flag-
ship paper entitled ‘Genome-wide association study 
on longitudinal and cross-sectional traits of child 
health and development in a Japanese population’, 
which will be prepared in 2024.

2.  Development of a novel in-vitro approach to 
validate and elucidate underlying molecular 
mechanisms of genetic associations discov-
ered through GWAS

Kotoe Katayama1, Seiya Imoto1, Atsushi Fukuda2, 
Natsuhiko Kumasaka3

1Division of Health Medical Intelligence, Human 
Genome Center, IMSUT, 2School of Medicine, Tokai 
University, 3Division of Digital Genomics, Human 
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Genome Center, IMSUT

Although Genome-wide association studies 
(GWAS) have identified hundreds of thousands of ge-
netic associations in common complex traits, more 
than 90% of genetic variants discovered by GWAS (re-
ferred to as GWAS variants) are located in non-coding 
regions. This poses a significant challenge in our ef-
forts to identify putative causal variants and function-
al genes involved in a regulatory cascade of disease 
onset and progression. In addition, the target cell 
type(s) and cellular states in which these GWAS vari-
ants affect gene expression often remain unknown, 
limiting our ability to identify molecular mechanisms 
of GWAS susceptibility loci in follow-up studies.

Expression quantitative trait locus (eQTL) map-
ping is a powerful approach to gain insight into the 
role of non-coding variants in gene regulation. It al-
lows us to discover genes that are regulated by these 
GWAS variants and helps elucidate downstream con-
sequences. In addition, the recent advances in sin-
gle-cell genomics allow us to identify target cell types 
and cellular states in which GWAS variants modulate 
gene expression through eQTLs. However, the study 
of eQTLs can often prove to be cost-ineffective and 
labor-intensive, especially when sample collection is 
challenging, such as in the case of in vivo brain sam-
ples collected from hundreds of patients undergoing 
neurosurgery, or in the case of differentiated neurons 
derived from hundreds of human pluripotent stem 
cell (hPSC) lines.

Recently, an alternative approach combining sin-
gle-cell RNA-seq (scRNA-seq) with massively paral-
lel CRISPR interference (CRISPRi) screening has been 
proposed to map eQTLs. This approach relies on 
CRISPR-mediated perturbations instead of natural 
genetic variation and is theoretically feasible from a 
single donor’s sample. However, even though this ap-
proach significantly reduces the cell culture and ex-
perimental burden, it has not yet been applied to any 
brain cell type implicated in neuropsychiatric and 
neurodegenerative diseases.

Indeed, a combination of a flexible in vitro system 
and a robust in silico approach is lacking. Although 
the use of hPSC is a valuable tool to generate different 
types of mature cells, it is not trivial to maintain a suf-
ficient gRNA repertoire through cell expansion and 
differentiation processes due to the selection pressure 

of specific CRISPR-mediated perturbations (i.e., only 
cells with specific gRNA expand faster and take over 
other cells). From a data analysis perspective, the 
identification of dynamic genetic effects that manifest 
only during specific phases of cellular transition has 
historically been challenging, due to the absence of 
robust machine learning approaches until very re-
cently.

We combine the unique expertise of machine 
learning/bioinformatics and stem cell biology/gene 
editing to develop a novel CRISPR perturbation sys-
tem based on midbrain organoids established from 
hPSC lines, coupled with a state-of-the-art machine 
learning technique using Gaussian processes. We 
have already established a comprehensive computa-
tional approach, GASPACHO (GAuSsian Processes 
for Association mapping leveraging Cell HeterOge-
neity), for mapping eQTLs along dynamic cellular 
states, which can be readily applicable to CRISPR-me-
diated eQTL mapping as if presence/absence of a 
gRNA in a cell were different genotypes at a natural 
genetic variant. We also have established several 
hPSC lines for CRISPR screening with inducible ex-
pression of dCas9-KRAB or dCas9-P300 by doxycy-
cline (Dox), which ensures a more stable cell culture 
and allows to introduce perturbations at any desired 
time point of cell differentiation. In addition, we have 
extensive experience in two-dimensional neuronal 
differentiation and development of brain organoids.

3.  Development of novel statistical approaches 
to map genetic associations using Gaussian 
Processes

Natsuhiko Kumasaka

Gaussian process (GP) is a powerful approach for 
modelling nonlinear phenomena in scientific fields 
such as genomics and genetics. This project focuses 
on using GPs for genetic association mapping. The 
goal is to identify genetic variants that affect gene reg-
ulation across continuous cellular states at the molec-
ular level, as well as disease susceptibility over time 
and space at the population level. I am currently de-
veloping robust and sensitive methods to map a dy-
namic genetic effect based on a continuous factor. 
These methods can be applied to various outcomes, 
including non-Gaussian outputs, with appropriate 
statistical calibration.
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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 Micro-
biology and Immunology, 2Laboratory of Innate Im-
munity, Center for Experimental Medicine and Sys-
tems Biology, The Institute 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.

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.
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2.  Microbiome ssRNA as an environmental cue to 
activate TLR13-dependent tissue-protective 
programs in CD5Lhi hepatic macrophages

Ryota Sato1, Kaiwen Liu1, Takuma Shibata1, Kat-
suaki Hoshino2, 3, Kiyoshi Yamaguchi4, Toru Mi-
yazaki5, Ryosuke Hiranuma1, Ryutaro Fukui1, Yuji 
Motoi1, Yuri Fukuda-Ohta6, Yun Zhang1, Tatjana 
Reuter7, Yuko Ishida8, Toshikazu Kondo8, Tomoki 
Chiba9, Hiroshi Asahara9, 10, Masato Taoka11, Yoshio 
Yamauchi11, Toshiaki Isobe11, Tsuneyasu Kaisho3, 6, 
Yoichi Furukawa4, Eicke Latz7, 12, Kensuke Miyake1*
1 Division of Innate Immunity, Department of Mi-
crobiology and Immunology, The Institute of Medi-
cal Science, The University of Tokyo; Minato-ku, 
Tokyo 108-8639, Japan. 2 Department of Immunolo-
gy, Faculty of Medicine, Kagawa University, Miki, 
Kagawa 761-0793, Japan. 3 Laboratory for Inflam-
matory Regulation, RIKEN Center for Integrative 
Medical Science (IMS-RCAI), Yokohama, Kanaga-
wa 230-0045, Japan. 4 Division of Clinical Genome 
Research, The Institute of Medical Science, The 
University of Tokyo; Minato-ku, Tokyo 108-8639, 
Japan.
5 The Institute for AIM Medicine, Tokyo 162-8666, 
Japan. 6 Department of Immunology, Institute of 
Advanced Medicine, Wakayama Medical Universi-
ty, Kimiidera, Wakayama 641-8509, Japan. 7 Insti-
tute of Innate Immunity, University Hospital Bonn, 
University of Bonn, 53127 Bonn, Germany. 8 Depart-
ment of Forensic Medicine, Wakayama Medical 
University, Kimiidera, Wakayama 641-8509, Japan. 
9 Department of Systems Biomedicine, Tokyo Medi-
cal and Dental University, Bunkyo-ku, Tokyo 113-
8501, Japan. 10 Department of Molecular and Exper-
imental Medicine, The Scripps Research Institute, 
La Jolla, CA 92037, USA.
11 Department of Chemistry, Graduate School of Sci-
ence, Tokyo Metropolitan University; Tokyo 192-
0397, Japan. 12 Deutsches Rheuma Forschungszen-
trum Berlin (DRFZ), 10117 Berlin, Germany.

Hepatic macrophages maintain liver homeostasis, 
but little is known about the signals that activate the 
hepatoprotective programs within macrophages. 
Here, we show that toll-like receptor 13 (TLR13), a 
sensor of bacterial 23S ribosomal RNA (rRNA), senses 
microbiome RNAs to drive tissue-protective respons-
es in CD5Lhi hepatic macrophages. Splenomegaly and 
hepatomegaly developed in the absence of the endo-
somal RNase, RNaseT2, via TLR13-dependent mac-
rophage proliferation. Furthermore, TLR13 in hepatic 
Ly6Clo macrophages activated the transcription fac-
tors LXRα and MafB, leading to expression of tis-
sue-clearance molecules, such as CD5L, C1qb, and 
Axl. Consequently, Rnaset2‒/‒ mice developed resist-
ance to acute liver injury caused by challenges with 
acetaminophen and lipopolysaccharide + D-galac-
tosamine. TLR13 responses in Rnaset2‒/‒ mice were 

impaired by antibiotics, suggesting that TLR13 were 
activated by microbiome rRNAs, which was detected 
in the sera and hepatic macrophages. Repeated ad-
ministration of wild-type mice with the TLR13 ligand, 
rather than other TLR ligands, selectively increased 
the number of Kupffer cells, which expressed immu-
noregulatory and tissue-clearance genes as hepatic 
macrophages in Rnaset2‒/‒ mice did. Our results sug-
gest that microbiome ssRNA serves as an environ-
mental cue for initiating tissue-protective TLR13 re-
sponses in hepatic macrophages.

3.  Aberrant monocytopoiesis drives granuloma 
development in sarcoidosis

Ryosuke Hiranuma 1, Ryota Sato 1, Kiyoshi Yamagu-
chi 2, Satoshi Nakamizo 3,4, Kenichi Asano5, Takuma 
Shibata 1, Ryutaro Fukui 1, Yoichi Furukawa 2,Kenji 
Kabashima 3,6, Kensuke Miyake 1,8 

1Division of Innate Immunity, Department of Micro-
biology and Immunology, 2 Division of Clinical Ge-
nome Research, The Institute of Medical Science, 
The University of Tokyo, Japan. 3Department of 
Dermatology, Kyoto University Graduate School of 
Medicine, Kyoto, Japan. 4Alliance Laboratory for 
Advanced Medical Research, Kyoto University 
Graduate School of Medicine, Kyoto, Japan. 5Labo-
ratory of Immune Regulation, School of Life Scienc-
es, Tokyo University of Pharmacy and Life Sciences, 
Tokyo 192-0392, Japan. 6A*STAR Skin Research 
Labs (A*SRL), Agency for Science, Technology, and 
Research (A*STAR), 8A Biomedical Grove, IMMU-
NOS Building, Biopolis, Singapore. 

In sarcoidosis, granulomas develop in multiple or-
gans including the liver and lungs. Although mTORC1 
activation in macrophages drives granuloma devel-
opment in sarcoidosis by enhancing macrophage pro-
liferation, little is known about the macrophage sub-
sets that proliferate and mature into granuloma 
macrophages. Here, we show that aberrantly in-
creased monocytopoiesis gives rise to granulomas in 
a sarcoidosis model, in which Tsc2, a negative regula-
tor of mTORC1, is conditionally deleted in CSF1R-ex-
pressing macrophages (Tsc2csf1rΔ mice). In Tsc2cs-
f1rΔ mice, common myeloid progenitors (CMPs), 
granulocyte-monocyte progenitors (GMPs), common 
monocyte progenitors/monocyte progenitors (cMoPs/
MPs), inducible monocyte progenitors (iMoPs), and 
Ly6Cint CX3CR1low CD14- immature monocytes 
(iMOs), but not monocyte-dendritic cell progenitors 
(MDPs) and common dendritic cell progenitors 
(CDPs), accumulated and proliferated in the spleen. 
Consistent with this, monocytes, neutrophils, and 
neutrophil-like monocytes increased in the spleens of 
Tsc2csf1rΔ mice, whereas dendritic cells did not. The 
adoptive transfer of splenic iMOs into wild-type mice 
gave rise to granulomas in the liver and lungs. In 
these target organs, iMOs matured into Ly6Chi classi-



101

cal monocytes/macrophages (cMOs). Giant mac-
rophages (gMAs) also accumulated in the liver and 
lungs, which were similar to granuloma macrophages 
in expression of cell surface markers such as MerTK 
and SLAMF7. Furthermore, the gMA-specific genes 
were expressed in human macrophages from sar-
coidosis skin lesions. These results suggest that 

mTORC1 drives granuloma development by promot-
ing the proliferation of monocyte/neutrophil progen-
itors and iMOs predominantly in the spleen, and that 
proliferating iMOs mature into cMOs and then gMAs 
to give rise to granuloma after migration into the liver 
and lungs in sarcoidosis.
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1.  Age-related decline in spermatogenic activity 
accompanied with endothelial cell senescence 
in male mice. 

Ozawa M, Mori H1, Endo T1, Ishikawa-Yamauchi Y, 
Motooka D¹, Emori C¹, Ikawa M1: ¹Research Insti-
tute for Microbial Diseases, Osaka University

Male fertility decreases with aging, with spermat-
ogenic decline being one of its causes. Altered testis 
environment is suggested as a cause of the pheno-
type; however, the associated mechanisms remain 
unclear. Herein, we investigated the age-related 
changes in testicular somatic cells on spermatogenic 
activity. The number and proliferation of spermatogo-
nia significantly reduced with aging in mice. Interest-
ingly, senescence-associated β-galactosidase-positive 
cells appeared in testicular endothelial cell (EC) pop-
ulations, but not in germ cell populations, with aging. 
Transcriptome analysis of ECs indicated that senes-
cence occurred in the ECs of aged mice. Furthermore, 
the support capacity of ECs for spermatogonial pro-

liferation significantly decreased with aging; howev-
er, the senolytic-induced removal of senescent cells 
from aged ECs restored their supporting capacity to a 
comparable level as that of young ECs. Our results 
suggest that the accumulation of senescent ECs in the 
testis is a potential factor contributing to the age-relat-
ed decline in spermatogenic activity.

2.  Ptbp1 deletion does not induce astro-
cyte-to-neuron conversion.

Hoang T2, Kim DW2, Appel H2, Ozawa M, Zheng S3, 
Kim J4, Blackshaw S2: 2Solomon H. Snyder Depart-
ment of Neuroscience, John Hopkins University 
School of Medicine, Baltimore, MD, USA. 3Division 
of Biomedical Sciences, University of California, 
Riverside, Riverside, CA, USA. 4Department of Psy-
chiatry and Behavioral Science, John Hopkins Uni-
versity School of Medicine, Baltimore, MD, USA.

Although in vivo reprogramming of astrocytes 
into neurons holds promise for treating neurodegen-
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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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erative disorders, protocols to achieve it are complex 
and inefficient. A recent study reported that knock-
down of Ptbp1 in the cortex, striatum and substantia 
nigra of the midbrain efficiently reprogrammed astro-
cytes into functional neurons that rescued motor de-
fects in a mouse model of Parkinson’s disease1, but it 
did not convincingly demonstrate that astrocyte-to- 
neuron conversion had actually occurred. Using ge-
netic disruption of Ptbp1 in combination with cell-lin-
eage analysis, we observe no astrocyte-to-neuron con-
version or substantial changes in gene expression in 
Ptbp1-deficient astrocytes. We conclude that the re-
sults of astrocyte-to-neuron conversion in the previ-
ous study1 most likely reflect leaky neuronal expres-
sion of the Gfapcre mouse lines used to label astrocytes, 
and more-rigorous experimental methods must be 
used to support their observations of glial reprogram-
ming in vivo.

3.  The histone H3K36 demethylase Fbxl11 plays 
pivotal roles in the development of retinal late-
born cell types.

Iwagawa T5, Fukushima M5, Takeuchi S6, Kawamu-
ra Y6, Aihara Y6, Ozawa M, Yakushiji-Kaminatsui 
N7, Aihara M8, Koseki H9, Suzuki Y8, Watanabe S5: 
5Department of Retinal Biology and Pathology, Uni-
versity of Tokyo Hospital, University of Tokyo.  6De-
partment of Molecular and Developmental Biology, 
Institute of Medical Science, University of Tokyo. 
7Laboratory for Developmental Genetics, RIKEN 
Center for Integrative Medical Sciences. 8Depart-
ment of Ophthalmology, Graduate School of Medi-
cine, University of Tokyo. 9Department of Computa-
tional Biology and Medical Sciences, Graduate 
School of Frontier Sciences, University of Tokyo. 

Histone methylation plays a vital role in retinal 
development. However, the role of histone H3K36 
methylation in retinal development is not clear. We 
examined the role of H3K36 methylation by loss-of-
function analysis of H3K36me1/2 demethylases, 
Fbxl10, and Fbxl11. We analyzed the effect of knock-
out of these genes in the developing and mature reti-
na on retinal development. Knockout of Fbxl10 spe-
cifically in the developing retina did not result in 
gross developmental abnormalities. Although adult 
rod photoreceptor-specific knockout of Fbxl11 in ma-
ture retinas did not result in morphological abnor-
malities, Fbxl11 knockout in developing retinas in-
creased apoptosis, suppressed the proliferation of 
retinal progenitor cells, and resulted in microphthal-
mia. Morphological analysis revealed perturbed dif-
ferentiation of rod photoreceptor and bipolar cells. 
RNA-seq of retinas at P7 showed markedly decreased 
expression of genes characterizing rod photoreceptor 
and bipolar cells in Fbxl11-knockout retinas. In addi-
tion, perturbation of alternative splicing increased in-
tron retention in Fbxl11-knockout retinas. Ge-

nome-wide evaluation of the H3K36 methylation 
status revealed that Fbxl11 knockout altered the dis-
tribution of H3K36me2/3 in genes important for rod 
photoreceptor development. Taken together, we show 
that Fbxl11 plays pivotal roles in the development of 
retinal late-born cell types and may contribute to tight 
control of H3K36 methylation during retinal develop-
ment.

4.  CCDC183 is essential for cytoplasmic invagi-
nation around the flagellum during spermio-
genesis and male fertility.

Shimada K9, Ikawa M1: 9Department of Experimen-
tal Genome Research, Research Institute for Micro-
bial Diseases, Osaka University.

Sperm flagellum plays a crucial role in male fertil-
ity. Here, we generated Ccdc183 knockout mice using 
the CRISPR/Cas9 system to reveal the protein func-
tion of the testis-specific protein CCDC183 in spermi-
ogenesis. We demonstrated that the absence of 
CCDC183 causes male infertility with morphological 
and motility defects in spermatozoa. Owing to the 
lack of CCDC183, centrioles after elongation of ax-
onemal microtubules do not connect the cell surface 
and nucleus during spermiogenesis, which causes 
subsequent loss of cytoplasmic invagination around 
the flagellum. As a result, the flagellar compartment 
does not form properly and cytosol-exposed axone-
mal microtubules collapse during spermiogenesis. In 
addition, ectopic localization of accessory structures, 
such as the fibrous sheath and outer dense fibers, and 
abnormal head shape as a result of abnormal sculpt-
ing by the manchette are observed in Ccdc183 knock-
out spermatids. Our results indicate that CCDC183 
plays an essential role in cytoplasmic invagination 
around the flagellum to form functional spermatozoa 
during spermiogenesis.

5.  A small secreted protein NICOL regulates lu-
micrine-mediated sperm maturation and male 
fertility.

Kiyozumi D1, Shimada K1, Chalick M10, Emori C1, 
Kodani M1, Oura S1, Noda T1, Endo T1, Matzuk 
MM11, Wreschner DH12, Ikawa M1: 10Shmunis 
School for Biomedicine and Cancer Research, Tel 
Aviv University, 11Center for Drug Discovery and 
Department of Pathology & Immunology, Baylor 
College of Medicine, Houston. 12Shmunis School for 
Biomedicine and Cancer Research, Tel Aviv Univer-
sity.

The mammalian spermatozoa produced in the tes-
tis require functional maturation in the epididymis 
for their full competence. Epididymal sperm matura-
tion is regulated by lumicrine signalling pathways in 
which testis-derived secreted signals relocate to the 
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epididymis lumen and promote functional differenti-
ation. However, the detailed mechanisms of lumic-
rine regulation are unclear. Herein, we demonstrate 
that a small secreted protein, NELL2-interacting co-
factor for lumicrine signalling (NICOL), plays a cru-
cial role in lumicrine signalling in mice. NICOL is ex-
pressed in male reproductive organs, including the 
testis, and forms a complex with the testis-secreted 
protein NELL2, which is transported transluminally 

from the testis to the epididymis. Males lacking Nicol 
are sterile due to impaired NELL2-mediated lumic-
rine signalling, leading to defective epididymal dif-
ferentiation and deficient sperm maturation but can 
be restored by NICOL expression in testicular germ 
cells. Our results demonstrate how lumicrine signal-
ling regulates epididymal function for successful 
sperm maturation and male fertility.
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Type I-E CRISPR-Cas3 for large-scale genomic 
modifications in mice and rats

Kazuto Yoshimi, Akihiro Kuno1, Kosuke Hattori, 
Yoko Yamauchi, Kohei Takeshita2, Hiromi Tanigu-
chi, Satoru Takahashi1, Tomoji Mashimo
1, Department of Anatomy and Embryology, Facul-
ty of Medicine, University of Tsukuba
2, Life Science Research Infrastructure Group, Ad-
vanced Photon Technology Division, RIKEN 
SPring-8 Center

Genome editing technologies are highly effective 
tools for genetic engineering in various organisms in-
cluding experimental animals. Type I-E CRISPR-Cas3 
uses an RNA-guided multi Cas-protein complex, Cas-
cade, which detects and degrades foreign nucleic ac-
ids via the helicase-nuclease Cas3 protein. However, 
it is unclear whether the system can be used for ge-
nome editing in fertilized eggs.

We applied the CRISPR-Cas3 system with several 
modification to generate genetically modified ani-
mals, and could generated knockout mice and rats in 
several genetic loci with optimizing method for the 
introduction into embryos even by using electropora-

tion methods. This work with the Type I CRISPR zy-
gote editing system represents a significant leap for-
ward, offering increased flexibility and broader 
applications in genetic engineering across multiple 
species.

CRISPR-Cas3-based diagnostics for virus detec-
tion and genetic screening

Koji Asano, Rika Hirano, Kohei Takeshita1, Yuko 
Yamauchi, Kazuto Yoshimi, Tomoji Mashimo
1, Life Science Research Infrastructure Group,Ad-
vanced Photon Technology Division, RIKEN 
SPring-8 Center, Hyogo 679-5148 Japan

CRISPR-based diagnostics (CRISPR-dx), includ-
ing the Cas12-based DETECTR and Cas13-based 
SHERLOCK Class 2 CRISPRs, have been used to de-
tect the presence of DNA or RNA from pathogens 
such as the 2009 pandemic influenza A (IVA) virus 
and the 2019 novel coronavirus SARS-CoV-2. Here, 
the collateral single-stranded DNA cleavage we ob-
served with class 1 type I CRISPR-Cas3 highlights its 
potential for development as a Cas3-mediated, rapid 
(within 40 minutes), low-cost, instrument-free detec-
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Genome engineering technologies such as clustered regularly interspaced short 
palindromic repeats (CRISPR)-associated (Cas) nucleases (CRISPR-Cas) have 
been widely used in life sciences and medicine. We have developed a novel 
genome editing tool, CRISPR-Cas3, to overcome the technical and patent 
limitations of the CRISPR-Cas9 system. We are analyzing the molecular 
mechanisms underlying Cas3-mediated genome editing in human cells and 
improving this tool for translational research, such as gene therapy and viral 
diagnostics. We are also developing some efficient genome editing strategies using 
these tools in rodents. These technologies enable easy and flexible gene editing in 
living organisms.
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tion method for SARS-CoV-2. This assay, which we 
have named Cas3-operated nucleic acid detection 
(CONAN), not only detects SARS-CoV-2 in clinical 
samples, but also provides specific detection of single 

base pair mutations in IVA variants. We are also opti-
mizing protocols for cancer detection by liquid biop-
sy and genetic screening for inherited diseases such 
as trinucleotide repeat disorders.
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1.  Understanding genetic heterogeneity in 
gene-edited hematopoietic stem cell products

Hans Jiro Becker 1, Satoshi Yamazaki 2

1Laboratory for Stem Cell Therapy, Faculty of Med-
icine, Tsukuba University, Tsukuba, Japan; Division 
of Cell Regulation, Center of Experimental Medi-
cine and Systems Biology, The Institute of Medical 
Science, The University of Tokyo, Tokyo, Japan.
2Laboratory for Stem Cell Therapy, Faculty of Med-
icine, Tsukuba University, Tsukuba, Japan; Division 
of Cell Regulation, Center of Experimental Medi-
cine and Systems Biology, The Institute of Medical 
Science, The University of Tokyo, Tokyo, Japan. 
 

CRISPR/Cas gene editing has transformed genetic 
research and is poised to drive the next generation of 
gene therapies targeting hematopoietic stem cells 
(HSCs). However, the installation of the “desired” 
edit is most often only achieved in a minor subset of 
alleles. The array of cellular pathways triggered by 
gene editing tools produces a broad spectrum of “un-
desired” editing outcomes, including short insertions 
and deletions (indels) and chromosome rearrange-
ments, leading to considerable genetic heterogeneity 
in gene-edited HSC populations. This heterogeneity 
may undermine the effect of the genetic intervention 
since only a subset of cells will carry the intended 
modification. Also, undesired mutations represent a 

potential safety concern as gene editing advances to-
ward broader clinical use. Here, we will review the 
different sources of “undesired” edits and will dis-
cuss strategies for their mitigation and control.

2.  Purging myeloma cell contaminants and si-
multaneous expansion of peripheral blood mo-
bilised stem cells.

Kantaro Ishitsuka 1, Hidekazu Nishikii 2, Takaharu 
Kimura 1, Ayano Sugiyama-Finnis 3, Satoshi Yamaza-
ki 4
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tal Medicine and Systems Biology, The Institute of 
Medical Science, The University of Tokyo, Tokyo, 
Japan.
4Laboratory for Stem Cell Therapy, Faculty of Med-
icine, Tsukuba University, Ibaraki, Japan; Division 
of Stem Cell Biology, Center for Stem Cell Therapy, 
The Institute of Medical Science, The University of 
Tokyo, Tokyo, Japan; Division of Cell Regulation, 
Center of Experimental Medicine and Systems Biol-
ogy, The Institute of Medical Science, The Universi-
ty of Tokyo, Tokyo, Japan. 
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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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Human hematopoietic stem cells (HSCs) are wide-
ly used as a cellular source for hematopoietic stem 
cell transplantation (HSCT) in the clinical treatment 
of hematological malignancies. After transplantation 
therapy, delays in hematopoietic recovery due to in-
sufficient donor-derived HSCs can lead to increased 
risks of life-threatening infections and bleeding. Our 
previous studies developed an efficient ex vivo ex-
pansion culture medium (3a medium) for umbilical 
cord blood-derived HSCs (CBSCs), offering a poten-
tial solution to this problem. Nevertheless, the broad-
er applicability of our culture method to alternative 
cell sources, and, of greater significance, its efficacy in 
eliminating potentially disease-associated contami-
nated tumor cells, especially in autologous transplan-
tation, raises critical clinical questions. In this study, 
we modified the 3a medium by incorporating UM729 

to replace UM171, added Flt3 ligand, and adjusted 
the concentrations of butyzamide, 740Y-P, polyvinyl 
caprolactam-polyvinyl acetate-polyethylene glycol 
graft copolymer (PCL-PVAc-PEG, Soluplus®ฎ) to cre-
ate the modified 3a medium. This sophistication al-
lowed efficient expansion of not only CBSCs but also 
peripheral blood mobilized HSCs (PBSCs). Addition-
ally, we successfully removed contaminated myelo-
ma cells by adding bortezomib and TNF-related ap-
optosis inducing ligand (TRAIL) at appropriate 
concentrations, while maintaining HSCs through the 
addition of lenalidomide. Our research findings pres-
ent the potential for widespread clinical application 
of the modified 3a medium and suggest a safe ex vivo 
culture technique for expanding human HSCs within 
peripheral blood derived donor grafts used for autol-
ogous HSCT.
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Laboratories that consist of the Core

‘Core Laboratory for Developing Advanced Ani-
mal Models’ was launched in 2020 to provide 
gene-manipulated mouse or rat models to domestic 
or international academic institutions. One division, 
the Division of Genome Engineering, and two labora-
tories, the Laboratory of Reproductive Systems Biolo-
gy and the Laboratory of Genetically Engineered 
Mouse Research, all of which belong to the Center for 
Experimental Medicine and Systems Biology, com-
prise the Core.

Cutting-edge genome editing techniques

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 zy-
gotes 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 nec-
essary. In the rat, F344/Jcl strain is served for zygote 

genome editing. For large-size gene manipulations in 
mice, such as Cre/loxP conditional allele, fluorescein 
reporters KI, gene conversion from mice to human, or 
drug-inducible Tet-on/off system, we offer CRISPR/
Cas9-assisted plasmid KI using ES cells through Neon 
Electroporation system (ThermoFisher) followed by 
blastocyst injection for developing chimeric mice. ES 
cells from C57BL/6J, C57BL/6N, 129, B6129F1, or 
BALB/c strains are available for chimera productions. 
For producing large-size gene-manipulated rats, e.g., 
reporter KI or humanized rat models, the direct zy-
gote genome editing technique, termed Combi-CRIS-
PR, is applicable. 

Supporting gene-manipulated mouse or rat model 
production through the core lab and AdAMS plat-
form

We provide cutting-edge animal production tech-
niques through our core lab and 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-

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 Tomoji Mashimo, Ph.D.
Visiting Professor Kimi Araki, Ph.D.
Associate Professor Manabu Ozawa, Ph.D.
Project Assistant Professor Jumpei Taguchi, Ph.D.

教　授　　博士（人間・環境学）　真　下　知　士
客員教授　博士（理学）　　　　　荒　木　喜　美
准教授　　博士（農学）　　　　　小　沢　　　学
特任助教　博士（医科学）　　　　田　口　純　平

The Core Laboratory for Developing Advanced Animal Models supports basic 
sciences in the life science field by producing and providing gene-manipulated mice 
or rats such as human disease models or gene KO/KI models. Using cutting-edge 
genome editing techniques, we make various types of gene-manipulated animals, 
including indel mutation, large fragment deletion, SNPs, conditional Cre/loxP, drug 
inducible gene expression/silencing, reporter gene 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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demic platform for producing gene-manipulated ani-
mals. Therefore, researchers earning KAKENHI, 
Grant-in-Aid for Scientific Research, can apply to this 
platform.

Number of mice or rat strains we developed in 
2023

In 2023, our core provided 13 or 11 strains of 
gene-manipulated mice through the core lab or Ad-
AMS, respectively. In the rat case, 4 strains of 
gene-manipulated rats have also been provided 
through AdAMS.
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1.  Clinical research of COVID-19

Eisuke Adachi1, Amato Ohtani1, Kazuhiko Ikeuchi1, 
Yoshiaki Kannno, Makoto Saito, Michiko Koga, Hi-
roshi Yotsuyanagi
1 Department of Infectious Diseases and Applied Im-
munology, IMSUT hospital, IMSUT

Since the emergence and spread of SARS-CoV-2 in 
Japan at the beginning of 2020, numerous COVID-19 
patients have been admitted to IMSUT Hospital. To 
date, over 800 patients with COVID-19 have been ad-
mitted to our hospital. Through the observation of 
these patients, we have encountered numerous clini-
cal questions and conducted investigations into vari-
ous factors, including patients’ backgrounds, clinical 
findings, and laboratory data. Our research has yield-
ed several novel and compelling findings, which we 
have published in international journals. Moreover, 
five clinical trials on COVID-19 were conducted at 
IMSUT Hospital, generating valuable evidence aimed 
at enhancing both national and global health. In 2023, 
in Japan, patients with COVID-19 were no longer le-
gally required to be isolated, resulting in a huge re-
duction in the number of hospitalized patients at our 

facility. However, towards the end of the year, the 
number of patients began to increase once more, 
prompting the need for us to prepare for a potential 
resurgence or the emergence of a new pandemic.

2.  Basic research for the control of COVID-19

Michiko Koga, Makoto Saito, Amato Ohtani1, Kazu-
hiko Ikeuchi1, Eisuke Adachi1, Shinya Yamamoto, 
Takeya Tsutsumi, Aya Ishizaka, Taketoshi Mizu-
tani2, Ai Tachikawa-Kawana3, Ken Ishii4, Yoshihiro 
Kawaoka5, Hiroshi Yotsuyanagi
2 Department of Computational Biology and Medi-
cal Sciences, Graduate School of Frontier Sciences, 
The University of Tokyo 
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 have continued COVID-19-related research dur-
ing 2022, and we have been working in collaboration 
with some of these laboratories. Our main mission is 
to obtain and share clinical samples from COVID-19 

Advanced Clinical Research Center

Division of Infectious Diseases
感染症分野

Professor Hiroshi Yotsuyanagi, M.D., D.M.Sc.
Project Senior Assistant Professor Michiko Koga, M.D., D.M.Sc.
Assistant Professor Makoto Saito, M.D., D.Phil.
Assistant Professor Aya Ishizaka, Ph.D.
Assistant Professor Yoshiaki Kanno, M.D., D.M.Sc. 

教　授　　博士（医学）　　四　柳　　　宏
特任講師　博士（医学）　　古　賀　道　子
助　教　　博士（医学）　　齋　藤　　　真
助　教　　博士（理学）　　石　坂　　　彩
助　教　　博士（医学）　　菅　野　芳　明

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 the 
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, to settle down COVID-19. 
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patients, but we are also conducting basic research by 
ourselves such as microbiomes in those patients. Ad-
ditionally, we are attempting to perform high-resolu-
tion transcriptomic analysis of blood immune cells 
from disease progression to recovery in COVID-19 to 
enhance a better understanding of the protective and 
pathogenic immune responses of the disease. Specifi-
cally, we are performing gut microbiome analysis as 
well as single-cell RNA sequencing (scRNA-seq) to 
obtain a bias-free and comprehensive imaging of im-
mune responses in peripheral blood mononuclear 
cells (PBMCs) from patients with COVID-19. We also 
ran an analysis of changes in the nasal microbiome 
after COVID-19 vaccination.

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

Ayako Sedohara, Kazuaki Takahashi, Yoshiaki 
Kanno, Makoto Saito, Kazuhiko Ikeuchi1, Eisuke 
Adachi1, Michiko Koga, Takeya Tsutsumi, Hiroshi 
Yotsuyanagi

Of the hepatitis viruses, HAV and HEV are trans-
mitted orally, HAV mainly from marine products and 
HEV from meat of wild animals such as deer and 
pork liver. Both HAV and HEV are found in large 
quantities in stools, but there have been few cases of 
human-to-human transmission of HEV in Japan. On 
the other hand, HAV can be sexually transmitted, 
with epidemics occurring through fecal-oral trans-
mission. Isolation of viral RNA from patient blood 
and stool, quantification of copy number, and se-
quencing to determine genotype and mutation are 
extremely important to understand the characteristics 
of epidemic strains, such as virulence and drug resist-
ance, and to use them for treatment. In this laborato-
ry, analyses are being conducted using specimens 
from HAV or HEV-infected patients collected from 
various regions. At the same time, we are verifying 
whether HAV or HEV infection is present in speci-
mens of unidentified hepatitis in which infection with 
HBV or HCV, which also cause hepatitis, has been 
ruled out.

4.   Evaluation  of  the  efficacy  of  HA  vaccine  for 
HIV-MSM and analysis of NAFLD in HIV-infect-
ed patients 

Michiko Koga, Makoto Saito, Megumi Kubota, To-
moe Senkoji, Eisuke Adachi1, Kazuhiko Ikeuchi1, 
Tadashi Kikuchi1, Amato Otani1, Kazuaki Taka-
hashi, Takeya Tsutsumi, Hiroshi Yotsuyanagi

Hepatitis A (HA) is a vaccine-preventable disease. 
In regions with good sanitation, men who have sex 
with men (MSM) are the key affected populations. 
During the 2018–2019 HA outbreak among MSM in 
Japan, we actively vaccinated MSM living with hu-

man immunodeficiency virus (MSM-LWHIV) with 
Aimmugen®. As previously reported, their antibody 
seroconversion rate due to vaccination was lower 
than that of healthy individuals. We evaluated attenu-
ation after the one-series vaccination (comprising 
three inoculations) and the factors associated with at-
tenuation. We retrospectively examined anti-HA-IgG 
titers and other clinical data from our hospital’s med-
ical records. Fifty-one MSM-LWHIV were included. 
All were seropositive after the third dose with a medi-
an HA-IgG titer of 10.1 (interquartile range: 7.2–12.2) 
s/co. In 45 (40–49) months, seropositivity decreased to 
90% (46/51) and was attenuated to a median of 4.4 
(2.3–6.5) s/co. Lower baseline B cell counts (p=0.049), 
lower anti-HA-IgG levels after the second dose 
(p=0.002), and lower anti-HA-IgG levels after the 
third dose (p=0.003) were associated with seronega-
tivity. Anti-HA-IgG titers of vaccinated MSM-LWHIV 
may be attenuated; thus, additional immunizations 
should be considered.

Now, we have started to evaluate NAFLD and 
MAFLD of LWHIV. Of the 102 LWHIV, the preva-
lence of NAFLD was estimated to be 53.9% from the 
elastography CAP value, and 7.8% were suspected of 
progressing fibrosis and immediate improvement in 
metabolic risk factors as desired. We are also conduct-
ing research from the perspective of the microbiome.

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

Michiko Koga, Kazuhiko Ikeuchi1, 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 the prevalence of transmitted drug-resistant (TDR) 
HIV in Japan from 2003.

Drug-resistance tests had been performed on na-
tionwide HIV-1-infected cases newly diagnosed. The 
overall prevalence of TDR was about 10.4% in 2022. 

6.  Exploratory research of the malignancy with 
HIV-infected hemophilia patients

Michiko Koga, Takahiro Tanaka, Aya Ishizaka, 
Akari Fukuda, Takashi Hosaka1, Hiroshi Yotsuyan-
agi,

It is speculated that hemophilia who were infected 
with HIV through contaminated blood products pro-
duced in the US before 1986 are at a higher risk of 
developing malignancies because of aging and im-
mune dysfunction. Since April 2021, we have initiated 
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this research with the following four objectives. 1. 
Construction and operation of a system design for a 
health examination. 2. Medical support at the time of 
diagnosis of malignancy and after diagnosis. 3. Men-
tal care associated with malignancy. 4. Public rela-
tions regarding support and diseases. 

We also reported that HIV-infected patients suf-
fered much stress under the COVID-19 pandemic.

7.   Characterization of mutations in HBV isolated 
from HBsAg-positive blood donors in Japan. 

Ayako Sedohara, Kazuaki Takahashi, Yoshiaki 
Kanno, Kazuhiko Ikeuchi1, Eisuke Adachi1, Takeya 
Tsutsumi, Hiroshi Yotsuyanagi

In Japan, routine HBV vaccination began in 2016 
for children aged 0 years. The HBV vaccine targets the 
hydrophilic amino acids in the S-region of the HBV 
epitope. Mutations in the DNA sequence of this S-re-
gion can cause amino acid substitutions. The amino 
acid substitution causes a drop in the titer of antibod-
ies to HBV produced by the vaccine, which is called a 
vaccine escape mutation. In Japan, the rate of infec-
tion with HBV is low and few people over the age of 
8 have antibodies against HBV because few people 
have been vaccinated against it. However, if the num-
ber of people with antibodies against HBV increases 
in the future due to vaccination, the number of HBV 
with antibodies resistant to HBV may increase. It is 
very important to regularly monitor the prevalence of 
HBV in Japan. In this study, blood donations that test-
ed positive for HBsAg are collected, HBV DNA is iso-
lated, HBV copy number is examined, and genotypes 
and mutations are analyzed by whole genome se-
quence. As a result, we are detecting vaccine escape 
mutations and mutations that confer resistance to 
therapeutic drugs for hepatitis B. Drug resistance mu-
tations are important for the treatment of acute and 
chronic hepatitis and should continue to be moni-
tored closely. This study provides a baseline for fu-
ture HBV epidemic strain trends.

8.   Identification  of  HIV-associated  neurocogni-
tive  disorder  (HAND)  biomarker  from  HIV-in-
fected individuals presenting with neuropathy.

Ayako Sedohara, Kotaro Arizono, Hiroshi Yotsuy-
anagi

Antiviral drugs suppress the growth of HIV, al-
lowing HIV-infected people to live the same life as 
healthy people. Because HIV is a retrovirus with re-
verse transcriptase, the HIV gene is incorporated into 
the host genome. Even though antiviral drugs can 
suppress viral production, the HIV provirus incorpo-
rated into the genome cannot be eliminated, and 
chronic inflammation is known to persist in HIV pa-
tients. Various complications are known to result 

from this chronic inflammation, among which 
HIV-associated neurocognitive disorder (HAND) sig-
nificantly affects the quality of life of patients. On the 
other hand, HAND cannot be detected by common 
dementia tests, so a diagnosis requires a combination 
of several psychological tests. It is against this back-
ground that testing for HAND is not performed un-
less the physician determines that HAND is suspect-
ed or the patient does not want to be tested. A 
biomarker that would allow HAND to be diagnosed 
with a minimally invasive blood test is desired. In this 
study, we identified several candidate HAND bio-
markers from plasma of HIV patients. In the future, 
we will develop a method to test them as HAND bio-
markers in clinical tests.

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

Ayako Sedohara, Michiko Koga, Makoto Saito, Ka-
zuhiko Ikeuchi1, Eisuke Adachi1, Tomohiko Koibu-
chi1, Hiroshi Yotsuyanagi

The eradication of HIV provirus from HIV-infect-
ed patients is a crucial for curing HIV. A population 
of HIV-infected CD4 T-cells represents a latent infec-
tion, or reservoir. The latently infected cells can be 
reactivated by treatment with an latency reversing 
agent (LRA), allowing eradication by the host im-
mune system, also termed the kick-and-kill strategy. 
It has been reported that histone acetyltransferase in-
hibitor SAHA strongly reactivates latent HIV reser-
voir. Using CD4 T-cells derived from HIV-infected 
individuals, we tried to identify novel chemical com-
pounds that act as an LRA. Consequently, we identi-
fied that valemetostat/DS-3201/(R)-OR-S2, novel en-
hancer of zeste homolog 1/2 (EZH 1/2) dual inhibitor, 
acts as an LRA. EZH2 is a component of polycomb 
repressive complex 2 (PRC2) and functions as a meth-
yltransferase. EZH2 methylates lysine 27 on histone 
H3 protein (H3K27). Tri-methylated H3K27 
(H3K27me3) marks the gene silencing region and is 
mainly observed around the 5’LTR, the transcription-
al regulatory region, in latently infected HIV-1 cells. 
EZH2 is involved in the maintenance of HIV-1 laten-
cy. Treatment of HIV-1 latently infected cells with va-
lemetostat reversed latency in vitro and ex vivo in a 
dose- and duration-dependent manner at levels simi-
lar to SAHA. Furthermore, co-administration of 
SAHA with valemetostat showed an additive effect 
on latency reversal.

10. Analysis of the HIV-associated gut microbiome

Aya Ishizaka, Michiko Koga, Taketoshi Mizutani2, 
Eisuke Adachi1, Tetsuro Matano3,6, Hiroshi Yotsuy-
anagi
6 Department of AIDS Vaccine Development, IM-
SUT Hspital, IMSUT
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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. We reported the relevance between gut 
dysbiosis and chronic inflammation in people living 
with HIV infection (PLWH). We are currently analyz-
ing gut microbiota alterations longitudinally to fur-
ther elucidate the causal relationship between 
HIV-specific gut microbiota dysbiosis and the inci-
dence of age-related diseases in PLWH.

11. Clinical epidemiology of malaria in pregnancy

Makoto Saito

Malaria stands as the primary cause of mortality 
in tropical regions, with pregnant women being espe-
cially vulnerable. Malaria during pregnancy has det-
rimental effects on both the mother and fetus. As part 
of a global collaboration with colleagues in sub-Saha-
ran Africa and Asia, we conducted a pooled me-
ta-analysis of clinical data to evaluate the safety of 
antimalarials during pregnancy. This research sup-
ported the revision of malaria guidelines by the 
World Health Organization and by the US CDC. Cur-
rently, we are engaged in new projects focusing on 
the pharmacoepidemiology of antimalarials during 
pregnancy.

12. Analysis of rifaximin effect on the small intes-
tinal microbiome

Kazuhiko Ikeuchi1, Takeya Tsutsumi, Aya Ishizaka, 
Taketoshi Mizutani2, Ayako Sedohara, Michiko 
Koga, Satoru Tamaoki7, Hiroshi Yotsuyanagi
7 Medical Affairs Department, ASKA Pharmaceuti-
cal Co., Ltd.

Rifaximin is a poorly absorbed broad-spectrum 
antibiotic used for hepatic encephalopathy, but rifax-
imin does not alter the stool microbiota. Because the 
antimicrobial effect of rifaximin increases by micelli-
zation with bile acids, we hypothesized that rifaximin 
alters the microbiota in the duodenum and jejunum, 
where bile acids are abundant. Using CCl4-induced 

liver fibrosis mice, we showed that rifaximin decrease 
Lactobacillaceae in the duodenum and jejunum, 
which is known to increase in patients with hepatic 
encephalopathy. Rifaximin may exert its effect by al-
tering the duodenal and jejunal microbiota. The 
changes in the duodenal and small intestinal microbi-
ota were not associated with that of stool, suggesting 
that the analysis of stool microbiota is insufficient to 
evaluate upper intestinal microbiota.

13. Analysis of transmission route of HCV among 
HIV patients

Kazuhiko Ikeuchi1, Kazuya Okushin8, Makoto Sai-
to, Eisuke Adachi1, Michiko Koga, Takeya Tsutsumi 
Tomoyuki Takura9, Hiroshi Yotsuyanagi
9 Department of Healthcare Economics and Health 
Policy, Graduate School of Medicine, The Universi-
ty of Tokyo

Hepatitis C virus (HCV) has been mainly trans-
mitted through injection drug use, but recently, sexu-
al transmission among men who have sex with men 
(MSM), which is also a major route of HIV transmis-
sion, is increasing. However, the prevalence of HIV 
and the incidence of other sexually transmitted infec-
tions (STIs) among HCV patients have been rarely re-
ported. Using a healthcare insurance claim data of 
employees and their dependents covering seven-mil-
lion people in Japan, we evaluated HIV prevalence 
among HCV patients. HIV prevalence among young 
male HCV patients was very high in Tokyo. HCV/
HIV co-infected patients were more likely to acquire 
HIV before HCV, which is a known feature of MSM. 
They also had a higher incidence of STIs. These find-
ings suggest that HCV might be prevalent as an STI 
among MSM particularly in Tokyo.

We also analyzed the long-term incidence of HCV 
among people living with HIV (PLWH) in the IMSUT 
hospital. In the multivariable analysis, MSM, IDU, 
and syphilis infection during study period were asso-
ciated with HCV incidence, suggesting that HCV 
could be transmitted by both injection drug and sexu-
al contact.

Publications
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1.   Identification of novel molecular targets for the 
treatment of colorectal cancer

Kiyoshi Yamaguchi, Yoichi Furukawa

Epigenetic modifications such as DNA methyla-
tion and histone modification change in gene expres-
sion with global dynamics of chromatin structure. 
Accumulated evidence has demonstrated that aber-
rant epigenetic modifications are involved in carcino-
genesis. Bromodomain has been known as a pro-
tein-interaction module that recognizes acetylated 
lysine residues. Through this interaction, protein con-
taining a bromodomain(s) directs the assembly of nu-
clear factor complexes to their target sites on chroma-
tin, resulting in the transcriptional activation. 
Recently, we found that bromodomain containing 8 
(BRD8) was frequently accumulated in colorectal can-
cer. Transcriptome analysis coupled with ge-
nome-wide mapping of BRD8-binding sites disclosed 
that BRD8 regulates the expression of multiple subu-
nits of the pre-replicative complex in concert with the 
activator protein-1. Depletion of BRD8 induced 
cell-cycle arrest at the G1 phase and suppressed cell 

proliferation. We also showed that the bromodomain 
of BRD8 is indispensable for not only the interaction 
with histone H4 or transcriptional regulation but also 
its own protein stability. These findings highlight the 
importance of bromodomain as a therapeutic target.

2.   Understanding the role of Wnt/β-catenin signa-
ling pathway in human carcinogenesis

Kiyoshi Yamaguchi, Yoichi Furukawa

Aberrant Wnt/β-catenin signaling has been found 
in the various types of cancer, particularly colon can-
cer. This activation leads to the accumulation of β-cat-
enin in the nucleus, where it functions as a transcrip-
tional co-activator of the TCF/LEF family. Therefore, 
comprehensive understanding of genes directly 
transactivated by the heterodimeric β-catenin/TCF 
transcriptional complex will lead to the better under-
standing of the role of this pathway in human car-
cinogenesis. Previously, our gene expression analysis 
using β-catenin-depleted colorectal cancer cells iden-
tified a total of 64 candidate genes whose expression 
was regulated by the Wnt/β-catenin signaling. One of 
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these genes was visinin-like 1 (VSNL1), which belongs 
to the neuronal calcium-sensor gene family. The ex-
pression of VSNL1 was regulated by β-catenin/TC-
F7L2 via two Wnt-responsive elements in intron 1. 
Knockdown of VSNL1 induced apoptosis in colorec-
tal cancer cells. In contrast, forced expression of wild-
type VSNL1, but not a myristoylation, Ca2+-binding, 
or dimerization-defective mutant, suppressed the ap-
optosis induced by camptothecin and doxorubicin. 
Our data suggest that VSNL1, a novel target gene of 
the Wnt/β-catenin signaling pathway, is associated 
with apoptosis resistance in colorectal cancer cells.

3.   Discovery of Wnt inhibitors through a screen-
ing of large-scale chemical libraries 

Kiyoshi Yamaguchi, Yoichi Furukawa, Yoshitaka 
Ohishi, Satoru Nagatoishi1, Kouhei Tsumoto1,2,3: 1Pro-
ject Division of Advanced Biopharmaceutical Science, 
2Medical Proteomics Laboratory, IMSUT, 3Depart-
ment of Bioengineering, School of Engineering, The 
University of Tokyo

A variety of cell-based assays have contributed to 
the discovery of small molecules that modulate Wnt 
signaling. Previously, we developed a sensitive and 
specific cell-based reporter assay for the detection of 
the Wnt/β-catenin signaling activity. Using this assay, 
we established a high-throughput screening system, 
and performed a screening of small molecule and nat-
ural product libraries. As a result, several compounds 
that inhibit Wnt/β-catenin signaling activity were 
identified, and their target(s) are currently under in-
vestigation. To elucidate the detailed mode of action 
of these hit compounds, we have adopted an ap-
proach based on the estimation of gene network from 
gene expression data.

4.   Establishment of  intrahepatic cholangiocarci-
noma mouse model by orthotopic transplanta-
tion of syngeneic tumor cells

Kiyoko Takane, Yoichi Furukawa

Genetically engineered mice are useful tools for 
studying human diseases including cancer. In this 
project, we previously generated a novel mouse mod-
el of intrahepatic cholangiocarcinoma (ICC) using liv-
er-specific expression of oncogenic Kras and homozy-
gous Pten deletion (AKPP: Alb-Cre+; LSL-KrasG12D/+; 
Ptenflox/flox). Subsequently, a cell line was established 
from the ICC of AKPP mice and named AKPP cells. 
First, we confirmed that conventional ICC markers 
such as cytokeratin-19 and pan-cytokeratin were 
abundantly expressed in AKPP cells. In contrast, the 
cells expressed low levels of hepatocyte nuclear factor 
4 alpha (HNF4α), a marker of hepatocellular carcino-
ma. To investigate the downstream effects expected 
from the loss of Pten and activation of Kras, the phos-
phorylation levels of Akt (Ser473) and Erk1/2 were 

analyzed by immunoblotting. As a result, increased 
phosphorylation of these effectors was observed in 
AKPP cells, compared to mouse fibroblast L-cells. We 
are currently investigating the tumorigenic potential 
of AKPP cells using syngeneic immunocompetent 
mice.

5.   Elucidation of the genetic features of rare can-
cers and the mechanisms of their development

Kiyoko Takane, Kiyoshi Yamaguchi, Yoichi Furuka-
wa, Seiya Imoto1, Satoru Miyano2, Hideaki Yano3, 
Atsushi Kaneda4: 1Division of Health Medical Intel-
ligence, Human Genome Center, IMSUT, 2Systems 
Biology for Intractable Diseases, Medical Research 
Institute, Tokyo Medical and Dental University, 3De-
partment of Surgery, National Center for Global 
Health and Medicine, 4Department of Molecular 
Oncology, Graduate School of Medicine, Chiba Uni-
versity

Pseudomyxoma peritonei (PMP) is a rare disease 
with an incidence of 1 – 2 cases per million and char-
acterized by the presence of mucin-producing tumors 
in the abdominal cavity. Primary tumors of PMP de-
velop most frequently in the appendix and occasion-
ally in other organs including the ovary, colorectum, 
gallbladder, stomach, pancreas, fallopian tube, ura-
chus, lung, and breast. To elucidate the molecular 
mechanisms underlying PMP, we previously analyz-
ed 18 appendiceal PMPs by targeted sequencing us-
ing the Cancer Hotspot Panel. Consequently, we 
found that KRAS and/or GNAS mutations are com-
mon genetic features of PMP. In addition, we suggest-
ed that mutations in TP53 and/or genes related to the 
PI3K-AKT pathway may confer malignant properties 
to PMP.

We further performed genome-wide DNA methy-
lome analysis of 15 appendiceal PMP samples using 
Infinium 850K BeadChip. As a result, the 15 PMPs 
were classified into at least two epigenotypes, unique 
methylation epigenotype and normal-like methyla-
tion epigenotype. In addition, we have found that 
HOXD1 and TSPYL5 showed high methylation and 
low expression in all PMP samples tested. We are cur-
rently investigating the molecular mechanisms of 
PMP involved in the low expression of HOXD1 and 
TSPYL5. These data may contribute to the better un-
derstanding of molecular mechanisms underlying 
PMP, and help in the diagnosis, treatment, and pre-
vention of this life-threatening disease.

6.  Clinical sequencing for the implementation of 
genomic medicine

Kiyoko Takane, Kiyoshi Yamaguchi, Yoichi Furuka-
wa, Eigo Shimizu1, Rika Kasajima1, Kotoe Katay-
ama1, Seiya Imoto1, Tetsuo Shibuya2, Kazuaki 
Yokoyama3, Yasuhito Nanya3, Koichiro Yuji4, Rui 



120

Yamaguchi5, Satoru Miyano6: 1Division of Health 
Medical Intelligence, 2Division of Medical Data In-
formatics, Human Genome Center, 3Department of 
Hematology/Oncology, 4Project Division of Interna-
tional Advanced Medical Research, Advanced Clin-
ical Research Center, IMSUT, 5Division of Cancer 
Systems Biology, Aichi Cancer Center Research In-
stitute, 6Systems Biology for Intractable Diseases, 
Medical Research Institute, Tokyo Medical and 
Dental University

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 two pro-
jects: 1) genetic diagnosis of patients with suspected 
hereditary cancer predisposition and 2) implementa-
tion of precision medicine for patients with rare or 
intractable cancer. 

In the first project, we applied NGS technology for 
molecular diagnostics of hereditary colon cancer syn-
dromes such as familial adenomatous polyposis 
(FAP), Lynch syndrome (LS), and polymerase proof-
reading-associated polyposis (PPAP). Long-read se-
quencing has technical advantages over short-read 
sequencing for the detection of structural variants. 
Therefore, we tested the ability of nanopore sequenc-

ing and adaptive sampling for the enrichment of 91 
genes involved in hereditary cancer predisposition 
using DNA from a patient with LS carrying a charac-
terized SV in our previous study. Application of the 
adaptive sampling using peripheral blood DNA re-
sulted in approximately six times higher target com-
position than the nonadaptive sampling. Consequent-
ly, we successfully identified the breakpoints of a 
pathogenic SV that was difficult to identify by short-
read sequencing technology.

In the second project, we have been working on 
the implementation of genomic data in clinics. We of-
fered consultation of genetic analysis to patients with 
rare or intractable cancer as an outpatient clinic ser-
vice in IMSUT hospital. Patients with colorectal, eso-
phageal, cervical, pancreatic, and breast cancer gave 
written informed consent for genetic analysis and 
prediction of treatment using artificial intelligence 
were enrolled in this study. Genetic alterations in 
their tumors were determined by NGS, and the data 
were subsequently analyzed by QIAGEN Clinical In-
sights (QCI). The results of QCI including predicted 
driver mutations and suggested actionable drugs 
were discussed in the IMSUT Tumor Board. The Tu-
mor Board is composed of members from a variety of 
specialties, including physicians, medical oncologists, 
genetic counsellors, geneticists, bioinformaticians, 
and experts of ethics, and meets online 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 not only destroys tumor cells by its 
lytic activity but also shows robust antitumor effect 
by eliciting systemic and specific antitumor immuni-
ty, and is expected as a promising novel therapeutic 
for cancer. Various kinds of virus have been modified 
and utilized as oncolytic viruses, but genetically engi-
neered HSV-1 is particularly useful because of follow-
ing favorable characteristics: (1) a highly selective 
replication in tumor cells while maintaining safety in 
normal tissues, (2) a high stability of the viral genome, 
(3) a potent oncolytic activity in a wide range of can-
cer cells, (4) cell-to-cell spread of the virus minimally 
affected by serum antiviral antibodies, (5) presence of 
antiviral drugs that serve as fail safe, (6) a high capac-
ity for incorporating large or multiple transgenes ow-
ing to its large genome size (<152kb). We developed 
G47Δ, a triple-mutated oncolytic HSV-1 with high ef-
ficacy 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, enables 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). 

Since 2003, translational research of G47∆ was ini-
tiated totally by this laboratory, including invention, 
preclinical studies, clinical lot manufacturing and 
clinical trials. G47∆ was approved as the world’s first 
oncolytic virus product for malignant glioma in 2021. 
Besides malignant brain tumors, we have meticulous-
ly accumulated pre-clinical data with the intention to 
expand the application of G47Δ for other cancers, in-
cluding renal cancer, prostate cancer, bladder cancer, 
malignant mesothelioma, tongue cancer, esophageal 
cancer, gastric cancer, colon cancer, lung cancer, 
breast cancer, nasopharyngeal cancer, cholangiocarci-
noma, hepatic cancer, pancreatic cancer, malignant 
melanoma, and malignant lymphoma. 

Preclinical research has revealed that G47Δ is uni-
versally effective for all types of solid tumors, and is 
expected a standard treatment option for cancer in 
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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 tissues. G47∆, a recombinant, triple-mutated oncolytic herpes 
simplex virus type 1 (HSV-1), exhibits potent anti-tumor efficacy while maintaining 
safety.  G47∆ was approved as the world’s first oncolytic virus product for brain 
tumors in June 2021 and is now in clinical use since November 2021.
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the near future. The clinical trials of G47∆ for malig-
nant mesothelioma, olfactory neuroblastoma and 
prostate cancer, and that of human IL-12-expressing 

G47∆ (T-hIL12) for malignant melanoma have been 
steadily proceeding.
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1.   Assistance of Clinical  Trials/TRs at Research 
Hospital

Masanori Nojima, Fumitaka Nagamura

At IMSUT Hospital, we work together with the 
staffs of Center for Translational Research. The assis-
tance of Translational (Clinical) Research Coordina-
tors is indispensable for the conduct of clinical trials, 
especially for TR. The activities of Coordinators are 
the results of the collaboration between Division of 
Advanced Medicine Promotion and Center for Trans-
lational Research. In 2023, we supported 4 sponsor-in-
vestigator clinical trials.  

2.   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.

3.   Statistical consulting for basic research

Masanori Nojima

For basic researchers, we suggest exploratory sta-
tistical approach and molecular epidemiological ap-
proach.

4.   Statistics and Quality control in Clinical Trials

Masanori Nojima, Mitsumi Tokunaga, Fumitaka 
Nagamura

We have planned and performed data manage-
ment, monitoring, and statistical works in clinical tri-
als.
[Data management]: Planning, EDC and CRF prepa-
ration, registration, allocation, database management, 
data cleaning, coding
[Monitoring]: Monitoring for drug management
[Statistics]: Planning and perform for statistical analy-
ses, Sample size calculation.
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Our mission is to assist the development of translational research. For this purpose, 
it is critical to discover new “seeds” and to eradicate blockades until the clinical 
utilization. We also assist the conduct of clinical trials at IMSUT Hospital. At IMSUT 
Hospital, we work together with the staffs of Center for Translational Research. 
Concurrently, to concur blockades on translational research, we have been 
engaging in research on regulatory science and biostatistics. 
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5.   A review of criteria strictness in “Toxicity Grad-
ing  Scale  for  Healthy  Adult  and  Adolescent 
Volunteers  Enrolled  in  Preventive  Vaccine 
Clinical Trials”

Masanori Nojima, Fumitaka Nagamura

To assess safety in vaccine development, stricter 
grading scales, such as the “Toxicity Grading Scale 
for Healthy Adult and Adolescent Volunteers En-
rolled in Preventive Vaccine Clinical Trials” issued by 
the U.S. Food and Drug Administration (FDA grad-
ing scale), are required. However, concern exists that 
their strictness may lead to an overestimation of some 
adverse events (AEs). We analyzed the details of AEs 
in a phase I clinical trial of a preventive vaccine for 
infectious diseases. In this trial, we observed the high 
occurrence of Grade 1 or greater AEs in hemoglobin 
changes from baseline value, and hypernatremia, and 
hypokalemia by FDA grading scale. The range con-
sidered as non-AE according to the FDA grading 
scale shifted or became narrower when compared to 
reference intervals, especially for a Japanese cohort. 

Regarding a decrease in hemoglobin from baseline, 
the criterion of “any decrease” used for a Grade 1 AE 
was too strict and we suggest this be omitted. Upper 
and lower limits of AE criteria for sodium and potas-
sium should be equal to, or 10–20% above, the refer-
ence interval consistent with other toxicities deter-
mined by laboratory tests. Consideration should be 
given to the issues surrounding the criteria that deter-
mine AEs before conducting clinical trials.

6.   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.
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1.   Role of IL-33 in the gastrointestinal homeosta-
sis

Yoshihiro Hirata, Nobumi Suzuki1, Yoku Hayaka-
wa1. 1Department of Gastroenterology, The Univer-
sity of Tokyo

Using several lines of gastric IL-33 overexpression 
mice (TFF1-cre-LSL-IL33, Mist1creERT-LSL-IL33, 
TFF1pro-IL33), we found IL33 is involved in the 
pathogenesis of gastritis, especially recruitment of 
specific immune cells into the stomach. Currently, we 
try to visualize in vivo immune cells using new EGFP 
transgenic line to elucidate the dynamics of gastritis 
after the IL33 stimuli. 

2.   Role of Sox9 in the gastric carcinogenesis

Hu Ke, Kazuya Koyanagi, Nobumi Suzuki1, Yoku 
Hayakawa1, Yoshihiro Hirata. 1Department of Gas-
troenterology, The University of Tokyo

Sox9 is a multifunctional transcriptional factor 
which participates in development, stemness, as well 
as carcinogenesis of various tissues. To elucidate the 
role of Sox9 in gastric diseases, we established stom-
ach specific Sox9 knockout mice (TFF1-cre; Sox9f/f 

mice). We found these mice developed gastritis and 
gastric tumor in the antrum suggesting critical role of 
Sox9 in the homeostasis of stomach. Now we investi-
gate the characteristics of antral epithelium of Sox9 
especially focused on mucin phenotype.   

3.   Molecular mechanism of the development and 
the progression of sclerosing cholangitis

Ru Lin, Hisayoshi Natomi, Hayato Nakagawa3, 
Yoshihiro Hirata. 3Department of Gastroenterology, 
Mie University

Primary sclerosing cholangitis is a rare form of bil-
iary inflammation which can progress to cirrhosis 
and cancer. We are currently investigating the role of 
intestinal microflora, on cholangitis using originally 
developed mouse biliary disease models. We found 
infiltrated T cells have Th17 signatures, and damaged 
epithelium express stem cell markers. Antibiotics 
treatment ameliorated immune cell infiltration and 
fibrosis of bile duct. 

4.   Role of  acetylcholine  signaling  in  the  inflam-
matory bowel diseases

Aya Yamashita1, Yoshihiro Hirata, Sozaburo Ihara1. 
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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. We specifically focus on the 
topics such as, differentiation of stem cells, proliferation and death of epithelium, 
interactions with immune cells or microbes, inter-organ interactions, and 
maintenance of tissue homeostasis. Using genetically engineered mice, we try to 
unveil the pathogenesis of various digestive diseases. 
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We examined the role of acetylcholine signaling in 
colitis using murine colitis model. Administration of 
nicotine, a ligand of nicotinic acetylcholine receptor, 
to IL-10 knockout mice reduced inflammatory cell in-
filtration and retained goblet cells. IL-10 KO mice 
with DC-specific alpha7nicotinic acetylcholine recep-
tor deletion exhibited more severe colitis than IL-10 
KO mice indicating the importance of acetylcholine 
signaling on DCs.  

5.   Analysis of primary biliary cholangitis mouse 
model

Jiaqi Zhang4, Ryo Nakagawa4, Naoya Kato4, Hayato 

Nakagawa3, Yoshihiro Hirata4, Department of Gas-
troenterology, Chiba University

Primary biliary cholangitis is a rare autoimmune 
cholestatic liver disease and its cause is not well un-
derstood. UDCA administration is the only estab-
lished therapy, but many advanced cases does not 
respond to treatment, and eventually requires liver 
transplantation. We have generated transgenic mice 
which develop immune cell infiltration, bile duct de-
struction in the liver with elevated serum autoanti-
body, all of which are characteristics of human PBC. 
Using this mouse model, we now try to unveil molec-
ular pathogenesis and establish novel treatment strat-
egy. 

Publications

1.   Arai J, Niikura R, Hayakawa Y, Hirata Y, Ushiku 
T, Fujishiro M. Autoimmune gastritis may be less 
susceptible to cancer development than Helicobac-
ter pylori-related gastritis based on histological 
analysis. Gut. 2023 May 17:gutjnl-2023-330052. 
doi: 10.1136/gutjnl-2023-330052. Epub ahead of 
print. PMID: 37197906.

2.   Kato H, Tateishi K, Iwadate D, Yamamoto K, Fuji-

wara H, Nakatsuka T, Kudo Y, Hayakawa Y, Ijichi 
H, Otsuka M, Kishikawa T, Takahashi R, Miya-
bayashi K, Nakai Y, Hirata Y, Toyoda A, Morishita 
S, Fujishiro M. HNF1B-driven three-dimensional 
chromatin structure for molecular classification in 
pancreatic cancers. Cancer Sci. 2023 Apr;114(4): 
1672-1685. doi: 10.1111/cas.15690. Epub 2022 Dec 
25. PMID: 36511816; PMCID: PMC10067390.
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1.   Survey  on  Public  Awareness  of  Medical  Re-
search Terminology and the Accuracy of Phy-
sicians’ Predictions regarding that Awareness 
in Japan 

Ayako Kamisato, Hong Hyunsoo 

One of the ethical principles of medical research 
involving human subjects is obtaining proper in-
formed consent (IC). However, if the participants’ ac-
tual awareness of medical research terminology is 
lower than the researchers’ prediction of that aware-
ness, it may cause difficulty obtaining proper IC.  
Therefore, this study aims to clarify the presence of 
“perception gaps” and then discuss IC-related issues 
and measures based on the insights obtained. We con-
ducted two online surveys: a “public survey” to un-
derstand the Japanese public’s awareness of 11 medi-
cal research terms and a “physicians’ survey” to 
investigate physicians’ predictions regarding public 
awareness. In the “public survey,” for each term, re-
spondents were instructed to select their situation 
from “understand,” “have heard,” or “have never 
heard.” In the “physicians’ survey,” respondents 
were asked to estimate the proportions of the general 
public who would “have understood,” “have heard,” 
or “have never heard” by using an 11-step scale. We 
analyzed separately in two age groups to understand 
the age-related difference. We received 1002 valid re-

sponses for the “public survey” and 275 for the “phy-
sicians’ survey.” Of the public respondents, more 
than 80% had never heard of terms such as interven-
tional study, prospective clinical study, cohort study, Phase 
I clinical trial, or double-blind study. Concurrently, phy-
sicians overestimated general public awareness of the 
terms placebo, cohort study, double-blind study, and ran-
domized clinical trial (in the group of people under 60). 
The results revealed the perception gap between the 
general public and physicians which raises serious 
concerns about obtaining proper IC from clinical re-
search participants. 

2.   Research on the Japan’s clinical research re-
view system 

Ayako Kamisato

As of the end of 2023, clinical research is being 
conducted under four laws, orders based on them, 
and eight guidelines. All of these laws and guidelines 
have in common that they require researchers to cre-
ate a research protocol and get it reviewed by a re-
view body established at the research institution 
(hereinafter referred to as a local committee). Howev-
er, on the other hand, there are many differences on 
the review system between laws and guidelines, such 
as whether additional review is required by a review 
body set up by the government or whether there is a 

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

Medical research has high expectations from society, however, it imposes burdens 
and risks on subjects. Also, research using advanced medical technology may 
raise new ethical, legal and social issues (ELSI). For these reasons, certain rules 
are required for medical research. In our laboratory, we consider what kind of rules 
are necessary for protecting subjects and responding to the new ELSI.
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local committee certification system. Therefore, we 
examined the examination system of all laws and 
guidelines and considered the issues that emerged 
from this and the future system design.

3.   Ethical support for “The Center of Well-being 
Regional Society Innovation project.”

Ayako Kamisato, Kazuyo Arisawa, Yoshiko Taka-
hashi

“The Center of Well-being Regional Society Inno-
vation project,” promoted by Hirosaki University 
(Hirosaki COI-NEXT), is one of the projects of the JST 
Program on Open Innovation Platform for Indus-
try-Academia Co-Creation. The goal of this project is 
to build and utilize a big data platform on medical 
and health. To achieve this goal, one of the wide-rang-
ing efforts of Hirosaki COI-NEXT is the implementa-
tion of a large-scale health survey called the “Iwaki 
Health Checkup Project” (hereinafter referred to as 
“Iwaki Health Checkup”), targeting residents of the 
Iwaki district of Hirosaki City.  In this checkup, Hi-
rosaki University collaborates with companies and 
research institutes to collect 2,000 to 3,000 items of 
health and medical data per person. The aim is to 
quickly find preventive and therapeutic methods for 
dementia and lifestyle-related diseases by analyzing 
such big data from multiple angles. Our laboratory is 

in charge of ethical support for the Iwaki health 
checkup. As part of our support, in 2023, we estab-
lished an ethics review committee dedicated to this 
project. We began reviewing it to promote the use of 
health checkup data for research and development.

4.   The  REC  Education  program  (RECs)  for  Re-
search  Ethics  Committees  (REC)  members 
and researchers

Ayako Kamisato, Kazuyo Arisawa, Hong Hyunsoo, 
Yoshiko Takahashi

We have constructed the REC Education program 
for Research Ethics Committees (REC) members with 
support from the Japan Agency for Medical Research 
and Development (AMED) since FY 2016. So far, we 
have produced fifteen video programs and released 
them on our website. Two thousand two hundred fif-
ty-two members and 778 institutions have registered 
with our program as of 31 May 2022. Also, we have 
constructed the REC Education program for research-
ers and produced five video programs with support 
from the AMED since FY 2019. Currently, we have 
2,939 members registered with this program as of 31 
May 2022.

In 2023, we revised the video programs following 
revisions of the “Ethical Guidelines for Medical and 
Biological Research Involving Human Subjects.”

出版物

・神里彩子「第8章　個人情報の取扱いに関する基礎
知識」飯嶋久志、氏原淳、内田直樹、神里彩子、
佐藤愛美『超簡単！！研究倫理審査と申請 第2版
～適正な臨床・疫学研究の推進に向けて～ 』（薬
事日報社、2023年）
・神里彩子「第5章 臨床研究の審査体制－現状と今
後の在り方」甲斐克則編『臨床研究と医事法（医
事法講座 第13巻）』（信山社、2023年）
・神里彩子・武藤香織編『医学・生命科学の研究倫
理ハンドブック第2版』（東京大学出版会、2023
年）
・Hideki Yui, Ayako Kamisato, Kaori Muto, Yoshimi 

Yashiro, Saori Watanabe, Yukitaka Kiya, Kumiko 
Fujisawa, Yusuke Inoue, Zentaro Yamagata. Atti-
tudes towards human fetal tissue research: Survey 
of researchers and the public in Japan. Regenera-
tive Therapy,Volume 24,2023,Pages 78-84, https://
doi.org/10.1016/j.reth.2023.05.007.
・Kamisato, A., Hong, H. & Okubo, S. Public Aware-

ness of Medical Research Terminology in Japan, 
and the Accuracy of Physicians’ Predictions regard-
ing that Awareness. ABR (2023). https://doi.
org/10.1007/s41649-023-00247-4
・Iimura, Yohei & Nakazawa, Mitsuko & Tsuru, 

Yukari & Togashi, Hitomi & Honda, Tomoe & 
Baba, Keisuke & Ishibashi, Masaaki & Sasuga, 
Chieko & Furukawa, Naoki & Sato, Tomoko & Mat-
subara, Yasuo & Kamisato, Ayako & Yoshii, Eiko & 
Kuroda, Seiichiro & Boku, Narikazu. Evaluation of 
clinical effects of a multidisciplinary-collaborated 
cancer support team for gastrointestinal cancer 
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protocol of M-CAST study. Research Square; 2023. 
DOI: 10.21203/rs.3.rs-2529768/v1.10.21203/rs.3.rs-25 
29768/v1.
・神里彩子「生殖技術に関する倫理的・法的・社会
的課題（ELSI）の全体」医事法研究第8号（甲斐
克則責任編集、信山社、2023年12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 joined this new division. On 
October 1th, 2022, Dr. Kojima also joined this divi-
sion. We named our new division as ‘Frontier Sur-
gery’, because we want to greedily open up undevel-
oped areas 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. We also perform laparoscopic sur-
gery for inguinal hernias.

See NO16-10 (Department of Surgery, IMSUT 
Hospital).

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

Refractory Intestinal Behçet-Like Disease Associ-
ated with Trisomy 8 Myelodysplastic Syndrome Re-
solved by Parenteral Nutrition.

Takahashi R, Matsubara Y, Takahashi S, Yokoyama 
K, Ahyoung LL, Koga M, Sakamoto H, Boku N, Shi-
da D, Yotsuyanagi H.

Case Rep Gastroenterol. 2023 Oct 11;17(1):287-293.

Prognostic factors associated with the transition in 
treatment methods for brain metastases from colorec-
tal cancer.

Imaizumi J, Shida D, Boku N, Igaki H, Itami J, Mi-
yakita Y, Narita Y, Takashima A, Kanemitsu Y.

Int J Clin Oncol. 2023 Aug;28(8):1043-1053. 

Genomic landscape and its prognostic significance 
in stage III colorectal cancer: JCOG1506A1, an ancil-

Advanced Clinical Research Center

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

Professor Dai Shida, M.D., Ph.D.
Associate Professor Susumu Aiko, M.D., Ph.D.
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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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lary of JCOG0910.

Shida D, Kuchiba A, Shibata T, Hamaguchi T, 
Yamasaki S, Ito M, Kobatake T, Tonooka T, Masaki 
T, Shiozawa M, Takii Y, Uetake H, Okamura S, Oji-
ma H, Kazama S, Takeyama H, Kanato K, Shimada 
Y, Murakami Y, Kanemitsu Y.

Cancer Sci. 2023 Aug;114(8):3352-3363. 

Bromodomain protein BRD8 regulates cell cycle 
progression in colorectal cancer cells through a 
TIP60-independent regulation of the pre-RC complex.

Yamaguchi K, Nakagawa S, Saku A, Isobe Y, Yama-
guchi R, Sheridan P, Takane K, Ikenoue T, Zhu C, 
Miura M, Okawara Y, Nagatoishi S, Kozuka-Hata 
H, Oyama M, Aikou S, Ahiko Y, Shida D, Tsumoto 
K, Miyano S, Imoto S, Furukawa Y.

iScience. 2023 Apr 1;26(4):106563. 

Comparison of clinicopathological and genomic 
profiles in anal squamous cell carcinoma between 
Japanese and Caucasian cohorts.

Ito T, Takayanagi D, Sekine S, Hashimoto T, Shima-
da Y, Matsuda M, Yamada M, Hamamoto R, Kato T, 
Shida D, Kanemitsu Y, Boku N, Kohno T, Takashi-
ma A, Shiraishi K.

Sci Rep. 2023 Mar 3;13(1):3587. doi: 10.1038/
s41598-023-30624-w.

Effect of Biologics on the Risk of Advanced-Stage 
Inflammatory Bowel Disease-Associated Intestinal 
Cancer: A Nationwide Study.

Seishima R, Okabayashi K, Ikeuchi H, Uchino M, 
Futami K, Noguchi T, Ohge H, Iseki Y, Watanabe K, 
Itabashi M, Okamoto K, Toiyama Y, Ogino T, Naka-
mura M, Yamada K, Wakai T, Sato Y, Kimura H, 
Takahashi K, Hida K, Kinugasa Y, Ishida F, Okuda 
J, Daito K, Koyama F, Ueno H, Yamamoto T, 
Yamamoto S, Hanai T, Maemoto A, Arakaki J, Ko-
mori K, Akagi Y, Shida D, Yamaguchi S, Matsuda K, 
Maeda K, Noake T, Nezu R, Sasaki S, Hasegawa J, 
Sunami E, Kanemitsu Y, Katsumata K, Uehara K, 
Kiyomatsu T, Suto T, Kazama S, Yamada T, Goi T, 
Ishihara S, Ajioka Y, Sugihara K.

Am J Gastroenterol. 2023 Jul 1;118(7):1248-1255. 

Prognostic differences between oligometastatic 
and polymetastatic disease after resection in patients 
with colorectal cancer and hepatic or lung metastases: 
Retrospective analysis of a large cohort at a single in-
stitution.

Horie T, Kanemitsu Y, Takamizawa Y, Moritani K, 
Tsukamoto S, Shida D.

Surgery. 2023 Feb;173(2):328-334. 

Identification of odontogenic ameloblast associat-
ed as a novel target gene of the Wnt/β-catenin signal-
ing pathway.

Yamaguchi K, Horie C, Takane K, Ikenoue T, Nak-
agawa S, Isobe Y, Ota Y, Ushiku T, Tanaka M, Fu-
jishiro J, Hoshino N, Arisue A, Nishizuka S, Aikou S, 
Shida D, Furukawa Y.

Cancer Sci. 2023 Mar;114(3):948-960.

Risk of non-colorectal cancer-related death in el-
derly patients with the disease: A comparison of five 
preoperative risk assessment indices.

Yasui K, Shida D, Ahiko Y, Takamizawa Y, Moritani 
K, Tsukamoto S, Kanemitsu Y.

Cancer Med. 2023 Feb;12(3):2290-2302. 

Prognostic Role for Primary Tumor Location in 
Patients With Colorectal Liver Metastases: A Compar-
ison of Right-Sided Colon, Left-Sided Colon, and Rec-
tum.

Takamizawa Y, Shida D, Horie T, Tsukamoto S, Es-
aki M, Shimada K, Kondo T, Kanemitsu Y.

Dis Colon Rectum. 2023 Feb 1;66(2):233-242.

Prognostic Factors of Bone Metastases From 
Colorectal Cancer in the Era of Targeted Therapy.

Kobayashi Y, Shida D, Boku N, Yasui K, Nakamura 
Y, Kudose Y, Imaizumi J, Kanemitsu Y.

Dis Colon Rectum. 2023 Mar 1;66(3):401-409. 

Lymphatic flow mapping using near-infrared flu-
orescence imaging with indocyanine green helps to 
predict lymph node metastasis intraoperatively in pa-
tients with esophageal or esophagogastric junction 
cancer not treated with neoadjuvant chemotherapy.

Shiomi S, Yagi K, Iwata R, Yajima S, Okumura Y, 
Aikou S, Yamashita H, Nomura S, Seto Y.

Surg Endosc. 2023 Nov;37(11):8214-8226. 

Utility of the revised FIGO2023 staging with mo-
lecular classification in endometrial cancer.

Kobayashi-Kato M, Fujii E, Asami Y, Ahiko Y, Hi-
ranuma K, Terao Y, Matsumoto K, Ishikawa M, 
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Kohno T, Kato T, Shiraishi K, Yoshida H.

Gynecol Oncol. 2023 Nov;178:36-43. 

Artificial intelligence for the recognition of key an-
atomical structures in laparoscopic colorectal surgery.

Kitaguchi D, Harai Y, Kosugi N, Hayashi K, Kojima 
S, Ishikawa Y, Yamada A, Hasegawa H, Takeshita N, 
Ito M.

Br J Surg. 2023 Sep 6;110(10):1355-1358.

Automatic Surgical Skill Assessment System 
Based on Concordance of Standardized Surgical Field 
Development Using Artificial Intelligence.

Igaki T, Kitaguchi D, Matsuzaki H, Nakajima K, 
Kojima S, Hasegawa H, Takeshita N, Kinugasa Y, 
Ito M.

JAMA Surg. 2023 Aug 1;158(8):e231131. doi: 
10.1001/jamasurg.2023.1131. Epub 2023 Aug 9.

Deep-learning-based semantic segmentation of 
autonomic nerves from laparoscopic images of 
colorectal surgery: an experimental pilot study.

Kojima S, Kitaguchi D, Igaki T, Nakajima K, Ishi-
kawa Y, Harai Y, Yamada A, Lee Y, Hayashi K, Ko-
sugi N, Hasegawa H, Ito M.

Int J Surg. 2023 Apr 1;109(4):813-820. 

Universal meta-competencies of operative perfor-
mances: a literature review and qualitative synthesis.

Igaki T, Takenaka S, Watanabe Y, Kojima S, Naka-
jima K, Takabe Y, Kitaguchi D, Takeshita N, Inoma-
ta M, Kuroyanagi H, Kinugasa Y, Ito M.

Surg Endosc. 2023 Feb;37(2):835-845. 

Assessment of Elastic Laminal Invasion Contrib-
utes to an Objective pT3 Subclassification in Colon 
Cancer.

Kojima M, Yokota M, Yanagisawa N, Kitamura S, 
Amemiya K, Kawano S, Tsukada Y, Sakuyama N, 
Nagayasu K, Hashimoto T, Nakashima K, Jiang K, 
Kanemitsu Y, Fujita F, Akiba J, Notohara K, Itaku-
ra J, Sekine S, Sakashita S, Sakamoto N, Ishikawa 
S, Nakanishi Y, Yao T, Liang WY, Lauwers GY, Ito 
M, Sakamoto K, Ishii G, Ochiai A.

Am J Surg Pathol. 2023 Oct 1;47(10):1122-1133. 
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1.  Clonal progression mechanisms of Myelopro-
liferative neoplasms using whole genome se-
quencing across disease stages

Takamori, H1, Lee-Yung Shih3, Ying-Jung Huang3, 
Ogawa S4, Nannya Y1,2
1 Division of Hematopoietic Disease Control, IM-
SUT,
2 Department of Hematology/Oncology, IMSUT 
Hospital
3 Division of Hematology-Oncology, Department of 
Internal Medicine, Chang Gung Memorial Hospital 
at Linkou, Taoyuan 333423, Taiwan
4 Department of Pathology and Tumor Biology, 
Kyoto University

Myeloproliferative tumors have a chronic course 
in true polycythemia vera and essential thrombo-
cythemia, some of which may progress to myelofibro-
sis and acute myelogenous leukemia. The genomic 

aberrant changes that occur in such cases remain to be 
elucidated. We performed whole-genome sequencing 
of bone marrow fluid samples from 23 patients with 
myeloproliferative tumors that had converted from 
chronic to acute myelogenous leukemia before and 
after conversion. Almost all of the patients had re-
ceived JAK inhibitors. The results showed that in 
most cases, driver mutations found in myeloid tum-
ors appeared as subclones of mutations characteristic 
of MPNs. The mutation signature showed the same 
pattern between the chronic phase and acute transfor-
mation, suggesting that the mutagenicity was identi-
cal for both phases. Interestingly, there were two cas-
es of JAK2 mutation-positive MPNs that progressed 
to JAK2-negative secondary AML, both with a com-
mon parental clone, a result contrary to the conven-
tional hypothesis of secondary AML emerging from 
completely different clones. 

Advanced Clinical Research Center

Division of Hematopoietic Disease Control
造血病態制御学分野

Professor Yasuhito Nannya, M.D., Ph.D. 
Associate Professor Takaaki Konuma, M.D., Ph.D. 
Assistant Professor Seiko Kato, M.D., Ph.D.

教　授　博士（医学）　　南　谷　泰　仁
准教授　博士（医学）　　小　沼　貴　晶
助　教　博士（医学）　　加　藤　せい子

The main goal of our research is to elucidate the pathogenesis of hematopoietic 
diseases and to study the development of therapeutic methods for these diseases. 
For those therapeutic targets that have already been identified, we will continue to 
develop them and move them to the next stage of clinical application. In particular, 
in terms of elucidating the pathophysiology through genome analysis, we are 
collaborating with various research groups in Japan and overseas, and have made 
interesting findings on myeloproliferative tumors and the clonal evolution of PIGA.
We are also leading a whole-genome sequencing project of more than 1,400 
leukemia samples collected from major hematopoietic disease centers in Japan, 
and will begin analyzing genomic data from these samples this fiscal year. The 
project aims to comprehensively search for abnormalities that occur in non-genetic 
coding regions and other regions of the genome, and to elucidate previously 
undiscovered pathomechanisms. We also aim to identify the genetic predisposition 
to leukemia.
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2.  Insights  from  Trajectories  of  PIGA-mutated 
clones in Paroxysmal Nocturnal Hemoglobinu-
ria

Hiroyuki Takamori1),2), Yasutaka Ueda1), Yoshika-
zu Matsuoka3), Tatsuya Fujioka3), Hideki Makishi-
ma4), Yoshiko Murakami5), Taroh Kinoshita5),6),7), 
Satoru Miyano8), Yuzuru Kanakura1),9), Jun-Ichi 
Nishimura1), Naoki Hosen1), Seishi Ogawa4), Yasu-
hito Nannya2),4)
1)Department of Hematology and Oncology, Osaka 
University Graduate School of Medicine
2)Division of Hematopoietic Disease Control, The 
Institute of Medical Science, The University of To-
kyo
3)Department of iPS Stem Cell Regenerative Medi-
cine, Kansai Medical University
4)Department of Pathology and Tumor Biology, 
Kyoto University
5)Laboratory of Immunoglycobiology, Research In-
stitute for Microbial Diseases, Osaka University
6)Immunoglycobiology, WPI Immunology Frontier 
Research Center, Osaka University
7)Center for Infectious Disease Education and Re-
search, Osaka University
8)M&D Data Science Center, Tokyo Medical and 
Dental University
9)Department of Hematology Sumitomo Hospital

The pathophysiology of clonal expansion with 
paroxysmal nocturnal hemoglobinuria (PNH) re-
mains unclear. To elucidate the trajectories of PNH 
clones, we constructed phylogenetic trees using 
whole genome sequencing data of single cell-derived 
colonies of bone marrow samples from two PNH pa-
tients (52 colonies for case 1 and 77 for case 2). In case 
1, we identified three PIGA-mutated and one 
BCOR-mutated clone with no shared common somat-
ic variants, showing independent origin. In case 2, 
one PIGA-mutated clone was detected, in which 
HMGA2 mutations (Inoue et al. Blood. 2006) were ac-
companied in all the colonies examined. Bayesian es-
timation revealed that these PIGA mutations are as-
sumed to be acquired around 14 years before the 
clinical PNH onset in both cases. PIGA-mutated 
clones exhibited a higher mutation acquisition rate 
than unmutated ones (16 vs. 11 mutations/year for 
case 1 and 14 vs. 12 for case 2). We estimated the effec-
tive population size of PIGA-mutated clones using 
coalesce principles. PIGA-mutated clones grew more 
slowly than unmutated normal clones of early embry-
onic development. In case 1, the onset of the signifi-
cant clonal expansion of two PIGA-mutated clones 
seems to coincide with diagnosis of the aplastic ane-
mia (AA), which supports the theory that immune 
attack associated with AA facilitated the expansion of 
PNH clones. This technique helps to infer the disease 
development mechanism by depicting the diseased 
clone’s evolutionary history, which cannot be directly 

observed.

3.  A forward-looking analytical study of minimal 
residual disease after allogeneic hematopoiet-
ic stem cell transplantation using circulating 
tumor  DNA  in  acute  myeloid  leukemia: 
KSGCT1702

Ogawa M1, Yokoyama K2, Ishii H3,  Nannya Y12, 
Kanto Study & Group for Cell Therapy (KSGCT)  
1 Division of Hematopoietic Disease Control, IM-
SUT
2 Department of Hematology/Oncology, IMSUT 
Hospital
3 Division of Clinical Oncology and Hematology, 
Department of Internal 

Medicine, Jikei University School of Medicine
Post-allogeneic relapse of AML/MDS is an impor-

tant clinical issue, and there is a need to develop a 
non-invasive method to detect relapse at an early 
stage. To evaluate the usefulness of the minimal re-
sidual disease assay, which measures driver muta-
tions identified by comprehensive genetic analysis in 
post-transplant AML/MDS patients by VAF of circu-
lating tumor DNA in post-transplant patients’ serum, 
in transplant patients in the Kanto Hematopoietic 
Stem Cell Group.

Patients diagnosed as AML/MDS cases according 
to WHO Classification 2008, aged 20 to 65 years, who 
may undergo allogeneic hematopoietic stem cell 
transplantation with myeloablative pretreatment at 
KSGCT participating centers, and whose written con-
sent has been obtained from the patient. Target cases 
will be enrolled and next-generation sequencing will 
be performed on tumor and control (oral mucosa) 
specimens. Driver gene mutations will be identified 
and a Droplet Digital PCR (ddPCR) assay will be de-
signed. Cell free DNA will be extracted from serum 
samples before and after bone marrow transplanta-
tion, and driver gene mutations will be quantitatively 
measured using ddPCR. 70 cases were enrolled from 
12 centers, of which 12 cases dropped out before 
transplantation. Transplantation was performed in 58 
cases, recurrence within 1 year after transplantation 
in 15 cases, and death within 1 year after transplanta-
tion in 10 cases (preimplantation death in 1 case, re-
currence death in 4 cases). Of the transplant recipi-
ents, 57 underwent NGS to identify driver mutations. 
52 were identified as MRD-eligible driver mutations. 
48 completed MRD measurement by ddPCR.

 
4.  A forward-looking analytical study of minimal 

residual disease after allogeneic hematopoiet-
ic stem cell transplantation using circulating 
tumor  DNA  in  acute  lymphoid  leukemia: 
KSGCT1901

Ogawa M1, Yokoyama K2, Ishii H3,  Nannya Y12, 
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Kanto Study & Group for Cell Therapy (KSGCT)  
1 Division of Hematopoietic Disease Control, IM-
SUT
2 Department of Hematology/Oncology, IMSUT 
Hospital
3 Division of Clinical Oncology and Hematology, 
Department of Internal 

Post-allogeneic relapse of ALL is an important 
clinical issue, and there is a need to develop a non-in-
vasive method to detect relapse at an early stage. To 
evaluate the usefulness of the minimal residual dis-
ease assay, which measures driver mutations identi-
fied by comprehensive genetic analysis in post-trans-
plant ALL patients by VAF of circulating tumor DNA 
in post-transplant patients’ serum, in transplant pa-
tients in the Kanto Hematopoietic Stem Cell Group.

Patients 16 years of age or older, acute lympho-
blastic leukemia according to WHO classification 
2016, any history of chemotherapy at the time of 
transplantation, specimens with tumor volume of at 
least 20% available, potential for allogeneic transplan-
tation, and written consent obtained from the patient. 
Target cases will be enrolled and next-generation se-
quencing will be performed on tumor and control 
(oral mucosa) specimens. Driver gene mutations will 
be identified and a Droplet Digital PCR (ddPCR) as-
say will be designed. Cell free DNA will be extracted 
from serum samples before and after bone marrow 
transplantation, and driver gene mutations will be 
quantitatively measured using ddPCR. There were 54 
cases enrolled, 5 cases of pre-transplant dropout, and 
43 cases of transplantation performed. NGS of tumor 
samples was performed in 40 cases and driver gene 

mutations were identified in 24 cases. A Droplet Dig-
ital PCR assay is being designed for each case.

5.  Novel recurrent structural variants in hemato-
poietic malignancies and construction of Jap-
anese-SV-specific panel of normal (PoN)

Fukushima H1,2, Ogawa S3, Nannya Y1,2
1 Division of Hematopoietic Disease Control, IM-
SUT,
2 Department of Hematology/Oncology, IMSUT 
Hospital
3 Department of Pathology and Tumor Biology, 
Kyoto University

Structural Variation analysis was performed with 
GRIDSS/MANTA/GenomonSV on a total of 1453 he-
matological paired whole genome sequencing(WGS) 
data. We found that the intersection of calls from 
GRIDSS, MANTA, GenomonSV, Delly and SVABA 
was less than 1%, and the vast majority of them are 
presumed to be false positive calls. This is mainly due 
to the inability of every caller to remove alignment 
errors at repetitive or low-complexity sequences. We, 
therefore, constructed Japanese specific Structural 
Variant Panel of Normal (PoN) with recurrent calls 
from samples of healthy japanese donors,  aiming to 
provide a set of false-positive calls that should be sub-
tracted from the call results of Japanese tumour sam-
ples. We confirmed a significant (>80%) reduction in 
the number of calls using this panel, and currently 
figuring out novel recurrent pathogenic structural 
variants.
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1.  Introduction
Advances in endoscopic diagnosis and treatment 

have been remarkable. Our objective is to continue 
advancing, spanning from basic research in endosco-
py to clinical investigations, and the creation of inno-
vative endoscopic devices for practical clinical appli-
cations. In addition, our objective is to create novel 
diagnostic and therapeutic approaches through trans-
lational research in collaboration with various funda-
mental disciplines.

2.  Research Activities
The device development in 2023 was as follows: 

(1) Report on the usefulness of highly quantitative im-
aging of fecal occult blood, (2) Development of auto-
matic colon insertion endoscope, and (3) Research 
targeting submucosal tumors and gastric cancer by 
irradiating with near-infrared light in the wavelength 
range of 1,000 nm or more, as well as the development 
of a flexible endoscope for this purpose. All of these 
are highly novel seeds and systems that have never 
existed before, and can be expected to be clinically 
useful.

3.  Future Prospects
We will continue basic and clinical research to elu-

cidate, detect, and diagnose lesions with the aim of 
preventing gastrointestinal cancers.

We will continue to develop innovative medical 

devices desired by the next generation that reflect the 
needs of clinical practice. In the future, we will contin-
ue to develop endoscopic equipment and attempt in-
novative approaches to produce all-new endoscopy 
approaches/devices in collaboration with academia 
and corporations.
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A new field, “Division of Advanced Gastroenterology and Endoscopy,” was 
established at the Institute of Medical Science of the University of Tokyo from 
October 2023. 
Our mission is to conduct cutting-edge endoscopy-related research and develop 
novel endoscopic equipment, with a focus on gastrointestinal cancer. In addition, 
we will conduct translational research with other research fields at the institute to 
create new diagnoses and treatments.
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1.  Development of treatment for metabolic liver 
disease by transplantation of human iPS cell 
derived 3D-organoids.

Yasuharu Ueno1, Naoki Tanimizu1, Yunzhong Nie1, 
Satoshi Okamoto1, Yoshiki Kuse1, Takashi Okumura1, 
Toshiharu Kasai1, Marina Zushi1, Emi Yajima1, Eri-
ka Jinbo1, Kerrigan Kilpatrick1, Tomomi Tadokoro2 
and 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

The liver plays a crucial role in maintaining home-

ostasis in the living organism by performing various 
metabolic functions such as glucose metabolism, lipid 
metabolism, and ammonia metabolism. On the other 
hand, abnormalities in these metabolic functions can 
lead to a variety of diseases of the liver. Liver trans-
plantation is the only curative therapy for end-stage 
liver disease, but the absolute shortage and rapid 
availability of donor organs is a serious challenge and 
alternative treatments are clinically highly demand-
ed. We established a technique to produce human 
pluripotent stem cell (hiPSC) derived liver organoids 
(hiPSC-LO) by inducing differentiation of hepatic en-
dodermal cells, vascular endothelial cells, and mesen-
chymal cells from hiPSCs and co-culturing them in a 
3D manner (Nature 2013, Nature 2017, Cell Reports 
2017, Sci Rep 2020). Currently, we are developing a 
novel therapeutic method using hiPSC-LO transplan-
tation for urea cycle disorders, a serious liver disease, 
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Currently, organ transplantation is the only effective treatment for patients with end-
stage organ failure. Unfortunately, the limited number of transplantable organs 
hinders the extensive application of this treatment. On the other hand, recent 
development of regenerative medicine that aims to generate transplantable organs 
on a dish has attracted much attention. Regenerative medicine is a challenging 
scientific field that attempts to convert knowledge from developmental biology and 
stem cell biology into clinical application. Our established novel organoid culture 
technologies reconstruct functional human organs derived from human induced 
pluripotent stem cells (hiPSCs), and finally aim to develop a substitute for organ 
transplantation therapy. Currently, we are trying to conduct the transplantation of 
human liver organoids (LOs) generated from hiPSCs to treat liver diseases, such 
as metabolic disorders and liver fibrosis. Moreover, we expand the application of 
our technologies to reconstruct artificial cancer tissue (cancer organoid) with a 
refractory tumor microenvironment for developing a new drug-screening platform to 
discover candidate compounds that could prevent cancer relapse and metastasis.
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and metabolic insufficiency steatohepatitis (MASH), 
for which there is a huge number of patients.

Urea cycle disorders is a severe metabolic liver 
disease resulting from the dysfunction of ornithine 
carbamoylase (OTC) and other enzymes, which is as-
sociated with hyperammonemia. We have optimized 
the ECM coating on the culture dishes and further op-
timized the organoid culture method to establish a 
robust production method for hiPSC-LO with appro-
priate ammonia metabolic capacity (Biol Methods 
Protoc 2022). In addition, to evaluate the safety of the 
hiPSC-LOs, we established a highly sensitive method 
detecting undifferentiated cells after induction of LO 
component cells from hiPSCs (Stem Cell Rev Rep 
2022). Next, we evaluated the efficacy of hiPSC-LO 
transplantation in a severe OTCD animal model with 
a background of immunodeficiency. Subadrenocorti-
cal transplantation of hiPSC-LOs into immunocom-
promised OTCD mice significantly improved their 
hyperammonemic state, suggesting that iPSC-LO 
transplantation is effective as the treatment of OTCD. 

Liver cirrhosis is the end stage pathological condi-
tion of chronic liver diseases such MASH. MASH is 
characterized by reduced liver function and regenera-
tive capacity and is expected to explode in the num-
ber of patients worldwide. With the support of 
AMED, we are currently developing a novel treat-
ment for MASH cirrhosis by transplantation of a new-
ly developed fused-type hiPSC-LO based on hiP-
SC-LO production technology. To this end, we have 
established a stable method for creating fused-type 
hiPSC-LOs and now we are examining its efficacy as 
MASH treatment by transplanting them into MASH 
liver cirrhosis model animals. Given that no effective 
treatment has been developed for MASH cirrhosis, 
there is great hope for fused-type hiPSC-LOs trans-
plantation.

2.  Liver repopulation with hiPSC derived prolifer-
ative progenitors

Yun-Zhong Nie1, Yoshihito Hayashi1, Qing-Lin LI1, 
Xiao-Shan Deng1, Luo Na1, Yang Li1, Xia Yang1, Ri-
ana Plummer1, Naoki Tanimizu1, Yasuharu Ueno1, 
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

Liver transplantation is a proven therapy for ge-
netic liver disorders. Yet, its clinical application faces 
the persistent shortage of transplantable livers. hiP-
SCs have shown immense potential for cell replace-
ment therapy for disease treatment. However, hiP-
SC-derived cells that can effectively repopulate in the 

damaged tissues such as liver have not been reported. 
Here, we present the generation of expandable hiP-
SC-derived hepatoblast (hiPSC-HB) with robust re-
population capacity after transplantation. These hiP-
SC-HB exhibited an impressive expansion capability 
and displayed bipotential differentiation abilities 
both in vitro and in vivo. Moreover, we noticed that 
the repopulation capacity of hiPSC-HB could be en-
hanced with specific conditions, leading to engraft-
ment levels comparable to primary human hepato-
cytes (PHHs) in liver failure mice. Further, the 
engrafted hiPSC-HB matured into functional human 
hepatocytes with tissue-specific structural features. 
This study marks a breakthrough as the first success-
ful generation of lineages from pluripotent stem cells 
capable of in vivo repopulating and restoring tissue 
function, offering promising prospects for innovative 
disease treatment through regenerative medicine.

3.  Modeling liver diseases with hiPSC-derived or-
ganoid

Yun-Zhong Nie1, Yang Li1, Xia Yang1, Riana Plum-
mer1, Xiao-Shan Deng1, Yoshihito Hayashi1, Qing-
Lin LI1, Luo Na1, Toshiharu Kasai1, Takashi Oku-
mura1, Naoki Tanimizu1, Yasuharu Ueno1, Hideki 
Taniguchi1,2

The developed human cell-based liver ex vivo 
models still could not accurately recapitulate liver 
physiology and disease progression due to lack of 
non-parenchymal cell, including Kupffer cell, hepatic 
stellate cells and sinusoidal endothelial cells. Current-
ly, we generated LOs containing Kupffer cells (Ku-
LOs) by recapitulating fetal liver hematopoiesis using 
hiPSC-derived erythro-myeloid progenitors (EMPs), 
origin of tissue-resident macrophages, and hiPSC-de-
rived LOs. Exposing KuLOs to sepsis-like endotoxins 
led to significant organoid dysfunction that closely 
resembled the pathological characteristics of the hu-
man septic liver. Furthermore, we observed a notable 
functional recovery in KuLOs upon endotoxin elimi-
nation, which was accelerated by using Toll-like re-
ceptor 4-directed endotoxin antagonist. Moreover, we 
are trying to establish a mini liver with hepatocytes, 
Kupffer cells, hepatic stellate cells, and sinusoidal en-
dothelial cells, which will allow a more precise under-
standing of the cell-to-cell interactions during liver 
disease progression, and provide a novel platform to 
explore potential targets for alleviating liver disease 
progression.

4.  hiPSC-liver bud in vitro growth enhanced by 
perfusion culture 

Yoshiki Kuse1, Naoki Tanimizu1, Yasuharu Ueno1, 
Nie Yunzhong1, Shinya Matsumoto1, Takashi Oku-
mura1, Erica Carolina1, Soichiro Yamabe1, Toshiha-
ru Kasai1, Tomomi Tadokoro2, Satoshi Okamoto2, 
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To overcome the critical shortage of organ donors, 
the generation of hiPSC-derived organs with struc-
tures and functions is urgently needed. Although hiP-
SC-organoid is an innovative technology to reconsti-
tute tissue structure and function, an alternative for 
organ transplantation. Blood perfusion is a critical 
event for organ growth by supplying nutrients and 
oxygen. However, blood perfusion is still lacking in 
the present organoid culture system. We are develop-
ing perfusion culture systems using two approaches; 
hiPSC-liver buds (LBs) connected with reconstructed 
hiPSC-blood vessel, and the decellularized liver tis-
sue infused with hiPSC-LBs.

From our first approach, we generated the hiP-
SC-derived macrovessel using collagen gels, hiP-
SC-derived vascular smooth muscle cells (SMC), and 
vascular endothelial cells (EC). Although we clarified 
that hiPSC-derived macrovessel is histologically sim-
ilar to the vascular structure of in vivo blood vessels, 
EC-seeded macrovessels did not show angiogenesis 
after coculturing with hiPSC-LBs. Therefore, we es-
tablished a new induction method to differentiate 
hiPSC into specific EC lineages that exist around the 
fetal liver. We demonstrated that hiPSC-derived mac-
rovessel containing those specific ECs had higher an-
giogenic potentials. Under an optimized culture con-
dition, we successfully induced the connection 
between the hiPSC-derived macrovessel with the mi-
crovessels within hiPSC-LBs. Therefore, we recently 
tried to establish the organoid perfusion system. The 
established perfusion system enabled us to culture 
the hiPSC-LBs by 14 days from co-culture and in-
crease CD31+ blood vessels in LBs. Optimizing the 
perfusion culture system, we are trying to enhance 
hiPSC-LB growth. 

As the second approach, we utilize decellularized 
liver tissue which retains in vivo vascular structures. 
The decellularization technique has been established 
to prepare the scaffold for organ reconstitution. De-
cellularized organs potentially retain the architecture 
of the original tissue, including the extracellular ma-
trix. A recent report shows how the recellularized liv-
er using hepatocytes could exert liver-specific func-
tions after transplantation. However, the vascular 
structures within this recellularized liver remain un-
reconstructed, which might explain limited hepato-
cyte functions in the recellularized liver. Our current 
study attempts to generate a more functional recellu-
larized liver by adding oxygen supply into our perfu-
sion culture system of the recellularized liver contain-

ing hiPSC-LBs. 

5.  Generation of 3D cancer tissue using pa-
tient-derived pancreatic cancer cells

Kenta Takeuchi1,, Shunsuke Tabe1, Yuya Yamomo-
to1, Yasuharu Ueno1, Hideki Taniguchi1,2, and Naoki 
Tanimizu1  
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

Pancreatic adenocarcinoma (PDAC) has a poor 
prognosis, with a 5-year survival rate of about 10% 
due to delayed diagnosis, drug resistance, and recur-
rence. Organoid technologies have been applied to 
investigate the properties of PDACs. To recapitulate 
tumor microenvironment (TME), which is thought to 
be crucial for the poor prognosis of PDAC, we gener-
ated multicellular spheroids consisting of primary 
PDAC cells isolated from Japanese pancreatic cancer 
patients with hiPSC-mesenchymal cells (MCs) and 
-endothelial cells (ECs), and then fused them to con-
struct fused pancreatic cancer organoid (FPCO). Our 
FPCO resembles the tissue structure of clinical tissue 
including PDAC ductal structures and dense deposi-
tion of extracellular matrix components compared to 
conventional organoids. Single cell RNA sequence 
analysis demonstrated that FPCO contains various 
types of cancer-related fibroblasts (CAFs) namely im-
munological CAF (iCAF), myofibroblastic (myCAF), 
and antigen presenting ones (apCAFs). Moreover, the 
PDAC organoid showed strong resistance to anti-can-
cer drugs and re-proliferative capacity after drug 
treatment indicating its close resemblance to frequent 
relapse in PDAC patients. We are currently making 
FPCO containing tumor associated macrophages 
(TAMs) to recapitulate immunosuppressive TME. We 
will apply this new cancer organoid in drug screening 
and biological analysis to develop effective therapies 
against PDAC.

6.  Space Organogenesis (Development of ad-
vanced 3D organ culture system utilizing mi-
crogravity environment)

Tomomi Tadokoro2, Tatsuya Kobayashi1, Yoshiki 
Kuse1, Yasuharu Ueno1, Takashi Okumura1, and 
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-
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ty

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-
tion Agency (JAXA). In particular, we attempt to es-
tablish a new technique for generating three-dimen-
sional organs containing large blood vessels. After we 
prepared hiPSC-LBs and artificial vessels on the earth, 
we placed those organoids into the culture container 
and launched to the International Space Station 
“KIBO”. We confirmed that hiPSC-LBs were success-
fully assembled around the artificial vessel under mi-
crogravity, as how in silico simulation suggested. Af-
ter culturing hiPSC-LBs for a predetermined period 
in the incubator installed in “KIBO”, the samples 
were then transported back to the earth. Adherence 
and fusion of hiPSC-LBs to the artificial vessels were 
observed in the post-flight samples cultured in orbit. 
Moreover, endothelial cells started to extend their fi-
lopodia-like structure. Using qRT-PCR analysis of 
ground controls and post-flight samples, comparable 
expressions of hepatic, endothelial cell-related, and 
mesenchymal cell-related genes were observed in 
both samples. In addition, gene ontology analysis of 
RNA-seq data revealed that genes related to triglycer-
ide homeostasis, cholesterol biosynthetic process, 
MAPK pathway, and angiogenesis were enriched in 
the post-flight samples, indicating how the space en-
vironment could provide an optimal condition for tis-
sue reconstruction. Next, we upgraded our system by 
using a large blood vessel composed of hiPSC-de-
rived smooth muscle cells and endothelial cells which 
resulted in the improvement of hiPSC-LB functions. 
The second space experiment is planned to be con-
ducted in March 2024. These findings will uncover 
the effects of gravity on cell growth and differentia-
tion. We hope these space experiment results will 
contribute to the subsequent development and un-
derstanding of (1) The development of a new tech-
nique in human three-dimensional tissue preserva-
tion and transportation, which is crucial to the 
practical use of regenerative medicine products. (2) 
The establishment of a novel technique for generating 
human organs joined with large blood vessels. (3) The 
development of a new three-dimensional culture de-
vice simulating the microgravity environment on 
Earth.

7.  Generation of bile duct tubules in hiPSC-liver 
buds 

Ayumu Okumura1, Erica Carolina1, Kenji Aoshima1, 
Taichi Tsuyuki1, Minjia Zhong1, Kazuki Yanagisa-
wa1, Yoshiki Kuse1, Takashi Okumura1, Toshiharu 
Kasai1, Tomomi Tadokoro2, and Hideki Taniguchi1,2, 

and Naoki Tanimizu1

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

The biliary system consisting of intrahepatic bile 
duct (IHBD), extrahepatic bile ducts (EHBDs), and 
gallbladder, is a crucial tissue structure for maintain-
ing liver homeostasis by providing the excretion route 
for the bile secreted from hepatocytes. Although vari-
ous types of liver organoids have been established, 
the generation of hiPSC-liver organoids associated 
with the bile drainage system consisting of IHBD and 
EHBD has not been reported so far. 

First, to generate liver organoid containing IHBD-
like structures, we developed a new co-culture sys-
tem in which the hiPSC-liver progenitors are located 
in next to the hiPSC-blood vessel (BV) to recapitulate 
the fetal portal vein-IHBD tissue interaction. In this 
condition, hiPSC-liver progenitors differentiated into 
cholangiocytes and formed duct structures. We 
named this organoid as blood vessel incorporated liv-
er organoid (BVLO). hiPSC-cholangiocytes in BVLO 
showed secretory functions in vitro and formed duct 
structures within the recipient liver after organoid 
transplantation to immunodeficient mice. We applied 
BLVO technology to modelling a human congenital 
biliary disease for understating underlying mecha-
nisms.  

Second, to generate EHBDs, we induced EHBD 
progenitor cells from hiPSC- definitive endoderm 
cells and generated 3D cystic structures. We are cur-
rently analyzing transcriptome data of mouse fetal 
EHBD epithelial cells to acquire information about 
proliferation signal for EHBD progenitors and their 
functional maturation process. Our final goal is to 
eventually connect these two tubular structures with 
hiPSC-derived hepatocytes on a dish to generate 
Hepatobiliary Tubular Organoids (HBTO) that pos-
sess a long-term hepatic function in vitro as well as in 
vivo.

8.  Generation of a novel treatment for pediatric 
craniofacial deformity using human auricular 
perichondrium-derived elastic cartilage devic-
es
 
Takayoshi Oba1, Satoshi Okamoto1, Yasuharu 
Ueno1, Chie Ikezuki1, Takuya Ohkuma1, Tenta 
Kubo2, and 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 
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School of Medical Science, Yokohama City Universi-
ty

Auto-transplantation of rib cartilage segments is 
the current most popular treatment for patients with 
craniofacial deformity. However, major disadvantag-
es such as limited harvestable amounts and post-op-
erative pain of the donor site remain to be solved. To 
this end, a none-invasive, morphologically stable 
scaffold-free elastic cartilage implantation treatment 
for patients with craniofacial deformity is essential. 

Our previous study showed the world’s first tech-
nology of separating and identifying chondroprogen-
itor cells from the human auricular perichondrium 
(Kobayashi S et al. PNAS 2011, Patent registration no. 
4748222; PCT/JP2008/051327). We succeeded in devel-
oping non-scaffold elastic cartilage, which is obtaina-

ble in vitro, by using three-dimensional rotation cul-
ture and U–bottomed micropatterned plate culture 
(Enomura M et al. Int J Mol Sci 2020, Oba T et al. J 
Tissue Eng 2022, Patent application no. 2021-141210; 
PCT/JP2022/25582). Furthermore, the size and elastic-
ity of the tissue were maintained after craniofacial 
transplantation in immunodeficient mice, indicating 
the tissue to be morphologically stable. 

Our major goal is to establish a non-invasive novel 
promising treatment for pediatric patients with nasal 
deformity by transplanting morphologically stable 
non-scaffold elastic cartilage. To obtain the clinical 
POC of the novel treatment,we are currently estab-
lishing the manufacturing system, quality control 
methods, product specification, evaluation of non-
clinical safeness and determination of clinical proto-
col. 
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1.  Polycomb repressive complex 1.1 coordinates 
homeostatic and emergency myelopoiesis

Yaeko Nakajima-Takagi1, Motohiko Oshima1, 
Junichiro Takano2, Shuhei Koide1, Naoki Itokawa1, 
Shun Uemura1, Masayuki Yamashita1, Shohei An-
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Tomokatsu Ikawa3, and Atsushi Iwama1,7,8

1Division of Stem Cell and Molecular Medicine, 
Center for Stem Cell Biology and Regenerative 
Medicine, The Institute of Medical Science, The 
University of Tokyo, Tokyo 108-8639, Japan. 2Labo-
ratory for Developmental Genetics, RIKEN Center 
for Integrative Medical Sciences, Yokohama, Japan. 
3Division of Immunobiology, Research Institute for 
Biomedical Sciences, Tokyo University of Science, 
Chiba 278-0022, Japan 4Department of Cellular and 

Molecular Medicine, Graduate School of Medicine, 
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Polycomb repressive complex (PRC) 1 regulates 
stem cell fate by mediating mono-ubiquitination of 
histone H2A at lysine 119. While canonical PRC1 is 
critical for hematopoietic stem and progenitor cell 
(HSPC) maintenance, the role of non-canonical PRC1 
in hematopoiesis remains elusive. PRC1.1, a non-ca-
nonical PRC1, consists of PCGF1, RING1B, KDM2B, 
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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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and BCOR. We recently showed that PRC1.1 insuffi-
ciency induced by the loss of PCGF1 or BCOR causes 
myeloid-biased hematopoiesis and promotes trans-
formation of hematopoietic cells in mice. Here we 
show that PRC1.1 serves as an epigenetic switch that 
coordinates homeostatic and emergency hematopoie-
sis. PRC1.1 maintains balanced output of steady-state 
hematopoiesis by restricting C/EBPαa-dependent 
precocious myeloid differentiation of HSPCs and the 
HOXA9- and β-catenin-driven self-renewing network 
in myeloid progenitors. Upon regeneration, PRC1.1 is 
transiently inhibited to facilitate formation of granu-
locyte-macrophage progenitor (GMP) clusters, there-
by promoting emergency myelopoiesis. Moreover, 
constitutive inactivation of PRC1.1 results in un-
checked expansion of GMPs and eventual transfor-
mation. Collectively, our results define PRC1.1 as a 
novel critical regulator of emergency myelopoiesis, 
dysregulation of which leads to myeloid transforma-
tion.

2.  UTX inactivation in germinal center B cells 
promotes the development of multiple myelo-
ma with extramedullary disease

Ola Rizq1,2,3,4, Naoya Mimura3,5, Motohiko Oshi-
ma1,2, Shuji Momose6, Naoya Takayama7, Naoki Ito-
kawa1, Shuhei Koide1, Asuka Shibamiya,3 Yurie Mi-
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UTX/KDM6A, a histone H3K27 demethylase and 
a key component of the COMPASS complex, is fre-
quently lost or mutated in cancer; however, its tumor 
suppressor function remains largely uncharacterized 
in multiple myeloma (MM). Here, we show that the 
conditional deletion of the X-linked Utx in germinal 
center (GC) derived cells collaborates with the acti-
vating BrafV600E mutation and promotes induction of 
lethal GC/post-GC B cell malignancies with MM-like 
plasma cell neoplasms being the most frequent. Mice 
that developed MM-like neoplasms showed expan-
sion of clonal plasma cells in the bone marrow and 
extramedullary organs, serum M proteins, and ane-
mia. Add-back of either wild-type UTX or a series of 
mutants revealed that cIDR domain, that forms 
phase-separated liquid condensates, is largely respon-
sible for the catalytic activity-independent tumor sup-
pressor function of UTX in MM cells. Utx loss in con-
cert with BrafV600E only slightly induced MM-like 
profiles of transcriptome, chromatin accessibility, and 
H3K27 acetylation, however, it allowed plasma cells to 
gradually undergo full transformation through activa-
tion of transcriptional networks specific to MM that 
induce high levels of Myc expression. Our results re-
veal a tumor suppressor function of UTX in MM and 
implicate its insufficiency in the transcriptional repro-
gramming of plasma cells in the pathogenesis of MM.
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1.  Should a matched sibling donor still be con-
sidered the primary option for allogeneic he-
matopoietic cell transplantation in patients 
over 50 years of age with myelodysplastic syn-
drome?

Takaaki Konuma1, Hidehiro Itonaga2, et., al
1 Department of Hematology/Oncology, The Insti-
tute of Medical Science, The University of Tokyo, 
Tokyo, Japan.
2 Department of Hematology, Nagasaki University 
Hospital, Nagasaki, Japan.

Human leukocyte antigen (HLA)-matched sibling 
donors (MSDs) are the preferred choice for allogeneic 
hematopoietic cell transplantation (HCT). However, 
as myelodysplastic syndrome (MDS) is most fre-
quently diagnosed in the elderly, MSDs are also likely 
to be of advanced age. It is unclear whether an MSD 
should be considered the primary choice for alloge-
neic HCT in elderly patients with MDS. We retrospec-
tively compared survival and other outcomes in 1787 
patients with MDS over 50 years of age and receiving 
allogeneic HCT between 2014 and 2020, using either 
MSD (n=214), 8/8 allele-matched unrelated donor 
(MUD) (n=562), 7/8 allele-MUD (n=334), or unrelated 

cord blood (UCB) (n=677) in Japan. In multivariate 
analysis, compared to MSD transplants, the risk of re-
lapse was significantly lower following 8/8MUD 
transplants (hazard ratio [HR], 0.74; P=0.047), where-
as non-relapse mortality was significantly higher fol-
lowing UCB transplants (HR, 1.43; P=0.041). Howev-
er, donor type did not determine overall survival, 
disease-free survival, or graft-versus-host disease 
(GVHD)-free, relapse-free survival, but chronic 
GVHD-free, relapse-free survival was better after 
UCB (HR, 0.80; P=0.025) and 8/8MUD (HR, 0.81; 
P=0.032) compared to MSD transplants. Our study 
demonstrated that MSDs are not superior to alterna-
tive HCT methods, such as 8/8MUD, 7/8MUD, or 
UCB, in this population.

2.  Comparison of allogeneic transplant outcomes 
between matched sibling donors and alterna-
tive donors in patients over 50 years of age 
with acute myeloid leukemia: 8/8 allele-matched 
unrelated donors and unrelated cord blood 
provide better leukemia-free survival com-
pared with matched sibling donors during 
non-remission status

Takaaki Konuma 1, Satoshi Yamasaki 2, et al., rep-
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We are studying the clinical promotion and medical development of hematopoietic 
stem cell transplantation with a focus on cord blood transplantation. In addition to 
data on hematopoietic stem cell transplantation performed at the Department of 
Hematology/Oncology, we are analyzing various issues related to clinical 
transplantation using the Japanese transplant database. Basic studies include the 
development of efficient in vitro amplification of patient-derived primary cells and 
preclinical studies on the use of virus-specific CTLs in post-transplant and other 
immunocompromised patients. Our goal is to make allogeneic transplantation a 
safer treatment option and extend it to older patients.
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Acute myeloid leukemia (AML) is the most com-
mon indication for allogeneic hematopoietic cell 
transplantation (HCT). The increased availability of 
alternative donor sources has broadened donor types 
for older patients without HLA-matched sibling do-
nors (MSD). It is uncertain if an MSD should be the 
first option for allogeneic HCT in patients with AML 
over 50 years of age. The objective of this study was to 
compare survival and other posttransplant outcomes 
between MSDs, 8/8 allele-matched unrelated donors 
(MUDs), 7/8 allele-MUDs, unrelated cord blood 
(UCB), and haploidentical donors for patients with 
AML over 50 years of age. We conducted a retrospec-
tive study to compare outcomes in 5,704 patients with 
AML over 50 years of age and receiving allogeneic 
HCT between 2013 and 2021, using either MSD, 8/8 
allele-MUD, 7/8 allele-MUD, UCB, or haploidentical 
donors in Japan. Complete remission (CR) and 
non-remission at HCT were analyzed separately for 
all analyses. In total, 3041 patients were CR, and 2663 
patients were non-remission at the time of HCT. In 
multivariate analysis, donor type did not determine 
overall survival, irrespective of disease status at HCT. 
Leukemia-free survival (LFS) was significantly better 
for 8/8 allele-MUD (hazard ratio [HR], 0.77; 95% con-
fidence interval [CI], 0.64 to 0.93; P = 0.005) and UCB 
(HR, 0.76; 95% CI, 0.65 to 0.88; P = 0.001), but not for 
7/8 allele-MUD (HR, 0.97; 95% CI, 0.79 to 1.19; 
P=0.794), and haploidentical donor (HR, 0.86; 95% CI, 
0.70 to 1.05; P=0.146) compared to the MSD group in 
non-remission status. However, donor type did not 
determine LFS among CR status. Relapse rates were 
significantly lower for 8/8 allele-MUD and UCB, 
whereas non-relapse mortality was higher for UCB 
compared to the MSD group among both CR and 
non-remission status. Our registry-based study 
demonstrated that MSDs do not lead to superior sur-
vival compared to alternative donors for patients 
with AML over 50 years of age. Furthermore, 8/8 al-
lele-MUDs and UCB provide better LFS compared 
with MSDs during non-remission status. Therefore, 
MSD is not necessarily the best donor option for allo-
geneic HCT in this population.

3.  Development of ex vivo culture methods for 
primary tumor specimens derived from pa-
tients of myeloid malignancies.

Chao Li1. , Kimihito Cojin Kawabata2. , Satoshi 
Yamazaki3. 4. , Satoshi Takahashi1, 2, 5. , Yasuhito 

Nannya1, 5.
1 Division of Hematopoietic Disease Control, IM-
SUT,
2 Division of Clinical Precision Research Platform, 
IMSUT
3 Division of Stem Cell Biology, Center for Stem Cell 
Therapy, IMSUT
4 Division of Cell Regulation, Center of Experimen-
tal Medicine and Systems Biology, IMSUT
5 Department of Hematology/Oncology, IMSUT 
Hospital

High throughput drug sensitivity screening (DSS) 
using patient-derived primary tumor specimens 
(PTS) are one of the most updated methods in current 
precision medicine. Recently, we have developed an 
experimental platform in which completely robotized 
handling of PTS is installed. They provide us with ca-
pability of conducting high throughput drug screen-
ing equipped with multicolor flow cytometry analy-
ses upon ex vivo cultured PTS prepared on 
miniaturized 384-well-plate system. Even with those 
extremely modernized system, paucity of available 
primary cells is a yet-to-be-solved issue, considering 
numbers of candidate drugs, and types of clinical 
questions. The issue is more valid for PTS of myelod-
ysplastic syndrome (MDS) , since the disease is char-
acterized by its lower ratios of blast cells, and relative-
ly lower cell numbers than highly proliferative acute 
myeloid leukemia (AML) cells. In order to expand 
possibility of those AML/ MDS PTS for more ad-
vanced applications, we have performed experiments 
to side-by-side compare different ex vivo culture 
methods. At Clinical Precision Research Platform, we 
have already collected 159 different PTS aliquoted 
into 1495 cryovials. They are ongoingly used either in 
the automated DSS experiments, OMICS-analyses, or 
in this ex vivo culture assays. We have discovered 
that 1. Short-term culture protocols (up to 7 days) op-
timized for the current DSS assays make a few differ-
ences regardless of changed concentrations of serum 
or other supplements for culture media. 2. Use of stro-
mal feeder cells prevails other conventional stro-
ma-free culture methods that are currently utilized 
for normal hematopoietic stem cells. Moreover, 3. Re-
cently, we installed the most updated culture meth-
ods to challenge for stroma-free, serum-free ex vivo 
culture system optimized for PTS. The idea for the 
updated culture media is derived from ongoing re-
search projects by collaborators regarding normal he-
matopoietic stem cell culture. Initial data on this topic 
is continuously fueling our research motivations, day 
by day. Details of those findings will be followingly 
updated.
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Establishment of high-throughput screening plat-
form for RAS-associated autoimmune lymphopro-
liferative syndrome-like disorder (RALD)

Yun-Zhong NIE1, Yang LI1, Qing-Lin LI1, Yasuharu 
Ueno1, Takashi Okumura1, 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 disorder (RALD) is a rare genetic 
chronic disorder of the immune system, characterized 
by persistent monocytosis and is often associated 
with leukocytosis, lymphoproliferation, and autoim-
mune phenomena, but how the oncogenic RAS muta-
tions impact non-transformed hematopoietic progen-
itor cells (HPCs) remains uncertain. We previously 
generated KRAS mutant (KRASG13C/WT) and wild-type 

isogenic (KRASWT/WT) human induced pluripotent 
stem cells (hiPSCs) from the same RALD patients. 
Compared with KRASWT/WT hiPSC-derived hemato-
poietic progenitor cells (hiPSC-HPC), we found that 
KRASG13C/WT hiPSC-HPC exhibited obvious aberrant 
cell-cycle and apoptosis responses, compatible with 
“dysregulated expansion,” demonstrated by molecu-
lar and biological assessment. With screening plat-
forms established for therapeutic intervention, selec-
tive activity against KRASG13C/WT hiPSC-HPC 
expansion in several candidate compounds, most no-
tably in a MEK- and a BCL-2/BCL-xL inhibitor. The 
combination of these two compounds could selective-
ly inhibit the growth of primary KRASG13C/WT HPC. 
Moreover, we used genome-editing technologies to 
build a screening platform for other KRAS or NRAS 
mutation types in RALD. Meanwhile, we developed a 
feeder-free protocol to differentiate hiPSC-HPC. The 
purity of generated hiPSC-HPC was as high as 90%, 
and the cell number was ten times that of the previous 
protocol. Now, we are trying to generate hiPSC-HPC 
with KRAS or NRAS mutation and establish a 
high-throughput screening platform for developing 
ideal treatment strategies for RALD.

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, M.D., Ph.D. 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 basic research or to develop a curative treatment 
for various diseases. We have been focusing especially on the utilization of induced 
pluripotent stem cells as a research platform to elucidate the pathophysiology of 
intractable diseases based on their proper modeling. Our goal is to establish safe 
and efficacious treatment for patients suffering from various types of incurable 
diseases.
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1.  Rat post-implantation epiblast-derived pluri-
potent stem cells produce functional germ 
cells
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Cambridge CB2 3EG, United Kingdom. 
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Cambridge, Downing Site, Cambridge CB2 3EG, 
United Kingdom. 
7 Wellcome Trust – Cancer Research UK Gurdon In-
stitute, Henry Wellcome Building of Cancer and De-
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Aichi, 444-8787, Japan.

In mammals, pluripotent cells transit through a 
continuum of distinct molecular and functional states 
en route to initiating lineage specification. Capturing 
pluripotent stem cells (PSCs) mirroring in vivo pluri-
potent states provides accessible in vitro models to 
study the pluripotency program and mechanisms un-
derlying lineage restriction. Here, we develop opti-
mal culture conditions to derive and propagate 
post-implantation epiblast-derived PSCs (EpiSCs) in 
rats, a valuable model for biomedical research. We 
show that rat EpiSCs can be reset toward the naïve 

Center for Stem Cell Biology and Regenerative Medicine

Division of Mammalian Embryology
再生発生学分野

Project Associate Professor　Toshihiro Kobayashi, Ph.D. 特任准教授　博士（生命科学）　　小　林　俊　寛

Our lab aims to understand mechanisms underlying the cell fate decisions in early 
mammalian embryos and to apply their principle for future reproductive and 
regenerative medicine. In particular, we use pluripotent stem cells and early 
embryos from various mammals, which will enable us to investigate conserved 
mechanisms among the mammals and to develop novel technology by the use of 
species-specific features.
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pluripotent state with exogenous Klf4, albeit not with 
the other five candidate genes (Nanog, Klf2, Esrrb, Tf-
cp2l1, and Tbx3) effective in mice. Finally, we demon-
strate that rat EpiSCs retain competency to produce 
authentic primordial germ cell-like cells that undergo 
functional gametogenesis leading to the birth of via-
ble offspring. Our findings in the rat model uncover 
conserved principles underpinning pluripotency and 
germline competency across species.

2.  Origin and segregation of the human germline

Aracely Castillo-Venzor 7,14, Christopher A Penfold, 
Michael D Morgan 15,16, Walfred Wc Tang 7, Toshihi-
ro Kobayashi, Frederick Ck Wong 7, Sophie Berg-
mann 5, 6, Erin Slatery 5,6, Thorsten E Boroviak 5,6, 
John C Marioni 15,16, M Azim Surani 7 
14 Wellcome - MRC Cambridge Stem Cell Institute, 
Jeffrey Cheah Biomedical Centre, Cambridge Bio-
medical Campus, Cambridge, UK.
15 Cancer Research UK Cambridge Institute, Uni-
versity of Cambridge, Li Ka Shing Centre, Cam-
bridge, UK.
16 European Molecular Biology Laboratory, Europe-
an Bioinformatics Institute, Wellcome Genome 

Campus, Cambridgeshire, UK.

Human germline-soma segregation occurs during 
weeks 2-3 in gastrulating embryos. Although direct 
studies are hindered, here, we investigate the dynam-
ics of human primordial germ cell (PGCs) specifica-
tion using in vitro models with temporally resolved 
single-cell transcriptomics and in-depth characteriza-
tion using in vivo datasets from human and nonhu-
man primates, including a 3D marmoset reference 
atlas. We elucidate the molecular signature for the 
transient gain of competence for germ cell fate during 
peri-implantation epiblast development. Further-
more, we show that both the PGCs and amnion arise 
from transcriptionally similar TFAP2A-positive pro-
genitors at the posterior end of the embryo. Notably, 
genetic loss of function experiments shows that 
TFAP2A is crucial for initiating the PGC fate without 
detectably affecting the amnion and is subsequently 
replaced by TFAP2C as an essential component of the 
genetic network for PGC fate. Accordingly, amniotic 
cells continue to emerge from the progenitors in the 
posterior epiblast, but importantly, this is also a 
source of nascent PGCs.
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1.  DNA damage types and cell signaling that 
cause hair graying and hair thinning

Mohri Y, Nishimura EK, Hayano M1,2, Yang JH1, 
Oberdoerffer P1, Sinclair DA1.
1Department of Genetics, Blavatnik Institute, Paul
F. Glenn Center for Biology of Aging Research, Har-
vard Medical School, Boston, MA, USA; 2Depart-
ment of Neuropsychiatry, Keio University School of 
Medicine, Shinjuku-ku, Tokyo, Japan

All living things experience an increase in entro-
py, manifested as a loss of genetic and epigenetic in-
formation. In yeast, epigenetic information is lost 
over time due to the relocalization of chromatin-mod-
ifying proteins to DNA breaks, causing cells to lose 
their identity, a hallmark of yeast aging. Using a DNA 
damage inducing model named “ICE”, we found that 
the induction of DNA double strand breaks (DSBs) 
with faithful DNA repair advances the expression of 
aging phenotypes with epigenetic changes. Impor-
tantly, DNA damage foci are relatively frequently 
found in somatic stem cells in the skin during physio-
logical aging. To study the fate and dynamics of 
DNA-damaged stem cells in tissues and the resultant 
impact in the expression of aging phenotypes, we first 
focused on the melanocyte lineage and traced the fate 
of melanocyte stem cells which acquired DNA DSBs 
and demonstrated that those cells disappear from the 

niche, causing the loss of mature melanocytes for hair 
pigmentation. This is consistent with our previous re-
port in which we demonstrated that genotoxic stress 
abrogates renewal of melanocyte stem cells by trig-
gering their ectopic differentiation (Inomata K et al. 
Cell, 2009). The aberrant differentiation and the re-
sultant loss of the cell lineage in tissues may partially 
explain the age-associated loss of lineage-specific epi-
genetic information in ICE mice. More than that, the 
fact underlie the fact that cell components in tissues 
are being replaced through stem cell differentiation 
and their eventual depletion. We are currently testing 
whether the selective induction of DNA double strand 
breaks in melanocyte stem cells similarly causes hair 
graying and whether it has some beneficial effects in 
suppressing melanoma development from the skin. 
Similarly, we are testing whether DNA DSBs in hair 
follicle stem cells promotes hair thinning and search-
ing for chemicals that can prevent stem cell loss by 
DNA DSBs.

2.  Fate tracing of DNA-damaged hair follicle stem 
cells and their seno-differentiation clearance 
out of the niche

Miranda-Salmeron M, Matsumura H, Muroyama 
Y, Kato T, Higa M, Tan L, Kawamura Y, Nanba D, 
Mohri Y, and Nishimura EK.
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Stem cell systems play fundamental roles in sustaining tissue turnover and 
homeostasis. Our goal is to understand the mechanisms of tissue aging and cancer 
development in mammals and to apply that knowledge to develop strategies to 
resist against tissue/organ aging, cancer development and other relevant diseases 
associated with aging. We further aim to apply this knowledge to drug discovery 
and the prevention and treatment of age-associated diseases.
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Hair follicles, mammalian mini-organs that grow 
hair, miniaturize during aging, leading to hair thining 
and loss. In the event of severe genotoxicity such as 
DNA double-strand breaks (DSBs), stem cells are 
largely believed to choose between cell death (apop-
tosis) or irreversible cell cycle arrest (senescence) to 
prevent further damage to neighboring healthy cells 
and tissues. Accumulation of these senescent cells 
across organs has been implicated in disease and ag-
ing-related morbidities such as cancer. However, the 
exact fate and dynamics of sublethally damaged cells 
in tissues during aging/chemotherapy and the devel-
opment of alopecia - and where exactly senescent 
cells exist in tissues are still largely unknown because 
of the lack of any single perfect marker of senescent 
cells. Previous work from our group demonstrated 
that various stem cells in the skin will aberrantly com-
mit to differentiation in response to DNA damage by 
abrogating their self-renewal capabilities to discard 
unfit/stressed/aged stem cells. We are testing the 
unique hypothesis that the tissue youth is achieved 
through rapid, dynamic clearance of DNA-damaged 
cells out of the epithelia as a robust genomic quality 
control mechanism. We are evaluating a combination 
of recently devised mouse lines that can induce DSBs 
in a small number of stem cells to visualize and trace 
the exact fate, senescent state, and dynamics of those 
individual cells in epithelial tissue such as the hair 
follicle. Upon hair follicle stem cell (HFSC) activation, 
DNA-damaged cells were observed at the epidermal 
level, hinting to their transdermal exit out of the niche. 
Remarkably, while DNA damaged HFSCs exhibited 
gH2AX foci, SAβ-galactosidase activity nor p16 ex-
pression was not significantly increased in such cells. 
We are in the process of characterizing the identity of 
those DNA-damaged HFSCs and their fate switching 
in the HFSC niche that leads to hair follicle miniaturi-
zation and hair loss. Taken together, our findings 
demonstrate a tissue-autonomous mechanism within 
the hair follicle niche that can effectively discard 
DNA-damaged cells.

3.  Dynamic stem cell selection safeguards the 
genomic integrity of the epidermis

Kato T, Liu N, Morinaga H, Asakawa K, Muraguchi 
T, Muroyama Y, Shimokawa M, Matsumura H, 
Nishimori Y, Tan LJ, Hayano M1,2,3, Sinclair DA1,4, 
Mohri Y, Nishimura EK. ; 1Department of Genetics, 
Blavatnik Institute, Paul F. Glenn Center for Biolo-
gy of Aging Research, Harvard Medical School, 
Boston, MA, USA; 2Department of Neuropsychia-
try, Keio University School of Medicine, Shinju-
ku-ku, Tokyo, Japan; 3Faculty of Science and  
Technology, Keio University, Yokohama, Japan; 
4Laboratory for Ageing Research, Department of 
Pharmacology, School of Medical Sciences, The Uni-
versity of New South Wales, Sydney, New South 
Wales, Australia

Maintaining genomic integrity and stability is cru-
cial for life; yet, no tissue-driven mechanism that ro-
bustly safeguards the epithelial genome has been dis-
covered. Epidermal stem cells (EpiSCs) continuously 
replenish the stratified layers of keratinocytes that 
protect organisms against various environmental 
stresses. To study the dynamics of DNA-damaged 
cells in tissues, we devised an in vivo fate tracing sys-
tem for EpiSCs with DNA double-strand breaks 
(DSBs) and demonstrated that those cells exit from 
their niches. Gene expression profiling of EpiSCs with 
DSBs reveals that DNA damage response (DDR)-p53-
Notch/p21 axis is specifically induced in EpiSCs with 
DSBs. Stem cell fate analysis showed that the clear-
ance of EpiSCs with DSBs is caused by selective dif-
ferentiation and delamination through the DNA 
damage response (DDR)-p53-Notch/p21 axis, with 
the downregulation of ITGB1. Moreover, concomitant 
enhancement of symmetric cell divisions of surround-
ing stem cells indicates that the selective elimination 
of cells with DSBs is coupled with the augmented 
clonal expansion of intact stem cells. These data  
collectively demonstrate that tissue autonomy 
through the dynamic coupling of cell-autonomous 
and non-cell-autonomous mechanisms coordinately 
maintains the genomic quality of the epidermis. We 
are currently testing the stem cell elimination process 
is mediated by cell competition mechanisms and also 
whether the phenomenon has any correlation with 
systemic aging.
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Cord blood and umbilical cord–derived cells for 
immune-cell therapy and regenerative medicine

Takahashi A, Hori A, Miharu Y, Nagaya N, Ogami 
K, Nagamura-Inoue T
 
We explored new immune and regenerative gene/

cell therapies using umbilical cord blood (CB) and 
umbilical cord-derived MSCs (UC-MSCs) with high 

quality and safety standards. For the high quality and 
safety standards

In addition, it is our mission to keep the IM-
SUT-HLC cell processing facility clean and functional 
to enable high-quality manufacturing for translation-
al gene and cell therapy. To achieve this mission IM-
SUT-HLC-CPF obtained manufacturing license for 
UC-MSCs therapy as the first national University in 
2023. 
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Somatic stem cells, which are derived from mesoderm, include mesenchymal 
stromal cells (MSCs), blood cells, and other mesenchymal tissues. MSCs exist in 
the interstitium of systemic organs; they have self-renewal ability, migrate to the 
sites of inflammation and tissue damage, and exert anti-inflammatory effects and 
tissue-repair ability. Among various somatic stem cells, we focused on umbilical 
cord blood (CB) and umbilical cord-derived MSCs (UC-MSCs) and we explored 
new immune and regenerative gene/cell therapies using CB and UC-MSCs. 
Another mission is to manage the IMSUT-HLC cell processing facility (IMSUT-HLC-
CPF) for translational research. To achieve the high-quality processing and tests for 
UC-MSCs therapy, IMSUT-HLC-CPF obtained manufacturing license as the first 
national University in 2023. 
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CRISPR/Cas gene editing has transformed genetic 
research and is poised to drive the next generation of 
gene therapies targeting hematopoietic stem cells 
(HSCs). However, the installation of the “desired” 
edit is most often only achieved in a minor subset of 
alleles. The array of cellular pathways triggered by 
gene editing tools produces a broad spectrum of “un-
desired” editing outcomes, including short insertions 
and deletions (indels) and chromosome rearrange-
ments, leading to considerable genetic heterogeneity 
in gene-edited HSC populations. This heterogeneity 
may undermine the effect of the genetic intervention 
since only a subset of cells will carry the intended 
modification. Also, undesired mutations represent a 

potential safety concern as gene editing advances to-
ward broader clinical use. Here, we will review the 
different sources of “undesired” edits and will dis-
cuss strategies for their mitigation and control.

2.  Purging myeloma cell contaminants and si-
multaneous expansion of peripheral blood mo-
bilised stem cells.

Kantaro Ishitsuka 1, Hidekazu Nishikii 2, Takaharu 
Kimura 1, Ayano Sugiyama-Finnis 3, Satoshi Yamaza-
ki 4

1Laboratory for Stem Cell Therapy, Faculty of Med-
icine, Tsukuba University, Ibaraki, Japan.
2Department of Hematology, Faculty of Medicine, 
University of Tsukuba, Tsukuba, Japan.
3Division of Cell Regulation, Center of Experimen-
tal Medicine and Systems Biology, The Institute of 
Medical Science, The University of Tokyo, Tokyo, 
Japan.
4Laboratory for Stem Cell Therapy, Faculty of Med-
icine, Tsukuba University, Ibaraki, Japan; Division 
of Stem Cell Biology, Center for Stem Cell Therapy, 
The Institute of Medical Science, The University of 
Tokyo, Tokyo, Japan; Division of Cell Regulation, 
Center of Experimental Medicine and Systems Biol-
ogy, The Institute of Medical Science, The Universi-
ty of Tokyo, Tokyo, Japan. 

Center for Stem Cell Biology and Regenerative Medicine

Division of Cell Engineering
幹細胞基盤技術研究分野

Professor　Satoshi Yamazaki, Ph.D. 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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Human hematopoietic stem cells (HSCs) are wide-
ly used as a cellular source for hematopoietic stem 
cell transplantation (HSCT) in the clinical treatment 
of hematological malignancies. After transplantation 
therapy, delays in hematopoietic recovery due to in-
sufficient donor-derived HSCs can lead to increased 
risks of life-threatening infections and bleeding. Our 
previous studies developed an efficient ex vivo ex-
pansion culture medium (3a medium) for umbilical 
cord blood-derived HSCs (CBSCs), offering a poten-
tial solution to this problem. Nevertheless, the broad-
er applicability of our culture method to alternative 
cell sources, and, of greater significance, its efficacy in 
eliminating potentially disease-associated contami-
nated tumor cells, especially in autologous transplan-
tation, raises critical clinical questions. In this study, 
we modified the 3a medium by incorporating UM729 

to replace UM171, added Flt3 ligand, and adjusted 
the concentrations of butyzamide, 740Y-P, polyvinyl 
caprolactam-polyvinyl acetate-polyethylene glycol 
graft copolymer (PCL-PVAc-PEG, Soluplus®ฎ) to cre-
ate the modified 3a medium. This sophistication al-
lowed efficient expansion of not only CBSCs but also 
peripheral blood mobilized HSCs (PBSCs). Addition-
ally, we successfully removed contaminated myelo-
ma cells by adding bortezomib and TNF-related ap-
optosis inducing ligand (TRAIL) at appropriate 
concentrations, while maintaining HSCs through the 
addition of lenalidomide. Our research findings pres-
ent the potential for widespread clinical application 
of the modified 3a medium and suggest a safe ex vivo 
culture technique for expanding human HSCs within 
peripheral blood derived donor grafts used for autol-
ogous HSCT.

Publications

Becker HJ, Yamazaki S. Understanding genetic heter-
ogeneity in gene-edited hematopoietic stem cell 
products. Exp Hematol. 2023 Nov 29:S0301-
472X(23)01770-8. doi: 10.1016/j.exphem.2023.11.007. 
Online ahead of print.PMID: 38036097 

Sugimoto E, Li J, Hayashi Y, Iida K, Asada S, Fukush-
ima T, Tamura M, Shikata S, Zhang W, Yamamoto 
K, Kawabata KC, Kawase T, Saito T, Yoshida T, 
Yamazaki S, Kaito Y, Imai Y, Denda T, Ota Y, Fuku-
yama T, Tanaka Y, Enomoto Y, Kitamura T, Goyama 

S. Hyperactive Natural Killer cells in Rag2 knock-
out mice inhibit the development of acute myeloid 
leukemia. Commun Biol. 2023 Dec 21;6(1):1294. doi: 
10.1038/s42003-023-05606-3.PMID: 38129572

Ishitsuka K, Nishikii H, Kimura T, Sugiyama-Finnis 
A, Yamazaki S. Purging myeloma cell contaminants 
and simultaneous expansion of peripheral blood 
mobilised stem cells. Exp Hematol. 2023 Dec 
25:104138. doi: 10.1016/j.exphem.2023.104138. On-
line ahead of print.PMID: 38151170 



159

Instruments at the FACS Core Laboratory

For cell sorting, the FACS Core is equipped with 
four BD FACS Aria Cell sorters (SORPAria 1, Aria1, 
AriaIII 2) from BD Biosciences. For cell analysis, the 
FACS Core Laboratory is equipped with four bench-
top analyzers (Verse, Calibur, CantoII from BD Bio-
sciences and CytoFLEX LX from Beckman Coulter).

FCM usage performance in 2023

FCM analysis and sorting is performed either by 
the FACS Core staff or by trained users. There were 
about 3,000 cases of FCM use in 2023.

Seminar and Training

The FACS Core provided training and technical 
seminars about the theory and practical use of the 
FCM technology to students, fellows, and principal 
investigators at IMSUT.

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 and state-of-the-art 
flow cytometry (FCM) services for internal and external researchers. 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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1.  Virological characteristics of the SARS-CoV-2 
XBB variant derived from recombination of 
two Omicron subvariants

Tomokazu Tamura1, Jumpei Ito, Keiya Uriu, Jiri 
Zahradnik2, Izumi Kida1, Yuki Anraku1, Hesham 
Nasser3, Maya Shofa4, Yoshitaka Oda1, Spyros 
Lytras5, Naganori Nao1, Yukari Itakura1, Sayaka 
Deguchi6, Rigel Suzuki1, Lei Wang1, Mst Monira Be-
gum3, Shunsuke Kita1, Hisano Yajima6, Jiei Sasaki6, 
Kaori Sasaki-Tabata7, Ryo Shimizu3, Masumi Tsu-
da1, Yusuke Kosugi, Shigeru Fujita, Lin Pan, Daniel 
Sauter, Kumiko Yoshimatsu1, Saori Suzuki1, Hi-
royuki Asakura8, Mami Nagashima8, Kenji Sad-
amasu8, Kazuhisa Yoshimura8, Yuki Yamamoto9, 
Tetsuharu Nagamoto9, Gideon Schreiber2, Katsumi 
Maenaka1, Genotype to Phenotype Japan (G2P-Ja-
pan) Consortium, Takao Hashiguchi6, Terumasa 
Ikeda3, Takasuke Fukuhara1, Akatsuki Saito4, Shin-

ya Tanaka1, Keita Matsuno1, Kazuo Takayama6, Kei 
Sato: 
1Hokkaido University, Japan; 2Charles University, 
Czechia; 3Kumamoto University, Japan; 4University 
of Miyazaki, Japan; 5Medical Research Coun-
cil-University of Glasgow Centre for Virus Research, 
UK; 6Kyoto University, Japan; 7Kyushu University, 
Japan; 8Tokyo Metropolitan Institute of Public 
Health, Japan; 9HiLung, Inc., Japan

In late 2022, SARS-CoV-2 Omicron subvariants 
have become highly diversified, and XBB is spreading 
rapidly around the world. Our phylogenetic analyses 
suggested that XBB emerged through the recombina-
tion of two cocirculating BA.2 lineages, BJ.1 and 
BM.1.1.1 (a progeny of BA.2.75), during the summer 
of 2022. XBB.1 is the variant most profoundly resist-
ant to BA.2/5 breakthrough infection sera to date and 
is more fusogenic than BA.2.75. The recombination 

International Research Center for Infectious Diseases

Department of Special Pathogens
高病原性感染症系

Professor Kei Sato, Ph.D. 
Visiting Professor Masaki Imai, D.V.M., Ph.D.
Visiting Professor Seiya Yamayoshi, D.V.M., Ph.D.
Associate Professor Takeshi Ichinohe, Ph.D. 
Associate Professor Jumpei Ito, Ph.D., D.V.M.

教　授　　博士（医学）　　　佐　藤　　　佳
客員教授　博士（獣医学）　　今　井　正　樹
客員教授　博士（医学）　　　山　吉　誠　也
准教授　　博士（工学）　　　一　戸　猛　志
准教授　　博士（理学）　　　伊　東　潤　平

The aim of this laboratory is to launch an interdisciplinary research platform to 
comprehensively understand the behavior of viruses from macroscale to 
microscale. COVID pandemic alarmed the importance of understanding viral 
transmissibility and spreading pathway. These knowledges are brought from 
epidemiology and public health (science at macroscale). Viral surveillance, 
molecular phylogenetic and bioinformatics provide information of the variant 
currently spreading (science at macroscale). “Science at mesoscale”, the use of 
animal models and cell cultures, performing experiments, and assessing clinical 
data, provide the knowledge of viral pathogenicity, features and drug efficacy. When 
certain variants that are resistant to antivirals or vaccines emerged, the molecular 
mechanisms of actions should be understood. For that, the understanding based 
on structural biology is essential (science at micro scale). Our study will launch the 
platform to perform multiscale investigation of viruses.
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breakpoint is located in the receptor-binding domain 
of spike, and each region of the recombinant spike 
confers immune evasion and increases fusogenicity. 
We further provide the structural basis for the interac-
tion between XBB.1 spike and human ACE2. Finally, 
the intrinsic pathogenicity of XBB.1 in male hamsters 

is comparable to or even lower than that of BA.2.75. 
Our multiscale investigation provides evidence sug-
gesting that XBB is the first observed SARS-CoV-2 
variant to increase its fitness through recombination 
rather than substitutions.
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1.  Dual impacts of a glycan shield on the enve-
lope glycoprotein B of HSV-1: evasion from hu-
man antibodies in vivo and neurovirulence

Ayano Fukui, Yuhei Maruzuru, Shiho Ohno1, Moe-
ka Nobe, Shuji Iwata, Kosuke Takeshima, Naoto 
Koyanagi, Akihisa Kato, Shinobu Kitazume2, Yoshi-
ki Yamaguchi1, Yasushi Kawaguchi: 1Division of 
Structural Glycobiology, Institute of Molecular Bi-
omembrane and Glycobiology, Tohoku Medical and 
Pharmaceutical University, Miyagi 2Department of 
Clinical Laboratory Sciences, School of Health 
Sciences, Fukushima Medical University, Fukushi-
ma

Identification of the mechanisms of viral evasion 
from human antibodies is crucial both for under-
standing viral pathogenesis and for designing effec-
tive vaccines. Here we show in cell cultures that an 
N-glycan shield on the herpes simplex virus 1 (HSV-
1) envelope glycoprotein B (gB) mediated evasion 
from neutralization and antibody-dependent cellular 
cytotoxicity due to pooled γ-globulins derived from 
human blood. We also demonstrated that the pres-
ence of human γ-globulins in mice and immunity to 
HSV-1 induced by viral infection in mice significantly 

reduced replication in their eyes of a mutant virus 
lacking the glycosylation site but had little effect on 
the replication of its repaired virus. These results sug-
gest that an N-glycan shield on a specific site of HSV-
1 envelope gB mediated evasion from human anti-
bodies in vivo and from HSV-1 immunity induced by 
viral infection in vivo. Notably, we also found that an 
N-glycan shield on a specific site of HSV-1 gB was sig-
nificant for HSV-1 neurovirulence and replication in 
the central nervous system of naïve mice. Thus, we 
have identified a critical N-glycan shield on HSV-1 gB 
that has dual impacts, namely evasion from human 
antibodies in vivo and viral neurovirulence.

2.  Establishment of a system to quantify wild-
type herpes simplex virus-induced cell-cell fu-
sion reveals a role of N-glycosylation of HSV-1 
envelope glycoprotein B in cell-cell fusion

Ayano Fukui, Yuhei Maruzuru, Kosuke Takeshima, 
Naoto Koyanagi, Akihisa Kato, Yasushi Kawaguchi

Wild-type herpes simplex virus (HSV) strains in-
frequently mediate cell-cell fusion in cell cultures and 
barely induce large multinucleated cells. In this study, 
we established a system to quantify infrequent cell-
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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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cell fusion induced by wild-type HSV strains. The es-
tablished system clarified that the HSV-1 envelope 
glycoprotein B and its N-glycosylation at asparagine 
at position 141 were required for efficient cell-cell fu-

sion. This study provides a link between cell-cell fu-
sion induced by wild-type HSV-1 and viral pathogen-
esis in vivo.
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1.  High body temperature increases gut microbi-
ota-dependent host resistance to influenza A 
virus and SARS-CoV-2 infection.

Nagai M, Moriyama M, Ishii C, Mori H, Watanabe 
H, Nitta Y, Arimitsu N, Nishimoto M, Nakahara T, 
Yamada T, Ishikawa D, Ishikawa T, Hirayama A, 
Kimura I, Nagahara A, Naito T, Fukuda S, and Ich-
inohe T.

Fever is a common symptom of influenza and 
coronavirus disease 2019 (COVID-19), yet its physio-
logical role in host resistance to viral infection re-
mains less clear. Here, we demonstrate that exposure 
of mice to the high ambient temperature of 36 °C in-
creases host resistance to viral pathogens including 
influenza virus and severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). High heat-ex-
posed mice increase basal body temperature over 38 
°C to enable more bile acids production in a gut mi-
crobiota-dependent manner. The gut microbiota-de-
rived deoxycholic acid (DCA) and its plasma mem-
brane-bound receptor Takeda G-protein-coupled 
receptor 5 (TGR5) signaling increase host resistance to 
influenza virus infection by suppressing virus repli-
cation and neutrophil-dependent tissue damage. Fur-

thermore, the DCA and its nuclear farnesoid X recep-
tor (FXR) agonist protect Syrian hamsters from lethal 
SARS-CoV-2 infection. Moreover, we demonstrate 
that certain bile acids are reduced in the plasma of 
COVID-19 patients who develop moderate I/II dis-
ease compared with the minor severity of illness 
group. These findings implicate a mechanism by 
which virus-induced high fever increases host resist-
ance to influenza virus and SARS-CoV-2 in a gut mi-
crobiota-dependent manner.

2.  Inactivation of novel coronavirus and alpha 
variant by photo-renewable CuxO/TiO2 nano-
composites.

Tatsuma T, Nakakido M, Ichinohe T, Kuroiwa Y, To-
mioka K, Liu C, Miyamae N, Onuki T, Tsumoto K, 
Hashimoto K, and Wakihara T.

In order to reduce infection risk of novel coronavi-
rus (SARS-CoV-2), we developed photocatalysts with 
nanoscale rutile TiO2 (4–8 nm) and CuxO (1–2 nm or 
less). Their extraordinarily small size leads to high 
dispersity and good optical transparency, besides 
large active surface area. Those photocatalysts can be 
applied to white and translucent latex paints and a 
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transparent varnish. Although Cu2O clusters in-
volved in the paint coating undergo gradual aerobic 
oxidation in the dark, the oxidized clusters are re-re-
duced under >380 nm light. The paint coating inacti-
vated novel coronavirus and its alpha (B.1.1.7) variant 
under irradiation with fluorescent light for 3 h. The 

coating also exhibited antivirus effects on influenza A 
virus, feline calicivirus and bacteriophage Qβ. The 
photocatalysts would be applied to practical coatings 
and lower the risk of coronavirus infection via solid 
surfaces.
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A virus and SARS-CoV-2 infection. Nat Commun. 
14:3863. 2023

Shibata T, Sato R, Taoka M, Saitoh SI, Komine M, 
Yamaguchi K, Goyama S, Motoi Y, Kitaura J, Izawa 
K, Yamauchi Y, Tsukamoto Y, Ichinohe T, Fujita E, 
Hiranuma R, Fukui R, Furukawa Y, Kitamura T, 
Takai T, Tojo A, Ohtsuki M, Ohto U, Shimizu T, 
Ozawa M, Yoshida N, Isobe T, Latz E, Mukai K, Ta-
guchi T, Hemmi H, Akira S, Miyake K. TLR7/8 

stress response drives histiocytosis in SLC29A3 dis-
orders. J Exp Med. 220:e20230054. 2023
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13:4033. 2023
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the gut microbiome. NPJ Sci Food. 14;8(1):18. 2024
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1.  Understanding the evolution of SARS-CoV-2 

Yu Kaku, Keiya Uriu, Yusuke Kosugi, Shigeru Fuji-
ta, Luo Chen, Jarel Elgin Tolentino, Lin Pan, Arnon 
Plianchaisuk, Ziyi Guo, Alfredo Amolong Hinay, Jr., 
Kaoru Usui, Wilaiporn Saikruang, Wenye Li, Kaho 
Okumura, Naoko Misawa, Mai Suganami, Adam 
Patrick Strange, Naomi Ohsumi, Shiho Tanaka, 
Mika Chiba, Ryo Yoshimura, Kyoko Yasuda, Keiko 
Iida, Jumpei Ito, Kei Sato.

Severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) is a causative agent of coronavirus dis-
ease 2019 (COVID-19). SARS-CoV-2 emerged at the 

end of 2019 and has spread all over the world. Since 
then, more than 770 million people have been infected 
with this virus and more than 7 million people have 
died of COVID-19, meaning that COVID-19 is ongo-
ing pandemic and a most urgent and crucial problem 
in the current human society. To proceed and acceler-
ate COVID-19-releated researches in Japan, we 
launched a consortium, called “The Genotype to Phe-
notype Japan (G2P-Japan) Consortium” in January 
2021. As of December 2023, more than 10 principal 
investigators participate in this consortium and pro-
ceed fruitful collaboration. We aim to elucidate the 
virological characteristics of the SARS-CoV-2 variants 
continuously emerging in the world.

Publications

Keiya Uriu, Jumpei Ito, Jiri Zahradnik, Shigeru Fujita, 
Yusuke Kosugi, Gideon Schreiber, Genotype to 
Phenotype Japan (G2P-Japan) Consortium, Kei 
Sato. Enhanced Transmissibility, Infectivity, and 
Immune Resistance of the SARS-CoV-2 Omicron 
XBB.1.5 Variant. Lancet Infectious Diseases 23(3): 
280–81 (2023).

Shiho Torii, Kwang Su Kim, Jun Koseki, Rigel Suzuki, 

Shoya Iwanami, Yasuhisa Fujita, Yong Dam Jeong, 
Jumpei Ito, Hiroyuki Asakura, Mami Nagashima, 
Kenji Sadamasu, Kazuhisa Yoshimura, Genotype to 
Phenotype Japan (G2P-Japan) Consortium, Kei 
Sato, Yoshiharu Matsuura, Teppei Shimamura, 
Shingo Iwami, Takasuke Fukuhara. Increased Flex-
ibility of the SARS-CoV-2 RNA-Binding Site Caus-
es Resistance to Remdesivir. PLoS Pathogens 
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19(3):e1011231 (2023).
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1.  Establishment of a platform for rapid develop-
ment of vaccines and therapeutics in the event 
of an infectious disease pandemic.

Background: After the experience of the COV-
ID-19 pandemic, various research systems for infec-
tious disease pandemics have been in place around 
the world. IMSUT is the central hub of SCARDA, and 
the University of Tokyo has set up UTOPIA, where 
researchers have begun to work together. However, 
much work remains to be done to overcome the vari-
ous obstacles that may arise during a disaster. To ad-
dress issues such as how to rapidly obtain research 
materials including purified proteins as antigens and 
antibodies as reagents to test vaccine efficacy, and 
how to rapidly prepare various tools and technolo-
gies for therapeutic drug discovery in parallel with 
vaccine development, further collaboration among 
researchers across disciplines, organizations, and in-
stitutions, which is unique to emergency situations, is 
essential. Dr. Sorimachi of the International Vaccine 
Design Center is the program officer in the BINDS 
project of AMED. BINDS is a platform consisting of a 
group of academic researchers with world-class ana-

lytical technologies and supports academic drug dis-
covery research with advanced technologies ranging 
from structural analysis, hit discovery, protein ex-
pression analysis, and various omics analyses to in 
silico drug discovery.

Methods: In response to the spread of M-pox, we 
worked on an interproject collaboration between 
SCARDA and BINDS, using the SCARDA Ishii team’s 
project to test smallpox vaccine efficacy against M-pox 
as a practical problem. In addition, the BINDS plat-
form has begun to centralize plasmid information to 
expedite the process of applying for recombinant 
DNA experiments.

Conclusions: The collaboration between the 
SCARDA Ishii team and the BINDS researchers has 
enabled rapid progress in the immunological analysis 
of the effects of smallpox vaccine. This successful case 
is the first inter-project collaboration within AMED, 
and demonstrates that cooperation between SCAR-
DA and BINDS can create a strong research impetus 
in times of emergency. We will continue to work on 
the establishment of a system of research collabora-
tion to address specific issues anticipated in an emer-
gency. Collaboration with other researchers on hu-
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man immunology using human samples and cell 
lines are underway and some of them have resulted in 
the publications in 2023.

2.  Initiatives to out-license lead compounds to  
a company for the development of therapeutic 
agents for autoimmune diseases.

We have been conducting exploratory drug dis-
covery research to develop novel therapeutics for au-
toimmune diseases by targeting amino acid trans-
porters that are preferentially expressed in immune 
cells, and has succeeded in obtaining lead compounds 
that suppress inflammatory cytokine and type I inter-

feron production at sub-μM levels. Since a foreign 
pharmaceutical company have been expressing 
strong interest in our lead compounds, we had ongo-
ing meetings under a confidentiality agreement re-
garding licensing negotiations and a third-party eval-
uation of the compound’s potential. This was followed 
by discussions on the content of a term sheet for 
out-licensing and an agreement was reached. We are 
in the process of drafting an agreement. We expect to 
be able to out-license the compounds in 2024. In par-
allel, with the same pharmaceutical company, we 
have been preparing to enter into a broad joint re-
search agreement.

Publication

1.   Kobayashi T. and Toyama-Sorimachi N.  Metabol-
ic control from the endolysosome: lysosome-resi-
dent amino acid transporters open novel thera-
peutic possibilities. Front. Immunol. 2023 14: 
1243104. doi:10.3389/fimmu.2023.1243104. 

2.   Palacpac NMQ, Ishii KJ, Arisue N, Tougan T, Horii 
T. Immune tolerance caused by repeated P. falci-
parum infection against SE36 malaria vaccine can-
didate antigen and the resulting limited polymor-
phism. Parasitol Int. 2024 Apr;99:102845. doi: 
10.1016/j.parint.2023.102845. 

3.   Ouédraogo A, Bougouma EC, Palacpac NMQ, 
Houard S, Nebie I, Sawadogo J, Berges GD, Soula-
ma I, Diarra A, Hien D, Ouedraogo AZ, Konaté 
AT, Kouanda S, Myoui A, Ezoe S, Ishii KJ, Sato T, 
D’Alessio F, Leroy O, Tiono AB, Cousens S, Horii 
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eclinm.2023.102222. 

5.   Dzau V, Swaminathan S, Baker C, Bright RA, Cas-
tillo J, Chuan TC, Draghia-Akli R, Eardley-Patel R, 
Gao GF, Ishii K, Tebeje YK, Lambe T, Machin-
gaidze S, Røttingen JA, Shaligram U, Simão M, 
Swarup R, Toussaint JF, Wairagkar NS. The 100 

Days Mission: how a new medical-countermeas-
ures network can deliver equity and innovation. 
Lancet. 2023 Oct 28;402(10412):1507-1510. doi: 
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1.  Adjuvant discovery and development platform

Adjuvants are considered essential vaccine com-
ponents for enhancing vaccine responses. As a mem-
ber of IMSUT International Vaccine Design Center 
(https://vdesc.ims.u-tokyo.ac.jp/en/), we have system-
atically screened innate and adaptive immune signal-
ing molecules involved in the mode of action (MOA) 
of adjuvants and vaccines. Recently, we have been 
involved in the discovery of novel adjuvants as part of 
the AMED SCARDA project. Our recent projects have 
focused on investigating B cell development and the 
pathways involved in germinal center (GC) formation 
for the generation of potent antibody responses 
against infections and during vaccination. We found 
that TBK1, the well-known innate immune signaling 
kinase that controls antiviral immune responses and 
nucleic acid-mediated type I interferon responses, is 
very important for the generation of GCs that confer 
sterile immunity to reinfection (Lee et al., J Exp Medi-
cine, 2022). 

2.  Elucidation of host-pathogen interactions 

Our laboratory has investigated several aspects of 
immunopathology caused by Plasmodium parasites. 
We have recently studied the immunopathology of 
cerebral malaria, the deadliest complication of human 
malaria infection, in the brain using the CUBIC clear-
ance technique (Matsuo-Dapaah et al., Int Immunology, 
2021). The 3D reconstruction of malaria-infected brain 
showed that olfactory bulb is disrupted during exper-
imental cerebral malaria. We have recently made sig-
nificant progress in understanding new cell types that 
accumulate/reside in the olfactory bulb and interact 
with Plasmodium parasites. Chronic bone loss is an 
unforeseen complication of malaria which is mediat-
ed via MyD88 adaptor protein (Lee et al,. Science Im-
munology, 2017). We have been studying to address 
the crucial cell types important for MyD88-mediated 
bone loss. We also investigate bone marrow niches re-
sponsible for malaria-induced loss of memory. 

3.  Infection and cancer 

Previously, we investigated the role of Lipocalin 2 
(LCN2, also known as siderocalin or neutrophil ge-
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latinase-associated lipocalin (NGAL)) in malaria in-
fection that bolsters innate and adaptive immune re-
sponses to malaria infection through modulation of 
iron metabolism (Zhao et al., Cell Host Microbe, 2012). 
LCN2 expression is also increased in cancer. In car-
cinogenesis stroma-associated immunity is an impor-
tant regulator of tumor growth. Tumor cells create a 
microenvironment by releasing various mediators to 
maintain their presence and spread. Due to the infil-
tration of monocytes and leukocytes in tumor mi-
croenvironment, it is hypothesized that the iron bal-
ance is disrupted by excessive iron consumption, 
possibly leading to increased expression of LCN2 as 
an intracellular iron transporter. We recently investi-
gated the expressions of programmed cell death li-
gand-1 (PD-L1) and LCN2 in breast cancers with var-
ious molecular subtypes, along with their correlations 
with other prognostic indicators, including Ki-67, 
lymph node metastasis, histological grade, tumor-in-
filtrating lymphocyte (TILs) accumulation, and necro-
sis. We found that there is an association of LCN2 
with known prognostic factors and molecular sub-
types. Moreover, significant elevations of LCN2 and 
PD-L1 expressions were observed in triple-negative 
and HER2-positive breast cancers. The findings from 
this research may contribute to the immunotherapeu-
tic application of LCN2 and its prognostic significance 
in breast cancer management (Ekemen et al., Breast 
Cancer: Targets and Therapy, in press).

4.  Infection and host genetics

The genetics of an individual contributes to the 
susceptibility and response to viral infections. Inter-
national groups including Prof. Sakuntabhai’s group 
formed a global network of researchers to investigate 
the role of human genetics in SARS-CoV-2 infection 
and COVID-19 severity (COVID-19 Host Genetics Initi-
ative. Mapping the human genetic architecture of COV-
ID-19. Nature 600, 472–477, 2021). Investigating the 
role of host genetic factors in COVID-19 severity and 
susceptibility can inform our understanding of the 
underlying biological mechanisms that influence ad-
verse outcomes and drug development. Recently, 
they published a second update on mapping the hu-
man genetic architecture of COVID-19 (The COVID-19 
Host Genetics Initiative. A second update on mapping the 
human genetic architecture of COVID-19. Nature 621, 
E7–E26, 2023). They performed a meta-analysis of up 
to 219,692 cases and over 3 million controls. They ex-
panded the current knowledge of host genetics for 
COVID-19 susceptibility and severity by further dou-
bling the case numbers from the previous data release 

and identifying 28 additional loci. Notably, they ob-
served severity loci mapped to type I interferon path-
way, while susceptibility loci mapped to viral entry 
and airway defense pathways, with notable excep-
tions for severity-classified TMPRSS2 and MUC5B 
loci.
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1.  Analytical Method for Experimental Validation 
of Computer-Designed Antibody

Tanabe A, Tsumoto K.

In the computational design of antibodies, the in-
teraction analysis between target antigen and anti-
body is an essential process to obtain feedback for 
validation and optimization of the design. Kinetic 
and thermodynamic parameters as well as binding 
affinity (KD) allow for a more detailed evaluation and 
understanding of the molecular recognition. In this 
chapter, we summarize the conventional experimen-
tal methods which can calculate KD value (ELISA, 
FP), analyze a binding activity to actual cells (FCM), 
and evaluate the kinetic and thermodynamic parame-
ters (ITC, SPR, BLI), including high-throughput anal-
ysis and a recently developed experimental tech-
nique.

2.   Structural  Classification  of  CDR-H3  in  Sin-
gle-Domain VHH Antibodies

Kuroda D, Tsumoto K.

The immune systems protect vertebrates from for-
eign molecules or antigens, and antibodies are impor-
tant mediators of this system. The sequences and 
structural features of antibodies vary depending on 
species. Many of antibodies from vertebrates, includ-
ing camelids, have both heavy and light chain varia-
ble domains, but camelids also have antibodies that 
lack the light chains. In antibodies that lack light 
chains, the C-terminal variable region is called the 
VHH domain. Antibodies recognize antigens through 
six complementarity-determining regions (CDRs). 
The third CDR of the heavy chain (CDR-H3) is at the 
center of the antigen-binding site and is diverse in 
terms of sequence and structure. Due to the impor-
tance of antibodies in basic science as well as in med-
ical applications, there have been many studies of 
CDR-H3s of antibodies that possess both light and 
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heavy chains. However, nature of CDR-H3s of sin-
gle-domain VHH antibodies is less well studied. In 
this chapter, we describe current knowledge of se-
quence-structure-function correlations of single-do-
main VHH antibodies with emphasis on CDR-H3. 
Based on the 370 crystal structures in the Protein Data 
Bank, we also attempt structural classification of 
CDR-H3 in single-domain VHH antibodies and dis-
cuss lessons learned from the ever-increasing number 
of the structures.

3.  Biophysical Characterization of the Contribu-
tion of the Fab Region to the IgG-FcγRIIIa Inter-
action

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Terao Y, Ide T, Tsumoto K

The cell-surface receptor FcγRIIIa is crucial to the 
efficacy of therapeutic antibodies as well as the im-
mune response. The interaction of the Fc region of 
IgG molecules with FcγRIIIa has been characterized, 
but until recently, it was thought that the Fab regions 
were not involved in the interaction. To evaluate the 
influence of the Fab regions in a biophysical context, 
we carried out surface plasmon resonance analyses 
using recombinant FcγRIIIa ligands. A van’t Hoff 
analysis revealed that compared to the interaction of 
the papain-digested Fc fragment with FcγRIIIa, the 
interaction of commercially available, full-length 
rituximab with FcγRIIIa had a more favorable bind-
ing enthalpy, a less favorable binding entropy, and a 
slower off rate. Similar results were obtained from 
analyses of IgG1 molecules and an IgG1-Fc fragment 
produced by Expi293 cells. For further validation, we 
also prepared a maltose-binding protein-linked IgG1-
Fc fragment (MBP-Fc). The binding enthalpy of MBP-
Fc was nearly equal to that of the IgG1-Fc fragment 
for the interaction with FcγRIIIa, indicating that such 
alternatives to the Fab domains as MBP do not posi-
tively contribute to the IgG-FcγRIIIa interactions. Our 
investigation strongly suggests that the Fab region 
directly interacts with FcγRIIIa, resulting in an in-
crease in the binding enthalpy and a decrease in the 
dissociation rate, at the expense of favorable binding 
entropy.

4.  Nucleic acid-triggered tumoral immunity prop-
agates  pH-selective  therapeutic  antibodies 
through tumor-driven epitope spreading

Furuya G, Katoh H, Atsumi S, Hashimoto I, Komu-
ra D, Hatanaka R, Senga S, Hayashi S, Akita S, Mat-
sumura H, Miura A, Mita H, Nakakido M, Nagatoi-
shi S, Sugiyama A, Suzuki R, Konishi H, Yamamoto 
A, Abe H, Hiraoka N, Aoki K, Kato Y, Seto Y, Yoshi-
mura C, Miyadera K, Tsumoto K, Ushiku T, Ishika-
wa S.

Important roles of humoral tumor immunity are 
often pointed out; however, precise profiles of domi-
nant antigens and developmental mechanisms re-
main elusive. We systematically investigated the  
humoral antigens of dominant intratumor immuno-
globulin clones found in human cancers. We found 
that approximately half of the corresponding anti-
gens were restricted to strongly and densely nega-
tively charged polymers, resulting in simultaneous 
reactivities of the antibodies to both densely sulfated 
glycosaminoglycans (dsGAGs) and nucleic acids 
(NAs). These anti-dsGAG/NA antibodies matured 
and expanded via intratumoral immunological driv-
ing force of innate immunity via NAs. These human 
cancer-derived antibodies exhibited acidic pH-selec-
tive affinity across both antigens and showed specific 
reactivity to diverse spectrums of human tumor cells. 
The antibody-drug conjugate exerted therapeutic ef-
fects against multiple cancers in vivo by targeting cell 
surface dsGAG antigens. This study reveals that in-
tratumoral immunological reactions propagate tu-
mor-oriented immunoglobulin clones and demon-
strates a new therapeutic modality for the universal 
treatment of human malignancies.

5.  Structural insights into 3Fe-4S ferredoxins di-
versity in M. tuberculosis highlighted by a first 
redox complex with P450.

Gilep A, Varaksa T, Bukhdruker S, Kavaleuski A, 
Ryzhykau Y, Smolskaya S, Sushko T, Tsumoto K, 
Grabovec I, Kapranov I, Okhrimenko I, Marin E, 
Shevtsov M, Mishin A, Kovalev K, Kuklin A, Gor-
deliy V, Kaluzhskiy L, Gnedenko O, Yablokov E, 
Ivanov A, Borshchevskiy V, Strushkevich N.

Ferredoxins are small iron-sulfur proteins and key 
players in essential metabolic pathways. Among all 
types, 3Fe-4S ferredoxins are less studied mostly due 
to anaerobic requirements. Their complexes with cy-
tochrome P450 redox partners have not been structur-
ally characterized. In the present work, we solved the 
structures of both 3Fe-4S ferredoxins from M. tuber-
culosis-Fdx alone and the fusion FdxE-CYP143. Our 
SPR analysis demonstrated a high-affinity binding of 
FdxE to CYP143. According to SAXS data, the same 
complex is present in solution. The structure reveals 
extended multipoint interactions and the shape/
charge complementarity of redox partners. Further-
more, FdxE binding induced conformational changes 
in CYP143 as evident from the solved CYP143 struc-
ture alone. The comparison of FdxE-CYP143 and 
modeled Fdx-CYP51 complexes further revealed the 
specificity of ferredoxins. Our results illuminate the 
diversity of electron transfer complexes for the pro-
duction of different secondary metabolites.
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6.  Peripheral administration of nanomicelle-en-
capsulated  anti-Aβ  oligomer  fragment  anti-
body reduces various toxic Aβ species in the 
brain

Amano A, Sanjo N, Araki W, Anraku Y, Nakakido 
M, Matsubara E, Tomiyama T, Nagata T, Tsumoto 
K, Kataoka K, Yokota

Background: Although a large amount of evidence 
has revealed that amyloid β (Aβ), especially Aβ oli-
gomers, protofibrils, and pyroglutamated Aβs, partic-
ipate primarily in the pathophysiological processes of 
Alzheimer’s disease, most clinical trials of anti-Aβ 
antibody therapy have never acquired successful effi-
cacy in human clinical trials, partly because peripher-
al administration of antibody medications was unable 
to deliver sufficient amounts of the molecules to the 
brain. Recently, we developed polymeric nanomi-
celles capable of passing through the blood-brain bar-
rier that function as chaperones to deliver larger 
amounts of heavy molecules to the brain. Herein, we 
aimed to evaluate the efficacy of newly developed an-
tibody 6H4 fragments specific to Aβ oligomers encap-
sulated in polymeric nanomicelles on the develop-
ment of Alzheimer’s disease pathology in Alzheimer’s 
disease model mice at the age of emergence of early 
Alzheimer’s disease pathology.

Results: During the 10-week administration of 
6H4 antibody fragments in polymeric nanomicelles, a 
significant reduction in the amounts of various toxic 
Aβ species, such as Aβ oligomers, toxic Aβ conform-
ers, and pyroglutamated Aβs in the brain was ob-
served. In addition, immunohistochemistry indicated 
inhibition of diameters of Aβ plaques, Aβ-antibody 
immunoreactive areas, and also plaque core forma-
tion. Behavioral analysis of the mice model revealed 
that the 6H4 fragments-polymeric nanomicelle group 
was significantly better at maintaining long-term spa-
tial reference memory in the probe and platform tests 
of the water maze, thereby indicating inhibition of the 
pathophysiological process of Alzheimer’s disease.

Conclusions: The results indicated that the strate-
gy of reducing toxic Aβ species in early dementia ow-
ing to Alzheimer’s disease by providing sufficient an-
tibodies in the brain may modify Alzheimer’s disease 
progression.

7.   Non-Affinity Purification of Antibodies

Arakawa T, Tomioka Y, Nakagawa M, Sakuma C, 
Kurosawa Y, Ejima D, Tsumoto K, Akuta T.

Currently, purification of antibodies is mainly car-
ried out using a platform technology composed pri-
marily of Protein A chromatography as a capture 
step, regardless of the scale. However, Protein A chro-

matography has a number of drawbacks, which are 
summarized in this review. As an alternative, we pro-
pose a simple small-scale purification protocol with-
out Protein A that uses novel agarose native gel elec-
trophoresis and protein extraction. For large-scale 
antibody purification, we suggest mixed-mode chro-
matography that can in part mimic the properties of 
Protein A resin, focusing on 4-Mercapto-ethyl-pyri-
dine (MEP) column chromatography.

8.  Inactivation and spike protein denaturation of 
novel coronavirus variants by CuxO/TiO2 na-
no-photocatalysts

Tatsuma T, Nakakido M, Ichinohe T, Kuroiwa Y, To-
mioka K, Liu C, Miyamae N, Onuki T, Tsumoto K, 
Hashimoto K, Wakihara T.

In order to reduce infection risk of novel coronavi-
rus (SARS-CoV-2), we developed nano-photocata-
lysts with nanoscale rutile TiO2 (4-8 nm) and CuxO 
(1-2 nm or less). Their extraordinarily small size leads 
to high dispersity and good optical transparency, be-
sides large active surface area. Those photocatalysts 
can be applied to white and translucent latex paints. 
Although Cu2O clusters involved in the paint coating 
undergo gradual aerobic oxidation in the dark, the 
oxidized clusters are re-reduced under > 380 nm light. 
The paint coating inactivated the original and alpha 
variant of novel coronavirus under irradiation with 
fluorescent light for 3 h. The photocatalysts greatly 
suppressed binding ability of the receptor binding 
domain (RBD) of coronavirus (the original, alpha and 
delta variants) spike protein to the receptor of human 
cells. The coating also exhibited antivirus effects on 
influenza A virus, feline calicivirus, bacteriophage Qβ 
and bacteriophage M13. The photocatalysts would be 
applied to practical coatings and lower the risk of 
coronavirus infection via solid surfaces.

9.  Ligand Installation to Polymeric Micelles for 
Pediatric Brain Tumor Targeting

Watanabe T, Mizuno HL, Norimatsu J, Obara T, 
Cabral H, Tsumoto K, Nakakido M, Kawauchi D, 
Anraku Y

Medulloblastoma is a life-threatening disease 
with poor therapeutic outcomes. In chemotherapy, 
low drug accumulation has been a cause of these out-
comes. Such inadequate response to treatments has 
been associated with low drug accumulation, particu-
larly with a limited cellular uptake of drugs. Recently, 
the conjugation of drugs to ligand molecules with 
high affinity to tumor cells has attracted much atten-
tion for enhancing drug internalization into target 
cells. Moreover, combining tumor-targeting ligands 
with nano-scaled drug carriers can potentially im-
prove drug loading capacity and the versatility of the 
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delivery. Herein, we focused on the possibility of tar-
geting CD276/B7-H3, which is highly expressed on 
the medulloblastoma cell membrane, as a strategy for 
enhancing the cellular uptake of ligand-installed na-
nocarriers. Thus, anti-CD276 antibodies were conju-
gated on the surface of model nanocarriers based on 
polyion complex micelles (PIC/m) via click chemistry. 
The results showed that the anti-CD276 antibody-in-
stalled PIC/m improved intracellular delivery into 
CD276-expressing medulloblastoma cells in a 
CD276-dependent manner. Moreover, increasing the 
number of antibodies on the surface of micelles im-
proved the cellular uptake efficiency. These observa-
tions indicate the potential of anti-CD276 antibody-in-
stalled nanocarriers for promoting drug delivery in 
medulloblastoma.

10. Bromodomain protein BRD8 regulates cell cy-
cle progression in colorectal cancer cells 
through a TIP60-independent regulation of the 
pre-RC complex

Yamaguchi K, Nakagawa S, Saku A, Isobe Y, Yama-
guchi R, Sheridan P, Takane K, Ikenoue T, Zhu C, 
Miura M, Okawara Y, Nagatoishi S, Kozuka-Hata 
H, Oyama M, Aikou S, Ahiko Y, Shida D, Tsumoto 
K, Miyano S, Imoto S, Furukawa Y.

Bromodomain-containing protein 8 (BRD8) is a 
subunit of the NuA4/TIP60-histone acetyltransferase 
complex. Although BRD8 has been considered to act 
as a co-activator of the complex, its biological role re-
mains to be elucidated. Here, we uncovered that 
BRD8 accumulates in colorectal cancer cells through 
the inhibition of ubiquitin-dependent protein degra-
dation by the interaction with MRG domain binding 
protein. Transcriptome analysis coupled with ge-
nome-wide mapping of BRD8-binding sites disclosed 
that BRD8 transactivates a set of genes independently 
of TIP60, and that BRD8 regulates the expression of 
multiple subunits of the pre-replicative complex in 
concert with the activator protein-1. Depletion of 
BRD8 induced cell-cycle arrest at the G1 phase and 
suppressed cell proliferation. We have also shown 
that the bromodomain of BRD8 is indispensable for 
not only the interaction with histone H4 or transcrip-
tional regulation but also its own protein stability. 
These findings highlight the importance of bromodo-
main as a therapeutic target.

11. Molecular mechanism underlying the in-
creased risk of colorectal cancer metastasis 
caused by single nucleotide polymorphisms in 
LI-cadherin gene

Yui A, Kuroda D, Maruno T, Nakakido M, Nagatoi-
shi S, Uchiyama S, Tsumoto K.

LI-cadherin is a member of the cadherin super-

family. LI-cadherin mediates Ca2+-dependent cell-
cell adhesion through homodimerization. A previous 
study reported two single nucleotide polymorphisms 
(SNPs) in the LI-cadherin-coding gene (CDH17). 
These SNPs correspond to the amino acid changes of 
Lys115 to Glu and Glu739 to Ala. Patients with 
colorectal cancer carrying these SNPs are reported to 
have a higher risk of lymph node metastasis than pa-
tients without the SNPs. Although proteins associat-
ed with metastasis have been identified, the molecu-
lar mechanisms underlying the functions of these 
proteins remain unclear, making it difficult to devel-
op effective strategies to prevent metastasis. In this 
study, we employed biochemical assays and molecu-
lar dynamics (MD) simulations to elucidate the mo-
lecular mechanisms by which the amino acid changes 
caused by the SNPs in the LI-cadherin-coding gene 
increase the risk of metastasis. Cell aggregation as-
says showed that the amino acid changes weakened 
the LI-cadherin-dependent cell-cell adhesion. In vitro 
assays demonstrated a decrease in homodimerization 
tendency and MD simulations suggested an altera-
tion in the intramolecular hydrogen bond network by 
the mutation of Lys115. Taken together, our results 
indicate that the increased risk of lymph node metas-
tasis is due to weakened cell-cell adhesion caused by 
the decrease in homodimerization tendency.

12. An Engineered Synthetic Receptor-Aptamer 
Pair  for an Artificial Signal Transduction Sys-
tem.

Liu H, Baeumler TA, Nakamura K, Okada Y, Cho S, 
Eguchi A, Kuroda D, Tsumoto K, Ueki R, Sando S.

Cell membrane receptors regulate cellular re-
sponses through sensing extracellular environmental 
signals and subsequently transducing them. Receptor 
engineering provides a means of directing cells to re-
act to a designated external cue and exert pro-
grammed functions. However, rational design and 
precise modulation of receptor signaling activity re-
main challenging. Here, we report an aptamer-based 
signal transduction system and its applications in 
controlling and customizing the functions of engi-
neered receptors. A previously reported membrane 
receptor-aptamer pair was used to design a synthetic 
receptor system that transduces cell signaling de-
pending on exogenous aptamer input. To eliminate 
the cross-reactivity of the receptor with its native li-
gand, the extracellular domain of the receptor was 
engineered to ensure that the receptor was solely acti-
vated by the DNA aptamer. The present system fea-
tures tunability in the signaling output level using 
aptamer ligands with different receptor dimerization 
propensities. In addition, the functional programma-
bility of DNA aptamers enables the modular sensing 
of extracellular molecules without the need for genet-
ic engineering of the receptor.
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13. Agarose native gel electrophoresis analysis of 
thermal aggregation controlled by Hofmeister 
series

Tomioka Y, Sato R, Takahashi R, Nagatoishi S, Shi-
ba K, Tsumoto K, Arakawa T, Akuta T.

The effects of salting-in and salting-out salts de-
fined by Hofmeister series on the solution state of bo-
vine serum albumin (BSA) in 50 mM Tris-HCl buffer 
at pH 7.4 before and after thermal unfolding at 80 °C 
for 5 min were examined using agarose native gel 
electrophoresis and mass photometry. Gel electro-
phoresis showed that salting-in MgCl2, CaCl2 and 
NaSCN resulted in formation of intermediate struc-
tures of BSA upon heating on native gel, while heat-
ing in buffer alone resulted in aggregated bands. 
Mass photometry showed large loss of monomer and 
oligomers when heated in this buffer, but retaining 
these structures in the presence of 1 M MgCl2 and 
NaSCN. To our surprise, salting-out MgSO4 also 
showed a similar effect on gel electrophoresis and 
mass photometry. Salting-out NaCl and (NH4)2SO4 
resulted in smearing and aggregated bands, which 
were supported by mass photometry. Aggrega-
tion-suppressive ArgHCl also showed oligomer ag-
gregates upon gel electrophoresis and mass photom-
etry.

14. Elucidating Conformational Dynamics and 
Thermostability of Designed Aromatic Clus-
ters by Using Protein Cages

Hishikawa Y, Noya H, Nagatoishi S, Yoshidome T, 
Maity B, Tsumoto K, Abe S, Ueno T.

Multiple aromatic residues assemble to form high-
er ordered structures known as “aromatic clusters” in 
proteins and play essential roles in biological systems. 
However, the stabilization mechanism and dynamic 
behavior of aromatic clusters remain unclear. This 
study describes designed aromatic interactions con-
fined within a protein cage to reveal how aromatic 
clusters affect protein stability. The crystal structures 
and calorimetric measurements indicate that the for-
mation of inter-subunit phenylalanine clusters en-
hance the interhelix interactions and increase the 
melting temperature. Theoretical calculations suggest 
that this is caused by the transformation of the 
T-shaped geometry into π-π stacking at high temper-
atures, and the hydration entropic gain. Thus, the iso-
lated nanoenvironment in a protein cage allows re-
construction and detailed analysis of multiple 
clustering residues for elucidating the mechanisms of 
various biomolecular interactions in nature which can 
be applied to design of bionanomaterials.

15. Design of single-domain VHH antibodies to in-
crease the binding activity in SPR amine cou-
pling

Hirao A, Nagatoishi S, Ikeuchi E, Yamawaki T, Mori 
C, Nakakido M, Tsumoto K.

Single-domain antibodies, or VHH, nanobodies, 
are attractive tools in biotechnology and pharmaceu-
ticals due to their favorable biophysical properties. 
Single-domain antibodies have potential for use in 
sensing materials to detect antigens, and in this pa-
per, we propose a generic design strategy of sin-
gle-domain antibodies for the highly efficient use of 
immobilized antibodies on a sensing substrate. Amine 
coupling was used to immobilize the single-domain 
antibodies on the substrate through a robust covalent 
bond. First, for two model single-domain antibodies 
with lysines at four highly conserved positions (K48, 
K72, K84, and K95), we mutated the lysines to alanine 
and measured the binding activity of the mutants (the 
percentage of immobilized antibodies that can bind 
antigen) using surface plasmon resonance. The two 
model single-domain antibodies tended to have high-
er binding activities when K72, which is close to the 
antigen binding site, was mutated. Adding a Lys-tag 
to the C-terminus of single-domain antibodies also 
increased the binding activity. We also mutated the 
lysine for another model single-domain antibodies 
with the lysine in a different position than the four 
residues mentioned above and measured the binding 
activity. Thus, single-domain antibodies immobilized 
in an orientation accessible to the antigen tended to 
have a high binding activity, provided that the physi-
cal properties of the single-domain antibodies them-
selves (affinity and structural stability) were not sig-
nificantly reduced. Specifically, the design strategy of 
single-domain antibodies with high binding activity 
included mutating the lysine at or near the antigen 
binding site, adding a Lys-tag to the C-terminus, and 
mutating a residue away from the antigen binding 
site to lysine. It is noteworthy that mutating K72 close 
to the antigen binding site was more effective in in-
creasing the binding activity than Lys-tag addition, 
and immobilization at the N-terminus close to the an-
tigen binding site did not have such a negative effect 
on the binding activity compared to immobilization 
at the K72.

16. Real-Time Search-Assisted Multiplexed Quan-
titative Proteomics Reveals System-Wide 
Translational Regulation of Non-Canonical 
Short Open Reading Frames

Kozuka-Hata H, Hiroki T, Miyamura N, Kitamura 
A, Tsumoto K, Inoue JI, Oyama M.

Abnormal expression of histone deacetylases 
(HDACs) is reported to be associated with angiogen-
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esis, metastasis and chemotherapy resistance regard-
ing cancer in a wide range of previous studies. Suber-
oylanilide hydroxamic acid (SAHA) is well known to 
function as a pan-inhibitor for HDACs and recog-
nized as one of the therapeutic drug candidates to 
epigenetically coordinate cancer cell fate regulation 
on a genomic scale. Here, we established a Real-Time 
Search (RTS)-assisted mass spectrometric platform 
for system-wide quantification of translated products 
encoded by non-canonical short open reading frames 
(ORFs) as well as already annotated protein coding 
sequences (CDSs) on the human transciptome and 
applied this methodology to quantitative proteomic 
analyses of suberoylanilide hydroxamic acid (SA-
HA)-treated human HeLa cells to evaluate pro-
teome-wide regulation in response to drug perturba-
tion. Very intriguingly, our RTS-based in-depth 
proteomic analysis enabled us to identify approxi-
mately 5000 novel peptides from the ribosome profil-
ing-based short ORFs encoded in the diversified re-
gions on presumed ‘non-coding’ nucleotide sequences 
of mRNAs as well as lncRNAs and nonsense mediat-
ed decay (NMD) transcripts. Furthermore, TMT-
based multiplex large-scale quantification of the 
whole proteome changes upon differential SAHA 
treatment unveiled dose-dependent selective transla-
tional regulation of a limited fraction of the non-ca-
nonical short ORFs in addition to key cell cycle/prolif-
eration-related molecules such as UBE2C, CENPF 
and PRC1. Our study provided the first system-wide 
landscape of drug-perturbed translational modula-
tion on both canonical and non-canonical proteome 
dynamics in human cancer cells.

17. Targeting hemoglobin receptors IsdH and IsdB 
of Staphylococcus  aureus with  a  single VHH 
antibody inhibits bacterial growth

Valenciano-Bellido S, Caaveiro JMM, Nakakido M, 
Kuroda D, Aikawa C, Nakagawa I, Tsumoto K.

Methicillin-resistant Staphylococcus aureus, or 
MRSA, is one of the major causative agents of hospi-
tal-acquired infections worldwide. Novel antimicro-
bial strategies efficient against antibiotic-resistant 
strains are necessary and not only against S. aureus. 
Among those, strategies that aim at blocking or dis-
mantling proteins involved in the acquisition of es-
sential nutrients, helping the bacteria to colonize the 
host, are intensively studied. A major route for S. au-
reus to acquire iron from the host organism is the Isd 
(iron surface determinant) system. In particular, the 
hemoglobin receptors IsdH and IsdB located on the 
surface of the bacterium are necessary to acquire the 
heme moiety containing iron, making them a plausi-
ble antibacterial target. Herein, we obtained an anti-
body of camelid origin that blocked heme acquisition. 
We determined that the antibody recognized the 
heme-binding pocket of both IsdH and IsdB with na-

nomolar order affinity through its second and third 
complementary-determining regions. The mecha-
nism explaining the inhibition of acquisition of heme 
in vitro could be described as a competitive process in 
which the complementary-determining region 3 from 
the antibody blocked the acquisition of heme by the 
bacterial receptor. Moreover, this antibody markedly 
reduced the growth of three different pathogenic 
strains of MRSA. Collectively, our results highlight a 
mechanism for inhibiting nutrient uptake as an anti-
bacterial strategy against MRSA.

18. A Proximity-Induced Fluorogenic Reaction 
Triggered by Antibody-Antigen Interactions 
with Adjacent Epitopes

Nishiyama K, Akiba H, Nagata S, Tsumoto K, Kam-
ada H, Ohno H.

Proximity-induced chemical reactions are site-spe-
cific and rapid by taking advantage of their high affin-
ity and highly selective interactions with the template. 
However, reactions induced solely by antibody-anti-
gen interactions have not been developed. Herein, we 
propose a biepitopic antigen-templated chemical re-
action (BATER) as a novel template reaction. In BAT-
ER, reactive functional groups are conjugated to two 
antibodies that interact with two epitopes of the same 
antigen to accelerate the reaction. We developed a 
method for visualizing the progress of BATER using 
fluorogenic click chemistry for optimal antibody se-
lection and linker design. The reaction is accelerated 
in the presence of a specific antigen in a linker 
length-dependent manner. The choice of the antibody 
epitope is important for a rapid reaction. This design 
will lead to various applications of BATER in living 
systems.

19. Raman Spectroscopic Analysis of Highly-Con-
centrated Antibodies under the Acid-Treated 
Conditions

Sato Y, Nagatoishi S, Noguchi S, Tsumoto K.

Purpose: Antibody drugs are usually formulated 
as highly-concentrated solutions, which would easily 
generate aggregates, resulting in loss of efficacy. Al-
though low pH increases the colloidal dispersion of 
antibodies, acid denaturation can be an issue. There-
fore, knowing the physical properties at low pH un-
der high concentration conditions is important.

Methods: Raman spectroscopy was used to inves-
tigate pH-induced conformational changes of anti-
bodies at 50 mg/ml. Experiments in pH 3 to 7 were 
performed for human serum IgG and recombinant 
rituximab.

Results: We detected the evident changes at pH 3 
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in Tyr and Trp bands, which are the sensitive markers 
of intermolecular interactions. Thermal transition 
analysis over the pH range demonstrated that the 
thermal transition temperature (Tm) was highest at 
pH 3. Acid-treated and neutralized one showed high-
er Tm than that of pH 7, indicating that their extent of 
intermolecular interactions correlated with the Tm 
values. Onset temperature was clearly different be-
tween concentrated and diluted samples. Colloidal 
analyses confirmed the findings of the Raman analy-
sis.

Conclusion: Our studies demonstrated the posi-
tive correlation between Raman analysis and colloi-
dal information, validating as a method for evaluat-
ing antibody conformation associated with 
aggregation propensities.

20. Histone  H3  lysine  27  crotonylation  mediates 
gene transcriptional repression in chromatin

Liu N, Konuma T, Sharma R, Wang D, Zhao N, Cao 
L, Ju Y, Liu D, Wang S, Bosch A, Sun Y, Zhang S, Ji 
D, Nagatoishi S, Suzuki N, Kikuchi M, Wakamori 
M, Zhao C, Ren C, Zhou TJ, Xu Y, Meslamani J, Fu 
S, Umehara T, Tsumoto K, Akashi S, Zeng L, Roed-
er RG, Walsh MJ, Zhang Q, Zhou MM.

Histone lysine acylation, including acetylation 
and crotonylation, plays a pivotal role in gene tran-
scription in health and diseases. However, our under-
standing of histone lysine acylation has been limited 
to gene transcriptional activation. Here, we report 
that histone H3 lysine 27 crotonylation (H3K27cr) di-
rects gene transcriptional repression rather than acti-
vation. Specifically, H3K27cr in chromatin is selec-
tively recognized by the YEATS domain of GAS41 in 
complex with SIN3A-HDAC1 co-repressors. Pro-
to-oncogenic transcription factor MYC recruits 
GAS41/SIN3A-HDAC1 complex to repress genes in 
chromatin, including cell-cycle inhibitor p21. GAS41 
knockout or H3K27cr-binding depletion results in 
p21 de-repression, cell-cycle arrest, and tumor growth 
inhibition in mice, explaining a causal relationship 
between GAS41 and MYC gene amplification and p21 
downregulation in colorectal cancer. Our study sug-
gests that H3K27 crotonylation signifies a previously 
unrecognized, distinct chromatin state for gene tran-
scriptional repression in contrast to H3K27 trimethyl-
ation for transcriptional silencing and H3K27 acetyla-
tion for transcriptional activation.

21. Dispersion Function of a Protein, DP-1, Identi-
fied in Collimonas sp. D-25, for the Synthesis 
of Gold Nanoparticles

Tang D, Kato Y, Zhang D, Negishi L, Kurumizaka 
H, Hirata T, Nakakido M, Tsumoto K, Shuji F, Tsu-
guyuki S, Okumura T, Nagata K, Suzuki M.

Collimonas sp. (D-25), found in the soil of Akita 
Prefecture, is a gram-negative bacterium with the 
ability to synthesize gold nanoparticles (AuNPs). 
During the synthesis of AuNPs, one specific protein 
(DP-1) was found to have disappeared in the sonicat-
ed solution of the bacterium. Recombinant DP-1 
(rDP-1) from Escherichia coli BL21 (DE3) was used to 
study the effect of DP-1 on the synthesis of AuNPs. 
AuNPs synthesized with rDP-1 result in small, stabi-
lized nanoparticles. AuNPs synthesized by DP-1 re-
tained the stability of both the dispersion and na-
no-size particles under high salt concentrations. 
Isothermal titration calorimetry was employed to in-
vestigate the bonding ratio of rDP-1 to AuNPs. Sever-
al thousand rDP-1 proteins are attached to the surface 
of an AuNP to form a protein corona containing mul-
tiple layers. These results suggest that DP-1 obtained 
from D-25 has a size and stability control function 
during AuNP synthesis.

22. Development of a 1:1-binding biparatopic an-
ti-TNFR2 antagonist by reducing signaling ac-
tivity through epitope selection

Akiba H, Fujita J, Ise T, Nishiyama K, Miyata T, 
Kato T, Namba K, Ohno H, Kamada H, Nagata S, 
Tsumoto K

Conventional bivalent antibodies against cell sur-
face receptors often initiate unwanted signal trans-
duction by crosslinking two antigen molecules. Bi-
paratopic antibodies (BpAbs) bind to two different 
epitopes on the same antigen, thus altering crosslink-
ing ability. In this study, we develop BpAbs against 
tumor necrosis factor receptor 2 (TNFR2), which is an 
attractive immune checkpoint target. Using different 
pairs of antibody variable regions specific to topo-
graphically distinct TNFR2 epitopes, we successfully 
regulate the size of BpAb-TNFR2 immunocomplexes 
to result in controlled agonistic activities. Our series 
of results indicate that the relative positions of the 
two epitopes recognized by the BpAb are critical for 
controlling its signaling activity. One particular an-
tagonist, Bp109-92, binds TNFR2 in a 1:1 manner 
without unwanted signal transduction, and its struc-
tural basis is determined using cryo-electron micros-
copy. This antagonist suppresses the proliferation of 
regulatory T cells expressing TNFR2. Therefore, the 
BpAb format would be useful in designing specific 
and distinct antibody functions.

23. Discovery of a cystathionine γ-lyase (CSE) se-
lective inhibitor targeting active-site pyridoxal 
5’-phosphate (PLP) via Schiff base formation

Echizen H, Hanaoka K, Shimamoto K, Hibi R, To-
ma-Fukai S, Ohno H, Sasaki E, Komatsu T, Ueno T, 
Tsuchiya Y, Watanabe Y, Otsuka T, Saito H, Nagat-
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oishi S, Tsumoto K, Kojima H, Okabe T, Shimizu T, 
Urano Y.

D,L-Propargylglycine (PAG) has been widely 
used as a selective inhibitor to investigate the biologi-
cal functions of cystathionine γ-lyase (CSE), which 
catalyzes the formation of reactive sulfur species 
(RSS). However, PAG also inhibits other PLP (pyri-
doxal-5’-phosphate)-dependent enzymes such as me-
thionine γ-lyase (MGL) and L-alanine transaminase 
(ALT), so highly selective CSE inhibitors are still re-
quired. Here, we performed high-throughput screen-
ing (HTS) of a large chemical library and identified 
oxamic hydrazide 1 as a potent inhibitor of CSE (IC50 
= 13 ± 1 μM (mean ± S.E.)) with high selectivity over 
other PLP-dependent enzymes and RSS-generating 
enzymes. Inhibitor 1 inhibited the enzymatic activity 
of human CSE in living cells, indicating that it is suffi-
ciently membrane-permeable. X-Ray crystal structure 
analysis of the complex of rat CSE (rCSE) with 1 re-
vealed that 1 forms a Schiff base linkage with the co-
factor PLP in the active site of rCSE. PLP in the active 
site may be a promising target for development of 
selective inhibitors of PLP-dependent enzymes, in-
cluding RSS-generating enzymes such as cystathio-
nine β-synthase (CBS) and cysteinyl-tRNA synthetase 
2 (CARS2), which have unique substrate binding 
pocket structures.

24. Modulation of a conformational ensemble by a 
small molecule that inhibits key protein-pro-
tein interactions involved in cell adhesion

Senoo A, Nagatoishi S, Kuroda D, Ito S, Ueno G, 
Caaveiro JMM, Tsumoto K.

Small molecules that regulate protein-protein in-
teractions can be valuable drugs; however, the devel-
opment of such small molecules is challenging as the 
molecule must interfere with an interaction that often 
involves a large surface area. Herein, we propose that 
modulating the conformational ensemble of the pro-
teins participating in a given interaction, rather than 
blocking the interaction by directly binding to the in-
terface, is a relevant strategy for interfering with a 
protein-protein interaction. In this study, we applied 
this concept to P-cadherin, a cell surface protein form-
ing homodimers that are essential for cell-cell adhe-
sion in various biological contexts. We first deter-
mined the crystal structure of P-cadherin with a small 
molecule inhibitor whose inhibitory mechanism was 
unknown. Molecular dynamics simulations suggest 
that the inhibition of cell adhesion by this small mole-
cule results from modulation of the conformational 
ensemble of P-cadherin. Our study demonstrates the 
potential of small molecules altering the conforma-
tion ensemble of a protein as inhibitors of biological 
relevant protein-protein interactions.

25. Arginine cluster introduction on framework re-
gion in anti-lysozyme antibody improved asso-
ciation rate constant by changing conforma-
tional diversity of CDR loops

Maeta S, Nakakido M, Matsuura H, Sakai N, Hirata 
K, Kuroda D, Fukunaga A, Tsumoto K.

Antibodies are used for many therapeutic and bi-
otechnological purposes. Because the affinity of an 
antibody to the antigen is critical for clinical efficacy 
of pharmaceuticals, many affinity maturation strate-
gies have been developed. Although we previously 
reported an affinity maturation strategy in which the 
association rate of the antibody toward its antigen is 
improved by introducing a cluster of arginine resi-
dues into the framework region of the antibody, the 
detailed molecular mechanism responsible for this 
improvement has been unknown. In this study, we 
introduced five arginine residues into an anti-hen egg 
white lysozyme antibody (HyHEL10) Fab fragment 
to create the R5-mutant and comprehensively charac-
terized the interaction between antibody and antigen 
using thermodynamic analysis, X-ray crystallogra-
phy, and molecular dynamics (MD) simulations. Our 
results indicate that introduction of charged residues 
strongly enhanced the association rate, as previously 
reported, and the antibody-antigen complex structure 
was almost the same for the R5-mutant and wild-type 
Fabs. The MD simulations indicate that the mutation 
increased conformational diversity in complementa-
rity-determining region loops and thereby enhanced 
the association rate. These observations provide the 
molecular basis of affinity maturation by R5 muta-
tion.

26. Group A Streptococcus cation diffusion facili-
tator proteins contribute to immune evasion 
by regulating intracellular metal concentra-
tions

Aikawa C, Shimizu A, Nakakido M, Murase K, No-
zawa T, Tsumoto K, Nakagawa I.

Cation diffusion facilitators (CDFs) are a large 
family of divalent metal transporters with broad spe-
cificities that contribute to intracellular metal homeo-
stasis and toxicity in bacterial pathogens. Streptococ-
cus pyogenes (Group A Streptococcus [GAS]) 
expresses two homologous CDF efflux transporters, 
MntE and CzcD, which selectively transport Mn and 
Zn, respectively. We discovered that the MntE- and 
CzcD-deficient strains exhibited a marked decrease in 
the viability of macrophage-differentiated THP-1 
cells and neutrophils. In addition, the viability of mice 
infected with both deficient strains markedly in-
creased. Consistent with a previous study, our results 
suggest that MntE regulates the PerR-dependent oxi-
dative stress response by maintaining intracellular 
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Mn levels and contributing to the growth of GAS. The 
maturation and proteolytic activity of streptococcal 
cysteine protease (SpeB), an important virulence fac-
tor in GAS, has been reported to be abrogated by zinc 
and copper. Zn inhibited the maturation and proteo-
lytic activity of SpeB in the culture supernatant of the 
CzcD-deficient strain. Furthermore, Mn inhibited 
SpeB maturation and proteolytic activity in a 
MntE-deficient strain. Since the host pathogenicity of 
the SpeB-deficient strain was significantly reduced, 
maintenance of intracellular manganese and zinc lev-
els in the GAS via MntE and CzcD may not only con-
fer metal resistance to the bacterium, but may also 
play an essential role in its virulence. These findings 
provide new insights into the molecular mechanisms 
of pathogenicity, which allow pathogens to survive 
under stressful conditions associated with elevated 
metal ion concentrations during host infection.

27. Ferguson plot analysis of multiple intermedi-
ate species of thermally unfolded bovine se-
rum albumin

Tomioka Y, Nagatoishi S, Nakagawa M, Tsumoto K, 
Arakawa T, Akuta T.

Ferguson plot was used to characterize the multi-
ple intermediate species of bovine serum albumin 
(BSA) upon thermal unfolding. Differential scanning 
calorimetry showed an irreversible melting of BSA in 
Tris-HCl and phosphate buffers with a mid-transition 
temperature, Tm, of ∼68 °C. Thermally unfolded BSA 
was analyzed by agarose native gel electrophoresis 
stained by Coomassie blue and SYPRO Orange stain-
ing as a function of pH or protein concentration. 
SYPRO Orange was used to stain unfolded proteins. 
BSA heated at 70 and 80 °C, i.e., above the Tm, formed 
multiple intermediate species, which depended on 
the pH between 7.0 and 8.0, protein concentration and 
which buffer was used. These intermediate species 
were analyzed by Ferguson plot, which showed that 
BSA heated at 60 °C had a similar size to the native 
BSA, indicating that they are either native or na-
tive-like state consistent with no SYPRO Orange 
staining. The intermediate species observed at higher 
temperatures with the mobility less than that of the 
native BSA showed a steeper Ferguson plot and were 
stained by SYPRO Orange, indicating that these spe-
cies had a larger hydrodynamic size than the native 
BSA and were unfolded.

28. Anti-InlA single-domain antibodies that inhibit 
the cell invasion of Listeria monocytogenes

Yamazaki T, Nagatoishi S, Yamawaki T, Nozawa T, 
Matsunaga R, Nakakido M, Caaveiro JMM, Nak-
agawa I, Tsumoto K.

Listeriosis, caused by infection with Listeria 

monocytogenes, is a severe disease with a high mor-
tality rate. The L. monocytogenes virulence factor, in-
ternalin family protein InlA, which binds to the host 
receptor E-cadherin, is necessary to invade host cells. 
Here, we isolated two single-domain antibodies 
(VHHs) that bind to InlA with picomolar affinities 
from an alpaca immune library using the phage dis-
play method. These InlA-specific VHHs inhibited the 
binding of InlA to the extracellular domains of E-cad-
herin in vitro as shown by biophysical interaction 
analysis. Furthermore, we determined that the VHHs 
inhibited the invasion of L. monocytogenes into host 
cells in culture. High-resolution X-ray structure anal-
yses of the complexes of VHHs with InlA revealed 
that the VHHs bind to the same binding site as E-cad-
herin against InlA. We conclude that these VHHs 
have the potential for use as drugs to treat listeriosis.

29. PRELP secreted from mural cells protects the 
function of blood brain barrier through regula-
tion of endothelial cell-cell integrity

Davaapil H, Hopkins J, Bonnin N, Papadaki V, Le-
ung A, Kosuge H, Tashima T, Nakakido M, Sekido 
R, Tsumoto K, Sagoo MS, Ohnuma SI.

Introduction: Proline/arginine-rich end leu-
cine-rich repeat protein (PRELP), is a small secreted 
proteoglycan expressed by pericytes and vascular 
smooth muscle cells surrounding the brain vascula-
ture of adult mouse. Methods: We utilised a Prelp 
knockout (Prelp -/-) mouse model to interrogate vas-
culature integrity in the brain alongside performing 
in vitro assays to characterise PRELP application to 
endothelial cells lines. Our findings were supple-
mented with RNA expression profiling to elucidate 
the mechanism of how PRELP maintains neurovascu-
lature function. Results: Prelp -/- mice presented with 
neuroinflammation and reducedneurovasculature in-
tegrity, resulting in IgG and dextran leakage in the 
cerebellum and cortex. Histological analysis of Prelp 
-/- mice revealed reducedcell-cell integrity of the 
blood brain barrier, capillary attachment of pericytes 
andastrocyte end-feet. RNA-sequencing analysis 
found that cell-cell adhesion andinflammation are af-
fected in Prelp -/- mice and gene ontology analysis as 
well as gene set enrichment analysis demonstrated 
that inflammation related processes and adhesion re-
lated processes such as epithelial-mesenchymal tran-
sition and apical junctions were significantly affected, 
suggesting PRELP is a regulator of cell-cell adhesion. 
Immunofluorescence analysis showed that adhesion 
junction protein expression levels of cadherin, clau-
din-5, and ZO-1, was suppressed in Prelp -/- mice 
neurovasculature. Additionally, in vitro studies re-
vealed that PRELP application to endothelial cells en-
hances cell-cell integrity, induces mesenchymal-en-
dothelial transition and inhibits TGF-β mediated 
damage to cell-cell adhesion. Discussion: Our study 
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indicates that PRELP is a novel endogenous secreted 
regulator of neurovasculature integrity and that 
PRELP application may be a potential treatment for 
diseases associated with neurovascular damage.

30. Specific peptide conjugation  to a  therapeutic 
antibody leads to enhanced therapeutic poten-
cy and thermal stability by reduced Fc dynam-
ics

Kiyoshi M, Nakakido M, Rafique A, Tada M, 
Aoyama M, Terao Y, Nagatoishi S, Shibata H, Ide T, 
Tsumoto K, Ito Y, Ishii-Watabe A.

Antibody-drug conjugates are powerful tools for 
combatting a wide array of cancers. Drug conjugation 
to a therapeutic antibody often alters molecular char-
acteristics, such as hydrophobicity and effector func-
tion, resulting in quality deterioration. To develop a 
drug conjugation methodology that maintains the 
molecular characteristics of the antibody, we engi-
neered a specific peptide for conjugation to the Fc re-
gion. We used trastuzumab and the chelator (DOTA) 
as model antibody and payload, respectively. Inter-
estingly, peptide/DOTA-conjugated trastuzumab ex-
hibited enhanced antibody-dependent cellular cyto-
toxicity (ADCC) and increased thermal stability. 
Detailed structural and thermodynamic analysis clar-
ified that the conjugated peptide blocks the Fc dy-
namics like a “wedge.” We revealed that (1) decreased 
molecular entropy results in enhanced ADCC, and (2) 
blockade of Fc denaturation results in increased ther-
mal stability. Thus, we believe that our methodology 
is superior not only for drug conjugation but also as 
for reinforcing therapeutic antibodies to enhance 
ADCC and thermal stability.

31. One-pot preparation of mannan-coated anti-
gen nanoparticles using human serum albu-
min as a matrix for tolerance induction

Li S, Murakami D, Nagatoishi S, Liu Y, Tsumoto K, 
Katayama Y, Mori T.

Nanoparticles (NPs) for allergen immunotherapy 
have garnered attention for their high efficiency and 
safety compared with naked antigen proteins. In this 
work, we present mannan-coated protein NPs, incor-
porating antigen proteins for antigen-specific toler-
ance induction. The heat-induced formation of pro-
tein NPs is a one-pot preparation method and can be 
applied to various proteins. Here, the NPs were 
formed spontaneously via heat denaturation of three 
component proteins: an antigen protein, human se-
rum albumin (HSA) as a matrix protein, and manno-
protein (MAN) as a targeting ligand for dendritic 
cells (DCs). HSA is non-immunogenic, therefore suit-
able as a matrix protein, while MAN coats the surface 
of the NP. We applied this method to various antigen 

proteins and found that the self-disperse after heat 
denaturation was a requirement for incorporation 
into the NPs. We also established that the NPs could 
target DCs, and the incorporation of rapamycin into 
the NPs enhanced the induction of a tolerogenic phe-
notype of DC. The MAN coating provided steric hin-
drance and heat denaturation destroyed recognition 
structures, successfully preventing anti-antigen anti-
body binding, indicating the NPs may avoid anaphy-
laxis induction. The MAN-coated NPs proposed here, 
prepared by a simple method, have the potential for 
effective and safe allergies treatment for various anti-
gens.

32. Biophysical insight into protein-protein inter-
actions  in  the  Interleukin-11/Interleukin-11Rα/
glycoprotein 130 signaling complex

Mori C, Nagatoishi S, Matsunaga R, Kuroda D, Na-
kakido M, Tsumoto K.

Interleukin-11 (IL-11) is a member of the interleu-
kin-6 (IL-6) family of cytokines. IL-11 is a regulator of 
multiple events in hematopoiesis, and IL-11-mediat-
ed signaling is implicated in inflammatory disease, 
cancer, and fibrosis. All IL-6 family cytokines signal 
through the signal-transducing receptor, glycopro-
tein 130 (gp130), but these cytokines have distinct as 
well as overlapping biological functions. To under-
stand IL-11 signaling at the molecular level, we per-
formed a comprehensive interaction analysis of the 
IL-11 signaling complex, comparing it with the IL-6 
complex, one of the best-characterized cytokine com-
plexes. Our thermodynamic analysis revealed a clear 
difference between IL-11 and IL-6. Surface plasmon 
resonance analysis showed that the interaction be-
tween IL-11 and IL-11 receptor α (IL-11Rα) is entropy 
driven, whereas that between IL-6 and IL-6 receptor α 
(IL-6Rα) is enthalpy driven. Our analysis using iso-
thermal titration calorimetry revealed that the bind-
ing of gp130 to the IL-11/IL-11Rα complex results in 
entropy loss, but that the interaction of gp130 with 
the IL-6/IL-6Rα complex results in entropy gain. Our 
hydrogen-deuterium exchange mass spectrometry 
experiments suggested that the D2 domain of gp130 
was not involved in IL-6-like interactions in the IL-11/
IL-11Rα complex. It has been reported that IL-6 inter-
action with gp130 in the signaling complex was char-
acterized through the hydrophobic interface located 
in its D2 domain of gp130. Our findings suggest that 
unique interactions of the IL-11 signaling complex 
with gp130 are responsible for the distinct biological 
activities of IL-11 compared to IL-6.

33. High-throughput  analysis  system  of  interac-
tion kinetics for data-driven antibody design

Matsunaga R, Ujiie K, Inagaki M, Fernández Pérez 
J, Yasuda Y, Mimasu S, Soga S, Tsumoto K.
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Surface plasmon resonance (SPR) is widely used 
for antigen-antibody interaction kinetics analysis. 
However, it has not been used in the screening phase 
because of the low throughput of measurement and 
analysis. Herein, we proposed a high-throughput 
SPR analysis system named “BreviA” using the Bre-
vibacillus expression system. Brevibacillus was trans-
formed using a plasmid library containing various 
antibody sequences, and single colonies were cul-
tured in 96-well plates. Sequence analysis was per-
formed using bacterial cells, and recombinant anti-
bodies secreted in the supernatant were immobilized 
on a sensor chip to analyze their interactions with 
antigens using high-throughput SPR. Using this sys-
tem, the process from the transformation to 384 inter-
action analyses can be performed within a week. This 
system utility was tested using an interspecies speci-
ficity design of an anti-human programmed cell death 
protein 1 (PD-1) antibody. A plasmid library contain-
ing alanine and tyrosine mutants of all complementa-
rity-determining region residues was generated. A 
high-throughput SPR analysis was performed against 
human and mouse PD-1, showing that the mutation 
in the specific region enhanced the affinity for mouse 
PD-1. Furthermore, deep mutational scanning of the 
region revealed two mutants with > 100-fold in-
creased affinity for mouse PD-1, demonstrating the 
potential efficacy of antibody design using data-driv-
en approach.

34. Experimental modification in thermal stability 
of oligomers by alanine substitution and site 
saturation mutagenesis of interfacial residues

Hoya M, Matsunaga R, Nagatoishi S, Tsumoto K.

For certain industrial applications, the stability of 
protein oligomers is important. In this study, we 
demonstrated an efficient method to improve the 
thermal stability of oligomers using the trimeric pro-
tein chloramphenicol acetyltransferase (CAT) as the 
model. We substituted all interfacial residues of CAT 
with alanine to detect residues critical for oligomer 
stability. Mutation of six of the forty-nine interfacial 
residues enhanced oligomer thermal stability. Site 
saturation mutagenesis was performed on these six 
residues to optimize the side chains. About 15% of 
mutations enhanced thermal stability by more than 
0.5 °C and most did not disrupt activity of CAT. Cer-
tain combinations of mutations further improved 
thermal stability and resistance against heat treat-
ment. The quadruple mutant, H17V/N34S/F134A/
D157C, retained the same activity as the wild-type 
after heat treatment at 9 °C higher temperature than 
the wild-type CAT. Furthermore, combinations with 
only alanine substitutions also improved thermal sta-
bility, suggesting the method we developed can be 
used for rapid modification of industrially important 

proteins.

35. Quantitative analysis of antibody aggregates 
by  combination  of  pinched-flow  fractionation 
and coulter method

Nagatoishi S, Toyoshima T, Furukawa K, Tsumoto 
K.

For the pharmaceutical development of proteins, 
multiple methods of analysis are recommended for 
evaluating aggregation, and the development of more 
quantitative and simpler analytical techniques for 
subvisible particles is expected. This study introduces 
the Pinched-Flow Fractionation (PFF)-Coulter meth-
od, which combines the Pinched-flow fractionation 
(PFF) and Coulter methods to analyze the concentra-
tion of submicron-sized particles. The PFF method 
separates the particles by size. Separated particles 
were individually detected using the Coulter method. 
We have utilized the PFF-Coulter method to quantita-
tively analyze particle concentrations using standard 
particles, evaluate detection limits, variability, and 
correlation between theoretical and measured values, 
and analyze mixtures of different particle sizes. The 
PFF-Coulter method allows for quantitatively analyz-
ing of particle sizes from 0.2 to 2.0 μm. The quantifia-
ble weight concentration range was 2.5 × 10-2 - 50 μg/
mL, and the number concentration range was 104-
1010 particles/mL. The sample volume was small (<10 
μL). The PFF-Coulter method is capable of quantita-
tive analysis that complements data from convention-
al measurement techniques, and when used in con-
junction with existing submicron-size particle analysis 
techniques, will enable more accurate particle analy-
sis.

36. Megalin is involved in angiotensinogen-in-
duced, angiotensin II-mediated ERK1/2 signal-
ing to activate Na + -H + exchanger 3 in proxi-
mal tubules

Goto S, Yoshida Y, Hosojima M, Kuwahara S, Ka-
basawa H, Aoki H, Iida T, Sawada R, Ugamura D, 
Yoshizawa Y, Takemoto K, Komochi K, Kobayashi 
R, Kaseda R, Yaoita E, Nagatoishi S, Narita I, Tsu-
moto K, Saito A.

Background: Kidney angiotensin (Ang) II is pro-
duced mainly from liver-derived, glomerular-filtered 
angiotensinogen (AGT). Podocyte injury has been re-
ported to increase the kidney Ang II content and in-
duce Na + retention depending on the function of 
megalin, a proximal tubular endocytosis receptor. 
However, how megalin regulates the renal content 
and action of Ang II remains elusive.

Methods: We used a mass spectrometry-based, 
parallel reaction-monitoring assay to quantitate Ang 
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II in plasma, urine, and kidney homogenate of kid-
ney-specific conditional megalin knockout (MegKO) 
and control (Ctl) mice. We also evaluated the patho-
physiological changes in both mouse genotypes un-
der the basal condition and under the condition of 
increased glomerular filtration of AGT induced by 
administration of recombinant mouse AGT (rec-
mAGT).

Results: Under the basal condition, plasma and 
kidney Ang II levels were comparable in the two 
mouse groups. Ang II was detected abundantly in 
fresh spot urine in conditional MegKO mice. Megalin 
was also found to mediate the uptake of intravenous-
ly administered fluorescent Ang II by PTECs. Admin-
istration of rec-mAGT increased kidney Ang II, exert-
ed renal extracellular signal-regulated kinase 1/2 
(ERK1/2) signaling, activated proximal tubular Na + 
-H + exchanger 3 (NHE3), and decreased urinary Na + 
excretion in Ctl mice, whereas these changes were 
suppressed but urinary Ang II was increased in con-
ditional MegKO mice.

Conclusion: Increased glomerular filtration of 
AGT is likely to augment Ang II production in the 
proximal tubular lumen. Thus, megalin-dependent 
Ang II uptake should be involved in the ERK1/2 sign-
aling that activates proximal tubular NHE3 in vivo , 
thereby causing Na + retention.

37. Safe and efficient oral allergy immunotherapy 
using one-pot-prepared mannan-coated aller-
gen nanoparticles

Li S, Toriumi H, Takahashi D, Kamasaki T, Fujioka 
Y, Nagatoishi S, Li J, Liu Y, Hosokawa T, Tsumoto 
K, Ohba Y, Katayama Y, Murakami D, Hase K, 
Mori T.

Allergen immunotherapy (AIT) is the only cura-
tive treatment for allergic diseases. However, AIT has 
many disadvantages related to efficiency, safety, 
long-term duration, and patient compliance. Dendrit-
ic cells (DCs) have an important role in antigen-spe-
cific tolerance induction; thus, DC-targeting strate-
gies to treat allergies such as glutaraldehyde 
crosslinked antigen to mannoprotein (MAN) have 
been established. However, glutaraldehyde crosslink-
ing may reduce the antigen presentation efficiency of 
DCs. To overcome this, we developed a MAN-coated 
ovalbumin (OVA) nanoparticle (MDO), which uses 
intermolecular disulfide bond to crosslink OVA and 
MAN. MDO effectively targeted DCs resulting in 
tolerogenic DCs, and promoted higher antigen pres-
entation efficiency by DCs compared with OVA or 
glutaraldehyde crosslinked nanoparticles. In vitro 
and in vivo experiments showed that DCs exposed to 
MDO induced Treg cells. Moreover, MDO had low 
reactivity with anti-OVA antibodies and did not in-

duce anaphylaxis in allergic mice, demonstrating its 
high safety profile. In a mouse model of allergic asth-
ma, MDO had significant preventative and therapeu-
tic effects when administered orally or subcutaneous-
ly. Therefore, MDO represents a promising new 
approach for the efficient and safe treatment of aller-
gies.

38. Enhancing thermal stability in the CH2 domain 
to suppress aggregation through the introduc-
tion of simultaneous disulfide bonds in Pichia 
pastoris

Oyama K, Nakakido M, Ohkuri T, Nakamura H, 
Tsumoto K, Ueda T.

Protein aggregations decrease production yields 
and impair the efficacy of therapeutics. The CH2 do-
main is a crucial part of the constant region of human 
IgG. But, it is also the least stable domain in IgG, 
which can result in antibody instability and aggrega-
tion problems. We created a novel mutant of the CH2 
domain (T250C/L314C, mut10) by introducing a di-
sulfide bond and expressed it using Pichia pastoris. 
The mut10 variant exhibited enhanced thermal stabil-
ity, resistance to enzymatic degradation, and reduced 
aggregation in comparison to the original CH2 do-
main. However, it was less stable than mut20 (L242C/
K334C), which is the variant prepared in a previous 
study (Gong et al., J. Biol. Chem., 2009). A more ad-
vanced mutant, mut25, was created by combining 
mut10 and mut20. Mut25 artificially contains two di-
sulfide bonds. The new mutant, mut25, showed en-
hanced thermal stability, increased resistance to enzy-
matic digestion, and reduced aggregation in 
comparison to mut20. According to our knowledge, 
mut25 achieves an unprecedented level of stability 
among the humanized whole CH2 domains that have 
been reported so far. Mut25 has the potential to serve 
as a new platform for antibody therapeutics due to its 
ability to reduce immunogenicity by decreasing ag-
gregation.

39. Conformational features and interaction mech-
anisms  of  VH  H  antibodies  with  β-hairpin 
CDR3: A case of Nb8-HigB2 interaction

Yamamoto K, Nagatoishi S, Matsunaga R, Nakaki-
do M, Kuroda D, Tsumoto K.

The β-hairpin conformation is regarded as an im-
portant basic motif to form and regulate protein-pro-
tein interactions. Single-domain VH H antibodies are 
potential therapeutic and diagnostic tools, and the 
third complementarity-determining regions of the 
heavy chains (CDR3s) of these antibodies are critical 
for antigen recognition. Although the sequences and 
conformations of the CDR3s are diverse, CDR3s 
sometimes adopt β-hairpin conformations. However, 
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characteristic features and interaction mechanisms of 
β-hairpin CDR3s remain to be fully elucidated. In this 
study, we investigated the molecular recognition of 
the anti-HigB2 VH H antibody Nb8, which has a 
CDR3 that forms a β-hairpin conformation. The inter-
action was analyzed by evaluation of alanine-scan-
ning mutants, molecular dynamics simulations, and 
hydrogen/deuterium exchange mass spectrometry. 

These experiments demonstrated that positions 93 
and 94 (Chothia numbering) in framework region 3, 
which is right outside CDR3 by definition, play pivot-
al roles in maintaining structural stability and bind-
ing properties of Nb8. These findings will facilitate 
the design and optimization of single-domain anti-
bodies.
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1.  TLR9 plus STING Agonist Adjuvant Combina-
tion Induces Potent Neopeptide T Cell Immuni-
ty and Improves Immune Checkpoint Blockade 
Efficacy in a Tumor Model.

Immune checkpoint blockade (ICB) immunother-
apies have emerged as promising strategies for the 
treatment of cancer; however, there remains a need to 
improve their efficacy. Determinants of ICB efficacy 
are the frequency of tumor mutations, the associated 
neoantigens, and the T cell response against them. 
Therefore, it is expected that neoantigen vaccinations 
that boost the antitumor T cell response would im-
prove ICB therapy efficacy. The aim of this study was 
to develop a highly immunogenic vaccine using pat-
tern recognition receptor agonists in combination 
with synthetic long peptides to induce potent neoan-
tigen-specific T cell responses. We determined that 
the combination of the TLR9 agonist K-type CpG oli-
godeoxynucleotides (K3 CpG) with the STING ago-
nist c-di-AMP (K3/c-di-AMP combination) signifi-
cantly increased dendritic cell activation. We found 
that immunizing mice with 20-mer of either an OVA 
peptide, low-affinity OVA peptides, or neopeptides 

identified from mouse melanoma or lung mesothelio-
ma, together with K3/c-di-AMP, induced potent 
Ag-specific T cell responses. The combined K3/c-di-
AMP adjuvant formulation induced 10 times higher T 
cell responses against neopeptides than the TLR3 ag-
onist polyinosinic:polycytidylic acid, a derivative of 
which is the leading adjuvant in clinical trials of neo-
antigen peptide vaccines. Moreover, we demonstrat-
ed that our K3/c-di-AMP vaccine formulation with 
20-mer OVA peptide was capable of controlling tu-
mor growth and improving survival in B16-F10-OVA 
tumor-bearing C57BL/6 mice and synergized with an-
ti-PD-1 treatment. Together, our findings demon-
strate that the K3/c-di-AMP vaccine formulation in-
duces potent T cell immunity against synthetic long 
peptides and is a promising candidate to improve 
neoantigen vaccine platform.

2.  TLR4 agonist activity of Alcaligenes lipid a uti-
lizes MyD88 and TRIF signaling pathways for 
efficient antigen presentation and T cell differ-
entiation by dendritic cells.

Alcaligenes faecalis was previously identified as 
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an intestinal lymphoid tissue-resident commensal 
bacteria, and our subsequent studies showed that li-
popolysaccharide and its core active element (i.e., li-
pid A) have a potent adjuvant activity to promote 
preferentially antigen-specific Th17 response and an-
tibody production. Here, we compared A. faecalis li-
pid A (ALA) with monophosphoryl lipid A, a licensed 
lipid A-based adjuvant, to elucidate the immunologi-
cal mechanism underlying the adjuvant properties of 
ALA. Compared with monophosphoryl lipid A, ALA 
induced higher levels of MHC class II molecules and 
costimulatory CD40, CD80, and CD86 on dendritic 

cells (DCs), which in turn resulted in strong T cell ac-
tivation. Moreover, ALA more effectively promoted 
the production of IL-6 and IL-23 from DCs than did 
monophosphoryl lipid A, thus leading to preferential 
induction of Th17 and Th1 cells. As underlying mech-
anisms, we found that the ALA-TLR4 axis stimulated 
both MyD88- and TRIF-mediated signaling path-
ways, whereas monophosphoryl lipid A was biased 
toward TRIF signaling. These findings revealed the 
effects of ALA on DCs and T cells and its induction 
pattern on signaling pathways.
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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 recent 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.

1.  Novel mucosal vaccine development for the in-
duction of mucosal immunity in the aero-, di-
gestive- and reproductive mucosa.

Koichiro Suzuki1, Rika Nakahashi2-4, Yoshikazu 
Yuki2, Koji Hase1, Hiroshi Kiyono2-7 and Kohtaro 
Fujihashi2-4,8,9 
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0956, CA, USA 7 Future Medicine Education and 
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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 
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potential oral adjuvant for inducing global protective 
mucosal immunity by using a 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 oral or nasal vaccine. 
The sequence data have been analyzed using SHI-
ROKANE supercomputer system and we have identi-
fied several unique molecules which preferentially 
upregulated in the NALT of mice given nasal vaccine 
when compared with those in Peyer’s patches of mice 
given an oral vaccine. Our results showed that one of 
these molecules is indeed up-regulated in NALT and 
the reproductive tract. We showed that mice deficient 
with this molecule resulted in reduced levels of anti-
gen-specific IgA antibody responses in the vaginal 
washes despite intact levels of serum IgG titers. Fur-
ther, we are currently confirming these results at the 
cellular level. When we have assessed chemokine re-
ceptor expression which involved for the regulation 
of antigen-specific IgA responses, none of these re-
ceptors are essential for the regulation of mucosal IgA 
antibody responses. 

2.  Cationic-nanogel nasal vaccine containing the 
ectodomain of RSV-small hydrophobic protein 
induces protective immunity in rodents
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ro Fujihashi5,11,12, Kazunari Akiyoshi9, Yosuke 
Kurashima1,3,5,11,13,14, Daisuke Tokuhara3,15, Peter Er-
nst3,16-18, Masashi Suzuki2, and Hiroshi Kiyono1,3,5,6,18,19

1Division of Mucosal Immunology, IMSUT Distin-
guished Professor Unit, The Institute of Medical Sci-
ence, The University of Tokyo, Tokyo, Japan, 2De-
partment of Otolaryngology & Head and Neck 
Surgery, Faculty of Medicine, Oita University, Oita, 
Japan, 3Chiba University-University of California 
San Diego Center for Mucosal Immunology, Allergy 
and Vaccine (CU-UCSD cMAV), Department of 
Medicine, School of Medicine, San Diego, CA, USA, 
4Division of Mucosal Vaccines, International Re-
search and Development Center for Mucosal Vac-
cines, The Institute of Medical Science, The Univer-
sity of Tokyo, Tokyo, Japan, 5Department of Human 
Mucosal Vaccinology, Chiba University Hospital, 
Chiba, Japan, 6HanaVax Inc., Tokyo, Japan, 7De-
partment of Microbiology, Tokyo Medical Universi-
ty, Tokyo, Japan, 8Department of Immunology, Na-

tional Institute of Infectious Diseases, Tokyo, Japan, 
9Department of Polymer Chemistry, Graduate 
School of Engineering, Kyoto University, Kyoto, Ja-
pan, 10Biochemicals Division, Yamasa Corporation, 
Chiba, Japan, 11Division of Clinical Vaccinology, In-
ternational Research and Development Center for 
Mucosal Vaccines, The Institute of Medical Science, 
The University of Tokyo, Tokyo, Japan, 12Depart-
ment of Pediatric Dentistry, The University of Ala-
bama at Birmingham, Birmingham, AL, USA, 13In-
stitute for Advanced Academic Research, Chiba 
University, Chiba, Japan, 14Department of Innova-
tive Medicine, Graduate School of Medicine, Chiba 
University, Chiba, Japan, 15Department of Pediat-
rics, Wakayama Medical University, Wakayama, 
Japan, 16Division of Comparative Pathology and 
Medicine, Department of Pathology, University of 
California, San Diego, CA, USA, 17Center for Veter-
inary Sciences and Comparative Medicine, Univer-
sity of California, San Diego, CA, USA, 18Future 
Medicine Education and Research Organization, 
Chiba University, Chiba, Japan, 19Mucosal Immu-
nology and Allergy Therapeutics, Institute for Glob-
al Prominent Research, Chiba University, Chiba, 
Japan

Respiratory syncytial virus (RSV) is a leading 
cause of upper and lower respiratory tract infection, 
especially in children and the elderly. Various vac-
cines containing the major transmembrane surface 
proteins of RSV (proteins F and G) have been tested; 
however, they either afford inadequate protection or 
are associated with the risk of vaccine-enhanced dis-
ease (VED). Here, we examined the potential of using 
the ectodomain of small hydrophobic protein (SHe), 
also an RSV transmembrane surface protein, as a na-
sal vaccine antigen. A vaccine was formulated using 
our previously developed cationic cholester-
yl-group-bearing pullulan nanogel as the delivery 
system, and SHe was linked in triplicate to pneumo-
coccal surface protein A as a carrier protein. Nasal im-
munization of mice and rats induced both SHe-specif-
ic serum IgG and mucosal IgA antibodies, preventing 
viral invasion in both the upper and lower respiratory 
tracts without inducing VED. Moreover, nasal immu-
nization induced greater protective immunity against 
RSV in the upper respiratory tract than did systemic 
immunization, suggesting a critical role for mucosal 
RSV-specific IgA responses in viral elimination at the 
airway epithelium. Thus, our nasal vaccine induced 
effective protection against RSV infection in the air-
way mucosa and is therefore a promising vaccine can-
didate for further development.
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Virus vector-related technology development 

With a final goal of commercializing improved ad-
eno-associated virus (AAV) vectors, we are develop-
ing functionally enhanced host cells for vector pro-
duction, investigating expression culture methods 
involving bioreactors, and analyzing the efficient se-
cretion of virus particles into the cell culture superna-
tant. While AAV vectors have attracted attention for 
their clinical utility, issues remain regarding their 
safety, particularly their immunogenicity. Therefore, 
it is desirable to establish a method for manufacturing 
high-quality and safe AAVs in large quantities, quick-
ly, and at low cost. To resolve these issues, a large-
scale short-term purification method for functional 
full-genome AAV particles was established using 
two-step cesium chloride density-gradient ultracen-
trifugation with a zonal rotor. Another difficulty is 
that viruses are generally stored at freezing tempera-
tures reaching -80°C after production, which poses 

challenges such as difficulty in quality control and 
preserving their biological activity due to repeated 
freezing and thawing. To address this, we succeeded 
in maintaining the activity of AAV by spraying the 
liquid condition purified AAV in a vacuum and im-
mediately freeze-drying it into a powder, which does 
not revert even after returning to room temperature, 
making quality control easier. In addition, tangential 
flow filtration (TFF) is a widely used method for the 
purification of adeno-associated virus (AAV) vectors. 
The use of TFF for AAV vector purification has been 
shown to be rapid, scalable, and cost-effective, mak-
ing it a valuable technique in gene therapy and vac-
cine manufacturing.

Development of treatment methods for rare in-
tractable diseases

The unique characteristics of amnion-derived 
mesenchymal stromal cells (AMSCs) make them a 
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In the Division of Molecular and Medical Genetics (DMMG), we focus on the 
development of virus vector-related technology, development of treatments for rare 
intractable diseases, development of next-generation AAV vaccines, and 
identification of biomarkers for Duchenne muscular dystrophy (DMD). A large-scale 
short-term purification method for functional full-genome AAV particles was 
established using two-step cesium chloride density-gradient ultracentrifugation with 
a zonal rotor. In addition, amnion-derived messenchymal stromal cells were 
suggested to be promising tools for the treatment of DMD due to their 
immunomodulatory properties. Furthermore, the biomarkers we found were 
suggested to be valuable for evaluating disease progression and monitoring 
treatment response.
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clinically viable cell source for various applications. 
These features include non-invasive cell isolation, mi-
totic stability, ethical acceptability, low immuno-
genicity, and low risk of tumorigenesis. AMSCs have 
been studied for their potential in the treatment of 
conditions such as Duchenne muscular dystrophy 
(DMD) due to their immunomodulatory properties 
and therapeutic benefits. Additionally, the immuno-
suppressive effects of human AMSCs have been al-
ready demonstrated, further supporting their poten-
tial for therapeutic applications.

Development of next-generation AAV vaccine

The development of a vaccine can be a lengthy 
process, typically taking several years to complete. 
However, due to the urgent need for COVID-19 vac-
cines, unprecedented financial investments and scien-
tific collaborations are changing how vaccines are de-
veloped, for example with some clinical trials 
evaluating multiple vaccines simultaneously. The es-
tablishment of the Strategic Center of Biomedical Ad-
vanced Vaccine Research and Development for Pre-
paredness and Response (SCARDA) is part of Japan's 
efforts to modernize and improve the government's 
pandemic preparedness and response capabilities. 
Research has shown that AAV-vectored vaccines have 
demonstrated advantages such as thermostability, 
high efficiency, safety, and the ability to induce ro-
bust immune responses. These vaccines have been 
designed to avoid biased immune responses and mu-
tational immune escape, making them a promising 
avenue for future vaccine development. Extracellular 
vesicle (EV)-based vaccines have also recently re-
ceived attention in vaccine development. According-
ly, we are also conducting research on extracellular 
vesicle-based AAV-vectored vaccines against viruses, 
including SARS-CoV-2. In addition, the “Japan Initia-

tive for World-leading Vaccine Research and Devel-
opment Center” has been launched, and the Universi-
ty of Tokyo Pandemic preparedness, infection and 
Advanced research center (UTOPIA) has been select-
ed as the flagship center. At UTOPIA, we are working 
to develop the use of empty particles as viral vectors.

Search for biomarkers in Duchenne muscular 
dystrophy

Duchenne muscular dystrophy (DMD) is a genetic 
disorder characterized by progressive muscle degen-
eration and weakness due to the alterations of a pro-
tein called dystrophin. Unfortunately, there is cur-
rently no known treatment that halts the progression 
of the disease and available treatments are only palli-
ative. Patients usually die in their twenties due to res-
piratory muscle weakness or cardiomyopathy. Bio-
markers play a crucial role in the clinical management 
of Duchenne muscular dystrophy (DMD). We have 
been working to identify proteomic and metabolomic 
biomarkers for DMD, to monitor the disease progres-
sion and the effects of novel treatment strategies. 
These biomarkers are valuable for evaluating disease 
progression, monitoring treatment response, and im-
proving the success of clinical trials in DMD. In addi-
tion, we have identified several microRNAs (miR-
NAs) as potential biomarkers for Duchenne muscular 
dystrophy (DMD). These small non-coding RNAs 
have shown promise as diagnostic and prognostic 
markers for DMD. Dysregulation of serum circulat-
ing miRNAs has been observed in DMD, suggesting 
their potential utility in monitoring the disease pro-
gression and response to therapy. While further re-
search is needed to validate the clinical utility of these 
miRNAs as biomarkers, current evidence supports 
their potential use in the management of Duchenne 
muscular dystrophy.
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Construction of a high-performance purification 
system for viral vectors and application to gene 
and cell therapy

While AAV vectors have attracted attention for 
their clinical utility, issues remain regarding their 
safety, particularly their immunogenicity. Therefore, 
it is desirable to establish a method to manufacture 
high-quality, safe AAVs in large quantities, quickly, 
and at low cost. To resolve these issues, a large-scale 
short-term purification method for functional full-ge-
nome AAV particles was established using two-step 
cesium chloride density-gradient ultracentrifugation 
with a zonal rotor. The advantages of this new meth-
od are improved separation between empty and 
full-genome AAV particles, high-throughput of ultra-
centrifugation time, and increased AAV volume for 
purification. Furthermore, a new cell therapy method 
for Duchenne muscular dystrophy (DMD) using 
MSCs and details on the pathological mechanism of 
DMD were reported. In this method, systemic admin-
istration of amnion-derived MSCs to DMD model 
mice resulted in recovery of skeletal muscle locomo-
tor function and cardiac function through improve-
ment of inflammatory pathology in muscle tissue. To 
promote the practical application of cell and gene 

therapy research, we will support the production and 
provision of GMP-compliant viral vectors, including 
AAV and Lentivirus-based therapeutic vectors. For 
the advancement of translational research (TR) in 
gene therapy, it is necessary to collaborate with re-
searchers with experience in therapeutic develop-
ment, as this expertise is required to design and spec-
ify vectors for therapeutic targets, plan nonclinical 
studies with appropriate treatment evaluation items 
and endpoints, assessment of effectiveness and safe-
ty, and advice on PMDA strategies. In addition, clini-
cal development requires a large amount of funding. 
If pharmaceutical companies cannot be expected to 
participate early, many therapeutic research projects 
initiated by academia will not reach clinical develop-
ment even after obtaining an effective nonclinical 
PoC. Given this current situation, it is essential to pro-
mote therapeutic research by initiating information 
matching on corporate needs at an early stage and 
establishing a collaborative system by matching basic 
researchers with experts in TR promotion. Further-
more, it is also necessary to collaborate with gene 
therapy researchers and to establish standards and 
quality controls together with an outsourced manu-
facturing company choosing from various national 
and international candidates the one that best meets 
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To improve the safety and effectiveness of gene and cell therapy, we are 
developing GMP-based mass production of high-quality viral vectors and methods 
for their tissue targeted use, also new treatments capitalizing on the anti-
inflammatory and regenerative effects of mesenchymal stromal cells (MSC) and 
their immunoregulatory functions. To support research and development we are 
establishing manufacturing equipment that can quickly produce viral vectors 
economically at the scale necessary for academic research. 
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the requirements, with the goal of prompt vector pro-
curement. Therefore, we aim to accelerate the ad-
vancement of the gene therapy field by supporting 
the development and social implementation of effec-
tive gene therapy technology. 

Development of an oncolytic virus therapy using 
third-generation herpesvirus G47Δ

Viral oncotherapy is a method that directly de-
stroys cancer cells using viruses that infect them and 
is expected to be an innovative method for cancer 
treatment. Viral therapy for cancer is a treatment that 
consists of infecting cancer cells with a virus that can 
only multiply and directly destroys these cells. G47Δ 
is a third-generation herpes virus for cancer treatment 
that is made by artificially modifying three viral genes 
of herpes simplex virus type 1 (HSV-1). The main fea-
ture of HSV-1 is that it is highly infectious and cytol-
ytic while also less susceptible to neutralizing anti-
bodies. By removing viral genes from the HSV-1 
genome that are necessary for proliferation in normal 
cells but unnecessary in cancer cells, it is possible to 
create a virus that grows only in cancer cells. A char-
acteristic of G47D is that it induces anti-tumor immu-
nity in the process of destroying cancer cells, so it is 
expected to be effective against cancer cells not only 
at the site where G47D is administered, but also 
through the immune system in areas where the virus 
is not present. Animal experiments have shown that 
G47D is effective against not only brain tumors but 
solid cancers in general; in particular, the usefulness 
of G47D for tongue cancer was demonstrated using a 
mouse model, in which the use of G47Δ as a neoadju-

vant was proved as beneficial in the prevention of lo-
cal recurrence after tongue cancer surgery. In addi-
tion, interleukin-12 (IL-12) is one of the oldest known 
proinflammatory cytokines, and its strong ability to 
induce immune cells makes it suitable for use in can-
cer immunotherapy. After optimizing a methodology 
for expressing IL-12 as a payload for the G47∆-based 
oncolytic HSV-1, a significantly higher intratumoral 
expression of functional IL-12 was found, resulting in 
stronger stimulation of specific anti-tumor immune 
responses.

Improvement of CAR-T cell therapy for solid can-
cers by using interleukin (IL)-7 and chemokine 
(C-C motif) ligand 19 (CCL19) production

CAR-T cell therapy is attracting attention as a 
treatment for intractable cancers that are difficult to 
kill completely with normal immune function alone. 
Therefore, it is desirable to develop next-generation 
technologies using CAR-T therapy for solid tumors, 
which account for more than 90% of all cancer pa-
tients. However, due to the heterogenous nature of 
solid tumors, it is difficult to identify solid tumor-spe-
cific molecular targets. In addition, immunological 
barriers due to immunosuppressive mechanisms in 
the solid tumor microenvironment impede the effica-
cy of CAR-T therapy. To overcome this problem, 
modified CAR-T cells co-expressing IL-7 and CCL19 
were developed. The IL-7 enhances T cell prolifera-
tion and memory formation, and CCL19 induces ac-
tive migration of T cells and dendritic cells. This mod-
ification was shown to promote the therapeutic effect 
of effector T cells on solid tumors.  
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Characterization of several severe combined im-
munodeficiency rats for humanized models

Ryuya Iida, Kousuke Hattori, Alejandro Soto-Gut-
ierrez2, Kazuki Takeishi3, Kazuto Yoshimi, Saeko 
Ishida, Tomoji 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.

Efficient and precise gene disruption with CRIS-
PR-Cas3 in human T cells

Tomoaki Fujii, Kazuto Yoshimi, Kohei Takeshita1, 
Kazumasa Yokoyama2, Koji Tamada3, Tomoji 
Mashimo
1 Advanced Photon Technology Division, RIKEN 

Laboratory Animal Research Center

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

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

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 "immunodeficient animals". These valuable animals can be used for 
xenotransplantation of human cells/tissues including human HSCs and IPSCs. We 
are also developing therapeutic strategies such as cell therapy and gene therapy 
with genome editing tools.
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SPring-8 Center
2 C4U Corporation
3 Department of Immunology, Yamaguchi Universi-
ty Graduate School of Medicine

Chimeric Antigen Receptor (CAR)-T cell therapy 
is promising cancer immunotherapy. Conventionally, 
CAR-T cells are produced from autologous T cells, 
but this can be high costs, long manufacturing peri-
ods, and difficulties in ensuring uniform quality of 
cell sources. We reported that genome editing using 
CRISPR-Cas3 system is possible in human cells. The 
novel genomic editing system can produce fewer 
off-target and mosaic mutations compared to CRIS-
PR-Cas9, which is the most widely used genome edit-
ing tools. Our research aims are to use CRISPR-Cas3 
to generate a safe and effective CAR-T therapy. To 
overcome the limitations of producing autologous 
CAR-T cells, we investigated whether CRISPR-Cas3 
system induces genetic modifications on genes in-
volved in graft-versus-host disease and immune re-
jection in Jurkat cells, a human acute T cell leukemia 
cell line. As a result of this experiment, it caused loss 
of function of the target genes and we found that 
there were no off-target mutations observed in its 
cells. In addition, this system can also generate target-
ed deletions of the target genes in human primary T 
cells. These results suggest that the CRISPR-Cas3 sys-
tem could be a powerful genetic tool for generating 
allogenic CAR-T cells.

Generation of several genetically engineered mice 
and rat models via genome editing technologies

Kosuke Hattori, Yuko Yamauchi, Natsuki Matsush-
ita1, Kazuto Kobayashi2, Saeko Ishida, Kazuto 
Yoshimi, Tomoji Mashimo

1, Division of Laboratory Animal Research, Aichi 
Medical University School of Medicine
2, Department of Molecular Genetics, Institute of 
Biomedical Sciences, Fukushima Medical Universi-
ty School of Medicine

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.

We have developed the two KI strategies with 
CRISPR/Cas9 for the large genomic regions in ro-
dents. One is the long single strand DNA (lssD-
NA)-mediated KI method. Microinjection and electro-
poration of originally synthesized lssDNAs with 
gRNA and Cas9 mRNA could produce several types 
of KI mice and rats with a good efficiency such as 
GFP-tagging, floxed and repeat sequence replace-
ment. In addition, we have also used a double-strand-
ed DNA (dsDNA) donor template with Cas9 and two 
single guide RNAs (sgRNAs), one designed to cut the 
targeted 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 effi-
ciency among G0 pups. This combinational method 
of NHEJ and HDR mediated by the CRISPR-Cas9 sys-
tem, named Combi-CRISPR, facilitates the efficient 
and precise KIs of plasmid DNA cassettes in mice and 
rats.

We have established genetically-modified mice 
and rats via these genome editing strategies with sev-
eral collaborators.
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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, CT and IVIS imaging system. In 2023, 439 re-
searchers from 44 laboratories are engaged in this fa-
cility with about 29,733 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 sperm and em-
bryo for reducing number of using animals and labo-
ratory space. In addition, it is useful for making back 
up of the strains. In 2023, 60 strains of embryos and 39 
strains of sperm were stored, and 91 tubes of frozen 
embryo were used for rederivation.

Laboratory Animal Research Center

Animal Center
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

The Laboratory Animal Research Center (LARC) was founded in 1965 as the first 
modern animal facility in Japan. Currently about 29,733 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

Squirrel monkeys (Saimiri boliviensis) and Owl 
monkey (Aotus lemurinus griseimenbra) are widely dis-
tributed 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 
well known as the best candidates for malaria model 
in primates. In our laboratory, squirrel monkeys have 
a breeding season between winter and early spring. 
They are polygamy. Their puberty is 3-4 years old in 
females and 4-5 years old in males. Their gestation pe-
riod is about 150 days. In contrast, owl monkeys are 
annual breeding animals. They are monogamy. Their 
puberty is 3 years old for both sexes. Their gestation 
period is about 130 days. Two newborns were given 
in reproductive groups of squirrel monkeys in 2023. 
On the other hand, owl monkeys have become 
male-only colonies, and breeding has stopped at pres-
ent. In this year, the installation of the new large cage 
unit was completed in our squirrel monkey room, im-
proving the breeding environment for the monkeys. 

Research using non-human primates

Notable aspect of our laboratory is the unique In-

ternational Joint Usage and Research Center capabili-
ty of conducting infection experiment using squirrel 
monkeys, owl monkeys, and cynomolgus monkeys. 
In this year, the renovation work of the 3rd building 
equipped with BSL3 animal experimental rooms, 
which allows for experiments on mosquito-borne in-
fectious diseases in primates has completed, and its 
use is about to begin. We are working with collabora-
tors from several institutions to develop an experi-
mental squirrel monkey infection model to assess the 
anti-malarial activity of new compounds and vac-
cines. 

Research on the control of snakebite envenoming

Snakebite envenoming is still a serious health 
problem in many tropical and subtropical countries. 
It was recognized by the World Health Organization 
(WHO) as a neglected tropical disease in 2009, and 
was elevated into Category A of the Neglected Tropi-
cal Diseases list in 2017. Amami laboratory used to be 
an important facility for research and development of 
antivenom serum for Habu (Protobothrops flavoviridis), 
which is a species endemic to Japan. We are conduct-
ing research with collaborators aimed to elucidate the 
detail components of Habu venom through genome 
analysis, etc. and that will contribute to control of 
snakebite envenoming in the world.

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

Professor Tomoji Mashimo, Ph.D.
Visiting Associate Professor Takeshi Annoura, Ph.D.
Assistant Professor Shin-Ichi Yokota, D.V.M., Ph.D.

教　授　　　博士（人間・環境学）　　真　下　知　士
客員准教授　医学博士　　　　　　　案　浦　　　健
助　教　　　博士（人間科学）　　　　横　田　伸　一

The Amami Laboratory of Injurious Animals (since 1966) 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.  Integrative analysis of cancer cell signaling 

networks by high-resolution proteomics and 
systems biology

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 
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.

1-1.  High-resolution proteomic analysis of 
EGF-regulated ubiquitination dynamics in hu-
man cancer 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-

Medical Proteomics Laboratory
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教　授　　博士（医学）　　　　武　川　睦　寛
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准教授　　博士（医学）　　　　尾　山　大　明
准教授　　博士（生命科学）　　長門石　　　曉
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講　師　　博士（生命科学）　　中木戸　　　誠
（大学院工学系研究科）
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（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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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.

1-2.  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 
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.

1-3.  System-wide perturbation of the proteome 
and phosphoproteome dynamics in glioblas-
toma stem cells through mTOR signaling in-
hibition

Hiroko Kozuka-Hata, Tomoko Hiroki, Ryo Koyama-
Nasu, Kouhei Tsumoto, Jun-ichiro Inoue, Tetsu Aki-
yama and Masaaki Oyama.

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.

1-4.  System-level analysis of CagA-dependent 
signaling network dynamics by Helicobacter 
pylori infection

Hiroko Kozuka-Hata, Masato Suzuki, Kotaro Kiga, 
Shinya Tasaki, Jun-ichiro Inoue, Tadashi Yamamo-
to, Chihiro Sasakawa and Masaaki Oyama.

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 
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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.

2.  Mass spectrometry-based annotation of the 
human short ORFeome

Masaaki Oyama, Hiroko Kozuka-Hata, Sumio Sug-
ano, Tadashi Yamamoto and Jun-ichiro Inoue.

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).

3.  Shotgun proteomics deciphered age/division 
of labor-related functional specification of 
three honeybee (Apis mellifera L.) exocrine 
glands

Toshiyuki Fujita, Hiroko Kozuka-Hata, Yutaro 
Hori, Jun Takeuchi, Takeo Kubo and Masaaki 
Oyama.

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.

4.  In-depth proteomic analysis of drug-respon-
sive signaling pathway elements in human 
cancer cells

Wei QI, Aya Kitamura, Naoaki Miyamura, Tomoko 
Hiroki, Aiko Aizawa, Kazuki Mori, Hiroko Kozu-
ka-Hata and Masaaki Oyama.

Abnormal expression of histone deacetylases 
(HDACs) in human cancer cells was reported to be 
associated with angiogenesis, migration, chemother-
apy resistance as well as cell differentiation and apop-
tosis in a wide range of previous studies. Therefore, 
clinical use of HDAC inhibitors has been discussed as 
a new therapeutic approach against cancer for a long 
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period. In 2006, suberoylanilide hydroxamic acid 
(SAHA), a pan-inhibitor targeting HDACs and also 
known as Vorinostat, was approved by the US Food 
and Drug Administration (FDA) for the treatment of 
cutaneous T-cell lymphoma. In addition to the anti-
cancer activity against hematologic cancers, SAHA 
also shows a significant antitumor effect on solid tu-
mors through inducing apoptosis, arresting cell cycle 
or elevating radiation sensitization. In order to unveil 
the underlying complex mechanism, we used human 
HeLa cells as the model platform for analyzing SA-
HA-responsive elements on a proteomic scale. Ac-
cording to the experimental pre-evaluation through 
western blotting for acetylated histone H3 and micro-
scopic observation of cell growth under a variety of 
drug-perturbed conditions, we determined to treat 
cultured cells with SAHA for 24 h to perform an in-
depth quantitative proteomic analysis of SAHA-re-
sponsive elements in human HeLa cells. After SAHA 
treatment, the cells were lysed, trypsin-digested and 
analyzed by high-resolution nanoflow liquid chroma-
tography- tandem mass spectrometry. As a result of 
ultra-deep proteomic analysis by Orbitrap Eclipse 
Tribrid system coupled with Ultimate3000 RSLCnano 
liquid chromatography technology, a total of 5,135 
proteins was identified using Proteome Discoverer 
software. Approximately 8 % of the identified pro-
teins were found to be differentially regulated with 
more than two-fold changes in response to SAHA 
treatment by Label Free Quantification (LFQ). The 
subsequent pathway analysis based on Kyoto Ency-
clopedia of Genes and Genomes (KEGG) indicated 
that cell cycle and anti-apoptotic pathway elements 
including p27 and HO-1 were prominently correlated 
with SAHA-dependent regulation in human HeLa 
cells.

5.  Real-Time Search-Assisted Multiplexed Quan-
titative Proteomics Reveals System-Wide 
Translational Regulation of Non-Canonical 
Short Open Reading Frames

Hiroko Kozuka-Hata, Tomoko Hiroki, Naoaki Mi-
yamura, Aya Kitamura, Kouhei Tsumoto, Jun-ichi-
ro Inoue and Masaaki Oyama.

Abnormal expression of histone deacetylases 
(HDACs) is reported to be associated with angiogen-
esis, metastasis and chemotherapy resistance regard-
ing cancer in a wide range of previous studies. Suber-
oylanilide hydroxamic acid (SAHA) is well known to 
function as a pan-inhibitor for HDACs and recog-
nized as one of the therapeutic drug candidates to 
epigenetically coordinate cancer cell fate regulation 
on a genomic scale. Here, we established a Real-Time 
Search-assisted mass spectrometric platform for sys-
tem-wide quantification of translated products en-
coded by non-canonical short open reading frames 
(ORFs) as well as already annotated protein coding 

sequences (CDSs) on the human transcriptome and 
applied this methodology to quantitative proteomic 
analyses of SAHA-treated human HeLa cells to eval-
uate proteome-wide regulation in response to drug 
perturbation. Very intriguingly, our RTS-based in-
depth proteomic analysis enabled us to identify ap-
proximately 5000 novel peptides from the ribosome 
profiling-based short ORFs encoded in the diversified 
regions on presumed ‘non-coding’ nucleotide se-
quences of mRNAs as well as lncRNAs and nonsense 
mediated decay (NMD) transcripts. Furthermore, 
TMT-based multiplex large-scale quantification of the 
whole proteome changes upon differential SAHA 
treatment unveiled dose-dependent selective transla-
tional regulation of a limited fraction of the non-ca-
nonical short ORFs in addition to key cell cycle/prolif-
eration-related molecules such as UBE2C, CENPF 
and PRC1. Our study provided the first system-wide 
landscape of drug-perturbed translational modula-
tion on both canonical and non-canonical proteome 
dynamics in human cancer cells.

<Group II>
Biomolecular recognition is based on collective 

and specific non-covalent interactions between dis-
crete biological molecules. Our laboratory studies 
various 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.  Analytical Method for Experimental Validation 
of Computer-Designed Antibody

Tanabe A and Tsumoto K.

In the computational design of antibodies, the in-
teraction analysis between target antigen and anti-
body is an essential process to obtain feedback for 
validation and optimization of the design. Kinetic 
and thermodynamic parameters as well as binding 
affinity (KD) allow for a more detailed evaluation and 
understanding of the molecular recognition. In this 
chapter, we summarize the conventional experimen-
tal methods which can calculate KD value (ELISA, 
FP), analyze a binding activity to actual cells (FCM), 
and evaluate the kinetic and thermodynamic parame-
ters (ITC, SPR, BLI), including high-throughput anal-
ysis and a recently developed experimental tech-
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nique.

2.  Structural Classification of CDR-H3 in Sin-
gle-Domain VHH Antibodies

Kuroda D and Tsumoto K.

The immune systems protect vertebrates from for-
eign molecules or antigens, and antibodies are impor-
tant mediators of this system. The sequences and 
structural features of antibodies vary depending on 
species. Many of antibodies from vertebrates, includ-
ing camelids, have both heavy and light chain varia-
ble domains, but camelids also have antibodies that 
lack the light chains. In antibodies that lack light 
chains, the C-terminal variable region is called the 
VHH domain. Antibodies recognize antigens through 
six complementarity-determining regions (CDRs). 
The third CDR of the heavy chain (CDR-H3) is at the 
center of the antigen-binding site and is diverse in 
terms of sequence and structure. Due to the impor-
tance of antibodies in basic science as well as in med-
ical applications, there have been many studies of 
CDR-H3s of antibodies that possess both light and 
heavy chains. However, nature of CDR-H3s of sin-
gle-domain VHH antibodies is less well studied. In 
this chapter, we describe current knowledge of se-
quence-structure-function correlations of single-do-
main VHH antibodies with emphasis on CDR-H3. 
Based on the 370 crystal structures in the Protein Data 
Bank, we also attempt structural classification of 
CDR-H3 in single-domain VHH antibodies and dis-
cuss lessons learned from the ever-increasing number 
of the structures.

3.  Biophysical Characterization of the Contribu-
tion of the Fab Region to the IgG-FcγRIIIa Inter-
action

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Terao Y, Ide T and Tsumoto K

The cell-surface receptor FcγRIIIa is crucial to the 
efficacy of therapeutic antibodies as well as the im-
mune response. The interaction of the Fc region of 
IgG molecules with FcγRIIIa has been characterized, 
but until recently, it was thought that the Fab regions 
were not involved in the interaction. To evaluate the 
influence of the Fab regions in a biophysical context, 
we carried out surface plasmon resonance analyses 
using recombinant FcγRIIIa ligands. A van’t Hoff 
analysis revealed that compared to the interaction of 
the papain-digested Fc fragment with FcγRIIIa, the in-
teraction of commercially available, full-length rituxi-
mab with FcγRIIIa had a more favorable binding en-
thalpy, a less favorable binding entropy, and a slower 
off rate. Similar results were obtained from analyses 
of IgG1 molecules and an IgG1-Fc fragment produced 
by Expi293 cells. For further validation, we also pre-

pared a maltose-binding protein-linked IgG1-Fc frag-
ment (MBP-Fc). The binding enthalpy of MBP-Fc was 
nearly equal to that of the IgG1-Fc fragment for the 
interaction with FcγRIIIa, indicating that such alterna-
tives to the Fab domains as MBP do not positively 
contribute to the IgG-FcγRIIIa interactions. Our inves-
tigation strongly suggests that the Fab region directly 
interacts with FcγRIIIa, resulting in an increase in the 
binding enthalpy and a decrease in the dissociation 
rate, at the expense of favorable binding entropy.

4.  Nucleic acid-triggered tumoral immunity prop-
agates pH-selective therapeutic antibodies 
through tumor-driven epitope spreading

Furuya G, Katoh H, Atsumi S, Hashimoto I, Komu-
ra D, Hatanaka R, Senga S, Hayashi S, Akita S, Mat-
sumura H, Miura A, Mita H, Nakakido M, Nagatoi-
shi S, Sugiyama A, Suzuki R, Konishi H, Yamamoto 
A, Abe H, Hiraoka N, Aoki K, Kato Y, Seto Y, Yoshi-
mura C, Miyadera K, Tsumoto K, Ushiku T and 
Ishikawa S.

Important roles of humoral tumor immunity are 
often pointed out; however, precise profiles of domi-
nant antigens and developmental mechanisms re-
main elusive. We systematically investigated the  
humoral antigens of dominant intratumor immuno-
globulin clones found in human cancers. We found 
that approximately half of the corresponding anti-
gens were restricted to strongly and densely nega-
tively charged polymers, resulting in simultaneous 
reactivities of the antibodies to both densely sulfated 
glycosaminoglycans (dsGAGs) and nucleic acids 
(NAs). These anti-dsGAG/NA antibodies matured 
and expanded via intratumoral immunological driv-
ing force of innate immunity via NAs. These human 
cancer-derived antibodies exhibited acidic pH-selec-
tive affinity across both antigens and showed specific 
reactivity to diverse spectrums of human tumor cells. 
The antibody-drug conjugate exerted therapeutic ef-
fects against multiple cancers in vivo by targeting cell 
surface dsGAG antigens. This study reveals that in-
tratumoral immunological reactions propagate tu-
mor-oriented immunoglobulin clones and demon-
strates a new therapeutic modality for the universal 
treatment of human malignancies.

5.  Structural insights into 3Fe-4S ferredoxins di-
versity in M. tuberculosis highlighted by a first 
redox complex with P450.

Gilep A, Varaksa T, Bukhdruker S, Kavaleuski A, 
Ryzhykau Y, Smolskaya S, Sushko T, Tsumoto K, 
Grabovec I, Kapranov I, Okhrimenko I, Marin E, 
Shevtsov M, Mishin A, Kovalev K, Kuklin A, Gor-
deliy V, Kaluzhskiy L, Gnedenko O, Yablokov E, 
Ivanov A, Borshchevskiy V and Strushkevich N.
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Ferredoxins are small iron-sulfur proteins and key 
players in essential metabolic pathways. Among all 
types, 3Fe-4S ferredoxins are less studied mostly due 
to anaerobic requirements. Their complexes with cy-
tochrome P450 redox partners have not been structur-
ally characterized. In the present work, we solved the 
structures of both 3Fe-4S ferredoxins from M. tuber-
culosis-Fdx alone and the fusion FdxE-CYP143. Our 
SPR analysis demonstrated a high-affinity binding of 
FdxE to CYP143. According to SAXS data, the same 
complex is present in solution. The structure reveals 
extended multipoint interactions and the shape/
charge complementarity of redox partners. Further-
more, FdxE binding induced conformational changes 
in CYP143 as evident from the solved CYP143 struc-
ture alone. The comparison of FdxE-CYP143 and 
modeled Fdx-CYP51 complexes further revealed the 
specificity of ferredoxins. Our results illuminate the 
diversity of electron transfer complexes for the pro-
duction of different secondary metabolites.

6.  Peripheral administration of nanomicelle-en-
capsulated anti-Aβ oligomer fragment anti-
body reduces various toxic Aβ species in the 
brain

Amano A, Sanjo N, Araki W, Anraku Y, Nakakido 
M, Matsubara E, Tomiyama T, Nagata T, Tsumoto 
K, Kataoka K and Yokota T.

Although a large amount of evidence has revealed 
that amyloid β (Aβ), especially Aβ oligomers, protofi-
brils, and pyroglutamated Aβs, participate primarily 
in the pathophysiological processes of Alzheimer’s 
disease, most clinical trials of anti-Aβ antibody thera-
py have never acquired successful efficacy in human 
clinical trials, partly because peripheral administra-
tion of antibody medications was unable to deliver 
sufficient amounts of the molecules to the brain. Re-
cently, we developed polymeric nanomicelles capable 
of passing through the blood-brain barrier that func-
tion as chaperones to deliver larger amounts of heavy 
molecules to the brain. Herein, we aimed to evaluate 
the efficacy of newly developed antibody 6H4 frag-
ments specific to Aβ oligomers encapsulated in poly-
meric nanomicelles on the development of Alzheim-
er’s disease pathology in Alzheimer’s disease model 
mice at the age of emergence of early Alzheimer’s dis-
ease pathology. During the 10-week administration of 
6H4 antibody fragments in polymeric nanomicelles, a 
significant reduction in the amounts of various toxic 
Aβ species, such as Aβ oligomers, toxic Aβ conform-
ers, and pyroglutamated Aβs in the brain was ob-
served. In addition, immunohistochemistry indicated 
inhibition of diameters of Aβ plaques, Aβ-antibody 
immunoreactive areas, and also plaque core forma-
tion. Behavioral analysis of the mice model revealed 
that the 6H4 fragments-polymeric nanomicelle group 
was significantly better at maintaining long-term spa-

tial reference memory in the probe and platform tests 
of the water maze, thereby indicating inhibition of the 
pathophysiological process of Alzheimer’s disease. 
The results indicated that the strategy of reducing 
toxic Aβ species in early dementia owing to Alzheim-
er’s disease by providing sufficient antibodies in the 
brain may modify Alzheimer’s disease progression.

7.  Non-Affinity Purification of Antibodies

Arakawa T, Tomioka Y, Nakagawa M, Sakuma C, 
Kurosawa Y, Ejima D, Tsumoto K and Akuta T.

Currently, purification of antibodies is mainly car-
ried out using a platform technology composed pri-
marily of Protein A chromatography as a capture 
step, regardless of the scale. However, Protein A chro-
matography has a number of drawbacks, which are 
summarized in this review. As an alternative, we pro-
pose a simple small-scale purification protocol with-
out Protein A that uses novel agarose native gel elec-
trophoresis and protein extraction. For large-scale 
antibody purification, we suggest mixed-mode chro-
matography that can in part mimic the properties of 
Protein A resin, focusing on 4-Mercapto-ethyl-pyri-
dine (MEP) column chromatography.

8.  Inactivation and spike protein denaturation of 
novel coronavirus variants by CuxO/TiO2 na-
no-photocatalysts

Tatsuma T, Nakakido M, Ichinohe T, Kuroiwa Y, To-
mioka K, Liu C, Miyamae N, Onuki T, Tsumoto K, 
Hashimoto K and Wakihara T.

In order to reduce infection risk of novel coronavi-
rus (SARS-CoV-2), we developed nano-photocata-
lysts with nanoscale rutile TiO2 (4-8 nm) and CuxO 
(1-2 nm or less). Their extraordinarily small size leads 
to high dispersity and good optical transparency, be-
sides large active surface area. Those photocatalysts 
can be applied to white and translucent latex paints. 
Although Cu2O clusters involved in the paint coating 
undergo gradual aerobic oxidation in the dark, the 
oxidized clusters are re-reduced under > 380 nm light. 
The paint coating inactivated the original and alpha 
variant of novel coronavirus under irradiation with 
fluorescent light for 3 h. The photocatalysts greatly 
suppressed binding ability of the receptor binding 
domain (RBD) of coronavirus (the original, alpha and 
delta variants) spike protein to the receptor of human 
cells. The coating also exhibited antivirus effects on 
influenza A virus, feline calicivirus, bacteriophage Qβ 
and bacteriophage M13. The photocatalysts would be 
applied to practical coatings and lower the risk of 
coronavirus infection via solid surfaces.
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9.  Ligand Installation to Polymeric Micelles for 
Pediatric Brain Tumor Targeting

Watanabe T, Mizuno HL, Norimatsu J, Obara T, 
Cabral H, Tsumoto K, Nakakido M, Kawauchi D 
and Anraku Y

Medulloblastoma is a life-threatening disease 
with poor therapeutic outcomes. In chemotherapy, 
low drug accumulation has been a cause of these out-
comes. Such inadequate response to treatments has 
been associated with low drug accumulation, particu-
larly with a limited cellular uptake of drugs. Recently, 
the conjugation of drugs to ligand molecules with 
high affinity to tumor cells has attracted much atten-
tion for enhancing drug internalization into target 
cells. Moreover, combining tumor-targeting ligands 
with nano-scaled drug carriers can potentially im-
prove drug loading capacity and the versatility of the 
delivery. Herein, we focused on the possibility of tar-
geting CD276/B7-H3, which is highly expressed on 
the medulloblastoma cell membrane, as a strategy for 
enhancing the cellular uptake of ligand-installed na-
nocarriers. Thus, anti-CD276 antibodies were conju-
gated on the surface of model nanocarriers based on 
polyion complex micelles (PIC/m) via click chemistry. 
The results showed that the anti-CD276 antibody-in-
stalled PIC/m improved intracellular delivery into 
CD276-expressing medulloblastoma cells in a 
CD276-dependent manner. Moreover, increasing the 
number of antibodies on the surface of micelles im-
proved the cellular uptake efficiency. These observa-
tions indicate the potential of anti-CD276 antibody-in-
stalled nanocarriers for promoting drug delivery in 
medulloblastoma.

10.   Bromodomain protein BRD8 regulates cell 
cycle progression in colorectal cancer cells 
through a TIP60-independent regulation of 
the pre-RC complex

Yamaguchi K, Nakagawa S, Saku A, Isobe Y, Yama-
guchi R, Sheridan P, Takane K, Ikenoue T, Zhu C, 
Miura M, Okawara Y, Nagatoishi S, Kozuka-Hata 
H, Oyama M, Aikou S, Ahiko Y, Shida D, Tsumoto 
K, Miyano S, Imoto S and Furukawa Y.

Bromodomain-containing protein 8 (BRD8) is a 
subunit of the NuA4/TIP60-histone acetyltransferase 
complex. Although BRD8 has been considered to act 
as a co-activator of the complex, its biological role re-
mains to be elucidated. Here, we uncovered that 
BRD8 accumulates in colorectal cancer cells through 
the inhibition of ubiquitin-dependent protein degra-
dation by the interaction with MRG domain binding 
protein. Transcriptome analysis coupled with ge-
nome-wide mapping of BRD8-binding sites disclosed 
that BRD8 transactivates a set of genes independently 
of TIP60, and that BRD8 regulates the expression of 

multiple subunits of the pre-replicative complex in 
concert with the activator protein-1. Depletion of 
BRD8 induced cell-cycle arrest at the G1 phase and 
suppressed cell proliferation. We have also shown 
that the bromodomain of BRD8 is indispensable for 
not only the interaction with histone H4 or transcrip-
tional regulation but also its own protein stability. 
These findings highlight the importance of bromodo-
main as a therapeutic target.

11.   Molecular mechanism underlying the in-
creased risk of colorectal cancer metastasis 
caused by single nucleotide polymorphisms 
in LI-cadherin gene

Yui A, Kuroda D, Maruno T, Nakakido M, Nagatoi-
shi S, Uchiyama S and Tsumoto K.

LI-cadherin is a member of the cadherin super-
family. LI-cadherin mediates Ca2+-dependent cell-
cell adhesion through homodimerization. A previous 
study reported two single nucleotide polymorphisms 
(SNPs) in the LI-cadherin-coding gene (CDH17). 
These SNPs correspond to the amino acid changes of 
Lys115 to Glu and Glu739 to Ala. Patients with 
colorectal cancer carrying these SNPs are reported to 
have a higher risk of lymph node metastasis than pa-
tients without the SNPs. Although proteins associat-
ed with metastasis have been identified, the molecu-
lar mechanisms underlying the functions of these 
proteins remain unclear, making it difficult to devel-
op effective strategies to prevent metastasis. In this 
study, we employed biochemical assays and molecu-
lar dynamics (MD) simulations to elucidate the mo-
lecular mechanisms by which the amino acid changes 
caused by the SNPs in the LI-cadherin-coding gene 
increase the risk of metastasis. Cell aggregation as-
says showed that the amino acid changes weakened 
the LI-cadherin-dependent cell-cell adhesion. In vitro 
assays demonstrated a decrease in homodimerization 
tendency and MD simulations suggested an altera-
tion in the intramolecular hydrogen bond network by 
the mutation of Lys115. Taken together, our results 
indicate that the increased risk of lymph node metas-
tasis is due to weakened cell-cell adhesion caused by 
the decrease in homodimerization tendency.

12.   An Engineered Synthetic Receptor-Aptamer 
Pair for an Artificial Signal Transduction Sys-
tem.

Liu H, Baeumler TA, Nakamura K, Okada Y, Cho S, 
Eguchi A, Kuroda D, Tsumoto K, Ueki R and Sando 
S.

Cell membrane receptors regulate cellular re-
sponses through sensing extracellular environmental 
signals and subsequently transducing them. Receptor 
engineering provides a means of directing cells to re-
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act to a designated external cue and exert pro-
grammed functions. However, rational design and 
precise modulation of receptor signaling activity re-
main challenging. Here, we report an aptamer-based 
signal transduction system and its applications in 
controlling and customizing the functions of engi-
neered receptors. A previously reported membrane 
receptor-aptamer pair was used to design a synthetic 
receptor system that transduces cell signaling de-
pending on exogenous aptamer input. To eliminate 
the cross-reactivity of the receptor with its native li-
gand, the extracellular domain of the receptor was 
engineered to ensure that the receptor was solely acti-
vated by the DNA aptamer. The present system fea-
tures tunability in the signaling output level using 
aptamer ligands with different receptor dimerization 
propensities. In addition, the functional programma-
bility of DNA aptamers enables the modular sensing 
of extracellular molecules without the need for genet-
ic engineering of the receptor.

13.   Agarose native gel electrophoresis analysis 
of thermal aggregation controlled by Hof-
meister series

Tomioka Y, Sato R, Takahashi R, Nagatoishi S, Shi-
ba K, Tsumoto K, Arakawa T and Akuta T.

The effects of salting-in and salting-out salts de-
fined by Hofmeister series on the solution state of bo-
vine serum albumin (BSA) in 50 mM Tris-HCl buffer 
at pH 7.4 before and after thermal unfolding at 80 °C 
for 5 min were examined using agarose native gel 
electrophoresis and mass photometry. Gel electro-
phoresis showed that salting-in MgCl2, CaCl2 and 
NaSCN resulted in formation of intermediate struc-
tures of BSA upon heating on native gel, while heat-
ing in buffer alone resulted in aggregated bands. 
Mass photometry showed large loss of monomer and 
oligomers when heated in this buffer, but retaining 
these structures in the presence of 1 M MgCl2 and 
NaSCN. To our surprise, salting-out MgSO4 also 
showed a similar effect on gel electrophoresis and 
mass photometry. Salting-out NaCl and (NH4)2SO4 
resulted in smearing and aggregated bands, which 
were supported by mass photometry. Aggrega-
tion-suppressive ArgHCl also showed oligomer ag-
gregates upon gel electrophoresis and mass photom-
etry.

14.   Elucidating Conformational Dynamics and 
Thermostability of Designed Aromatic Clus-
ters by Using Protein Cages

Hishikawa Y, Noya H, Nagatoishi S, Yoshidome T, 
Maity B, Tsumoto K, Abe S and Ueno T.

Multiple aromatic residues assemble to form high-
er ordered structures known as “aromatic clusters” in 

proteins and play essential roles in biological systems. 
However, the stabilization mechanism and dynamic 
behavior of aromatic clusters remain unclear. This 
study describes designed aromatic interactions con-
fined within a protein cage to reveal how aromatic 
clusters affect protein stability. The crystal structures 
and calorimetric measurements indicate that the for-
mation of inter-subunit phenylalanine clusters en-
hance the interhelix interactions and increase the 
melting temperature. Theoretical calculations suggest 
that this is caused by the transformation of the 
T-shaped geometry into π-π stacking at high temper-
atures, and the hydration entropic gain. Thus, the iso-
lated nanoenvironment in a protein cage allows re-
construction and detailed analysis of multiple 
clustering residues for elucidating the mechanisms of 
various biomolecular interactions in nature which can 
be applied to design of bionanomaterials.

15.   Design of single-domain VHH antibodies to 
increase the binding activity in SPR amine 
coupling

Hirao A, Nagatoishi S, Ikeuchi E, Yamawaki T, Mori 
C, Nakakido M and Tsumoto K.

Single-domain antibodies, or VHH, nanobodies, 
are attractive tools in biotechnology and pharmaceu-
ticals due to their favorable biophysical properties. 
Single-domain antibodies have potential for use in 
sensing materials to detect antigens, and in this pa-
per, we propose a generic design strategy of sin-
gle-domain antibodies for the highly efficient use of 
immobilized antibodies on a sensing substrate. Amine 
coupling was used to immobilize the single-domain 
antibodies on the substrate through a robust covalent 
bond. First, for two model single-domain antibodies 
with lysines at four highly conserved positions (K48, 
K72, K84, and K95), we mutated the lysines to alanine 
and measured the binding activity of the mutants (the 
percentage of immobilized antibodies that can bind 
antigen) using surface plasmon resonance. The two 
model single-domain antibodies tended to have high-
er binding activities when K72, which is close to the 
antigen binding site, was mutated. Adding a Lys-tag 
to the C-terminus of single-domain antibodies also 
increased the binding activity. We also mutated the 
lysine for another model single-domain antibodies 
with the lysine in a different position than the four 
residues mentioned above and measured the binding 
activity. Thus, single-domain antibodies immobilized 
in an orientation accessible to the antigen tended to 
have a high binding activity, provided that the physi-
cal properties of the single-domain antibodies them-
selves (affinity and structural stability) were not sig-
nificantly reduced. Specifically, the design strategy of 
single-domain antibodies with high binding activity 
included mutating the lysine at or near the antigen 
binding site, adding a Lys-tag to the C-terminus, and 
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mutating a residue away from the antigen binding 
site to lysine. It is noteworthy that mutating K72 close 
to the antigen binding site was more effective in in-
creasing the binding activity than Lys-tag addition, 
and immobilization at the N-terminus close to the an-
tigen binding site did not have such a negative effect 
on the binding activity compared to immobilization 
at the K72.

16.   Real-Time Search-Assisted Multiplexed Quan-
titative Proteomics Reveals System-Wide 
Translational Regulation of Non-Canonical 
Short Open Reading Frames

Kozuka-Hata H, Hiroki T, Miyamura N, Kitamura 
A, Tsumoto K, Inoue JI and Oyama M.

Abnormal expression of histone deacetylases 
(HDACs) is reported to be associated with angiogen-
esis, metastasis and chemotherapy resistance regard-
ing cancer in a wide range of previous studies. Suber-
oylanilide hydroxamic acid (SAHA) is well known to 
function as a pan-inhibitor for HDACs and recog-
nized as one of the therapeutic drug candidates to 
epigenetically coordinate cancer cell fate regulation 
on a genomic scale. Here, we established a Real-Time 
Search (RTS)-assisted mass spectrometric platform 
for system-wide quantification of translated products 
encoded by non-canonical short open reading frames 
(ORFs) as well as already annotated protein coding 
sequences (CDSs) on the human transciptome and 
applied this methodology to quantitative proteomic 
analyses of suberoylanilide hydroxamic acid (SA-
HA)-treated human HeLa cells to evaluate pro-
teome-wide regulation in response to drug perturba-
tion. Very intriguingly, our RTS-based in-depth 
proteomic analysis enabled us to identify approxi-
mately 5000 novel peptides from the ribosome profil-
ing-based short ORFs encoded in the diversified re-
gions on presumed ‘non-coding’ nucleotide sequences 
of mRNAs as well as lncRNAs and nonsense mediat-
ed decay (NMD) transcripts. Furthermore, TMT-
based multiplex large-scale quantification of the 
whole proteome changes upon differential SAHA 
treatment unveiled dose-dependent selective transla-
tional regulation of a limited fraction of the non-ca-
nonical short ORFs in addition to key cell cycle/prolif-
eration-related molecules such as UBE2C, CENPF 
and PRC1. Our study provided the first system-wide 
landscape of drug-perturbed translational modula-
tion on both canonical and non-canonical proteome 
dynamics in human cancer cells.

17.   Targeting hemoglobin receptors IsdH and 
IsdB of Staphylococcus aureus with a single 
VHH antibody inhibits bacterial growth

Valenciano-Bellido S, Caaveiro JMM, Nakakido M, 

Kuroda D, Aikawa C, Nakagawa I and Tsumoto K.

Methicillin-resistant Staphylococcus aureus, or 
MRSA, is one of the major causative agents of hospi-
tal-acquired infections worldwide. Novel antimicro-
bial strategies efficient against antibiotic-resistant 
strains are necessary and not only against S. aureus. 
Among those, strategies that aim at blocking or dis-
mantling proteins involved in the acquisition of es-
sential nutrients, helping the bacteria to colonize the 
host, are intensively studied. A major route for S. au-
reus to acquire iron from the host organism is the Isd 
(iron surface determinant) system. In particular, the 
hemoglobin receptors IsdH and IsdB located on the 
surface of the bacterium are necessary to acquire the 
heme moiety containing iron, making them a plausi-
ble antibacterial target. Herein, we obtained an anti-
body of camelid origin that blocked heme acquisition. 
We determined that the antibody recognized the 
heme-binding pocket of both IsdH and IsdB with na-
nomolar order affinity through its second and third 
complementary-determining regions. The mecha-
nism explaining the inhibition of acquisition of heme 
in vitro could be described as a competitive process in 
which the complementary-determining region 3 from 
the antibody blocked the acquisition of heme by the 
bacterial receptor. Moreover, this antibody markedly 
reduced the growth of three different pathogenic 
strains of MRSA. Collectively, our results highlight a 
mechanism for inhibiting nutrient uptake as an anti-
bacterial strategy against MRSA.

18.   A Proximity-Induced Fluorogenic Reaction 
Triggered by Antibody-Antigen Interactions 
with Adjacent Epitopes

Nishiyama K, Akiba H, Nagata S, Tsumoto K, Kam-
ada H and Ohno H.

Proximity-induced chemical reactions are site-spe-
cific and rapid by taking advantage of their high affin-
ity and highly selective interactions with the template. 
However, reactions induced solely by antibody-anti-
gen interactions have not been developed. Herein, we 
propose a biepitopic antigen-templated chemical re-
action (BATER) as a novel template reaction. In BAT-
ER, reactive functional groups are conjugated to two 
antibodies that interact with two epitopes of the same 
antigen to accelerate the reaction. We developed a 
method for visualizing the progress of BATER using 
fluorogenic click chemistry for optimal antibody se-
lection and linker design. The reaction is accelerated 
in the presence of a specific antigen in a linker 
length-dependent manner. The choice of the antibody 
epitope is important for a rapid reaction. This design 
will lead to various applications of BATER in living 
systems.
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19.   Raman Spectroscopic Analysis of High-
ly-Concentrated Antibodies under the Ac-
id-Treated Conditions

Sato Y, Nagatoishi S, Noguchi S and Tsumoto K.

Antibody drugs are usually formulated as high-
ly-concentrated solutions, which would easily gener-
ate aggregates, resulting in loss of efficacy. Although 
low pH increases the colloidal dispersion of antibod-
ies, acid denaturation can be an issue. Therefore, 
knowing the physical properties at low pH under 
high concentration conditions is important. Raman 
spectroscopy was used to investigate pH-induced 
conformational changes of antibodies at 50 mg/ml. 
Experiments in pH 3 to 7 were performed for human 
serum IgG and recombinant rituximab. We detected 
the evident changes at pH 3 in Tyr and Trp bands, 
which are the sensitive markers of intermolecular in-
teractions. Thermal transition analysis over the pH 
range demonstrated that the thermal transition tem-
perature (Tm) was highest at pH 3. Acid-treated and 
neutralized one showed higher Tm than that of pH 7, 
indicating that their extent of intermolecular interac-
tions correlated with the Tm values. Onset tempera-
ture was clearly different between concentrated and 
diluted samples. Colloidal analyses confirmed the 
findings of the Raman analysis. Our studies demon-
strated the positive correlation between Raman anal-
ysis and colloidal information, validating as a method 
for evaluating antibody conformation associated with 
aggregation propensities.

20.   Histone H3 lysine 27 crotonylation mediates 
gene transcriptional repression in chromatin

Liu N, Konuma T, Sharma R, Wang D, Zhao N, Cao 
L, Ju Y, Liu D, Wang S, Bosch A, Sun Y, Zhang S, Ji 
D, Nagatoishi S, Suzuki N, Kikuchi M, Wakamori 
M, Zhao C, Ren C, Zhou TJ, Xu Y, Meslamani J, Fu 
S, Umehara T, Tsumoto K, Akashi S, Zeng L, Roed-
er RG, Walsh MJ, Zhang Q and Zhou MM.

Histone lysine acylation, including acetylation 
and crotonylation, plays a pivotal role in gene tran-
scription in health and diseases. However, our under-
standing of histone lysine acylation has been limited 
to gene transcriptional activation. Here, we report 
that histone H3 lysine 27 crotonylation (H3K27cr) di-
rects gene transcriptional repression rather than acti-
vation. Specifically, H3K27cr in chromatin is selec-
tively recognized by the YEATS domain of GAS41 in 
complex with SIN3A-HDAC1 co-repressors. Pro-
to-oncogenic transcription factor MYC recruits 
GAS41/SIN3A-HDAC1 complex to repress genes in 
chromatin, including cell-cycle inhibitor p21. GAS41 
knockout or H3K27cr-binding depletion results in 
p21 de-repression, cell-cycle arrest, and tumor growth 
inhibition in mice, explaining a causal relationship 

between GAS41 and MYC gene amplification and p21 
downregulation in colorectal cancer. Our study sug-
gests that H3K27 crotonylation signifies a previously 
unrecognized, distinct chromatin state for gene tran-
scriptional repression in contrast to H3K27 trimethyl-
ation for transcriptional silencing and H3K27 acetyla-
tion for transcriptional activation.

21.   Dispersion Function of a Protein, DP-1, Iden-
tified in Collimonas sp. D-25, for the Synthe-
sis of Gold Nanoparticles

Tang D, Kato Y, Zhang D, Negishi L, Kurumizaka 
H, Hirata T, Nakakido M, Tsumoto K, Shuji F, Tsu-
guyuki S, Okumura T, Nagata K and Suzuki M.

Collimonas sp. (D-25), found in the soil of Akita 
Prefecture, is a gram-negative bacterium with the 
ability to synthesize gold nanoparticles (AuNPs). 
During the synthesis of AuNPs, one specific protein 
(DP-1) was found to have disappeared in the sonicat-
ed solution of the bacterium. Recombinant DP-1 
(rDP-1) from Escherichia coli BL21 (DE3) was used to 
study the effect of DP-1 on the synthesis of AuNPs. 
AuNPs synthesized with rDP-1 result in small, stabi-
lized nanoparticles. AuNPs synthesized by DP-1 re-
tained the stability of both the dispersion and na-
no-size particles under high salt concentrations. 
Isothermal titration calorimetry was employed to in-
vestigate the bonding ratio of rDP-1 to AuNPs. Sever-
al thousand rDP-1 proteins are attached to the surface 
of an AuNP to form a protein corona containing mul-
tiple layers. These results suggest that DP-1 obtained 
from D-25 has a size and stability control function 
during AuNP synthesis.

22.   Development of a 1:1-binding biparatopic an-
ti-TNFR2 antagonist by reducing signaling 
activity through epitope selection

Akiba H, Fujita J, Ise T, Nishiyama K, Miyata T, 
Kato T, Namba K, Ohno H, Kamada H, Nagata S 
and Tsumoto K

Conventional bivalent antibodies against cell sur-
face receptors often initiate unwanted signal trans-
duction by crosslinking two antigen molecules. Bi-
paratopic antibodies (BpAbs) bind to two different 
epitopes on the same antigen, thus altering crosslink-
ing ability. In this study, we develop BpAbs against 
tumor necrosis factor receptor 2 (TNFR2), which is an 
attractive immune checkpoint target. Using different 
pairs of antibody variable regions specific to topo-
graphically distinct TNFR2 epitopes, we successfully 
regulate the size of BpAb-TNFR2 immunocomplexes 
to result in controlled agonistic activities. Our series 
of results indicate that the relative positions of the 
two epitopes recognized by the BpAb are critical for 
controlling its signaling activity. One particular an-
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tagonist, Bp109-92, binds TNFR2 in a 1:1 manner 
without unwanted signal transduction, and its struc-
tural basis is determined using cryo-electron micros-
copy. This antagonist suppresses the proliferation of 
regulatory T cells expressing TNFR2. Therefore, the 
BpAb format would be useful in designing specific 
and distinct antibody functions.

23.   Discovery of a cystathionine γ-lyase (CSE) 
selective inhibitor targeting active-site pyri-
doxal 5’-phosphate (PLP) via Schiff base for-
mation

Echizen H, Hanaoka K, Shimamoto K, Hibi R, To-
ma-Fukai S, Ohno H, Sasaki E, Komatsu T, Ueno T, 
Tsuchiya Y, Watanabe Y, Otsuka T, Saito H, Nagat-
oishi S, Tsumoto K, Kojima H, Okabe T, Shimizu T 
and Urano Y.

D,L-Propargylglycine (PAG) has been widely 
used as a selective inhibitor to investigate the biologi-
cal functions of cystathionine γ-lyase (CSE), which 
catalyzes the formation of reactive sulfur species 
(RSS). However, PAG also inhibits other PLP (pyri-
doxal-5’-phosphate)-dependent enzymes such as me-
thionine γ-lyase (MGL) and L-alanine transaminase 
(ALT), so highly selective CSE inhibitors are still re-
quired. Here, we performed high-throughput screen-
ing (HTS) of a large chemical library and identified 
oxamic hydrazide 1 as a potent inhibitor of CSE (IC50 
= 13 ± 1 μM (mean ± S.E.)) with high selectivity over 
other PLP-dependent enzymes and RSS-generating 
enzymes. Inhibitor 1 inhibited the enzymatic activity 
of human CSE in living cells, indicating that it is suffi-
ciently membrane-permeable. X-Ray crystal structure 
analysis of the complex of rat CSE (rCSE) with 1 re-
vealed that 1 forms a Schiff base linkage with the co-
factor PLP in the active site of rCSE. PLP in the active 
site may be a promising target for development of 
selective inhibitors of PLP-dependent enzymes, in-
cluding RSS-generating enzymes such as cystathio-
nine β-synthase (CBS) and cysteinyl-tRNA synthetase 
2 (CARS2), which have unique substrate binding 
pocket structures.

24.   Modulation of a conformational ensemble by 
a small molecule that inhibits key protein-pro-
tein interactions involved in cell adhesion

Senoo A, Nagatoishi S, Kuroda D, Ito S, Ueno G, 
Caaveiro JMM and Tsumoto K.

Small molecules that regulate protein-protein in-
teractions can be valuable drugs; however, the devel-
opment of such small molecules is challenging as the 
molecule must interfere with an interaction that often 
involves a large surface area. Herein, we propose that 
modulating the conformational ensemble of the pro-
teins participating in a given interaction, rather than 

blocking the interaction by directly binding to the in-
terface, is a relevant strategy for interfering with a 
protein-protein interaction. In this study, we applied 
this concept to P-cadherin, a cell surface protein form-
ing homodimers that are essential for cell-cell adhe-
sion in various biological contexts. We first deter-
mined the crystal structure of P-cadherin with a small 
molecule inhibitor whose inhibitory mechanism was 
unknown. Molecular dynamics simulations suggest 
that the inhibition of cell adhesion by this small mole-
cule results from modulation of the conformational 
ensemble of P-cadherin. Our study demonstrates the 
potential of small molecules altering the conforma-
tion ensemble of a protein as inhibitors of biological 
relevant protein-protein interactions.

25.   Arginine cluster introduction on framework 
region in anti-lysozyme antibody improved 
association rate constant by changing con-
formational diversity of CDR loops

Maeta S, Nakakido M, Matsuura H, Sakai N, Hirata 
K, Kuroda D, Fukunaga A and Tsumoto K.

Antibodies are used for many therapeutic and bi-
otechnological purposes. Because the affinity of an 
antibody to the antigen is critical for clinical efficacy 
of pharmaceuticals, many affinity maturation strate-
gies have been developed. Although we previously 
reported an affinity maturation strategy in which the 
association rate of the antibody toward its antigen is 
improved by introducing a cluster of arginine resi-
dues into the framework region of the antibody, the 
detailed molecular mechanism responsible for this 
improvement has been unknown. In this study, we 
introduced five arginine residues into an anti-hen egg 
white lysozyme antibody (HyHEL10) Fab fragment 
to create the R5-mutant and comprehensively charac-
terized the interaction between antibody and antigen 
using thermodynamic analysis, X-ray crystallogra-
phy, and molecular dynamics (MD) simulations. Our 
results indicate that introduction of charged residues 
strongly enhanced the association rate, as previously 
reported, and the antibody-antigen complex structure 
was almost the same for the R5-mutant and wild-type 
Fabs. The MD simulations indicate that the mutation 
increased conformational diversity in complementa-
rity-determining region loops and thereby enhanced 
the association rate. These observations provide the 
molecular basis of affinity maturation by R5 muta-
tion.

26.   Group A Streptococcus cation diffusion facil-
itator proteins contribute to immune evasion 
by regulating intracellular metal concentra-
tions

Aikawa C, Shimizu A, Nakakido M, Murase K, No-
zawa T, Tsumoto K and Nakagawa I.
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Cation diffusion facilitators (CDFs) are a large 
family of divalent metal transporters with broad spe-
cificities that contribute to intracellular metal homeo-
stasis and toxicity in bacterial pathogens. Streptococ-
cus pyogenes (Group A Streptococcus [GAS]) 
expresses two homologous CDF efflux transporters, 
MntE and CzcD, which selectively transport Mn and 
Zn, respectively. We discovered that the MntE- and 
CzcD-deficient strains exhibited a marked decrease in 
the viability of macrophage-differentiated THP-1 
cells and neutrophils. In addition, the viability of mice 
infected with both deficient strains markedly in-
creased. Consistent with a previous study, our results 
suggest that MntE regulates the PerR-dependent oxi-
dative stress response by maintaining intracellular 
Mn levels and contributing to the growth of GAS. The 
maturation and proteolytic activity of streptococcal 
cysteine protease (SpeB), an important virulence fac-
tor in GAS, has been reported to be abrogated by zinc 
and copper. Zn inhibited the maturation and proteo-
lytic activity of SpeB in the culture supernatant of the 
CzcD-deficient strain. Furthermore, Mn inhibited 
SpeB maturation and proteolytic activity in a 
MntE-deficient strain. Since the host pathogenicity of 
the SpeB-deficient strain was significantly reduced, 
maintenance of intracellular manganese and zinc lev-
els in the GAS via MntE and CzcD may not only con-
fer metal resistance to the bacterium, but may also 
play an essential role in its virulence. These findings 
provide new insights into the molecular mechanisms 
of pathogenicity, which allow pathogens to survive 
under stressful conditions associated with elevated 
metal ion concentrations during host infection.

27.   Ferguson plot analysis of multiple intermedi-
ate species of thermally unfolded bovine se-
rum albumin

Tomioka Y, Nagatoishi S, Nakagawa M, Tsumoto K, 
Arakawa T and Akuta T.

Ferguson plot was used to characterize the multi-
ple intermediate species of bovine serum albumin 
(BSA) upon thermal unfolding. Differential scanning 
calorimetry showed an irreversible melting of BSA in 
Tris-HCl and phosphate buffers with a mid-transition 
temperature, Tm, of ∼68 °C. Thermally unfolded BSA 
was analyzed by agarose native gel electrophoresis 
stained by Coomassie blue and SYPRO Orange stain-
ing as a function of pH or protein concentration. 
SYPRO Orange was used to stain unfolded proteins. 
BSA heated at 70 and 80 °C, i.e., above the Tm, formed 
multiple intermediate species, which depended on 
the pH between 7.0 and 8.0, protein concentration and 
which buffer was used. These intermediate species 
were analyzed by Ferguson plot, which showed that 
BSA heated at 60 °C had a similar size to the native 
BSA, indicating that they are either native or na-

tive-like state consistent with no SYPRO Orange 
staining. The intermediate species observed at higher 
temperatures with the mobility less than that of the 
native BSA showed a steeper Ferguson plot and were 
stained by SYPRO Orange, indicating that these spe-
cies had a larger hydrodynamic size than the native 
BSA and were unfolded.

28.   Anti-InlA single-domain antibodies that inhib-
it the cell invasion of Listeria monocytogenes

Yamazaki T, Nagatoishi S, Yamawaki T, Nozawa T, 
Matsunaga R, Nakakido M, Caaveiro JMM, Nak-
agawa I and Tsumoto K.

Listeriosis, caused by infection with Listeria 
monocytogenes, is a severe disease with a high mor-
tality rate. The L. monocytogenes virulence factor, in-
ternalin family protein InlA, which binds to the host 
receptor E-cadherin, is necessary to invade host cells. 
Here, we isolated two single-domain antibodies 
(VHHs) that bind to InlA with picomolar affinities 
from an alpaca immune library using the phage dis-
play method. These InlA-specific VHHs inhibited the 
binding of InlA to the extracellular domains of E-cad-
herin in vitro as shown by biophysical interaction 
analysis. Furthermore, we determined that the VHHs 
inhibited the invasion of L. monocytogenes into host 
cells in culture. High-resolution X-ray structure anal-
yses of the complexes of VHHs with InlA revealed 
that the VHHs bind to the same binding site as E-cad-
herin against InlA. We conclude that these VHHs 
have the potential for use as drugs to treat listeriosis.

29.   PRELP secreted from mural cells protects the 
function of blood brain barrier through regu-
lation of endothelial cell-cell integrity

Davaapil H, Hopkins J, Bonnin N, Papadaki V, Le-
ung A, Kosuge H, Tashima T, Nakakido M, Sekido 
R, Tsumoto K, Sagoo MS and Ohnuma SI.

Introduction: Proline/arginine-rich end leu-
cine-rich repeat protein (PRELP), is a small secreted 
proteoglycan expressed by pericytes and vascular 
smooth muscle cells surrounding the brain vascula-
ture of adult mouse. Methods: We utilised a Prelp 
knockout (Prelp -/-) mouse model to interrogate vas-
culature integrity in the brain alongside performing 
in vitro assays to characterise PRELP application to 
endothelial cells lines. Our findings were supple-
mented with RNA expression profiling to elucidate 
the mechanism of how PRELP maintains neurovascu-
lature function. Results: Prelp -/- mice presented with 
neuroinflammation and reducedneurovasculature in-
tegrity, resulting in IgG and dextran leakage in the 
cerebellum and cortex. Histological analysis of Prelp 
-/- mice revealed reducedcell-cell integrity of the 
blood brain barrier, capillary attachment of pericytes 
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andastrocyte end-feet. RNA-sequencing analysis 
found that cell-cell adhesion andinflammation are af-
fected in Prelp -/- mice and gene ontology analysis as 
well as gene set enrichment analysis demonstrated 
that inflammation related processes and adhesion re-
lated processes such as epithelial-mesenchymal tran-
sition and apical junctions were significantly affected, 
suggesting PRELP is a regulator of cell-cell adhesion. 
Immunofluorescence analysis showed that adhesion 
junction protein expression levels of cadherin, clau-
din-5, and ZO-1, was suppressed in Prelp -/- mice 
neurovasculature. Additionally, in vitro studies re-
vealed that PRELP application to endothelial cells en-
hances cell-cell integrity, induces mesenchymal-en-
dothelial transition and inhibits TGF-β mediated 
damage to cell-cell adhesion. Discussion: Our study 
indicates that PRELP is a novel endogenous secreted 
regulator of neurovasculature integrity and that 
PRELP application may be a potential treatment for 
diseases associated with neurovascular damage.

30.   Specific peptide conjugation to a therapeutic 
antibody leads to enhanced therapeutic po-
tency and thermal stability by reduced Fc dy-
namics

Kiyoshi M, Nakakido M, Rafique A, Tada M, 
Aoyama M, Terao Y, Nagatoishi S, Shibata H, Ide T, 
Tsumoto K, Ito Y and Ishii-Watabe A.

Antibody-drug conjugates are powerful tools for 
combatting a wide array of cancers. Drug conjugation 
to a therapeutic antibody often alters molecular char-
acteristics, such as hydrophobicity and effector func-
tion, resulting in quality deterioration. To develop a 
drug conjugation methodology that maintains the 
molecular characteristics of the antibody, we engi-
neered a specific peptide for conjugation to the Fc re-
gion. We used trastuzumab and the chelator (DOTA) 
as model antibody and payload, respectively. Inter-
estingly, peptide/DOTA-conjugated trastuzumab ex-
hibited enhanced antibody-dependent cellular cyto-
toxicity (ADCC) and increased thermal stability. 
Detailed structural and thermodynamic analysis clar-
ified that the conjugated peptide blocks the Fc dy-
namics like a “wedge.” We revealed that (1) decreased 
molecular entropy results in enhanced ADCC, and (2) 
blockade of Fc denaturation results in increased ther-
mal stability. Thus, we believe that our methodology 
is superior not only for drug conjugation but also as 
for reinforcing therapeutic antibodies to enhance 
ADCC and thermal stability.

31.   One-pot preparation of mannan-coated anti-
gen nanoparticles using human serum albu-
min as a matrix for tolerance induction

Li S, Murakami D, Nagatoishi S, Liu Y, Tsumoto K, 
Katayama Y and Mori T.

Nanoparticles (NPs) for allergen immunotherapy 
have garnered attention for their high efficiency and 
safety compared with naked antigen proteins. In this 
work, we present mannan-coated protein NPs, incor-
porating antigen proteins for antigen-specific toler-
ance induction. The heat-induced formation of pro-
tein NPs is a one-pot preparation method and can be 
applied to various proteins. Here, the NPs were 
formed spontaneously via heat denaturation of three 
component proteins: an antigen protein, human se-
rum albumin (HSA) as a matrix protein, and manno-
protein (MAN) as a targeting ligand for dendritic 
cells (DCs). HSA is non-immunogenic, therefore suit-
able as a matrix protein, while MAN coats the surface 
of the NP. We applied this method to various antigen 
proteins and found that the self-disperse after heat 
denaturation was a requirement for incorporation 
into the NPs. We also established that the NPs could 
target DCs, and the incorporation of rapamycin into 
the NPs enhanced the induction of a tolerogenic phe-
notype of DC. The MAN coating provided steric hin-
drance and heat denaturation destroyed recognition 
structures, successfully preventing anti-antigen anti-
body binding, indicating the NPs may avoid anaphy-
laxis induction. The MAN-coated NPs proposed here, 
prepared by a simple method, have the potential for 
effective and safe allergies treatment for various anti-
gens.

32.   Biophysical insight into protein-protein inter-
actions in the Interleukin-11/Interleukin-11Rα/
glycoprotein 130 signaling complex

Mori C, Nagatoishi S, Matsunaga R, Kuroda D, Na-
kakido M and Tsumoto K.

Interleukin-11 (IL-11) is a member of the interleu-
kin-6 (IL-6) family of cytokines. IL-11 is a regulator of 
multiple events in hematopoiesis, and IL-11-mediat-
ed signaling is implicated in inflammatory disease, 
cancer, and fibrosis. All IL-6 family cytokines signal 
through the signal-transducing receptor, glycopro-
tein 130 (gp130), but these cytokines have distinct as 
well as overlapping biological functions. To under-
stand IL-11 signaling at the molecular level, we per-
formed a comprehensive interaction analysis of the 
IL-11 signaling complex, comparing it with the IL-6 
complex, one of the best-characterized cytokine com-
plexes. Our thermodynamic analysis revealed a clear 
difference between IL-11 and IL-6. Surface plasmon 
resonance analysis showed that the interaction be-
tween IL-11 and IL-11 receptor α (IL-11Rα) is entropy 
driven, whereas that between IL-6 and IL-6 receptor α 
(IL-6Rα) is enthalpy driven. Our analysis using iso-
thermal titration calorimetry revealed that the bind-
ing of gp130 to the IL-11/IL-11Rα complex results in 
entropy loss, but that the interaction of gp130 with 
the IL-6/IL-6Rα complex results in entropy gain. Our 
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hydrogen-deuterium exchange mass spectrometry 
experiments suggested that the D2 domain of gp130 
was not involved in IL-6-like interactions in the IL-11/
IL-11Rα complex. It has been reported that IL-6 inter-
action with gp130 in the signaling complex was char-
acterized through the hydrophobic interface located 
in its D2 domain of gp130. Our findings suggest that 
unique interactions of the IL-11 signaling complex 
with gp130 are responsible for the distinct biological 
activities of IL-11 compared to IL-6.

33.   High-throughput analysis system of interac-
tion kinetics for data-driven antibody design

Matsunaga R, Ujiie K, Inagaki M, Fernández Pérez 
J, Yasuda Y, Mimasu S, Soga S and Tsumoto K.

Surface plasmon resonance (SPR) is widely used 
for antigen-antibody interaction kinetics analysis. 
However, it has not been used in the screening phase 
because of the low throughput of measurement and 
analysis. Herein, we proposed a high-throughput 
SPR analysis system named “BreviA” using the Bre-
vibacillus expression system. Brevibacillus was trans-
formed using a plasmid library containing various 
antibody sequences, and single colonies were cul-
tured in 96-well plates. Sequence analysis was per-
formed using bacterial cells, and recombinant anti-
bodies secreted in the supernatant were immobilized 
on a sensor chip to analyze their interactions with 
antigens using high-throughput SPR. Using this sys-
tem, the process from the transformation to 384 inter-
action analyses can be performed within a week. This 
system utility was tested using an interspecies speci-
ficity design of an anti-human programmed cell death 
protein 1 (PD-1) antibody. A plasmid library contain-
ing alanine and tyrosine mutants of all complementa-
rity-determining region residues was generated. A 
high-throughput SPR analysis was performed against 
human and mouse PD-1, showing that the mutation 
in the specific region enhanced the affinity for mouse 
PD-1. Furthermore, deep mutational scanning of the 
region revealed two mutants with > 100-fold in-
creased affinity for mouse PD-1, demonstrating the 
potential efficacy of antibody design using data-driv-
en approach.

34.   Experimental modification in thermal stability 
of oligomers by alanine substitution and site 
saturation mutagenesis of interfacial resi-
dues

Hoya M, Matsunaga R, Nagatoishi S and Tsumoto 
K.

For certain industrial applications, the stability of 
protein oligomers is important. In this study, we 
demonstrated an efficient method to improve the 
thermal stability of oligomers using the trimeric pro-

tein chloramphenicol acetyltransferase (CAT) as the 
model. We substituted all interfacial residues of CAT 
with alanine to detect residues critical for oligomer 
stability. Mutation of six of the forty-nine interfacial 
residues enhanced oligomer thermal stability. Site 
saturation mutagenesis was performed on these six 
residues to optimize the side chains. About 15% of 
mutations enhanced thermal stability by more than 
0.5 °C and most did not disrupt activity of CAT. Cer-
tain combinations of mutations further improved 
thermal stability and resistance against heat treat-
ment. The quadruple mutant, H17V/N34S/F134A/
D157C, retained the same activity as the wild-type 
after heat treatment at 9 °C higher temperature than 
the wild-type CAT. Furthermore, combinations with 
only alanine substitutions also improved thermal sta-
bility, suggesting the method we developed can be 
used for rapid modification of industrially important 
proteins.

35.   Quantitative analysis of antibody aggregates 
by combination of pinched-flow fractionation 
and coulter method

Nagatoishi S, Toyoshima T, Furukawa K and Tsu-
moto K.

For the pharmaceutical development of proteins, 
multiple methods of analysis are recommended for 
evaluating aggregation, and the development of more 
quantitative and simpler analytical techniques for 
subvisible particles is expected. This study introduces 
the Pinched-Flow Fractionation (PFF)-Coulter meth-
od, which combines the Pinched-flow fractionation 
(PFF) and Coulter methods to analyze the concentra-
tion of submicron-sized particles. The PFF method 
separates the particles by size. Separated particles 
were individually detected using the Coulter method. 
We have utilized the PFF-Coulter method to quantita-
tively analyze particle concentrations using standard 
particles, evaluate detection limits, variability, and 
correlation between theoretical and measured values, 
and analyze mixtures of different particle sizes. The 
PFF-Coulter method allows for quantitatively analyz-
ing of particle sizes from 0.2 to 2.0 μm. The quantifia-
ble weight concentration range was 2.5 × 10-2 - 50 μg/
mL, and the number concentration range was 104-
1010 particles/mL. The sample volume was small (<10 
μL). The PFF-Coulter method is capable of quantita-
tive analysis that complements data from convention-
al measurement techniques, and when used in con-
junction with existing submicron-size particle analysis 
techniques, will enable more accurate particle analy-
sis.
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36.   Megalin is involved in angiotensinogen-in-
duced, angiotensin II-mediated ERK1/2 signa-
ling to activate Na + -H + exchanger 3 in prox-
imal tubules

Goto S, Yoshida Y, Hosojima M, Kuwahara S, Ka-
basawa H, Aoki H, Iida T, Sawada R, Ugamura D, 
Yoshizawa Y, Takemoto K, Komochi K, Kobayashi 
R, Kaseda R, Yaoita E, Nagatoishi S, Narita I, Tsu-
moto K and Saito A.

Kidney angiotensin (Ang) II is produced mainly 
from liver-derived, glomerular-filtered angiotensino-
gen (AGT). Podocyte injury has been reported to in-
crease the kidney Ang II content and induce Na + 
retention depending on the function of megalin, a 
proximal tubular endocytosis receptor. However, 
how megalin regulates the renal content and action of 
Ang II remains elusive. We used a mass spectrome-
try-based, parallel reaction-monitoring assay to quan-
titate Ang II in plasma, urine, and kidney homogen-
ate of kidney-specific conditional megalin knockout 
(MegKO) and control (Ctl) mice. We also evaluated 
the pathophysiological changes in both mouse geno-
types under the basal condition and under the condi-
tion of increased glomerular filtration of AGT induced 
by administration of recombinant mouse AGT (rec-
mAGT). Under the basal condition, plasma and kid-
ney Ang II levels were comparable in the two mouse 
groups. Ang II was detected abundantly in fresh spot 
urine in conditional MegKO mice. Megalin was also 
found to mediate the uptake of intravenously admin-
istered fluorescent Ang II by PTECs. Administration 
of rec-mAGT increased kidney Ang II, exerted renal 
extracellular signal-regulated kinase 1/2 (ERK1/2) sig-
naling, activated proximal tubular Na + -H + ex-
changer 3 (NHE3), and decreased urinary Na + ex-
cretion in Ctl mice, whereas these changes were 
suppressed but urinary Ang II was increased in con-
ditional MegKO mice. Increased glomerular filtration 
of AGT is likely to augment Ang II production in the 
proximal tubular lumen. Thus, megalin-dependent 
Ang II uptake should be involved in the ERK1/2 sign-
aling that activates proximal tubular NHE3 in vivo , 
thereby causing Na + retention.

37.   Safe and efficient oral allergy immunotherapy 
using one-pot-prepared mannan-coated aller-
gen nanoparticles

Li S, Toriumi H, Takahashi D, Kamasaki T, Fujioka 
Y, Nagatoishi S, Li J, Liu Y, Hosokawa T, Tsumoto 
K, Ohba Y, Katayama Y, Murakami D, Hase K and 
Mori T.

Allergen immunotherapy (AIT) is the only cura-
tive treatment for allergic diseases. However, AIT has 
many disadvantages related to efficiency, safety, 
long-term duration, and patient compliance. Dendrit-

ic cells (DCs) have an important role in antigen-spe-
cific tolerance induction; thus, DC-targeting strate-
gies to treat allergies such as glutaraldehyde 
crosslinked antigen to mannoprotein (MAN) have 
been established. However, glutaraldehyde crosslink-
ing may reduce the antigen presentation efficiency of 
DCs. To overcome this, we developed a MAN-coated 
ovalbumin (OVA) nanoparticle (MDO), which uses 
intermolecular disulfide bond to crosslink OVA and 
MAN. MDO effectively targeted DCs resulting in 
tolerogenic DCs, and promoted higher antigen pres-
entation efficiency by DCs compared with OVA or 
glutaraldehyde crosslinked nanoparticles. In vitro 
and in vivo experiments showed that DCs exposed to 
MDO induced Treg cells. Moreover, MDO had low 
reactivity with anti-OVA antibodies and did not in-
duce anaphylaxis in allergic mice, demonstrating its 
high safety profile. In a mouse model of allergic asth-
ma, MDO had significant preventative and therapeu-
tic effects when administered orally or subcutaneous-
ly. Therefore, MDO represents a promising new 
approach for the efficient and safe treatment of aller-
gies.

38.   Enhancing thermal stability in the CH2 do-
main to suppress aggregation through the 
introduction of simultaneous disulfide bonds 
in Pichia pastoris

Oyama K, Nakakido M, Ohkuri T, Nakamura H, 
Tsumoto K and Ueda T.

Protein aggregations decrease production yields 
and impair the efficacy of therapeutics. The CH2 do-
main is a crucial part of the constant region of human 
IgG. But, it is also the least stable domain in IgG, 
which can result in antibody instability and aggrega-
tion problems. We created a novel mutant of the CH2 
domain (T250C/L314C, mut10) by introducing a di-
sulfide bond and expressed it using Pichia pastoris. 
The mut10 variant exhibited enhanced thermal stabil-
ity, resistance to enzymatic degradation, and reduced 
aggregation in comparison to the original CH2 do-
main. However, it was less stable than mut20 (L242C/
K334C), which is the variant prepared in a previous 
study (Gong et al., J. Biol. Chem., 2009). A more ad-
vanced mutant, mut25, was created by combining 
mut10 and mut20. Mut25 artificially contains two di-
sulfide bonds. The new mutant, mut25, showed en-
hanced thermal stability, increased resistance to enzy-
matic digestion, and reduced aggregation in 
comparison to mut20. According to our knowledge, 
mut25 achieves an unprecedented level of stability 
among the humanized whole CH2 domains that have 
been reported so far. Mut25 has the potential to serve 
as a new platform for antibody therapeutics due to its 
ability to reduce immunogenicity by decreasing ag-
gregation.
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39.   Conformational features and interaction 
mechanisms of VH H antibodies with β-hair-
pin CDR3: A case of Nb8-HigB2 interaction

Yamamoto K, Nagatoishi S, Matsunaga R, Nakaki-
do M, Kuroda D and Tsumoto K.

The β-hairpin conformation is regarded as an im-
portant basic motif to form and regulate protein-pro-
tein interactions. Single-domain VH H antibodies are 
potential therapeutic and diagnostic tools, and the 
third complementarity-determining regions of the 
heavy chains (CDR3s) of these antibodies are critical 
for antigen recognition. Although the sequences and 
conformations of the CDR3s are diverse, CDR3s 
sometimes adopt β-hairpin conformations. However, 
characteristic features and interaction mechanisms of 
β-hairpin CDR3s remain to be fully elucidated. In this 
study, we investigated the molecular recognition of 
the anti-HigB2 VH H antibody Nb8, which has a 
CDR3 that forms a β-hairpin conformation. The inter-
action was analyzed by evaluation of alanine-scan-
ning mutants, molecular dynamics simulations, and 
hydrogen/deuterium exchange mass spectrometry. 
These experiments demonstrated that positions 93 
and 94 (Chothia numbering) in framework region 3, 
which is right outside CDR3 by definition, play pivot-
al roles in maintaining structural stability and bind-
ing properties of Nb8. These findings will facilitate 
the design and optimization of single-domain anti-
bodies.

<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 three-dimensional (3D) connectivity of ac-
tual neural cells morphologically was to collect ul-
trathin serial sections and observe them in transmis-
sion electron microscope (TEM). But the technical 
difficulties discouraged us from such a troublesome 
procedure. Recent progress in scanning electron mi-
croscope (SEM) equipment allowed us to develop a 
new method to observe ultrathin TEM sections in 
SEM (thin section scanning electron microscopy: TS-
SEM). To observe thin TEM sections, we have devel-
oped new sample staining methods to enhance elec-
tron contrast. To collect huge number of serial sections 

stably and efficiently, we have been developing new 
equipment and techniques. By using this equipment, 
it became possible to collect more than 1000 serial sec-
tions of less than 30 nm thickness much easier. We 
have analyzed about 500 serial thin sections of zebraf-
ish retinal outer plexiform layer by this method and 
succeeded in tracing thin processes of bipolar cells 
into the photoreceptor terminals. 

Aside from getting 3D information, TSSEM meth-
od can provide us precise information of much wider 
areas of thin sections more effectively and more easily 
than transmission electron microscopy. 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 individual technique or 
combination of some of these, we can offer direct 
visual evidence that cannot be acquired by other 
methods. This year, 21 projects in 10 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 and those combined with 
immuno-electron microscopy were used in many col-
laborative 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 
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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.  Analysis of sodium iodate effects on retinal 
degeneration

We have been performing several studies also 
with research groups in Dr. Watanabe2’s laboratory: 
2Department of Retinal Biology and Pathology, Grad-
uate School of Medicine, The University of Tokyo. 
This year, we analyzed the effects of sodium iodate 
(NaIO3) administration on retinal degeneration. 
NaIO3 is widely used to induce retinal degeneration 
in model animals such as mice, rats and rabbits. With 
precise morphological analysis of NaIO3 adminis-
tered mouse retina, we found that NaIO3 specifically 
damages retinal choriocapillaris and this leads to the 
disfunction of the retinal pigment epithelial (RPE) 
cells and father to the retinal degeneration. With bio-
chemical analysis, retinal degeneration is supposed to 
be induced by rapid decrease of VEGF in RPE cells. 
(ref. Iwagawa et al)

Some other collaborative research works using 
thin section electron microscopy and/or immuno-elec-
tron microscopy were performed with Dr. Eguchi3, in 
3Division of Genetics, about the roles of muscle specif-
ic kinase on formation of neuromuscular junction. 
(ref. Eguchi et al) Dr. Kamioka4, in 4Division of Malar-
ia Immunology, about the function of Paneth cells on 
Malaria infection, Dr. Nakahara5 in 5Department 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. 
Hayashi6 in 6Division of Vaccine Science, Laboratory 
of Adjuvant Innovation. The same techniques are also 
used in the research with Dr. Isoo7, in 7Division of In-
fectious Diseases.

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. Scan-
ning electron microscopy combined with thin section 
transmission microscopy were used in collaborative 
work with Dr. Ishikawa8, 8Laboratory of Reproduc-
tive Systems Biology, about the structure of young 
and aged mouse oocyte zona pellucida and also about 
the morphology of the sperm and spermatocyte. 
Scanning electron microscopy are also used in the ob-
servation of the surface structure of electrochemically 
active microorganisms with Dr. Kobayashi9, 9Frontier 
Research Center for Energy and Resource (FRCER), 
Graduate School of Engineering, The University of 
Tokyo.
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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 Institute of Biophysics (IBP) and 
Institute of Microbiology (IM), which belong to the 
Chinese Academy of Sciences (CAS), a large national 
institution consisting of more than 100 research insti-
tutes 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 translation-
al studies of HIV, MERS coronavirus, dengue virus 
and SARS-CoV-2. In 2015 IMSUT has set up another 
project laboratory in Tokyo, whose studies comple-
ment those in Beijing. IMSUT is also conducting a 
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joint research program on avian influenza virus be-
tween Yoshihiro Kawaoka at IMSUT and Hualan 
Chen at Harbin Veterinary Research Institute (HVRI) 
of Chinese Academy of Agricultural Sciences. The ac-
tivities 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 our 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

Enveloped viruses, including HIV-1, Flaviviruses, 
Herpes Simplex Viruses, and Coronaviruses, exhibit 
pathogenicity and are clinically significant. The J. 
Gohda and Y. Kawaguchi research groups are con-
ducting studies aimed at the development of antiviral 
molecules targeting enveloped viruses, including 
SARS-CoV-2, as well as the exploration of molecules 
for the reactivation of HIV-1 reservoirs.

Severe Acute Respiratory Syndrome Coronavirus 
2 (SARS-CoV-2) is the causative virus for Coronavirus 
Disease 2019 (COVID-19) and has globally expanded 
since the first reported patient in December 2019 in 
China. To bring an end to the ongoing COVID-19 
pandemic, development of antiviral drugs and vac-
cines targeting SARS-CoV-2 infection is imperative. 
We have established a dual split protein-based cell 
fusion assay utilizing the SARS-CoV-2 spike protein 
to evaluate the antiviral activity of several molecules, 
advancing the screening of antibodies and small mo-
lecular compounds. This year, we have established 
novel neutralizing antibodies that exhibit neutraliz-
ing activity without binding to the conventional anti-
body pharmaceutical target, the Receptor Binding 
Domain (RBD). These antibodies target conserved re-
gions, even in related coronaviruses and SARS-CoV-2 
variants, suggesting potential long-term utility. More-
over, these conserved regions may serve as candi-
dates for inducing effective neutralizing antibodies 
through vaccination. From the analysis of small mo-

lecular compounds, multiple inhibitors against TM-
PRSS2, a crucial host protease for virus infection, 
were identified from synthetic compounds. Addition-
ally, two compounds inhibiting virus entry and pro-
liferation within cells were identified from subtropi-
cal plant extracts. These inhibitory molecules not only 
hold promise for future therapeutic development but 
also play a crucial role in elucidating the infection 
mechanisms of SARS-CoV-2. The elucidation of the 
target molecules of these agents is expected to con-
tribute to the discovery of new infection mechanisms 
and therapeutic targets.

The utilization of combination antiretroviral ther-
apy (cART) has significantly contributed to impeding 
the progression to acquired immunodeficiency syn-
drome (AIDS) in individuals infected with human 
immunodeficiency virus type 1 (HIV-1). Neverthe-
less, the presence of latent reservoirs of HIV-1, hous-
ing silenced yet replication-competent provirus, con-
stitutes a formidable barrier to viral eradication in 
affected individuals. The “shock and kill” strategy, a 
promising approach toward curing HIV-1 infection, 
seeks to reactivate latent provirus through treatment 
with latency reversing agents (LRAs), denoted as 
“shock,” in conjunction with antiretroviral drugs. 
While several drugs have been identified as LRAs, no 
drug has been clinically applied to date. We have 
identified multiple existing drugs as novel LRA can-
didates. In this year, our efforts have focused on elu-
cidating the molecular mechanism of reactivation of 
latent HIV-1 provirus by these drugs. Our findings 
suggest that one of the candidate drugs may reacti-
vate HIV-1 proviral transcription through a distinct 
mechanism from the established LRAs that induce 
proviral reactivation. We are currently engaged in 
identifying target proteins and advancing their func-
tional analysis. Furthermore, we are analyzing the 
synergistic interactions between novel drugs and ex-
isting LRAs, aiming to establish methods that induce 
more effective “shock”. Through these analyses, there 
is a prospect for the future depletion of HIV reser-
voirs in patients, thereby offering the potential for a 
complete treatment of AIDS.

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-
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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. 

The major findings this year are: (1) We isolated 77 
HPAI viruses during routine surveillance in live poul-
try markets in northern provinces of Vietnam from 
2018–2021. These viruses were genetically different 
from those in other parts of the world. These viruses 
do not encode major determinants of mammalian ad-
aptation but possess amino acid substitutions that 
may affect viral receptor-binding, replication, or re-
sponses to human antiviral factors. Our ongoing sur-
veillance of HPAI viruses in several parts of the world 
is important to monitor the evolution of these viruses. 
(2) We analyzed the efficacy of antiviral drugs and an-

tibodies against Omicron variants. The susceptibili-
ties of CH.1.1 and XBB.1.5 to remdesivir, molnupira-
vir, nirmatrelvir, and ensitrelvir were similar to those 
of the ancestral strain and other variants of concern. 
The effectiveness of monoclonal antibodies (i.e., sotro-
vimab, bebtelovimab, casirivimab/imdevimab, and 
tixagevimab/cilgavimab) varied with the omicron 
strain tested. None of these monoclonal antibodies 
was effective against CH.1.1 or XBB.1.5. In addition, 
we found that a bivalent vaccine (ancestral and 
BA.4/5) can improve humoral responses to both vi-
ruses.

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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Frontier Research Unit

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.  Negative regulation of Pbs2 MAP2K by PP2C 
phosphatases in the yeast HOG pathway.

Kazuo Tatebayashi

The budding yeast Saccharomyces cerevisiae survive 
greatly fluctuating osmotic conditions in natural en-
vironment.  To cope with an increased external osmo-
larity, yeast cells elicit a coordinated adaptive re-
sponse.  These adaptive responses are governed by 
the Hog1 MAP kinase (MAPK), which is activated via 
the High Osmolarity Glycerol (HOG) signaling path-
way.  The HOG pathway consists of a core module of 
three tiers of protein kinases termed a MAP kinase 
(MAPK), a MAPK kinase (MAPKK, MAP2K), and a 
MAPKK kinase (MAPKKK, MAP3K).  In addition, 
the upstream part of the HOG pathway comprises the 
functionally redundant, but mechanistically distinct, 
SHO1 and SLN1 branches.  When yeast cells are ex-
posed to extracellular high osmolarity, the osmosen-

sors in the SHO1 and SLN1 branches independently 
detect osmostress to activate cognate MAP3Ks.  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 phos-
pho-relay system activates the functionally redun-
dant MAP3Ks Ssk2 and Ssk22 (Ssk2/22).  Activated 
Ste11 and Ssk2/22 phosphorylate and activate the 
MAP2K Pbs2. Activated Pbs2, in turn, phosphoryl-
ates the MAPK Hog1 at T174 and Y176 in its activa-
tion loop for its activation.  

Unregulated continuous activation of the HOG 
pathway is deleterious to cell growth, probably by 
preventing cell cycle progression.  Therefore, a mech-
anism is needed that appropriately inactivates the 
HOG pathway. Two groups of the protein phos-
phatases are involved in the HOG pathway inactiva-
tion.  The first group contains the members of the pro-
tein tyrosine phosphatases (PTP), namely, Ptp2 and 
Ptp3, which dephosphorylate Hog1 at Y176.  The sec-
ond group contains the members of the serine/threo-
nine protein phosphatase type 2 (PP2C), namely, 
Ptc1, Ptc2, Ptc3, and Ptc4.  Of these, Ptc1, Ptc2, and 
Ptc3 had been proposed as negative regulators of the 
HOG pathway, because their overexpression rescued 
the lethality of the sln1Δ cell by inhibiting the consti-
tutive activation of the HOG pathway.  Furthermore, 
overexpression of either Ptc1 or Ptc2 inactivated Hog1 
in vivo, and purified Ptc1 and Ptc2 dephosphorylated 
T174 in vitro.  In contrast, it was concluded that these 
phosphatases did not inhibit Pbs2 in vivo, because 

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 Makoto Nakanishi, M.D., Ph.D.
Associate Professor Kazuo Tatebayashi, Ph.D. 

教　授　医学博士　　　中　西　　　真
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 investigators to challenge new fields 
of bio-medical sciences.



237

overexpression of either Ptc1 or Ptc2 did not reduce 
Hog1 phosphorylation at Y176, which served as an 
indicator of the Pbs2 activity.  Thus, it had been pro-
posed that these type 2C phosphatases inactivate 
Hog1, but not Pbs2.  The phosphatases that dephos-
phorylate Pbs2 had not been identified yet.

The results of overexpression experiments must 
be regarded cautiously, because at high level of phos-
phatase expression, non-physiological substrates 
might be sufficiently dephosphorylated.  For that rea-
son, we consider the gene inactivation experiments 
more reliable.  Furthermore, estimating Pbs2 activity 
indirectly from the extent of Hog1 phosphorylation 
might be difficult, as the efficiencies of Pbs2 phospho-
rylating at Hog1 T174 and Y176 may be significantly 
different.  

This year, we examined the effects of inactivating 
the genes of type 2C phosphatases upon the phospho-
rylation status of Pbs2 at the activating phosphoryla-
tion sites Ser-514 and Thr-518 (S514 and T518) by di-
rectly measuring the levels of Pbs2 phosphorylation 
at S514 and T518 using the assay method we devel-
oped recently.  We found that S514 and T518 are dif-
ferentially dephosphorylated by different type 2C 
serine/threonine phosphatases.  Ptc1-Ptc4 collectively 
regulate Pbs2 negatively, but each Ptc acts differently 
to the two phosphorylation sites in Pbs2.  T518 is pre-
dominantly dephosphorylated by Ptc1, whereas the 
effect of Ptc2-Ptc4 could be seen only when Ptc1 is ab-
sent.  On the other hand, S514 is more evenly dephos-
phorylated by Ptc1, Ptc2, Ptc3, and Ptc4.  We also 
show that Pbs2 dephosphorylation by Ptc1 requires 
the adaptor protein Nbp2 that recruits Ptc1 to Pbs2.

2.  Osmostress enhances Pbs2 MAP2K phospho-
rylation by Ste11 MAP3K in the yeast os-
mo-regulatory HOG pathway 

Kazuo Tatebayashi

The yeast MAPK Hog1 is activated by hyperos-
motic stress through the High Osmolarity Glycerol 

(HOG) pathway, and orchestrates an array of os-
mo-adaptive changes in transcription, translation, cell 
cycle, and metabolism.  The current widely held mod-
el of the HOG pathway is as follows.  The upstream 
portion of the HOG pathway is comprised of 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 phos-
pho-relay mechanism is involved in activation of the 
functionally redundant MAP3Ks Ssk2 and Ssk22 
(Ssk2/22).  Ste11 and Ssk2/22 phosphorylate the 
MAP2K Pbs2 at Ser-514 and/or Thr-518.  Phosphoryl-
ated Pbs2 then activates Hog1.  Recently, we found 
that osmostress not only activates membrane-associ-
ated osmosensors, but also enhances Hog1 phospho-
rylation by mono-phosphorylated Pbs2.  The lack of 
the osmotic enhancement of the Pbs2-Hog1 reaction 
suppresses Hog1 activation by basal MAP3K activi-
ties and prevents pheromone-to-Hog1 crosstalk in the 
absence of osmostress, which ensures the appropriate 
Hog1 activation only under high osmolarity.  It has 
been unclear if osmostress acts on other phosphoryla-
tion steps in the MAP kinase cascade of the HOG 
pathway. 

This year, we examined if osmostress enhances 
Pbs2 MAP2K phosphorylation by Ste11 MAP3K as 
well as Hog1 phosphorylation.  Ste11 is phosphoryl-
ated and activated by the Ste20/Cla4 kinases upon 
high osmolarity.  The constitutively-active Ste11-
DDD mutant carries the substitution mutations of all 
activating phosphorylation sites for Ste20/Cla4 to 
phosphomimic Asp (S281D, S285D, and T286D), 
which circumvent the need for Ste20/Cla4 for Ste11 
activation.  The endogenous-level expression of Ste11-
DDD did not induce the phosphorylation of Pbs2 un-
der unstimulated condition, but induced it upon high 
osmolarity.  These results strongly suggest that Pbs2 
phosphorylation by activated Ste11 is osmotically-en-
hanced as Hog1 is.  The underlying mechanism is un-
der study.  

Publication
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The Division conducts clinical, pathologic, and therapeutic research on 
hematopoietic tumors and other hematologic diseases. In the field of genomic 
medicine, which has been developing in recent years, research for clinical 
implementation is also underway. In collaboration with HGC, our laboratory is 
conducting research on clinical sequencing, as well as research on artificial 
intelligence curation, automation and efficiency of clinical implementation, and the 
clinical significance of clinical sequencing. We are also working on elucidating the 
pathogenesis of genomic abnormalities revealed by clinical sequencing, such as 
hairy cell leukemia. In addition, the Center serves as a clinical hub for adult-onset 
histiocytosis and is working to bring novel therapies for refractory adult-onset 
histiocytosis into the clinic. The division is also working to improve the clinical 
practice of transplantation through the analysis of hematopoietic stem cell 
transplantation data. 

1.  Pretransplant EASIX score predicts non-re-
lapse and overall mortality of adult patients 
undergoing single-unit unrelated cord blood 
transplantation

Sumiko Fujita1, Maki Monna-Oiwa1, Seiko Kato1, 
Masamichi Isobe1, Satoshi Takahashi2, Yasuhito 
Nannya1, Takaaki Konuma1
1 Department of Hematology/Oncology, The Insti-
tute of Medical Science, The University of Tokyo, 
Tokyo, Japan
2 Division of Clinical Precision Research Platform, 
The Institute of Medical Science, The University of 
Tokyo, Tokyo, Japan

The Endothelial Activation and Stress Index 
(EASIX) is a laboratory-based score to estimate en-
dothelial damage occurring after hematopoietic cell 
transplantation (HCT). EASIX score exhibits dynamic 
changes during the transplantation course and has 
been shown as a predictor of non-relapse mortality 
(NRM) and worse overall survival (OS) in studies 
mainly focused on patients who received matched re-
lated and unrelated donor allogeneic HCT. However, 
the role of EASIX score is unclear in the setting of cord 
blood transplantation (CBT). The objective of this 
study was to examine the association between pre-
transplant EASIX score and post-transplant outcomes 
in adult patients undergoing single-unit CBT. We ret-
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rospectively evaluated the impact of EASIX score at 
different time points on post-transplant outcomes in 
adults following single-unit unrelated CBT between 
1998 and 2022 at our institute. EASIX scores were cal-
culated at the start of conditioning (EASIX-PRE), at 
day 30 post-CBT (EASIX-d30), at day 100 post-CBT 
(EASIX-d100), and at the onset of grade II to IV acute 
graft-versus-host disease (GVHD) (EASIX-GVHD II–
IV). 317 patients were included in this study. In the 
multivariate analysis, log2-EASIX-PRE (continuous 
variable) was significantly associated with lower risks 
of neutrophil (hazard ratio [HR] 0.87; 95% confidence 
interval [CI] 0.80-0.94; P<0.001) and platelet (HR 0.91; 
95%CI 0.83-0.99; P=0.047) engraftment, lower risk of 
grade II–IV acute GVHD (HR 0.85; 95%CI 0.76-0.94; 
P=0.003), and higher risk of veno-occlusive disease/
sinusoidal obstruction syndrome (VOD/SOS) (HR 
1.44; 95%CI 1.03-2.02; P=0.032). Log2-EASIX-PRE 
was also significantly associated with higher NRM 
(HR 1.42; 95%CI 1.08-1.86; P=0.011) and worse OS 
(HR 1.26; 95%CI 1.08-1.46; P=0.003), but not relapse 
(HR 1.02; 95%CI 0.88-1.18; P=0.780). Similarly, log2-
EASIX-d30 (HR 1.60; 95%CI 1.26-2.05; P<0.001), and 
log2-EASIX-d100 (HR 2.01; 95%CI 1.63-2.48; P<0.001) 
were also significantly associated with higher NRM, 
but not log2-EASIX-GVHD II–IV (HR 1.15; 95%CI 
0.85-1.55; P=0.360). Pretransplant EASIX score is a 
powerful predictor of engraftment, VOS/SOS, NRM, 
and OS in adult patients undergoing single-unit unre-
lated CBT who mainly received intensified condition-
ing regimens. EASIX is an easily evaluable and dy-
namic prognostic score to accurately predict 
post-transplant outcomes in patients at any time dur-
ing allogeneic HCT, particularly for CBT.

2.  Development of Explainable AI for Genomic 
Medicine

Yokoyama K1, Fukushima H2, Takamori H2, Abe 
S1 Tago S1, Ogawa M2, Nannya Y12, Imoto S4, Fuji 
M1
1 Department of Hematology/Oncology, IMSUT 
Hospital
2 Division of Hematopoietic Disease Control, IM-
SUT
3 Artificial Intelligence Laboratory, Fujitsu Re-
search, Fujitsu Ltd
4 Human Genome Center, IMSUT

【Background and Objectives】
In the ever-evolving field of genomic medicine, 

identifying disease-causing genetic variants is crucial 
for effective treatment. Given the vast number of 
these variants, the application of Artificial Intelligence 
(AI) becomes essential. Our research, in collaboration 
with Fujitsu Corporation, focuses on leveraging AI to 
address these challenges in two significant ways.
【Method】We introduced an explainable AI (XAI) 
model, which combines high estimation accuracy 

with explainability, utilizing a knowledge graph. This 
graph integrates databases relevant to genomic medi-
cine, enabling the XAI to assist physicians in identify-
ing disease-causing variants. By comparing our XAI 
with traditional methods like random forests and de-
cision trees, we demonstrated its superior estimation 
performance and explainability. This advancement is 
a step forward in promoting genomic medicine by 
providing a tool that not only predicts accurately but 
also explains its predictions. Next, we extend our XAI 
system to the analysis of structural variants (SV). This 
involves studying patterns in pathogenic SV regis-
tered in databases like COSMIC and Mitelman. The 
AI model is trained to not only estimate the patho-
genicity of unknown SV but also to provide summa-
ries of significant papers on known abnormalities. 
This approach aims to enhance explainability and re-
duce the research burden for scientists in the field.
【Conclusion】

These studies underscore our commitment to inte-
grating AI into genomic medicine. By developing AI 
that are both accurate and explainable, we aim to en-
hance the identification of genetic variants and SV, 
thereby supporting the advancement of personalized 
medicine.

3.  Deciphering the Genetic Landscape of Hairy 
Cell Leukemia: The Japanese Variant Perspec-
tive

Yokoyama K1, Watanabe T2, Kidoguchi K3, Ishii 
H4, Shimizu E5, Imoto S5, Jun Takizawa6,7, Seishi 
Ogawa8, Nannya Y1,2, Kimura S3
1 Department of Hematology/Oncology, IMSUT 
Hospital
2 Department of Drug Discovery and Biomedical 
Sciences, Faculty of Medicine, Saga University, 
Saga, Japan 
3 Division of Hematology, Respiratory Medicine 
and Oncology, Department of Internal Medicine, 
Faculty of Medicine, Saga University, Saga, Japan
4 Division of Clinical Oncology and Hematology, 
Department of Internal 
Medicine, Jikei University School of Medicine
5 Human Genome Center, IMSUT
6 Department of Hematology, Endocrinology and 
Metabolism, Niigata University Faculty of Medi-
cine, Niigata 
7 Prospective observation study of chronic lympho-
cytic leukemia, hairy cell leukemia and related dis-
eases in Japan (CLLRSG-01)
8 Department of Pathology and Tumor Biology, 
Graduate School of Medicine
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Background: Hairy Cell Leukemia (HCL), a rare 
form of mature B-cell tumor, presents in various sub-
types, including the BRAF p.V600E mutation-bearing 
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classic type (HCLc), and variant forms. Among these, 
the Western variant (HCLv) is well characterized, 
with established molecular pathologies and treatment 
including targeted therapies. In contrast, the Japanese 
variant (HCLjv), which shows distinct clinical fea-
tures, remains less understood..

Key Findings: In this context, we performed 
Whole Genome Sequencing (WGS) on two cases of 
HCLjv and identified three novel genetic variants. Of 
these variants, the most notable variant involved a 
cancer-related oncogene X, which was positioned 
near the immunoglobulin heavy chain enhancer (Eμ) 
due to a structural variant (SV). Loss-of-function mu-
tations were also identified in genes Y and Z, which 
are an inhibitor of the NFκB pathway and a key gene 
involved in epigenetic control through histone modi-
fication, respectively. Additionally, we investigated 
the overexpression of oncogene X and the deregula-
tion of the NF-κB pathway due to the loss of gene Y. 
These findings were confirmed using patient samples 
through flow cytometry and Western blotting (WB).

Progress & Collaborative Research: In a joint re-
search effort with the Chronic Lymphocytic Leukemia 
Research Study Group (CLLRSG-01), Saga Universi-
ty, Jikei University, and Kyoto University Biobank, 
we compiled cases of HCLjv and classic HCL (HCLc, 
n=7; HCLv+HCLjv, n=24). WGS revealed that 20% 
of HCLv+HCLjv cases had the X-related SV, strongly 
suggesting its involvement in the pathogenesis of 
HCLjv.

Future Directions: Currently, we are developing a 
conditional knock-in mouse model that recapitulate 
the X mutation to explore its functional significance in 
vivo. Simultaneously, we are evaluating an in vivo 
model involving the transplantation of HCL cell lines 
into immunodeficient mice. These cell lines are char-
acterized by the overexpression of gene X and the 
knockdown of gene Y. These studies aim to deepen 
our understanding of the molecular mechanisms un-
derlying HCLjv and pave the way for targeted thera-
peutic approaches.

Conclusion: This research marks a significant step 
in unraveling the complex genomic landscape of 
HCLjv, potentially leading to more effective treat-
ments and a better understanding of this rare leu-
kemia variant.

4.   Flow cytometric profiles with CD7 and CADM1 
reflect clinical course and predict prognosis of 
ATL

Koji Jimbo1, Toyotaka Kawamata2, Yoshihiro In-
amoto3, Ayumu Ito3, Kazuaki Yokoyama1, Aki 
Sato1, Takahiro Fukuda3, Kaoru Uchimaru4, Yasu-
hito Nannya1
1. Department of Hematology/Oncology, Research 
Hospital, The Institute of Medical Science, The Uni-
versity of Tokyo, Tokyo, Japan.
2. Department of Hematology, Tokyo Metropolitan 

Bokutoh Hospital, Tokyo, Japan.
3. Department of Hematopoietic Stem Cell Trans-
plantation, National Cancer Center Hospital, To-
kyo, Japan.
4. Laboratory of Tumor Cell Biology, Department of 
Computational Biology and Medical Sciences, 
Graduate School of Frontier Sciences, The Universi-
ty of Tokyo, Tokyo, Japan.

Flow cytometric plots of CD7 versus CADM1 in 
CD4+ T cells have been shown to be indicators of 
clonal evolution from HTLV-1 carriers to aggressive 
ATL. However, the role of flow cytometric profile on 
predicting clinical courses of ATL has not been eluci-
dated. We retrospectively analyzed the clinical and 
flow cytometric data (n=497) of 92 HTLV-1 infected 
patients from June 2012 to January 2023. We focused 
on the ratio of CD7+ CADM1- fraction (P fraction; 
normal cells) and CD7- CADM1+ fraction (N frac-
tion; infected/tumor cells) in CD4+ cells and referred 
to this as N/P ratio. N/P ratio significantly correlated 
with laboratory data reflecting the disease severity in-
cluding sIL-2R (U/ml), LDH (U/L), WBC count (/μL), 
and morphologically defined ATL cells (%, /μL). In 
addition, changes of N/P ratio before and after treat-
ment was significantly correlated with clinical re-
sponse (CR/PR vs SD: P<0.001, SD vs PD: P=0.022). 
Furthermore, N/P ratio predicted outcomes of aggres-
sive ATL cases. Pre-treatment N/P ratio stratified ATL 
cases who received chemotherapy in terms of OS 
(n=57; HR 2.60, 95%CI 1.15-5.87, P=0.017). N/P ratio 
after 1 course of treatment identified favorable cases 
with higher precision (n=57; HR 2.84, 95%CI 1.29-
6.21, P=0.006 for OS; HR 2.57, 95%CI 1.21-5.43, 
P=0.011 for PFS). Pre-allo-HSCT N/P values also pre-
dicted outcomes (n=33; HR 3.32, 95%CI 1.15-9.58, 
P=0.019 for OS; HR 3.72, 95%CI 1.26-11.01, P=0.011 
for PFS). These results suggest that flow cytometric 
profiles with CD7 and CADM1 could be a useful indi-
cator to predict disease status and outcomes of ag-
gressive ATL.

5.  Clinical and prognostic features of Langer-
hans cell histiocytosis in adults

Aki Sato1* | Masayuki Kobayashi2 | Nozomi Yusa3 | 
Miho Ogawa4| Eigo Shimizu5 |Toyotaka Kawama-
ta1 | Kazuaki Yokoyama1 | Yasunori Ota 6 | Tatsuo 
Ichinohe7 | Hitoshi Ohno8 | Yasuo Mori9| Emiko 
Sakaida10 | Tadakazu Kondo11 | Seiya Imoto5 |Yas-
uhito Nannya1,4| Kinuko Mitani12 and Arinobu 
Tojo13
1Department of Hematology and Oncology, Insti-
tute of Medical Science Research Hospital, Univer-
sity of Tokyo, Tokyo, Japan
2Department of Hematology, Tokyo Metropolitan 
Bokutoh Hospital, Tokyo, Japan
3Department of Applied Genomics, Institute of 
Medical Science Research Hospital, University of 
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Tokyo, Tokyo, Japan
4Division of Hematopoietic Disease Control, Insti-
tute of Medical Science, University of Tokyo, Tokyo, 
Japan
5Division of Health Medical Intelligence, Human 
Genome Center, Institute of Medical Science, Uni-
versity of Tokyo, Tokyo, Japan
6Department of Diagnostic Pathology, Institute of 
Medical Science Research Hospital, University of 
Tokyo, Tokyo, Japan
7Department of Hematology and Oncology, Re-
search Institute for Radiation Biology and Medi-
cine, Hiroshima University, Hiroshima, Japan
8Department of Hematology, Tenri Hospital, Nara, 
Japan
9Department of Medicine and Biosystemic Science, 
Kyushu University Graduate School of Medical 
Sciences, Fukuoka, Japan
10Department of Hematology, Chiba University 
Hospital, Chiba, Japan
11Department of Hematology and Oncology, Grad-
uate School of Medicine, Kyoto University, Kyoto, 
Japan
12Department of Hematology and Oncology, Dok-
kyo Medical University, Tochigi, Japan
13Institute of Innovation Advancement, Tokyo 
Medical and Dental University, Tokyo, Japan

Langerhans cell histiocytosis (LCH) is a rare dis-
ease characterized by clonal expansion of CD1a+ 
CD207+ myeloid dendritic cells. The features of LCH 
are mainly described in children and remain poorly 
defined in adults; therefore, we conducted a nation-
wide survey to collect clinical data from 148 adult pa-
tients with LCH. The median age at diagnosis was 
46.5 (range: 20–87) years with male predominance 
(60.8%). Among the 86 patients with detailed treat-
ment information, 40 (46.5%) had single system LCH, 
whereas 46 (53.5%) had multisystem LCH. Moreover, 
19 patients (22.1%) had an additional malignancy. 
BRAF V600E in plasma cell-free DNA was associated 
with a low overall survival (OS) rate and the risk of 
the pituitary gland and central nervous system in-
volvement. At a median follow-up of 55 months from 
diagnosis, six patients (7.0%) had died, and the four 
patients with LCH-related death did not respond to 
initial chemotherapy. The OS probability at 5 years 
post-diagnosis was 90.6% (95% confidence interval: 
79.8–95.8). Multivariate analysis showed that patients 
aged ≥60 years at diagnosis had a relatively poor 
prognosis. The probability of event-free survival at 5 
years was 52.1% (95% confidence interval: 36.6–65.5), 
with 57 patients requiring chemotherapy. In this 
study, we first revealed the high rate of relapse after 
chemotherapy and mortality of poor responders in 
adults as well as children. Therefore, prospective 
therapeutic studies of adults with LCH using targeted 
therapies are needed to improve outcomes in adults 
with LCH.

6.  A clonal relationship between histiocytic neo-
plasms and additional malignancies.

Aki Sato1* | Masayuki Kobayashi2 | Nozomi Yusa3 
|Yasuhito Nannya1,4|
1Department of Hematology and Oncology, Insti-
tute of Medical Science Research Hospital, Univer-
sity of Tokyo, Tokyo, Japan
2Department of Hematology, Tokyo Metropolitan 
Bokutoh Hospital, Tokyo, Japan
3Department of Applied Genomics, Institute of 
Medical Science Research Hospital, University of 
Tokyo, Tokyo, Japan
4Division of Hematopoietic Disease Control, Insti-
tute of Medical Science, University of Tokyo, Tokyo, 
Japan

Background: Histiocytic neoplasms (HN) in adults 
were reported that they were associated with a high 
prevalence of hematologic and solid malignancies.

Purpose: We identified the cases with different 
histiocytic neoplasms and additional malignancies 
bearing identical oncogenic mutations.

Methods: We investigated associations between 
histiocytic disorders and additional malignancies 
bearing the same genetic alteration(s) using whole-ex-
ome sequencing of the lesion tissue.

Results: We report three cases in which mutational 
analysis elucidated the clonal relationship and evolu-
tion.

Conclusion: These cases help to unravel the un-
derlying clinicopathological mechanisms of increased 
association of malignancies in histiocytic neoplasms.

7.   Antibody  response  after  SARS-CoV-2  mRNA 
vaccination after single-unit cord blood trans-
plantation.

Masamichi Isobe, Takaaki Konuma, Seiko Kato, 
Maki Monna-Oiwa, Satoshi Takahashi, Yasuhito 
NannyaDepartment of Hematology/Oncology, The 
Institute of Medical Science, The University of To-
kyo, Tokyo, Japan

Allogeneic hematopoietic cell transplantation is a 
risk for COVID-19 severity and vaccination is recom-
mended. On the other hand, immune reconstitution is 
more likely to be delayed after cord blood transplan-
tation compared to adult donors. Since there was a 
lack of previous reports on the efficacy of mRNA vac-
cination after cord blood transplantation, we tested 
the efficacy of mRNA vaccination using our cohort, 
which includes a large number of post-cord blood 
transplant patients.

Between September 2021 and March 2022, we ana-
lyzed 138 patients aged 16 years and older in our de-
partment who received two doses of BNT162b2 or 
mRNA-1273 during or after treatment for hematopoi-
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etic diseases. 2 weeks after the second dose, serum 
anti-S protein IgG antibody titer was measured using 
Abbott SARS-CoV-2 IgG II Quant. Patients were di-
vided into two groups: after cord blood transplanta-
tion and after allogeneic bone marrow/peripheral 
blood stem cell transplantation, as well as those who 
did not undergo allogeneic transplantation, and were 
compared retrospectively.

The number of patients was 51, 16, and 71, respec-
tively. Median age was 54 (range, 22-74), 51 (29-68), 
and 60 (26-89) years, and the most common diseases 
were acute myeloid leukemia in 23 (45%), B-cell ma-
lignant lymphoma in 4 (25%), and B-cell malignant 
lymphoma in 22 (31%), respectively. Median time 
from last treatment to vaccination was 3.2 (range, 0.0-
21.0), 7.6 (0.0-33.4), and 0.0 (0.0-10.7) years, respec-

tively. When antibody titer of 7.1 BAU/ml or higher 
was defined as antibody acquisition, antibody acqui-
sition was observed in 94.1% of patients after cord 
blood transplantation, 93.8% after allogeneic bone 
marrow/peripheral blood stem cell transplantation, 
and 91.5% of non-transplant cases after 2-dose immu-
nization. After cord blood transplantation, systemic 
steroid administration at the time of initial immuniza-
tion (p=0.014) and low total lymphocyte count 
(p=0.023) affected failure to acquire antibodies. The 
lower cumulative incidence of extensive chronic 
graft-versus-host disease after cord blood transplan-
tation and the superior post-transplant B lymphocyte 
engraftment compared to other grafts may have con-
tributed to the relatively good antibody acquisition 
after cord blood transplantation.
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1.  Treatment of HIV/AIDS and sexually-transmit-
ted diseases in IMSUT hospital 

Statistical characteristics of HIV/AIDS at IMSUT 
Hospital show that fourteen new patients with HIV 
infection visited to our hospital this year (from Janu-
ary 1 to December 31, 2022), and 572 patients in total 
are under medical management in our outpatient 
clinic. Five hundred fifty-seven people living with 
HIV (PLWH) are receiving antiretroviral therapy [1] 
at the hospital, and most of their plasma HIV viral 
loads have been well controlled. This is due to the fact 
that the medication adherence of PLWH visiting our 
clinic is at an adequate level for HIV suppression. Fig-
ure 1 shows the number of PLWH attending IMSUT 
hospital since 1995.

This year, the results of the SOLAR study, Study 
to Evaluate Efficacy and Safety of Cabotegravir (CAB) 
Long Acting [1] Plus (+) Rilpivirine (RPV) LA Versus 
BIKTARVY® (BIK) in Participants With Human Im-
munodeficiency Virus (HIV)-1 Who Are Virologically 
Suppressed were presented at national and interna-

tional conferences, and real-world data from our hos-
pital on CAB plus RPV were presented at conferences 
and in papers. We also published a paper on the treat-
ment and clinical findings of mpox, an emerging in-
fectious disease of HIV-MSM.

2.   Changes in inflammatory biomarkers and lipid 
profiles after switching to long-acting cabote-
gravir plus rilpivirine 

Eisuke Adachi, Makoto Saito, Amato Otani, Mi-
chiko Koga, Hiroshi Yotsuyanagi

We assessed whether the impact of cabotegravir 
plus rilpivirine on inflammation reduction differs 
from that of oral antiretrovirals, using real-world 
data. Inflammatory biomarkers and lipid profiles 
were followed from baseline to 8 months after switch-
ing. Seventy-eight participants were analyzed. The 
CD4/CD8 ratio and C-reactive protein did not change. 
There were transient decreases in CD8 and CD4 
counts in the group that switched from the dolutegra-
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treatment for other infections such as hepatitis and malaria. Furthermore, we have 
addressed cases of mpox, an emerging and re-emerging infection prevalent among 
HIV-MSM.
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vir-based regimen, but not in the tenofovir alafena-
mide-based regimen group. High-density lipoprotein 
(HDL) cholesterol increased, resulting in a decrease in 
the total-cholesterol to HDL cholesterol ratio, where-
as there was no significant change in low-density li-
poprotein cholesterol.

3.  Mpox associated with Panton-Valentin leucoci-
din-producing methicillin-resistant Staphylo-
coccus aureus among people with HIV

Eisuke Adachi, Kazuhiko Ikeuchi, Amato Otani, 
Makoto Saito, Michiko Koga, Hiroshi Yotsuyanagi

We report three cases of mpox (disease caused by 
the monkeypox virus) that developed in people with 
HIV co-infected with Panton-Valentin leucocidin-pro-
ducing methicillin-resistant Staphylococcus aureus 
(PVL-MRSA), diagnosed in mid-February 2023. All 
three cases had preserved HIV immune status, and 
their mpox was mild and resolved without antiviral 
medications, but the trigger for their visit was the 
presence and history of skin and soft tissue infections. 
Our cases suggest that mpox is already prevalent 
among sexually active MSM in Tokyo, Japan. 
PVL-MRSA has been extremely rare in the general 
population of Japan, but several literatures reported 
widespread prevalence of PVL-MRSA among sexual-
ly active MSM-HIV. Mpox will become prevalent in 
the future in a population of sexually active MSM at 
high risk for PVL-MRSA infection, requiring an un-
derstanding of the interaction and pathogenesis of the 
two diseases.

4.  Treatment of COVID-19 in IMSUT hospital

We started to treat COVID-19 patients at the IM-
SUT Hospital in February, 2020. To date, the number 
of patients hospitalized at the request of public health 
centers, etc., is the second largest among all public 

university hospitals in Japan. We participated in sev-
eral international clinical trials. (e.g., S-217622) and 
conducted a phase I trial to evaluate the safety, toler-
ability, and immunogenicity of KM-414 (KM Biolog-
ics, Kumamoto, Japan), an inactivated vaccine against 
SARS-CoV-2 developed by KM biologics and IMSUT 
(The investigator-initiated clinical trial, phase I trial, 
investigating the safety and immunogenicity of boost-
er vaccination against COVID-19, jRCT2031210503).

5.  Bioterrorism-related information website man-
agement and crisis management

“バイオテロ対応ホームページ” (a website provid-
ing information on bio-terrorism in Japanese), which 
was developed in 2008 to provide information on 
clinical diagnosis and testing procedures for bioter-
rorism-related diseases for medical institutions, and 
was opened to the public in 2016 in anticipation of 
international situations and mass gathering events in 
Japan.

6.  Crisis management for the future: Building a 
platform to provide information on emerging 
and re-emerging infectious diseases from nor-
mal times in Japan

Eisuke Adachi, Amato Otani, Hiroshi Yotsuyanagi, 
Masayuki Saijo1, Tomoya Saito2

*1 Public Health Office, Health and Welfare Bu-
reau, City of Sapporo, *2 Center for Emergency Pre-
paredness and Response, National Institute of Infec-
tious Diseases

At the beginning of the mpox (disease caused by 
monkey pox) epidemic, there was no platform in Ja-
pan to provide appropriate information on emerging 
and reemerging infectious diseases, and the number 
of accesses to bioterrorism-related information sites 
increased rapidly. Even though the interest in mpox 

Figure 1. Number of PLWH attending IMSUT Hospital
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was much smaller than in coronavirus infectious dis-
ease, emerged in late 2019 (COVID-19), the increase in 
the number of views were much greater than during 
the COVID-19 epidemic. This may not be because 
mpox is bioterrorism-related as an analog of small-
pox, but rather because there were no other websites 
providing information on mpox. For future crisis 
management, there should be a platform for provid-
ing information on emerging and reemerging infec-
tious diseases from normal times.

7.   Pre- and post-travel treatment of imported in-
fectious diseases and tropical diseases at IM-
SUT Hospital

The pandemic of COVID-19 had unprecedented 
impact of our life; global transport and travelling was 
one of the most affected areas. In mid 2022, the num-
ber of returnees and travelers consulted gradually in-
creased, and two cases of malaria patients visited the 
hospital. For the tropical and parasitic diseases, doz-
ens of important medicines essential for treatment of 
them are not licensed in Japan. Research Group on 
Chemotherapy of Tropical Diseases, Research on 
Publicly Essential Drugs and Medical Devices, Grant 
from Japan Agency for Medical Research and Devel-
opment had been established to cope with this situa-
tion. We are the medical institution of the research 
group using these orphan drugs if needed, and collet-
ing clinical data.

8.  Treatment of hepatitis in IMSUT hospital:

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.

9.  Incidence of sexually transmitted hepatitis C 
virus infection among men who have sex with 
men in Japan from 2009 to 2023

Eisuke Adachi, Makoto Saito, Tadashi Kikuchi, Ka-
zuhiko Ikeuchi, Michiko Koga, Takeya Tsutsumi, 
Hiroshi Yotsuyanagi

Although the prevalence of hepatitis C virus 
(HCV) infection has decreased significantly with the 
advent of direct-acting antiviral agents, HCV is 
known to spread as a sexually transmitted disease 
among men who have sex with men (MSM), and this 
study aims to provide a perspective on the future 
prevalence of HCV in Japan. We examined incidence 
in two groups of MSM with HIV attending our insti-
tution in this retrospective cohort study, from 2009 to 
2019 and from 2020 to May 2023 and investigated 
their background factors. Twenty-two cases were 
newly confirmed to be HCV infection in 2009-2019 
and a total of 9 cases in 2020-2023, with an incidence 
rate of 5.04 per 1000 person-years in 2009-2019 and 
5.55 per 1000 person-years in 2020-2023. All of them 
were diagnosed at routine outpatient visits for HIV, 
and few cases were considered to have symptoms of 
suspected hepatitis that led to a visit to the hospital 
and a diagnosis of HCV. Although HCV is still preva-
lent among MSM in Japan, it is possible that it would 
not have been diagnosed without testing at regular 
visits as in the case of people with HIV, and that the 
true prevalence rate among MSM, including 
non-HIV-infected persons, may be much higher.
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1.  Clinical activities in IMSUT Hospital

Tomonao Tanaka, Satsuki Aochi, Masaaki Uehara, 
Motohisa Yamamoto

Rheumatologists at our division provide state-of-
the-art diagnosis and treatment for systemic autoim-
mune diseases (the total number of patients was ap-
proximately 3,000 per year). Our physicians have 
active basic and clinical research projects and also are 
involved in the training of rheumatology specialists. 

Rheumatologic services offered at IMSUT Hospital
include:
• Outpatient consultations
• Outpatient specialty care for patients with rheumat-

ic diseases
• Hospital consultations
• Education on rheumatologic diseases and treat-

ments
• Training of residents and young doctors for rheu-

matologists
• Clinical trials
• Community medicine

2.  Establish of new registry for patients with 
IgG4-related disease and develop novel diag-
nostic and therapeutic approaches for IgG4-re-
lated disease

Tomonao Tanaka, Satsuki Aochi, Masaaki Uehara, 
Motohisa Yamamoto

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 (TOMORROW registry), and started to en-
roll IgG4-related disease patients. We cooperate with 
national policies and also provide the data to the Rare 
Disease Data Registry of Japan (RADDAR-J), which 
was established by AMED. We will organize the clin-

IMSUT Hospital

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

Associate Professor Motohisa Yamamoto, M.D., D.M.Sc.
Assistant Professor Masaaki Uehara, M.D., D.M.Sc.

准教授　博士（医学）　　山　本　元　久
助　教　博士（医学）　　上　原　昌　晃

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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ical figures of IgG4-related disease and develop a 
more accurate diagnostic and therapeutic approach 
by a TOMORROW registry. 

Furthermore, using the obtained blood and tissue 
samples, we will carry out a multi-omics analysis. We 
will link the results to the individual clinical data, and 
promote personalized medicine that predicts thera-
peutic response and prognosis using artificial intelli-
gence. To achieve this, we are currently conducting 
RNA-Seq of both salivary gland specimens and pe-
ripheral blood mononuclear cells, microbiome analy-
sis of saliva, and analysis of the relationship between 
therapeutic response and HLA.

3.  Development of AI-based diagnostic, thera-
peutic methods, and prognostic algorithms for 
rheumatic diseases

Tomonao Tanaka, Masaaki Uehara, Motohisa 
Yamamoto

Rheumatic diseases are currently diagnosed using 
patterned diagnostic criteria based on a combination 
of physical, hematological, and imaging findings. In 
addition, the therapeutic strategy for rheumatic dis-
eases is decided after carefully considering the distri-
bution and degree of disability. We have developed a 
diagnostic algorithm for IgG4-related disease based 
on clinical data collected in a multicenter collabora-
tion. The subjects were 602 patients with IgG4-RD 
who visited the Institute of Medical Science, The Uni-
versity of Tokyo (IMSUT) Hospital, The University of 
Tokyo Hospital, Kanazawa University Hospital, Shin-
shu University Hospital, Kyoto University Hospital, 
and Sapporo Medical University Hospital. The analy-
sis was performed using a decision tree and a random 
forest model. A dataset including two basic patient 
characteristics and 29 laboratory findings was created 
for each case at the first visit. Both analysis showed 
good accuracy, sensitivity, and specificity of the algo-
rithm. Algorithms for predicting response to therapy, 
complications, and prognosis are currently being de-
veloped for rheumatoid arthritis and other rheumatic 
disorders. 

4.  Development of preventive methods for gluco-
corticoid-induced myopathy and osteonecro-
sis

Masaaki Uehara, Motohisa Yamamoto

The administration of glucocorticoids to patients 
with rheumatic diseases often results in glucocorti-
coid-induced myopathy. We previously found that 
administration of branched-chain amino acids 
(BCAA) to such patients improves the loss of skeletal 
muscle, especially slow-twitch muscle. We also found 
that the serum concentration of the specific amino ac-
ids reflects the slow-twitch muscle improvements. 
Based on this, we propose the need for separate mus-
cle recovery methods for slow- and fast-twitch mus-
cles and investigate the best method for each. 

On the other hand, when a large amount dose of 
glucocorticoid is used for remission induction, the 
risk of osteonecrosis of the femoral head occurs. Cur-
rently, osteonecrosis of the femoral head is one of the 
complications that there is no way to prevent. In col-
laboration with the Department of Orthopaedic Sur-
gery, Sapporo Medical University School of Medicine, 
we are working to develop a method to prevent oste-
onecrosis of the femoral head. Currently, several can-
didate drugs have been identified and clinical trials 
have been completed.

5.  Establishment of pathogenesis and prevention 
of rheumatic diseases after COVID-19 vaccine

Satsuki Aochi, Masaaki Uehara, Motohisa Yamamo-
to

The onset of rheumatic diseases after COVID-19 
vaccination has attracted much attention in recent 
years. It has also been experienced that patients with 
rheumatic diseases suffer exacerbation of the primary 
condition when receiving the vaccination.  For this 
reason, we are urgently working to elucidate the 
pathogenesis of this disease and to establish a prophy-
lactic method.
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1.  Treatment of patients with advanced cancer.

Boku N., Baba K.

Patients with various, mainly gastrointestinal, 
cancers were treated by standard therapy including 
cytotoxic chemotherapy, molecular target agents, im-
mune checkpoint inhibitors, in combination with sur-
gery and radiation therapy. The number of chemo-
therapy cases has been increasing: 116 chemotherapy 
regimens for 90 patients in 2023. With help of the spe-
cial patient support team including nurses, pharma-
cists and nutritionist, the quality and system of pa-
tient care during chemotherapy has been improved. 
Patient enrollment to the clinical trial to prevent 
hand-hoot syndrome in colorectal cancer patients re-
ceiving adjuvant chemotherapy with capecitabine 
plus oxaliplatin has been completed. We are conduct-
ing a prospective observational study to improve our 
daily activities of patient care. In 2023, we started an 

investigator initiated phase I/II clinical trial of S-1 at 
an elevated dose according to the BBT formula devel-
oped by us in combination with oxaliplatin and 
nivolumab for advanced gastric cancer in collabora-
tion with other hospitals. For new drug development, 
we enrolled two patients to the phase III trial of ipili-
mumab plus nivolumab and cytotoxic agents, and 
one clinical trial for gastric cancer has been initiated 
in 2023: a phase III trial of ONO-4578 in combination 
with nivolumab and chemotherapy and a phase I trial 
of recombinant SLAM-blind measles virus, which 
was developed in our institute, for nectin-4-positive 
solid tumors. Furthermore, we join in the collabora-
tive study groups (West Japan Oncology Group, Osa-
ka Gastric Cancer Study Group), and we participate 
in other several multi-center clinical trials and trans-
lational research. We contribute to the publishing 
treatment guidelines such as gastric cancer, futility 
preservation and prevention of chemotherapy in-
duced emesis.
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The department of oncology and general medicine started in July 2021 taking over 
the department of general medicine. Our aim is to practice total human medical 
care including cancer patients in collaboration with other departments at IMSUT 
hospital and conduct clinical research. The members specialize in medical 
oncology, gastroenterology, hepatology, oncology, cardiology, endocrinology/
metabolism. We have just started our new clinical trials.
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2.  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 2023, 94 
patients (18 with drug allergies, 34 with drug-resist-
ant H. pylori) visited our hospital and received eradi-
cation treatment. Of these patients, 86% were suc-
cessfully eradicated. 

3.  Endoscopic examination in IMSUT Hospital 
(Department of General Medicine)

Matsubara Y., Hirata Y.

About 760 cases of upper gastrointestinal endos-
copy and about 770 cases of colonic endoscopy were 
performed under cooperation with department of 
surgery from January 1 to December 31, 2023. We 
have diagnosed relatively rare disease (e.g. infectious 
disease, malignancy, other disease) in patients with 

immune dysfunction. We started endoscopic mucosal 
resection for early gastric and colorectal cancers, and 
obtained preferable therapeutic results. 

4.  Multicenter clinical and experimental studies 
of muscular dystrophy.

Koichi Kimura

Multicenter studies, drug interventional study 
and observational cohort study, in patients with mus-
cular dystrophy have been proceeded in collabora-
tion with NHO (National Hospital Organization) hos-
pitals; Sendai-nishitaga National Hospital (Miyagi), 
Niigata National Hospital (Niigata), Matsumoto 
Medical Center (Nagano), Shimoshizu National Hos-
pital (Chiba), Hakone National Hospital (Kanagawa), 
Osaka-toneyama Medical Center (Osaka), Iou Na-
tional Hospital (Ishikawa), and Hiroshima-nishi 
Medical Center (Hiroshima). Also, we performed sev-
eral animal experiments using CRISPR/CAS9 ge-
nome-designed rats in collaboration with department 
of veterinary physiology (The University of Tokyo), 
Kobe tokiwa university (Hyogo), and National Insti-
tute of Advanced Industrial Science and Technology 
(AIST, Ibaraki). Other animal experiments using 
dogs, pigs and knockout mice were performed in col-
laboration with National Center of Neurology and 
Psychiatry (NCNP, Tokyo). We also contribute to the 
publication of Japanese clinical guideline of Duchenne 
muscular dystrophy.
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1.  Genetic test of human neoplasms

Yoichi Furukawa

As a part of clinical service, we have performed 
genetic analysis of human neoplasms including 
colorectal cancer. A total of 25 cases were analyzed by 
WGS in 2023. The results were utilized for the precise 
classification of neoplasms, evaluation of disease sta-
tus, 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 2023, 
we had a total of 23 counseling cases for various he-
reditary disease such as myotonic dystrophy, 
Duchenne muscular dystrophy, Huntington’s dis-
ease, familial thoracic aortic aneurysm and dissection, 
Hirschsprung disease, and Lynch syndrome. In the 
counseling, we provided appropriate information 
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 discussion 
about its merit and demerit.

Systematic surveillance programs are provided 
for the patients 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-
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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 remains unsatisfactory. To investigate the 
efficacy of genetic testing in the screening of EC, we 
analyzed pathogenic mutations by target sequencing 
in a total of 208 LBC samples using Cancer Hotspot 
Panel comprising of 50 cancer-related genes. We ex-
cluded 13 samples with low sequence-coverage and 
analyzed 195 of the 208 cases. Cytological analysis re-
vealed that 24 of 38 ECs (63.2% of sensitivity) were 
positive, and genetic analysis identified somatic mu-
tations in 29 of the 38 cases (76.3% of sensitivity). 
Combination of cytology and genetic analysis in-
creased the detection rate of ECs up to 86.8% (33 of 
the 38) suggesting that genetic analysis contributes to 
the enhanced sensitivity of cytological screening for 
EC. Although all 16 patients with precancerous le-
sions including endometrial polyps and endometrial 
hyperplasia were negative for cytology, somatic mu-
tations were found in eight of the 16 (50%) patients, 
indicating that genetic analysis is useful for the deter-
mination of premalignant diseases in the endometri-
um. Importantly, driver alterations were identified in 
32 out of 125 women who did not have malignant or 
premalignant conditions. PTEN mutations were iden-
tified in two (1.6%) of the 125 women without malig-
nant or premalignant diseases but were found in 20 
(51.3%) of the 39 patients with endometrial malig-
nancies. Additionally, CTNNB1 and TP53 mutations 
were identified in single cases (0.8%) of the 125 indi-
viduals but were found in eight (20.5%) and five 
(12.8%), respectively, in the 39 women with endome-
trial malignancy. These data suggest that caution is 
warranted for the interpretation of genetic alterations 
detected in endometrial samples. Although further 
studies are necessary, PTEN, CTNNB1 and TP53 mu-
tations may be useful for the biomarkers to predict 
endometrial malignancies. 

4.  Clinical sequencing for the implementation of 
genomic medicine

Kiyoko Takane, Kiyoshi Yamaguchi, Tsuneo Ike-
noue, Yoichi Furukawa, Eigo Shimizu1, Rika Kasaji-
ma1, Kotoe Katayama1, Seiya Imoto1, Tetsuo 
Shibuya2, Kazuaki Yokoyama3, Yasuhito Nanya3, 
Koichiro Yuji4, Rui Yamaguchi5, Satoru Miyano6: 

1Division of Health Medical Intelligence, 2Division of 

Medical Data Informatics, Human Genome Center, 

3Department of Hematology/Oncology, 4Project Di-
vision of International Advanced Medical Research, 
Advanced Clinical Research Center, IMSUT, 5Divi-
sion of Cancer Systems Biology, Aichi Cancer Center 
Research Institute, 6Systems Biology for Intractable 
Diseases, Medical Research Institute, Tokyo Medi-
cal and Dental University

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), Lynch 
syndrome (LS), and polymerase proofreading-associ-
ated polyposis (PPAP). In addition to short read-se-
quencing, we took advantage of MinION, a long-read 
sequencer of Oxford nanopore platform, for the de-
tection of pathogenic structural variants (SVs) because 
not only single nucleotide variants (SNVs) and short 
insertions and deletions (indels) but also structural 
variations (SVs) are responsible for the predisposition 
of hereditary cancer. Utilizing MinION, we have suc-
cessfully identified the breakpoint of a pathogenic SV 
that could not be determined by short-read sequenc-
ing technology.

We have been also working on the implementa-
tion of genomic data in clinics. Patients with colorec-
tal, gastric, cervical cancer, and pheochromocytoma 
who gave written informed consent for genetic analy-
sis and prediction of treatment using artificial intelli-
gence were enrolled in this study. Genetic alterations 
in their tumors were determined by NGS, and the 
data were subsequently analyzed by QIAGEN Clini-
cal Insights (QCI). The results of QCI including pre-
dicted driver mutations and suggested actionable 
drugs were discussed in our tumor board. This board 
consisted of physicians, medical oncologists, genetic 
counsellors, geneticists, bioinformaticians, and ex-
perts of ethics, and was held online every two weeks.
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Feasibility study of direct CT lymphangiography 
in mice: comparison with  interstitial CT/MR  lym-
phangiography.
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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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In the present study, we aimed to establish a CT 
lymphangiography method in mice via direct lymph 
node puncture. We injected healthy mice (n = 8) with 
50 µl of water-soluble iodine contrast agent (iome-
prol; iodine concentration, 350 mg/mL) subcutane-
ously into the left-rear foot pad (interstitial injection) 
and 20 µl of the same contrast agent directly into the 
popliteal lymph node (direct puncture) 2 days later. 
Additionally, we performed interstitial MR lym-
phangiography on eight mice as a control group. We 
calculated the contrast ratio for each lymph node and 
visually assessed the depiction of lymph nodes and 
lymphatic vessels on a three-point scale. As a result, 
the contrast ratios of 2-min post-injection images of 
sacral and lumbar-aortic lymph nodes were 20.7 ± 
16.6 (average ± standard deviation) and 17.1 ± 12.0 in 
the direct puncture group, which were significantly 
higher than those detected in the CT or MR interstitial 
lymphangiography groups (average, 1.8-3.6; p = 
0.008-0.019). The visual assessment scores for sacral 
lymph nodes, lumbar-aortic lymph nodes, and cister-
na chyli were significantly better in the direct punc-
ture group than in the CT interstitial injection group 
(p = 0.036, 0.009 and 0.001, respectively). The lym-
phatic vessels between these structures were signifi-
cantly better scored in direct puncture group than in 
the CT or MR interstitial lymphangiography groups 
at 2 min after injection (all p ≤ 0.05). To sum up, in CT 
lymphangiography in mice, the direct lymph node 
puncture provides a better delineation of the lym-
phatic pathways than the CT/MR interstitial injection 
method, which we believe that direct CT lymphangi-
ography will be the first choice for the evaluation of 
lymphatic pathways in mice.

Early detection of hypervascularization in hepato-
cellular  carcinoma  (≤  2  cm)  on  hepatic  arterial 
phase with virtual monochromatic imaging: Com-
parison with low-tube voltage CT.

Yamaguchi H, Ichikawa T4, Morisaka H5, Akai H, 
Izuka K6, Ueno T6, Abe O3, Tsushima Y4.
4 Diagnostic Radiology and Nuclear Medicine De-
partment, Gunma University Graduate School of 
Medicine, 5 Department of Radiology, University of 
Yamanashi, 6 Department of Gastroenterology, Is-
esazaki Municipal Hospital

This study aims to assess the diagnostic value of 
virtual monochromatic image (VMI) at low keV ener-
gy for early detection of small hepatocellular carcino-
ma (HCC) in hepatic arterial phase compared with 
low-tube voltage (80 kVp) CT generated from du-
al-energy CT (DE-CT). A total of 107 patients with 114 
hypervascular HCCs (≤2 cm) underwent DE-CT, 140 
kVp, blended 120 kVp, and 80 kVp images were gen-
erated, as well as 40 and 50 keV. CT numbers of HCCs 
and the standard deviation as image noise on psoas 
muscle were measured. The contrast-to-noise ratios 
(CNR) of HCC were compared among all techniques. 
Overall image quality and sensitivity for detecting 
HCC hypervascularity were qualitatively assessed by 
three readers. The mean CT numbers, CNR, and im-
age noise were highest at 40 keV followed by 50 keV, 
80 kVp, blended 120 kVp, and 140 kVp. Significant dif-
ferences were found in all evaluating endpoints ex-
cept for mean image noise of 50 keV and 80 kVp. Im-
age quality of 40 keV was the lowest, but still it was 
considered acceptable for diagnostic purposes. The 
mean sensitivity for detecting lesion hypervascularity 
with 40 keV (92%) and 50 keV (84%) was higher than 
those with 80 kVp (56%). Low keV energy images 
were superior to 80 kVp in detecting hypervasculari-
zation of early HCC.
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1.  Clinical sequencing in patients with refractory 
advanced cancers.

Yasuki Hijikata1, Tetsuya Ito1, Keishi Mori1, Noriko 
Fujiwara1, Kiyoshi Yamaguchi2, Tsuneo Ikenoue2, 
Seiya Imoto3, Yasuo Matsubara4, Kazuaki 
Yokoyama5, Hiroshi Yotsuyanagi4, Yoichi Furuka-
wa2

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, Keishi Mori1, Noriko Fujiwara1, Aya 
Watanabe1, Tomoe Honda1, Yasuki Hijikata1

1 Dept. of Palliative Medicine / Advanced Clinical 
Oncology, IMSUT Hosp.

Patients with life-threatening illness including 
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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.
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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.
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1.   HHV8 negative effusion-based lymphoma has 
been adopted for the new WHO classification. 

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-

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. 
Project Assistant Professor Tamami Denda, Ph.D.
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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. 
We also perform pathological and cytological diagnosis of many specimens 
submitted by various departments.
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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.

This disease concept has been adopted for the new 
WHO classification of hematolymphoid tumor. 

2.  Medical Activities

We have performed microscopic diagnosis of 
many pathological and cytological samples. We also 
provided immunohistochemical analysis and in situ 
hybridization in order to improve the diagnostic ac-
curacy and decide the treatment.
　　Pathological diagnosis n = 1540

　　　　Biopsy n = 959
　　　　Surgical resection n = 294
　　　　Bone marrow aspiration n = 176
　　　　Intraoperative diagnosis n = 22
　　　　Consultation n = 78
　　　　Other n = 11
　　Cytological diagnosis n = 445
　　Autopsy n = 3

3.  Pathology Core Laboratory II

Pathology Core Laboratory II handles a large 
number of specimens, including mouse, cultured cells 
and human tissue samples collected at the IMSUT 
hospital. We have performed preparation of patho-
logical specimen and pathological analysis (n = 71).

Publications

1.   Emi Sugimoto, Jingmei Li, Yasutaka Hayashi, Ko-
hei Iida, Shuhei Asada, Tsuyoshi Fukushima, Moe 
Tamura, Shiori Shikata, Wenyu Zhang, Keita 
Yamamoto, Kimihito Cojin Kawabata, Tatsuya Ka-
wase, Takeshi Saito, Taku Yoshida, Satoshi 
Yamazaki, Yuta Kaito, Yoichi Imai, Tamami Den-
da, Yasunori Ota, Tomofusa Fukuyama, Yosuke 
Tanaka, Yutaka Enomoto, Toshio Kitamura, Susu-
mu Goyama. Hyperactive Natural Killer cells in 
Rag2 knockout mice inhibit the development of 
acute myeloid leukemia. Commun Biol. 2023 Dec 
21;6(1):1294. doi: 10.1038/s42003-023-05606-3.(2023)

2.   Miyazaki H, Hoshi N, Ishida T, Nishioka C, Ouchi 
S, Shirasaka D, Yoshie T, Munetomo Y, Sakamoto 
Y, Osuga T, Matsui S, Hyodo T, Denda T, Watanabe 
D, Ooi M, Kodama Y. Association of CD4-positive 
cell infiltration with response to vedolizumab in 
patients with ulcerative colitis. Sci Rep. 2023 Nov 
20;13(1):20262. doi: 10.1038/s41598-023-47618-3.
(2023)

3.   Sayaka Nagao, Yu Takahashi, Tamami Denda, 
Yukihisa Tanaka, Yuko Miura, Hiroya Mizutani, 
Daisuke Ohki, Yoshiki Sakaguchi, Seiichi Yakabi, 
Yosuke Tsuji, Keiko Niimi, Naomi Kakushima, 
Nobutake Yamamichi, Yasunori Ota, Kazuhiko 
Koike, Mitsuhiro Fujishiro. Reduced DEFA5 Ex-
pression and STAT3 Activation Underlie the Sub-
mucosal Invasion of Early Gastric Cancers. Diges-
tion. 2023 Aug 18;1-14. doi: 10.1159/000531790. 
Online ahead of print.(2023)

4.   Keisuke Baba, Yasuo Matsubara, Yoshihiro Hirata, 
Yasunori Ota, Satoshi Takahashi, Narikazu Boku. 

Case report: Irinotecan-induced interstitial lung 
disease in an advanced colorectal cancer patient 
resurfacing decades after allogeneic bone marrow 
transplantation for aplastic anemia; a case report 
and narrative review of literature. Front Oncol. 
2023; 13: 1215789.Published online 2023 Jun 16. 
doi: 10.3389/fonc.2023.1215789. (2023)

5.   Aki Sato, Masayuki Kobayashi, Nozomi Yusa, 
Miho Ogawa, Eigo Shimizu, Toyotaka Kawamata, 
Kazuaki Yokoyama, Yasunori Ota, Tatsuo Ichino-
he, Hitoshi Ohno, Yasuo Mori, Emiko Sakaida, 
Tadakazu Kondo, Seiya Imoto, Yasuhito Nannya, 
Kinuko Mitani, Arinobu Tojo. Clinical and prog-
nostic features of Langerhans cell histiocytosis in 
adults. Cancer Sci. 2023 Jun 26. doi: 10.1111/cas. 
15879. Online ahead of print.(2023)

6.   Hans Jiro Becker, Reiko Ishida, Adam C Wilkin-
son, Takaharu Kimura, Michelle Sue Jann Lee, Ce-
vayir Coban, Yasunori Ota, Yosuke Tanaka, Meike 
Roskamp, Tsubasa Sano, Arinobu Tojo, David G 
Kent, Satoshi Yamazaki. Controlling genetic heter-
ogeneity in gene-edited hematopoietic stem cells 
by single-cell expansion. Cell Stem Cell. 2023 Jul 
6;30(7):987-1000.e8. doi: 10.1016/j.stem.2023.06.002. 
Epub 2023 Jun 28. (2023)

7.   Koichi Yabunaka, Haruka Oshima, Yasunori Ota, 
Masayo Matsuzaki. Ultrasonographic Evaluation 
of Intravenous Lobular Capillary Hemangioma in 
the Cephalic Vein. J Med Ultrasound. 2023 Jan-Mar; 
31(1): 66–68. Published online 2022 May 27. doi: 
10.4103/jmu.jmu_210_21 (2023)



266

1.  Introduction

We primarily focus on endoscopic examinations 
for the early detection and treatment of esophageal, 
gastric, and colorectal cancers. Our mission is to pro-
vide painless endoscopic procedures, thorough and 
minimally overlook observations, precise diagnoses 
using magnification endoscopy, and advanced endo-
scopic treatments, particularly Endoscopic Submu-
cosal Dissection (ESD). In addition, we aim to tailor 
our approach to each specific lesion, choosing the 
most suitable treatment options and collaborate with 
Oncology, Surgery, Radiology, and other depart-
ments to provide treatment that that impose minimal 
burden on the patient’s overall well-being. The outpa-
tient clinic treats all gastrointestinal diseases and also 
offers Helicobacter pylori outpatient clinic.

2.  Endoscopic examination

Endoscopic examinations are conducted for 
screening, investigating symptomatic cases, and pre-
cisely diagnosing and treating lesions. Additionally, 
procedures such as gastric fistula construction, ileus 
tube insertion, and stent placement are also per-
formed.

When a lesion is detected, a magnifying endo-
scope is used to closely examine the surface microvas-
culature and pit patterns.  Endoscopic treatment op-

tions encompass cold polypectomy, hot snare 
polypectomy using bipolar snare, EMR (Endoscopic 
Mucosal Resection), and ESD (Endoscopic Submu-
cosal Dissection), selected based on the size, morphol-
ogy, and depth diagnosis of the detected lesion.

The number of endoscopies and treatments dur-
ing the year were as follows; upper endoscopy: 753 
cases, colonoscopy: 521 cases, gastric ESD: 6 cases, 
other gastric treatments: 3 cases, colorectal ESD: 9 cas-
es, and other colorectal treatments: 239 cases. We plan 
to significantly increase both the number of endo-
scopic examinations and treatments in the next year 
and beyond. We also plan to participate in sin-
gle-center and multi-center clinical studies.

3.  Treatment of drug-resistant Helicobacter py-
lori infection

Some patients fail to respond first- and second-line 
Helicobacter pylori (H. pylori) eradication therapy, 
but third-line eradication is not always done. Mean-
while, penicillin allergy patients do not take routine 
eradication medicines because insurance coverage 
regimens in Japan include amoxicillin. In H. pylori 
out-patient clinic, we make correct diagnosis of infec-
tion by multiple modalities, give eradication therapy 
for these refractory patients, and achieve high rates of 
successful eradication.

The number of patients who visited the Helicobac-
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The department of Gastroenterology, which focuses on endoscopy and treatment, 
started in October 2023. We are committed to quality endoscopy, and our mission 
is to provide careful observation, accurate diagnosis using magnifying endoscopes, 
and advanced treatments such as endoscopic submucosal dissection (ESD). In 
addition, collaborating with various departments for comprehensive, minimally 
burdensome patient care.
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ter pylori outpatient clinic in the past year was 94 cas-
es, (including 18 cases with allergies, 19 cases with 

difficulty in achieving third-stage sterilization, and 15 
cases with fourth-stage sterilization and beyond.)
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1.  Introduction

We specialize in the treatment of gastrointestinal 
cancers, especially surgical treatment of colorectal 
cancer and gastric cancer. Colorectal cancer can be 
completely cured by more than 70% of patients when 
appropriate surgery is performed, even if it is stage III 
cancer. As qualified surgeons (endoscopic surgical 
skill qualification system) of the Japan Society for En-
doscopic Surgery (Dr. Shida, Dr. Aiko and Dr. Koji-
ma) as well as qualified console surgeon of robotic 
surgery (da Vinci system) (Dr. Shida, Dr. Aiko, Dr. 
Ahiko, Dr. Sakuyama, Dr. Onoyama, Dr. Kojima, and 
Dr. Monma), we are actively performing minimally 
invasive surgery with less physical burden of pa-
tients. In addition, after Dr. Kojima joined us, we also 
started laparoscopic surgery for inguinal hernia. All 
the staff do their best to treat the patients.

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, Dr. Aiko and Dr. Kojima), 
we are actively performing minimally invasive sur-
gery, that is, laparoscopic surgery and robotic sur-
gery.

3.  Surgical treatment for inguinal hernia

We started laparoscopic surgery for inguinal her-
nia in October, 2022. Our method is totally extra-peri-
toneal inguinal hernia repair (TEP), which is an effec-
tive minimally invasive method for treating hernias 
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The mission of our department is to provide surgical treatment for various 
gastrointestinal diseases, such as colorectal cancers and gastric cancers. Since 
the participation of Prof. Shida and Dr. Ahiko in September 2020, we mainly 
perform laparoscopic surgery instead of open surgery for these diseases. In 
addition, we started robotic surgery for rectal cancer in April, 2021. This year, we 
also started robotic surgery for colon cancer in September, 2022.
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that avoids entry into the abdomen. 

4.  Surgical treatment for other benign diseases

We also treat a variety of benign diseases such as 
acute appendicitis, cholecystitis, and colonic divertic-
ulitis.

5.  Endoscopic examination and treatment

Under cooperation with Department of General 

Medicine (Prof. Boku N., Dr. Matsubara Y., Dr. Hirata 
Y. and Dr. Baba K.), we performed many cases of up-
per gastrointestinal endoscopy and colonoscopy.

6.   Launch of Robotic Surgery

We started robotic rectal surgery for rectal tumors 
such as rectal cancer and rectal NET (neuroendocrine 
tumor) in April, 2021. We also started robotic surgery 
for colon cancer in September, 2022.
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1.   Risk management of medical electronic devic-
es and endoscopic surgery support robot for 
laparoscopic surgery

As a certified proctor of robot-assisted surgery, 
surgeon actively perform minimally invasive surgery. 

We engage in preventive maintenance and care of 
the life support machines including instruments for 
mechanical ventilation or blood purification and ro-
bot systems for laparoscopic surgery. We also super-
vise physicians during clinical usage of these  
instruments. We have promoted dual-directional in-
formation system with the Division of Clinical Trial 
Safety Manage on malfunctions or incidents of the 
rest of medical electronic devices in this hospital in 
collaboration.

2.  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. 

3.  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-
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Our clinical practice and clinical studies have been focused on (1) risk management 
of medical electronic devices in Research Hospital. (2) anesthetic management in 
patients undergoing major surgery including joint arthroplastic surgery for 
hemophilia patients, variable surgical procedures for translational researches (3) 
assessment of functional failure of the internal valve of anesthesia machine (4) 
assessment of reliability of cardiac output measurements .
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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. 

4.  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 
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.
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From 2006 to 2023, more than 270 surgical treat-
ments for hemophilia induced other coagulation dis-
eases such as deficiency factor VII, Von Willebrand 

diseases of afibrinogenemia. Some of them have the 
deficiency factor antibody as well.

Publication 2023

Kumiko Ono, Jun Hirose, Megumi Noguchi, Kayoko 
Asano, Masaaki Yasuda, Hideyuki Takedani Exten-
sion contracture stiff knee in haemophilia: Surgical 

timing and procedure for total knee arthroplasty. 
Mod Rheumatol. 2023 Jul 4;33(4):851-855. doi: 
10.1093/mr/roac067.
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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 hemophilia by concentrates, however there are few 
hospitals focus on surgical treatments except us. Many hemophilia 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, were performed in patients 
with glioblastoma from 2015 to 2020 and malignant 
pleural mesothelioma from 2018 to 2021. The clinical 
trial is ongoing in patients with olfactory neuroblasto-
ma. We also started a new investigator-initiated clini-
cal trial using T-hIL12 for malignant melanoma joint-
ly 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 
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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, G47∆, the first oncolytic virus 
therapy drug for malignant glioma in the world, developed by this department, is 
commercially available and used for treatment since November 2021. Based on 
scientific evidence and findings from basic research, we conduct advanced medical 
practices in addition to standard therapy.
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I clinical trial for glioblastoma in the United States in 
1998.  We conducted a phase II clinical trial of G47∆ in 
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 significant efficacy with lim-
ited side effects of G47∆, so the trial was terminated 
early. In the final analysis, the 1-year survival rate af-
ter initiation of G47∆ treatment (primary endpoint) 
was 84%, and the most common side effect of G47∆ 
was fever followed by vomiting, nausea, lymphope-
nia, and leukopenia. A new drug application (NDA) 
for G47∆ for malignant glioma has been submitted to 
the Ministry of Health, Labour and Welfare in Decem-
ber 2020. In June 2021, G47Δ was approved as the 
world’s first oncolytic virus drug for malignant glio-
ma. The oncolytic virus therapy using G47Δ for the 
patient with malignant gliomas started at this depart-
ment in November 2021 upon commercial distribu-
tion.

A clinical study of G47Δ 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 in nasal 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 G47Δ 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 con-
ducted a phase I clinical trial of G47∆ for malignant 
pleural mesothelioma from 2018 to 2021. The key in-
clusion criteria were histologically confirmed malig-
nant pleural mesothelioma that was inoperable, re-
current or progressive, no prior thoracotomy or 
thoracoscopic surgery, 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 was given, life ex-
pectancy of at least 3 months, a performance-status of 
0-1 and sufficient major organ functions. In this proto-
col history of chemotherapy or radiotherapy was ir-
relative. A fixed dose of G47∆ was administered into 
the pleural cavity every 4 weeks, maximum 6 times. 
The primary endpoint was safety, and the secondary 
endpoints included efficacy analysis. We completed 
the enrollment and confirmed the safety of repeated 
intrapleural administration with G47∆.

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-
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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 
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). The phase 2 part of this trial 
is ongoing.

Routine activities

Patients with brain tumors are treated by four 
neurosurgeons. A total of 112 operations were carried 
out in 2023 including 107 gliomas and 3 olfactory neu-
roblastomas. More than 100 cases of oncolytic virus 
therapy were performed. Standard craniotomies and 
image guided stereotactic biopsies of deep seated le-
sions, as well as high-tech brain tumor resections are 
performed. The high-tech equipment regularly used 
in brain tumor resection surgeries includes an opera-

tive microscope, a 3-D neuro-navigation system, in-
traoperative motor evoked potential (MEP and SEP) 
recording, intraoperative ultrasonography and an ul-
trasonic 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.  Basic research 
The WNT signaling pathways (canonical and 

non-canonical) regulate prostate cancer progression, 
but the precise mechanism by which this regulation 
occurs has yet to be established. We investigated ex-
pression levels of WNTs in prostate cancer tissues and 
found that WNT5A is expressed at higher levels in 
cancer cells and in the stroma of non-cancerous re-
gions than in the epithelium in prostate of cancer in 
patient samples. Prostate stroma-derived WPMY1 
cells also highly express WNT5A. WNT5A knock-
down in WPMY1 cells (WPMY1-shW5A) results in a 
reduction of cancer related genes, EMT-related genes, 
and several cytokines by microarray analysis.  WN-
T5A expression is directly regulated by ligand induc-
ible androgen receptor (AR) bound to the WNT5A 
promoter. Receptor tyrosine kinase-like orphan re-
ceptor 1 (ROR1), one of WNT5A receptors is highly 
expressed in samples from prostate cancer patients 
and in prostate cancer cell lines. ROR1 knockdown in 
PC3 cells (PC3-shRO1) abrogated WNT5A-induced 
cell proliferation. These results show that WNT5A in 
stroma cells regulates prostate cancer proliferation 
and invasion, at least in part, through the ROR1 sign-

aling pathway. Our results suggest that cell-to-cell 
communication between stromal cells and prostate 
cancer cells enhances prostate cancer progression and 
ROR1 may be a novel therapeutic target for the dis-
ease. 

2.  Clinic
Since we established the department of Urology in 

IMSUT Hospital in July,2020, the number of patients 
has been increased by introduced from urological 
clinics, hospitals, and other departments of our hospi-
tal. Totally 1,680 patients visited our department in 
2023 for the purpose of thorough examinations for 
diagnosis or surgical treatments.  

We totally performed 292 surgical operations in 
2023: 43 cases of Robotic-assisted prostatectomy, 10 
Robotic-assisted partial nephrectomy, one Laparo-
scopic nephroureterectomy, three Radical cystectomy 
with ileal conduit urinary diversion, 16 open surgery, 
28 Trans-urethral resection of bladder tumor, eight 
Trans-urethral resection of prostate, 14 Trans-urethral 
lithotripsy, 23 Ureteroscopy, 41 Ureteral stenting, and 
five Botox injection for overactive bladder
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Project Senior Assistant Professor Sayuri Takahashi, M.D., Ph.D.
Project Assistant Professor Mariko Tabata, M.D.
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Our department of Urology was established in ISMUT hospital on July 1st, 2020 to 
improve the occupancy rate by introducing advanced medical treatments such as 
robotic surgery. We successfully performed 842 cases of urological surgery 
including 140 cases of robotic surgery, which resulted in increase of the revenue. 
Further, we have been engaged in basic research on castration resistant prostate 
cancer to discover novel drugs by the method of molecular and cell biology.  
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1.  Management and operation of the hospital in-
formation system and network

Hiroyuki Akai, Toshihiro Furuta, Haruomi Yama-
guchi

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

Hiroyuki Akai, Toshihiro Furuta, Haruomi Yama-
guchi

“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, and in late 2023, we updated the 
system. The latest electronic healthcare record system 
will help refer patients from hospital to clinic and 
clinic to hospital in the network. Also, we recently 
constructed a network with the University of Tokyo 
Hospital (UTH) that can send medical images of our 
hospital to the Picture Archiving and Communication 
System of UTH.
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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, Iwasawa N, Yokoyama K, Naga-
mura-Inoue T

Our department controls and supports transfu-
sion medicine through blood typing, irregular anti-
body testing, and cross-matching tests on blood trans-
fusion products including concentrated red blood 
cells, platelets, and frozen plasma. The blood type of 
some patients with hematopoietic disorders and 
post–stem cell transplantation is undetectable.

2.  Cell Processing and quality tests for Hemato-
poietic stem cell transplantation and clinical 
trials. 

Nagamura-Inoue T, Yokoyama K, Takahashi A, Og-
ami K, Miharu Y

For autologous peripheral blood stem cell trans-
plantation (PBSCT), we perform apheresis for pa-

tients with myeloma and malignant lymphoma after 
mobilization by granulocyte colony-stimulating fac-
tor with or without the CXCR-4 inhibitor, Plerixafor. 
We test CD34-positive cells in the graft of PBSC, bone 
marrow, and cord blood as the quality tests for he-
matopoietic transplantations. We process the cells for 
clinical trials including collection (apheresis), cryo-
preservation, and thawing with or without washing 
upon the requests.

3.  Exploring the therapeutic application of UC-
MSCs for severe acute graft-versus-host dis-
ease (aGVHD) and non-infectious pulmonary 
complications (NIPC) after hematopoietic stem 
cell transplantation

Nagamura-Inoue T, Takahashi A, Hori A, Miharu Y, 
Mori Y, Nagamura F, Yokoyama K

We investigated the immunosuppressive mecha-
nisms of UC-MSCs on inflammatory cells.  A phase I 
dose-escalation trial, IMSUT-CORD for steroid-resist-
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Our department was established in 1990 to manage transfusion medicine and cell 
processing for hematopoietic stem-cell transplantation. In addition to transfusion 
related works, our department has been supporting the cell processing for 
translational studies preformed in IMSUT-Cell Resource Center (IMSUT-CRC), 
established in 1997. Our recent projects include the Research Cord Blood Bank 
(RCBB); the National BioResource Project (NBRP) supported by the Ministry of 
Education, Culture, Sports, Science and Technology; and umbilical cord derived 
mesenchymal stromal cells (UC-MSC). We have been studying the immunological 
effects of UC-MSC administration for treatment-resistant severe acute graft-versus 
host disease, acute cerebral injury, and radiation injury.
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ant aGVHD using allogeneic umbilical cord-derived 
mesenchymal stromal cells (IMSUT-CORD) have 
been safely completed (Int J Hematol. 2022 Nov; 
116(5):754-769.). From 2022 to 2023, clinical trial of 
NIPC treated with UC-MSCs have been implement-
ed. We continued to prepare the next clinical trials by 
obtaining the pre-clinical POC for aGVHD and NIPC 
in vitro and in vivo.

4.  Study of therapeutic application of UC-MSCs 
to acute brain injury and importance of micro-
glia

Sei K, Mori Y, Mukai T, Nagamura-Inoue T

Based on the efficacy of proof of concept using 
UC-MSCs for cerebral palsy by Mukai T et al, a clini-
cal trial (Phase I/II) for cerebral palsy treated with 
UC-MSCs was implemented from 2021 to 2023, and 
completed safely. Furthermore, we investigated the 
efficiency of UC-MSCs for the treatment of acute en-
cephalitis (AE) mimicking the viral encephalitis. We 
found the improvement of the neuron degeneration 
and part of behavior abnormalities in AE by intrave-
nous injection of UC-MSCs. 

5.   Research  and Development  of  UC-MSCs  (IM-
SUT-CORD)  treatment  for new   application of 
UC-MSCs to acute radiation injury, ARDS, cleft 
palate, and hemorrhagic arthropathy

Mori Y, Nagamura-Inoue T, Takahashi A , Miharu 
Y, Hori A

We have been exploring UC-MSCs (IMSUT-CORD) 
treatment for new application of UC-MSCs to acute 
radiation injury, cleft palate, and hemorrhagic ar-
thropathy using mice models in collaboration with 
companies.

6.   The Research Cord Blood Cell Resource / Na-
tional BioResource Project (NBRP)

Shibuya Y, Sakai R, Miharu Y, Takahashi A, Nagaya 
N, Nagamura-Inoue T

The Research Cord Blood bank / resource was es-
tablished in 2004 and supported by the Ministry of 
Education, Culture, Sports, Science and Technology 
for the development of regenerative medicine, immu-
nological cell therapy, infection research, modified 
gene cell therapy, and drug discovery. Since July 
2012, this project has been incorporated into the Na-
tional BioResource Project (NBRP). The research um-
bilical cord blood (CB) bank provides processed and 
cryopreserved CB units (nucleated cells, mononuclear 
cells, and CD34+ cells) to researchers worldwide via 
the RIKEN Bioresource Center. The website is at 
http://www.nbrp.jp/. 

7.   Institute of Medical Science, University of To-
kyo, Cell Resource Center (IMSUT-CRC)

Takahashi A, Miharu Y, Hori A, Mori Y, Nagamu-
ra-Inoue T

To promote cell therapy in translational research, 
IMSUT-CRC was established in 1997 (originally called 
the Room for Clinical Cellular Technology, or RCCT). 
To date, the following projects have been implement-
ed:1) CB cell processing for banking in the manner of 
the Tokyo Cord Blood Bank (1997–2008), 2) research 
cord blood bank (2004–), 3) dendritic cell therapies 
(1998–2001), 4) regenerative therapy of alveolar bone 
derived from bone marrow mesenchymal cells (2005– 
2011), 5) gene therapy for renal cancer (1998), 6) 
CBand UC-MSC banking (IMSUT-CORD; 2012–), 6)
aAVC-WT1 cell therapy (2017–), and (7) dendritic cell 
(DC) therapy using DCs pulsed with neoantigen 
(2020–).

Visit our website: http: //www.ims.u-tokyo.ac.jp/ 
dcpt/english/
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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 activi-
ties include the management of clean areas, the  
establishment of protocols for infection control, main-
tenance of equipment such as astral lamps, surgical 
microscopes and fiberscopes, and organizing of daily 
and weekly operations.  A da Vinci surgical system 
(da Vinci Xi), a robotic technology that allows sur-
geons to perform minimally invasive procedures, was 
introduced in November 2020, and Robot-assisted 
Radical Prostatectomies (RARP) for prostate cancer 
started.  Department of surgery initiated Robotic rec-
tal surgery for tumors including rectal cancer and 
GIST in 2021.  The Medtronic Stealth Autoguide Plat-
form was introduced in April 2023. It is a robotic 
guidance system intended for instrument holders’ 
spatial positioning and orientation. It is based on a 
pre-operative plan and feedback from an image-guid-
ed navigation system with 3D imaging software. On-
colytic virus therapy using the Stealth Autoguide Ro-

botic system was started. The number of surgeries has 
increased over the past few years due to the introduc-
tion of surgical-assist robots, with a marked increase 
in da Vinci surgeries and oncolytic virus therapy.

Medical engineer staffs increased accordingly, 
and a ME Division was newly established in the Sur-
gical Center.  Three of four maintained at a NASA 
class 1,000 clean level and specifically designed for 
neurosurgery and joint surgery.  For prompt and sus-
tained supply of sterilized materials, we keep the sur-
gical 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 

IMSUT Hospital

Surgical Center
手術部

Project Professor Minoru Tanaka, M.D., Ph.D. 特任教授　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.  
Robot-assisted Radical Prostatectomies (RARP) for prostate cancer and robotic 
rectal surgery for tumors including rectal cancer and GIST are performed. The 
Medtronic Stealth Autoguide Platform was introduced in April 2023.
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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 2023 

Total number of operations 671
　　Planned operations 655
　　Emergency operations  16

　　General anesthesia 323
　　Spinal  89
　　Epidural 210
　　Local 207
　　Others  49
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* Only achievements related to clinical laboratory 
medicine are shown here, and others overlapping 
across affiliations have been omitted. Please refer to 
each respective affiliation.

1.  Umbilical cord blood and cord tissue banking 
as somatic stem cell resources to support 
medical cell modalities.

Tokiko NAGAMURA-INOUE.

Human umbilical cord blood (CB) and umbilical 
cord tissue (UC) are attractive sources of somatic stem 
cells for gene and cell therapies. UC-derived mesen-
chymal stromal cells (UC-MSCs) have a higher prolif-
eration potency than those derived from adult tissues 
and can be used anon-HLA restrictively. We estab-
lished the off-the-shelf cord blood/cord bank IMSUT 
CORD to support novel cell therapy modalities, in-

cluding the CB-derived immune cells, MSCs, 
MSCs-derived extracellular vesicles, biological carri-
ers loaded with chemotherapy drugs, prodrug, onco-
lytic viruses, nanoparticles, human artificial chromo-
some, combinational products with a scaffold, bio3D 
printing, and so on. [Inflamm Regen. 2023.] 

2.   Research  for  quantification  of  immune  func-
tion  of  chimeric  antigen  receptor  T  (CAR-T) 
cells by use of new molecular imaging flow cy-
tometry (MI-FCM).

Tomohiro ISHIGAKI.

Assays to evaluate CAR T-cell function more sen-
sitively are required in clinical and basic research. 
However, conventional methods, such as cytotoxicity 
assays and in-vitro cytokine production assays, re-
quire a long cell-culture processing time and are less 

IMSUT Hospital

Department of Laboratory Medicine
検査部

Clinical Professor Tokiko Nagamura-Inoue, M.D., Ph.D.
Assistant Professor Tomohiro Ishigaki, M.D., Ph.D.
Project Senior Assistant Professor Koichi Kimura, M.D., Ph.D.
Chief Technologist Hironori Shimosaka

部長／病院教授　博士（医学）　　　長　村　登紀子
副部長／助教　　博士（医学）　　　石　垣　知　寛
特任講師　　　　博士（医学）　　　木　村　公　一
技師長　　　　　臨床検査技師　　下　坂　浩　則

The Department of Laboratory Medicine consists of seven divisions: clinical 
hematology, biochemistry/serology, microscopy, pathology, microbiology, 
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 
supporting many researches conducted in our hospital.
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quantitative. We focused on the aggregation of CAR 
molecules, which is observed after the antigen recog-
nition and the immune response of CAR-T cells. We 
established the quantitative assay to analyze the 
change in the localization of CAR molecules using 
novel molecular imaging flow cytometry (MI-FCM). 
We found the parameter that is highly correlated with 
killing activity in various CAR T-cells. Quantifying 
the CAR localization in CAR T-cells by MI-FCM could 
be useful for evaluating their immune function. [The 
70th annual meeting of JSLM. 2023.]

3.  Morphological changes in abnormal lympho-
cytes in a case of adult T-cell leukemia/lym-
phoma (ATL) that transformed from indolent to 
acute type.

Clinical hematology team, Tomohiro ISHIGAKI, 
and Tokiko NAGAMURA-INOUE.

Recently, accurate identification of adult T-cell 
leukemia/lymphoma (ATL) cells has been possible 
through methods such as flow cytometry, but cell 
morphology diagnosis using microscopy remains 
very important in routine clinical practice. Abnormal 
lymphocytes in ATL differ from leukemic blast cells, 
and their differentiation is often very challenging and 
requires expertise. The changes in morphology and 
staining (color mixing of CMYK) of abnormal lym-
phocytes were examined in a case of ATL that trans-
formed from an indolent to an acute type. The results 
showed that abnormal lymphocytes with larger cell 
size and nucleus size emerged at the time of acute 
transformation. There was also an increase in nuclear 
indentations and lobulations. While there are limita-
tions in assessing color tone changes visually, it was 
possible to significantly detect slight differences in 
color tones between normal and abnormal lympho-

cytes by using CMYK values for evaluation on the 
same specimen. [Motoko Mizukami reported at the 
70th annual meeting of JSLM. 2023.]

4.   Retrospective analysis and search for clinical 
laboratory parameters associated with cardiac 
deterioration and shorter survival in Becker 
Muscular Dystrophy (BMD).

Koichi KIMURA and Tomohiro ISHIGAKI.

Becker muscular dystrophy (BMD) is an X-linked 
recessive disorder due to a mutation in the dystro-
phin gene, and is most common in muscular dystro-
phies. BMD has a later onset and milder symptoms 
compared to Duchenne muscular dystrophy (DMD), 
but cardiac diseases are now one of the leading causes 
of morbidity and mortality in these patients. We have 
retrospectively reviewed biochemical examination re-
sults and echocardiographic findings. We found a 
clinical laboratory parameter that could be associated 
with cardiac deterioration and shorter survival.

5.  Laboratory contribution as a central medical 
department and support for many clinical in-
vestigations and trials in this hospital.

Hironori SHIMOSAKA, and Clinical laboratory 
members (clinical hematology, biochemistry/serolo-
gy, physiology, and microbiology team)

We participate in clinical trials and research led by 
other hospital departments. Our laboratory members 
officially contributed to 6 clinical investigations and 
trials conducted in this hospital, including treatments 
using new drugs and new cell therapy. We also con-
tributed to many other basic and clinical studies.
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IMSUT Hospital

Center for Clinical Safety and Infection Control
医療安全・感染制御センター

Head, Professor Yasuhito Nannya, M.D., D.M.Sc. 教　授　博士（医学）　南　谷　泰　仁

The Center for Clinical Safety and Infection Control consists of the Department of 
Medical Safety Management and the Department of Infection Prevention and 
Control and supports for providing safe medical care.

Department of Medical Safety Management
医療安全管理部

Head, Associate Professor Susumu Aikou, M.D, D.M.Sc.
Associate Professor Motohisa Yamamoto, M.D., D.M.Sc.
Nurse Manager Nozomi Linzbichler
Director of Pharmacy Seiichiro Kuroda
Associate Professor Ayako Kamisato, Ph.D.

准教授　博士（医学）　　愛　甲　　　丞
准教授　博士（医学）　　山　本　元　久
看護師長　　　　　　　リンツビヒラ希
薬剤部長　　　　　　　黑　田　誠一郎
准教授　博士（法学）　　神　里　彩　子

Department Medical Safety Management is responsible for carrying out medical 
safety in order to prevent incidents and accidents beforehand and deliver safe 
medical care to patients. At our hospital, we mainly have focused on hematological 
malignancies, infectious diseases, immune diseases, but in recent years, robotic 
surgery and chemotherapy are also increasing. We try to respond appropriately to 
such medical activities.

Department of Infection Prevention and Control
感染制御部

Head, Senior Assistant Professor Eisuke Adachi, M.D, D.M.Sc.
Nurse Manager Mika Kogayu
Nurse Manager Fumie Kameda
Pharmacist Mika Yamamura
Clinical laboratory technician Hiroko Shibata

講　師　　　博士（医学）　　安　達　英　輔
看護師長　　　　　　　　　小　粥　美　香
看護師長　　　　　　　　　亀　田　史　絵
薬剤師　　　　　　　　　　山　村　美　佳
臨床検査技師　　　　　　　柴　田　浩　子
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Department of Infection Prevention and Control builds ICT (Infection Control Team) 
and AST (Antimicrobial StewardshipTeam) to promote the practice of hospital 
infection control and prevent the spread of antimicrobial resistant organisms. The 
ICT consists of control , an infection control nurse, a pharmacist, a clinical 
laboratory technician and an administrative staff.
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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 pa-
tient attorney about the acquisition and mainte-
nance of intellectual property rights as well as pat-
ent strategies; 

3) Providing information necessary in the 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 the 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-
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 

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

Our major mission is to support the conduct of clinical trials, especially for sponsor-
investigator clinical trial based on Translational Research (TR). Our roles on TR 
varies from the advice for acquiring intellectual property, preparation for clinical 
trials, assistance for conducting clinical trials, and so on. Our center consists of 
coordinator section, administrative section, data management/biostatistics section, 
and project management section
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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 2023, 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, phase II clinical trial with novel gene-induced 
adjuvant cells for acute myelogenous leukemia, ad-
ministration of vaccine against the COVID-19 infec-
tion, and dendritic cell therapy for ATLL. 

4.   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 in academia. This 
program 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 the early stage of clin-
ical trial. In 2023, we supported 27 basic researches 
(24: other than IMSUT), 17 preclinical studies (12: oth-
er than IMSUT), and 11 clinical studies (4: other than 
IMSUT) under this program. The number of studies 
we assist has been increasing year by year. Efficient 
operation of the organization is required.

5.  Statistical consulting for basic research

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.   Motoki Amai, Masanori Nojima, Yoshikazu Yuki, 
Hiroshi Kiyono, Fumitaka Nagamura. A review of 
criteria strictness in “Toxicity Grading Scale for 
Healthy Adult and Adolescent Volunteers En-
rolled in Preventive Vaccine Clinical Trials”. Vac-
cine. 2023 Aug 31;41(38):5622-5629. doi: 10.1016/j.
vaccine.2023.07.072. Epub 2023 Aug 1.

2.   Tokiko Nagamura-Inoue , Fumitaka Nagamura . 
Umbilical cord blood and cord tissue banking as 
somatic stem cell resources to support medical cell 
modalities. Inflamm Regen 2023 Dec 5;43(1):59. 
doi: 10.1186/s41232-023-00311-4.

3.   Tokiko Nagamura-Inoue, Seiko Kato, Yuho Naji-
ma, Masamichi Isobe, Noriko Doki, Hisashi 
Yamamoto, Naoyuki Uchida, Atsuko Takahashi, 
Akiko Hori, Masanori Nojima, Kazuteru Ohashi, 
Fumitaka Nagamura, Arinobu Tojo. Immunologi-
cal influence of serum-free manufactured umbili-
cal cord-derived mesenchymal stromal cells for 
steroid-resistant acute graft-versus-host disease.  
Int J Hematol. 116(5):754-769, 2023.

4.   Nogami K, Fujii T, Sawada A, Nagao A, Nagae C, 
Nojima M, Suzuki N, Nosaka D, Shimura T, Sugao 
Y, Amano K. Association of physical activity with 
bleeding events and safety in patients with hae-
mophilia A starting emicizumab prophylaxis: an 
interim analysis of the TSUBASA study. Int J He-

matol. 2023 Dec 15. doi: 10.1007/s12185-023-03679-
8. Epub ahead of print. PMID: 38100026.

5.   Nagao A, Chikasawa Y, Sawada A, Kanematsu T, 
Yamasaki N, Takedani H, Nojima M, Fujii T, Su-
zuki N, Matsushita T, Higasa S, Amano K; AD-
VANCE Japan Working Group. Haemophilia and 
cardiovascular disease in Japan: Low incidence 
rates from ADVANCE Japan baseline data. Hae-
mophilia. 2023 Oct 8. doi: 10.1111/hae.14876. Epub 
ahead of print. PMID: 37806778.

6.   Watanabe K, Nojima M, Nakase H, Sato T, Mat-
suura M, Aoyama N, Kobayashi T, Sakuraba H, 
Nishishita M, Yokoyama K, Esaki M, Hirai F, Na-
gahori M, Nanjo S, Omori T, Tanida S, Yokoyama 
Y, Moriya K, Maemoto A, Handa O, Ohmiya N, 
Tsuchiya K, Shinzaki S, Kato S, Uraoka T, Tanaka 
H, Takatsu N, Nishida A, Umeno J, Nakamura M, 
Mishima Y, Fujiya M, Tsuchida K, Hiraoka S, Oka-
be M, Toyonaga T, Matsuoka K, Andoh A, Hirota 
Y, Hisamatsu T; J-COMBAT study group. Trajec-
tory analyses to identify persistently low respond-
ers to COVID-19 vaccination in patients with in-
flammatory bowel disease: a prospective 
multicentre controlled study, J-COMBAT. J Gas-
troenterol. 2023 Aug 10. doi: 10.1007/s00535-023-
02029-z. Epub ahead of print. PMID: 37561155.
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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 2023, 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), including G47∆ and 
various armed third-generation oncolytic HSV-1, 
have been produced in the Vector Unit by the labora-
tory specialists of the Division 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 Professor Minoru Tanaka, M.D., Ph.D. 

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

The Therapeutic Vector Development Center (TVDC), formerly named Core Facility 
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.  Establishing a stable perinatal appendage–de-
rived cell supply system as the source of allo-
geneic somatic stem cells for research and 
clinical use

Nagamura-Inoue T, Takahashi A, Hori A, Miharu Y, 
Sakai T, Shibuya Y, Nagaya N, Ogami K, Mukai T, 
Nagamura F

Human umbilical cord blood (CB) and umbilical 
cord tissue (UC) are attractive sources of somatic stem 
cells for gene and cell therapies. CB and UC can be 
obtained noninvasively from donors. CB, a known 
source of hematopoietic stem cells for transplanta-
tion, has attracted attention as a new source of im-
mune cells, including universal chimeric antigen re-
ceptor-T cell therapy (CAR-T) and, more recently, 
universal CAR-natural killer cells. UC-derived mes-

enchymal stromal cells (UC-MSCs) have a higher pro-
liferation potency than those derived from adult tis-
sues and can be used anon-HLA restrictively. We 
have established a CB/UC bank at the IMSUT hospital 
(IMSUT CORD) to collect CB and UC tissue after in-
formed consent from the mothers in collaboration 
with the obstetricians. After receiving them, we stock 
the UC-tissue, and to manufacture master cells and 
product cells for research and clinical use. 

To maintain quality control, we have introduced 
the ISO 9001:2015 quality management standards in 
IMSUT CORD since 2018. We have transferred the 
manufacturing and testing technologies to the client 
companies, where they apply our techniques and 
standards in their clinical trials including therapies 
for acute GVHD, cerebral palsy, and COVID-19 relat-
ed acute respiratory distress syndrome (ARDS). The 
IMSUT CORD mission is to supply domestic UC-

IMSUT Hospital

IMSUT CORD
臍帯血・臍帯バンク

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

Recently, umbilical cord blood (CB) has received attention as the optimum 
allogeneic source for immunotherapies. The umbilical cord tissue (UC) also has 
been rapidly utilized as an abundant source of mesenchymal stromal cells (MSCs), 
which migrate toward inflamed or damaged tissue to reduce inflammation and 
support tissue repair. Both CB and UC can be provided as “off-the-shelf” cell 
products for immunotherapies and regenerative medicine. IMSUT CORD is the CB 
and UC-derived cell bank established in IMSUT hospital in 2016. The aim of IMSUT 
CORD is to collect, process /culture, cryopreserve, stock, and release CB- and UC-
derived cells—including mesenchymal stromal cells (MSCs)—for clinical and 
research use. We have released CB and UC-derived MSCs to researchers under 
material transfer agreements to expedite translational studies. We have supplied 
UC-MSC products for clinical trials for severe acute graft-versus-host disease 
(GVHD; 2018– 2020), COVID-19-related ARDS (2020–2022), cerebral palsy (PVL; 
2021–2023), and noninfectious pulmonary complication after allogeneic 
hematopoietic stem cell transplantation NIPC; 2022–2023). Our main processing 
facility has been moved from IMSUT cell resource center to new IMSUT-HLC cell 
processing facility since 2021.
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MSCs and CB as a source of allogeneic somatic stem 
cells in research and clinical use. We have supplied 
clinical-grade UC-MSC products for clinical trials in-
cluding severe acute graft-versus-host disease 
(GVHD; 2018-2020), COVID-19-related ARDS (2020-
2022), cerebral palsy (PVL)(2021-2023), and non-infec-
tious pulmonary disease after allogeneic hematopoie-
tic stem cell transplantation NIPS; 2022-2023), after 
approval by the review board of IMSUT CORD and 
PMDA. We are currently preparing for a clinical trial 
for treating peripheral nerve injury using allograft bi-

o3D conduit made with UC-MSC products with Kyo-
to University (AMED project 2022-). Since 2021, our 
main manufacturing location has been moved from 
the IMSUT-Cell Resource Center (IMSUT-CRC) to a 
new facility, the IMSUT-HLC Cell Processing Facility 
(IMSUT-HLC CPF), where the manufacturing license 
was obtained in 2023.

Visit our website: 
https://plaza.umin.ac.jp/imsutcord/ 

Publications

1.   Nagamura-Inoue T, Nagamura F., Umbilical cord 
blood and cord tissue banking as somatic stem cell 

resources to support medical cell modalities, In-
flamm Regen. 2023 Dec 5;43(1):59. 



294

In January 2023, the eighth wave of the new coro-
navirus infection (COVID-19) caused nurses to be in-
fected, and clusters occurred, but they were contained 
within a week. Since then, the number of hospitalized 
patients due to COVID-19 and the number of staff in-
fections have gradually decreased, and by February, 
no patients were hospitalized. Since May 8, the classi-
fication of COVID-19 infectious diseases has been 
shifted from Category 2 to Category 5, and measures 
against nosocomial infections have been relaxed.

However, due to the impact of the medical system 
on COVID-19 over the past three years, the number of 
nurses leaving their jobs and taking leave has in-
creased, and this fiscal year has been decided to start 
with 20 fewer nurses than usual. Thirteen nurses had 
retired by September, including nurses who had ex-
tended their retirement dates and temporary nurses. 
In order to secure human resources, the Nursing De-
partment Management Office engaged in various re-

cruitment activities, such as the use of temporary 
staffing and recruitment agencies and nurse recruit-
ment sites. As a result, applicants began to gather 
around July, and seven nurses were secured as of Jan-
uary 2024. During this time, we have been able to 
maintain medical and nursing services by dispatch-
ing support from other departments to wards that are 
understaffed.

In addition, due to a shortage of human resources, 
it became impossible to maintain the facility standard 
of 7:1 for the allocation of nurses for the basic hospi-
talization fee, and it was decided to make the 4th floor 
ward and the 5th floor ward one nursing unit, making 
it a three-ward system. From June, we tried to operate 
the department as a ward on the 4th and 5th floors. At 
first, the nurses complained, but the nurse heads of 
the two wards took time to talk with the nurses and 
listen to their thoughts. Arrangements were made so 
that nurses could experience working in both wards, 

IMSUT Hospital

Department of Nursing
看護部

Director Eiko Yoshii, RN, CNA.
Deputy Director Minayo Hisahara, RN. 
Deputy Director Masako Ozawa, RN.
Nurse Manager Hatsuko Narita, RN.
Nurse Manager Mika Kogayu, RN. MSN.
Nurse Manage Tomoko Sato, RN. MSN.
Nurse Manager Nozomi Linzbichler, RN.
Nurse Manager Yukari Tsuru, RN.
Nurse Manager Fumie Kameda, RN.
Nurse Manager Junko Sunada, RN. MSN.
Nurse Manager Emiko Sugiyama, RN.

看護部長　　看護管理者　　　　吉　井　栄　子
副看護部長　　　　　　　　　　久　原　みな代
副看護部長　　　　　　　　　　小　澤　昌　子
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　　修士（看護学）　　　佐　藤　朋　子
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
看護師長　　修士（心理学）　　　砂　田　純　子
看護師長　　　　　　　　　　　杉　山　栄美子

The Department of Nursing aims to contribute to the medical team by providing 
high-quality patient-centered nursing care in order to respond to diversifying needs 
in line with changes in social conditions and advances in medicine. In 2023, the 
epidemic of the new coronavirus infection has subsided, and the nursing 
department structure has been changed in order to contribute to the maintenance 
of the medical care system. 
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and by October it was back on track as a ward on the 
4th and 5th floors. This achievement is thanks to the 
cooperation of the head nurses and nurses of the 4th 
and 5th floor wards.

With regard to medical and nursing services, due 
in part to the influence of the super-aging society, the 
number of hospitalized patients with deterioration in 
activities of daily living and cognitive ability has in-
creased, and the number of patients who meet the 
end of their lives at our hospital has increased. As a 
result, psychological support for patients, daily life 
support, and monitoring to prevent falls and falls 
have become the main focus of nursing, and the men-
tal burden is also large. There were also more oppor-
tunities to hold conferences with doctors, pharma-
cists, and other professionals on support for life after 
discharge. In recuperation, nurses are involved in 
nursing care while cherishing the time that they feel is 
good for the patient and their family. Sometimes, I 
would say, “I’m glad I was hospitalized here.”

The number of surgeries has also increased over-
all, with an increase in the number of total cystectomy 

and ileal duct rearrangement in urology, as well as an 
increase in opportunities to be involved in postopera-
tive stoma care. Sponsored by related departments, 
we held a study session on stoma care by a nurse who 
is Certified Nurse in Wound, Ostomy and Continence 
Nursing, and we were able to give back to the nursing 
of patients. It was also useful for the learning of nurs-
es in other departments. Overall, a system has been 
established in which nurses are prepared for practical 
skills by holding study sessions in each department 
before engaging in new medical care and nursing.

This year, as part of our social contribution and 
nurse training, we accepted clinical nursing training 
for nursing students and training to support nurses 
returning to work after leaving their jobs. The clinical 
nursing training was highly evaluated by nursing stu-
dents and faculty members, and the return-to-work 
support training was well received, so it was decided 
to continue it in the next academic year. Through this 
experience, the nurses were given the opportunity to 
improve their training skills and think about career 
development.
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・嶋津千陽、山口恭子：“臓器のきゃら”と一緒に学
ぶ！消化器解剖と病態生理　消化器ナーシング
　vol.28 NO.4　P.16-28、メディカ出版　2023

・村松言子、真田ひかる：“臓器のきゃら”と一緒に
学ぶ！消化器解剖と病態生理　消化器ナーシング
　vol.28 NO.4　P.64-75、メディカ出版　2023

Conference Presentation

・小粥美香、山口恭子、竹谷英之、血友病性股関節
症による手術に対する手術室看護師の支援状況、
第45回日本血栓止血学会学術集会、北九州国際会
議場、2023. 6. 15-17

・砂田純子、入院時から市中感染型MRSAを想定し
た治療を行い奏功したHIV感染者における蜂窩織
炎の一例、第32回日本創傷・オストミー・失禁管
理学会学術集会、仙台国際センター、2023. 7. 8・9

・野口麻衣子、山花玲子、砂田純子、「専門性の高
い看護師による訪問看護師への遠隔相談の試行と
実用可能性の検討」、第13回日本在宅看護学会学
術集会、クロス・ウェーブ船橋、2030. 11. 18・19

・上山美香、中澤光子、中川沙織、織田ひとみ、千
葉陽子、中村智子、砂田純子、当院においてHIV
薬を特攻性注射薬に変更した患者の反応につい
て、第37回日本エイズ学会学術集会　2023. 12. 3₋5
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1)   Iimura Y, Furukawa N, Kuroda S. Delayed Oxalip-
latin-Related Severe Neurotoxicity in Metastatic 
Colorectal Cancer: A Case Report. Cureus. 2023 
Jan 10;15(1):e33578. doi: 10.7759/cureus.33578.
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da S, Boku N. Evaluation of clinical effects of a 
multidisciplinary-collaborated cancer support 
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M-CAST study. BMC Gastroenterol. 2023 Jun 
19;23(1):215. doi: 10.1186/s12876-023-02849-6.
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Boku N, Kuroda S. Study Protocol for a Prospec-
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ceiving Platinum-Based Chemotherapy (LO-
DEC-N). J Clin Trials Vol. 13 Iss. 4 No: 1000532.

4)   Kuroda S, Kiyomi A, Imai S, Sugiura M. Effect of 
the Clean Bench Configuration Environment on 
Cleanliness during Intravenous Hyperalimenta-
tion Infusion Preparation. Japanese Journal of En-
vironmental Infections 38(3):114-122 DOI:10.4058/
jsei.38.114

<Conference presentation>

1)   古川直樹、飯村洋平、石橋正祥、流石智恵子、馬
場啓介、阿彦友佳、小野山温那、柵山尚紀、愛甲
丞、志田大、野島正寛、黒田誠一郎、朴成和　カ
ペシタビン誘発性手足症候群に対するヒドロコル
チゾン外用剤の予防効果に関する第II相試験

（T-CRACC study）　第一報　医療薬学会2023
仙台

2)   流石智恵子、飯村洋平、古川直樹、石橋正祥、馬
場啓介、中澤光子、佐藤朋子、都留由香里、吉井
栄子、冨樫仁美、本田友絵、松原康朗、黒田誠一
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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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郎、朴成和　がん化学療法施行患者における多職
種連携チーム活動の臨床効果に関する前向き観察
研究（M-CAST study）　第一報　医療薬学会
2023仙台

3)   石橋正祥、飯村洋平、黒田誠一郎　薬学生のアン
ケート結果からみたCOVID-19の流行に伴うオン
ライン・実地ハイブリッド実習の評価　医療薬学
会2023仙台
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1.   Impaired protective role of HLA-B*57:01/58:01 
in HIV-1 CRF01_AE infection: a cohort study in 
Vietnam.

Tam Tran Thi Minh1, Yuta Hikichi2, Shoji Miki2, Yu-
riko Imanari2, Shigeru Kusagawa2, Midori Okaza-
ki2, Thao Dang Thi Thu3, Teiichiro Shiino2, Saori 
Matsuoka2, Hiroyuki Yamamoto2, Jun Ohashi4, Wil-
liam W. Hall5, Tetsuro Matano, Lan Anh Nguyen 
Thi1, Ai Kawana-Tachikawa: 1Centre for Bio-Medi-
cal Research, National Institute of Hygiene and Ep-
idemiology, Hanoi, Vietnam; 2AIDS Research 
Center, National Institute of Infectious Diseases, To-
kyo, Japan; 3Joint Research Center for Human Ret-
rovirus Infection, Kumamoto University, Kumamo-
to, Japan; 4Department of Biological Sciences, 
Graduate School of Sciences, University of Tokyo, 
Tokyo, Japan; 5Center for Research in Infectious 
Diseases, School of Medicine & Medical Science, 
University College Dublin, Dublin, Ireland

Human Leukocyte Antigen HLA-B*57:01 and 
B*58:01 are considered anti-HIV-1 protective alleles. 
HLA-B*57:01/58:01-restricted HIV-1 Gag TW10 
(TSTLQEQIGW, Gag residues 240-249) epitope-spe-
cific CD8+ T cell responses that frequently select for a 
Gag escape mutation, T242N, with viral fitness cost 
are crucial for HIV-1 control. Although this finding 

has been observed in cohorts where HIV-1 subtype B 
or C predominates, the protective impact of 
HLA-B*57:01/58:01 has not been reported in Southeast 
Asian countries where HIV-1 CRF01_AE is the major 
circulating strain. In this study, the effect of 
HLA-B*57:01/58:01 on CRF01_AE infection was inves-
tigated in a CRF01_AE-infected Vietnamese cohort (N 
= 280). HLA-B*57:01/58:01-positive individuals most-
ly had HIV-1 with T242N (62/63) but showed neither 
a significant reduction in viral load nor increased 
CD4 counts relative to B*57:01/58:01-negative partici-
pants. In vitro and in vivo analyses revealed a signifi-
cant reduction in viral fitness of CRF01_AE with 
T242N. In silico analysis indicated reduced presenta-
tion of epitopes in the context of CRF01_AE compared 
to subtype B or C in 10/16 HLA-B*57:01/58:01-restrict-
ed HIV-1 epitopes. These results indicate that the pro-
tective impact of HLA-B*57:01/58:01 on CRF01_AE 
infection is impaired despite strong suppressive pres-
sure by TW10-specific CD8+ T cells.

2.  Plasmacytoid dendritic cells stimulated with 
Lactococcus lactis strain Plasma produce sol-
uble factors to suppress SARS-CoV-2 replica-
tion.

Hiroshi Ishii2, Kenta Jounai6, Ryohei Tsuji6, Konomi 
Ohshio6, Daiki Kaneda, Midori Okazaki2, Shigeyoshi 

IMSUT Hospital

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

Invited 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 eliciting antibody and/or cytotoxic T 
lymphocyte responses targeting pathogens including HIV-1, HTLV-1, and SARS-
CoV-2.
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Harada2, Daisuke Fujiwara6, Tetsuro Matano: 6Ki-
rin Central Research Institute, Kirin Holdings, Co., 
Ltd., Japan

Innate immune responses are important in the 
control of severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2) replication. We have previous-
ly found a lactic acid bacteria species, Lactococcus lac-
tis strain Plasma (LC-Plasma), which possesses 
specific feature to activate plasmacytoid dendritic 
cells (pDCs) and thus may affect innate immune re-
sponses. In this study, we investigated the impact of 
pDC activation by LC-Plasma on SARS-CoV-2 repli-
cation in vitro. Addition of the culture supernatant of 
pDCs stimulated with LC-Plasma resulted in sup-
pression of SARS-CoV-2 replication in Vero and Calu-
3 cells. We confirmed interferon-α (IFN-α) secretion 
in the supernatant of pDCs stimulated with LC-Plas-
ma and induction of IFN-stimulated genes in cells 
treated with the pDC supernatant. Anti-IFN-α anti-
body impaired the suppression of SARS-CoV-2 repli-
cation by the supernatant of LC-Plasma-stimulated 
pDCs, suggesting that IFN-α plays an important role 
in the SARS-CoV-2 suppression. These results indi-
cate the potential of LC-Plasma to induce inhibitory 
responses against SARS-CoV-2 replication through 
pDC stimulation with IFN-α secretion.

3.  HTLV-1 proliferation after CD8+ cell depletion 
by monoclonal anti-CD8 antibody administra-
tion in latently HTLV-1-infected cynomolgus 
macaques.

Midori Nakamura-Hoshi2, Takushi Nomura3, 
Masako Nishizawa2, Trang Thi Thu Hau2, Hiroyuki 
Yamamoto2, Midori Okazaki2, Hiroshi Ishii2, Kenzo 
Yonemitsu7, Yuriko Suzaki7, Yasushi Ami7, Tetsuro 
Matano: 7Management Department of Biosafety, 
Laboratory Animal, and Pathogen Bank, National 
Institute of Infectious Diseases, Tokyo, Japan

HTLV-1 induces chronic asymptomatic latent in-
fection with substantial proviral load but without sig-
nificant viral replication in vivo. Cumulative studies 
have indicated involvement of CD8+ cells including 
virus-specific CD8+ T cells in the control of HTLV-1 
replication. However, whether HTLV-1 expression 
from latently infected cells in vivo occurs in the ab-
sence of CD8+ cells remains unclear. In this study, we 
examined the impact of CD8+ cell depletion by mon-
oclonal anti-CD8 antibody administration on proviral 
load in HTLV-1-infected cynomolgus macaques. Five 
cynomolgus macaques were infected with HTLV-1 by 
inoculation with HTLV-1-producing cells. Adminis-
tration of monoclonal anti-CD8 antibody in the chron-
ic phase resulted in complete depletion of peripheral 
CD8+ T cells for approximately two months. All five 
macaques showed an increase in proviral load follow-
ing CD8+ cell depletion, which peaked just before the 

reappearance of peripheral CD8+ T cells. Tax-specific 
CD8+ T cell responses were detected in these recov-
ered CD8+ T cells. Importantly, anti-HTLV-1 antibod-
ies also increased after CD8+ cell depletion, indicat-
ing HTLV-1 antigen expression. These results provide 
evidence indicating that HTLV-1 can proliferate from 
the latent phase in the absence of CD8+ cells and sug-
gest that CD8+ cells are responsible for the control of 
HTLV-1 replication.

4.   Breadth and durability of SARS-CoV-2 specific 
T cell responses following long-term recovery 
from COVID-19.

Dang Thi Thu Thao3, Alitzel Anzurez2, Kaori Na-
kayama-Hosoya2, Shoji Miki2, Kazuo Yamashita8, 
Mark de Souza2, Tetsuro Matano, Ai Kawana-Ta-
chikawa: 8KOTAI Biotechnologies, Inc., Japan

T cell immunity is crucial for long-term immuno-
logical memory, but the profile of SARS-CoV-2-spe-
cific memory T cells in individuals who recovered 
from COVID-19 (COVID-19-convalescent individu-
als) is not sufficiently assessed. In this study, the 
breadth and magnitude of SARS-CoV-2-specific T cell 
responses were determined in COVID-19-convales-
cent individuals in Japan. Memory T cells against 
SARS-CoV-2 were detected in all convalescent indi-
viduals, and those with more severe disease exhibited 
a broader T cell response relative to cases with mild 
symptoms. Comprehensive screening of T cell re-
sponses at the peptide level was conducted for spike 
(S) and nucleocapsid (N) proteins, and regions fre-
quently targeted by T cells were identified. Multiple 
regions in S and N proteins were targeted by memory 
T cells, with median numbers of target regions of 13 
and 4, respectively. A maximum of 47 regions were 
recognized by memory T cells for an individual. 
These data indicate that SARS-CoV-2-convalescent 
individuals maintain a substantial breadth of memo-
ry T cells for at least several months following infec-
tion. Broader SARS-CoV-2-specific CD4+ T cell re-
sponses, relative to CD8+ T cell responses, were 
observed for the S but not the N protein, suggesting 
that antigen presentation is different between viral 
proteins. The binding affinity of predicted CD8+ T 
cell epitopes to HLA class I molecules in these regions 
was preserved for the Delta variant and at 94 to 96% 
for SARS-CoV-2 Omicron subvariants, suggesting 
that the amino acid changes in these variants do not 
have a major impact on antigen presentation to SARS-
CoV-2-specific CD8+ T cells.



300

Publications

1.   Minh, T.T.T., Hikichi, Y., Miki, S., Imanari, Y., Kus-
agawa, S., Okazaki, M., Thu, T.D.T., Shiino, T., 
Matsuoka, S., Yamamoto, H., Ohashi, J., Hall, 
W.W., Matano, T., Thi, L.A.N., and Kawana- 
Tachikawa, A. Impaired protective role of 
HLA-B*57:01/58:01 in HIV-1 CRF01_AE infection: 
a cohort study in Vietnam. Int. J. Infect. Dis. 128:20-
31, 2023.

2.   Kashima, Y., Mizutani, T., Nakayama-Hosoya, K., 
Moriyama, S., Matsumura, T., Yoshimura, Y., Sasa-
ki, H., Horiuchi, H., Miyata, N., Miyazaki, K., Ta-
chikawa, N., Takahashi, Y., Suzuki, T., Sugano, S., 
Matano, T., Kawana-Tachikawa, A., and Yutaka 
Suzuki, Y. Multimodal single-cell analyses of pe-
ripheral blood mononuclear cells of COVID-19 pa-
tients in Japan. Sci. Rep. 13:1935, 2023.

3.   Ishii, H., Jounai, K., Tsuji, R., Ohshio, K., Kaneda, 
D., Okazaki, M., Harada, S., Fujiwara, D., and Ma-
tano, T. Plasmacytoid dendritic cells stimulated 
with Lactococcus lactis strain Plasma produce sol-
uble factors to suppress SARS-CoV-2 replication. 
Biochem. Biophys. Res. Commun. 662:26-30, 2023.

4.   Otani, M., Shiino, T., Hachiya, A., Gatanaga, H., 
Watanabe, D., Minami, R., Nishizawa, M., Teshi-
ma, T., Yoshida, S., Ito, T., Hayashida, T., Koga, M., 
Nagashima, M., Sadamasu, K., Kondo, M., Kato, 
S., Uno, S., Taniguchi, T., Igari, H., Samukawa, S., 
Nakajima, H., Yoshino, Y., Horiba, M., Moro, H., 
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1.  Characterization of SARS-CoV-2 Omicron 
BA.2.75 clinical isolates.

Uraki R, Iida S1, Halfmann PJ2, Yamayoshi S, Hira-
ta Y1, Iwatsuki-Horimoto K, Kiso M, Ito M, Furusa-
wa Y, Ueki H, Sakai-Tagawa Y, Kuroda M2, Maemu-
ra T2, Kim T2, Mine S1, Iwamoto N3, Li R4, Liu Y4, 
Larson D4, Fukushi S5, Watanabe S6, Maeda K6, 
Wang Z4, Ohmagari N3, Theiler J7, Fischer W8,9, Ko-
rber B8,9, Imai M, Suzuki T1, Kawaoka Y. 1Depart-
ment of Pathology, National Institute of Infectious 
Diseases, Tokyo, Japan. 2Influenza Research Insti-
tute, Department of Pathobiological Sciences, School 
of Veterinary Medicine, University of Wiscon-
sin-Madison, Madison, WI, USA. 3Disease Control 
and Prevention Center, National Center for Global 
Health and Medicine Hospital, Tokyo, Japan. 4De-
partment of Animal, Dairy, and Veterinary Sciences, 
College of Agriculture and Applied Sciences, Utah 
State University, Logan, UT, USA. 5Department of 
Virology 1, National Institute of Infectious Diseases, 
Tokyo, Japan. 6Center for Influenza and Respirato-
ry Virus Research, National Institute of Infectious 
Diseases, Tokyo, Japan. 7Space Data Science and 
Systems, Los Alamos National Laboratory, Los 
Alamos, USA. 8Theoretical Biology and Biophysics, 
Los Alamos National Laboratory, Los Alamos, USA. 
9New Mexico Consortium, Los Alamos, USA.   

The prevalence of the Omicron subvariant BA.2.75 
rapidly increased in India and Nepal during the sum-
mer of 2022, and spread globally. However, the viro-
logical features of BA.2.75 are largely unknown. Here, 
we evaluated the replicative ability and pathogenicity 
of BA.2.75 clinical isolates in Syrian hamsters. Al-
though we found no substantial differences in weight 
change among hamsters infected with BA.2, BA.5, or 
BA.2.75, the replicative ability of BA.2.75 in the lungs 
is higher than that of BA.2 and BA.5. Of note, BA.2.75 
causes focal viral pneumonia in hamsters, character-
ized by patchy inflammation interspersed in alveolar 
regions, which is not observed in BA.5-infected ham-
sters. Moreover, in competition assays, BA.2.75 repli-
cates better than BA.5 in the lungs of hamsters. These 
results suggest that BA.2.75 can cause more severe 
respiratory disease than BA.5 and BA.2 in a hamster 
model and should be closely monitored.

2.  In vitro and in vivo characterization of SARS-
CoV-2 strains resistant to nirmatrelvir

Kiso M, Furusawa Y, Uraki R, Imai M, Yamayoshi 
S, Kawaoka Y.

Nirmatrelvir, an oral antiviral agent that targets a 
SARS-CoV-2 main protease (3CLpro), is clinically 
useful against infection with SARS-CoV-2 including 
its omicron variants. Since most omicron subvariants 
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ウイルス感染部門

Project Professor　Yoshihiro Kawaoka, D.V.M., Ph.D. 特任教授　獣医学博士　　河　岡　義　裕

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.  
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have reduced sensitivity to many monoclonal anti-
body therapies, potential SARS-CoV-2 resistance to 
nirmatrelvir is a major public health concern. Several 
amino acid substitutions have been identified as be-
ing responsible for reduced susceptibility to nir-
matrelvir. Among them, we selected L50F/E166V and 
L50F/E166A/L167F in the 3CLpro because these com-
binations of substitutions are unlikely to affect virus 
fitness. We prepared and characterized delta variants 
possessing Nsp5-L50F/E166V and Nsp5-L50F/E166A/
L167F. Both mutant viruses showed decreased sus-
ceptibility to nirmatrelvir and their growth in VeroE6/
TMPRSS2 cells was delayed. Both mutant viruses 
showed attenuated phenotypes in a male hamster in-
fection model, maintained airborne transmissibility, 
and were outcompeted by wild-type virus in co-infec-
tion experiments in the absence of nirmatrelvir, but 
less so in the presence of the drug. These results sug-
gest that viruses possessing Nsp5-L50F/E166V and 
Nsp5-L50F/E166A/L167F do not become dominant in 
nature. However, it is important to closely monitor 
the emergence of nirmatrelvir-resistant SARS-CoV-2 
variants because resistant viruses with additional 
compensatory mutations could emerge, outcompete 
the wild-type virus, and become dominant.

3.  In vitro and in vivo characterization of SARS-
CoV-2 resistance to ensitrelvir.

Kiso M, Yamayoshi S, Iida S1, Furusawa Y, Hirata Y, 
Uraki R, Imai M, Suzuki T1, Kawaoka Y.

Ensitrelvir, an oral antiviral agent that targets a 
SARS-CoV-2 main protease (3CLpro or Nsp5), is clin-
ically useful against SARS-CoV-2 including its omi-
cron variants. Since most omicron subvariants have 
reduced sensitivity to most monoclonal antibody 
therapies, SARS-CoV-2 resistance to other antivirals 
including main protease inhibitors such as ensitrelvir 
is a major public health concern. Here, repeating pas-
sages of SARS-CoV-2 in the presence of ensitrelvir 
revealed that the M49L and E166A substitutions in 
Nsp5 are responsible for reduced sensitivity to en-
sitrelvir. Both substitutions reduced in vitro virus 
growth in the absence of ensitrelvir. The combination 
of the M49L and E166A substitutions allowed the vi-
rus to largely evade the suppressive effect of ensitrel-
vir in vitro. The virus possessing Nsp5-M49L showed 
similar pathogenicity to wild-type virus, whereas the 
virus possessing Nsp5-E166A or Nsp5-M49L/E166A 
slightly attenuated. Ensitrelvir treatment of hamsters 
infected with the virus possessing Nsp5-M49L/E166A 
was ineffective; however, nirmatrelvir or molnupira-
vir treatment was effective. Therefore, it is important 
to closely monitor the emergence of ensitrelvir-resist-
ant SARS-CoV-2 variants to guide antiviral treatment 
selection.
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1.  SELEX targeting virus-like particle generates 
RNA aptamers inhibiting the chikungunya vi-
rus

Kaku Goto, Ryo Amano, Akiko Ichinose1, Akiya 
Michishita1, Michiaki Hamada1, Yoshikazu Naka-
mura2, Masaki Takahashi: 1Graduate School of Ad-
vanced Science and Engineering, Waseda Universi-
ty, Tokyo 169-8555, Japan; 2RIBOMIC Inc., Tokyo 
108-0071, Japan

Nucleic acid aptamers are a promising drug mo-
dality, but it remains difficult to generate virus-neu-
tralizing aptamers because of the lack of a robust sys-
tem for the discovery of aptamers targeting virus 
particles of interest. We report that a platform tech-
nology to develop virus neutralizing RNA aptamers 
targeting chikungunya virus (CHIKV) as a model tar-
get by adopting our SELEX method with virus-like 
particles (VLPs), VLP-SELEX. An identified aptamer 
raised against CHIKV-VLPs, Apt#1, and its truncated 
derivatives showed neutralizing activity with IC50 
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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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values in the nanomolar range in a cell-based assay 
system using a pseudoviral particle of CHIKV 
(CHIKVpp). An antiviral-based chemical genetic ap-
proach for probing the interaction area of Apt#1 
showed additive effects of Apt#1 with most assessed 
antivirals, whereas potent competitiveness with 
suramin, a reported interactant with domain A of E2 
envelope protein (E2DA), was revealed in both cell-

based and surface plasmon resonance analyses, pre-
dicting E2DA to be the Apt#1 interface. Further, Apt#1 
interfered with the attachment process of CHIKVpp, 
suggesting it acts as an attachment inhibitor targeting 
E2DA in CHIKV in concert with certain antivirals. 
These results suggest that VLP-SELEX may be a novel 
feasible option for exploring virus-neutralizing agents 
targeting virus-particles of interest.

Publications

1.   Daniel S Pereira, Akita K, Robert B Bhisitkul, 
Nishihata T, Yusuf Ali, Nakamura E, Nakamura 
Y: Safety and tolerability of intravitreal umed-
aptanib pegol (anti-FGF2) for neovascular age-re-
lated macular degeneration (nAMD): a phase 1, 
open-label study.” Eye (Lond), 2023 Dec 1, doi: 
10.1038/s41433-023-02849-6. Online ahead of print.

2.   Daniel S Pereira, Raj K Maturi, Akita K, Vinaya 

Mahesh, Robert B Bhisitkul, Nishihata T, Sakota E, 
Yusuf Ali, Nakamura E, Padma Bezwada, Naka-
mura Y.: Clinical proof of concept for anti-FGF2 
therapy in exudative age-related macular degen-
eration (nAMD): phase 2 trials in treatment-naïve 
and anti-VEGF pretreated patients. Eye (Lond), 
2023 Nov 30, doi: 10.1038/s41433-023-02848-7. On-
line ahead of print.  
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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  

Comprehensive Special Zone for International Com-
petitiveness 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.   湯地 晃一郎. ビッグデータとしての臨床検査情報
HL7FHIRとその展開　臨床検査の利活用に向け
てPHR/EHRの共通基盤. 日本臨床検査医学会誌. 

71(8);547-551, 2023. 
2.   湯地 晃一郎. 第 7 回 日本臨床薬理学会 関東・甲信

越地方会を終えて. 臨床薬理. 54(6);249-253, 2023. 
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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.  Analytical Method for Experimental Validation 
of Computer-Designed Antibody

Tanabe A, Tsumoto K.

In the computational design of antibodies, the in-
teraction analysis between target antigen and anti-
body is an essential process to obtain feedback for 
validation and optimization of the design. Kinetic 
and thermodynamic parameters as well as binding 
affinity (KD) allow for a more detailed evaluation and 
understanding of the molecular recognition. In this 
chapter, we summarize the conventional experimen-
tal methods which can calculate KD value (ELISA, 
FP), analyze a binding activity to actual cells (FCM), 
and evaluate the kinetic and thermodynamic parame-
ters (ITC, SPR, BLI), including high-throughput anal-
ysis and a recently developed experimental tech-
nique.

2.  Structural Classification of CDR-H3 in Sin-
gle-Domain VHH Antibodies

Kuroda D, Tsumoto K.

The immune systems protect vertebrates from for-
eign molecules or antigens, and antibodies are impor-
tant mediators of this system. The sequences and 
structural features of antibodies vary depending on 
species. Many of antibodies from vertebrates, includ-
ing camelids, have both heavy and light chain varia-
ble domains, but camelids also have antibodies that 
lack the light chains. In antibodies that lack light 
chains, the C-terminal variable region is called the 
VHH domain. Antibodies recognize antigens through 
six complementarity-determining regions (CDRs). 
The third CDR of the heavy chain (CDR-H3) is at the 
center of the antigen-binding site and is diverse in 
terms of sequence and structure. Due to the impor-
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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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tance of antibodies in basic science as well as in med-
ical applications, there have been many studies of 
CDR-H3s of antibodies that possess both light and 
heavy chains. However, nature of CDR-H3s of sin-
gle-domain VHH antibodies is less well studied. In 
this chapter, we describe current knowledge of se-
quence-structure-function correlations of single-do-
main VHH antibodies with emphasis on CDR-H3. 
Based on the 370 crystal structures in the Protein Data 
Bank, we also attempt structural classification of 
CDR-H3 in single-domain VHH antibodies and dis-
cuss lessons learned from the ever-increasing number 
of the structures.

3.  Biophysical Characterization of the Contribu-
tion of the Fab Region to the IgG-FcγRIIIa Inter-
action

Kosuge H, Nagatoishi S, Kiyoshi M, Ishii-Watabe A, 
Terao Y, Ide T, Tsumoto K

The cell-surface receptor FcγRIIIa is crucial to the 
efficacy of therapeutic antibodies as well as the im-
mune response. The interaction of the Fc region of 
IgG molecules with FcγRIIIa has been characterized, 
but until recently, it was thought that the Fab regions 
were not involved in the interaction. To evaluate the 
influence of the Fab regions in a biophysical context, 
we carried out surface plasmon resonance analyses 
using recombinant FcγRIIIa ligands. A van’t Hoff 
analysis revealed that compared to the interaction of 
the papain-digested Fc fragment with FcγRIIIa, the in-
teraction of commercially available, full-length rituxi-
mab with FcγRIIIa had a more favorable binding en-
thalpy, a less favorable binding entropy, and a slower 
off rate. Similar results were obtained from analyses 
of IgG1 molecules and an IgG1-Fc fragment produced 
by Expi293 cells. For further validation, we also pre-
pared a maltose-binding protein-linked IgG1-Fc frag-
ment (MBP-Fc). The binding enthalpy of MBP-Fc was 
nearly equal to that of the IgG1-Fc fragment for the 
interaction with FcγRIIIa, indicating that such alterna-
tives to the Fab domains as MBP do not positively 
contribute to the IgG-FcγRIIIa interactions. Our inves-
tigation strongly suggests that the Fab region directly 
interacts with FcγRIIIa, resulting in an increase in the 
binding enthalpy and a decrease in the dissociation 
rate, at the expense of favorable binding entropy.

4.  Molecular mechanism underlying the in-
creased risk of colorectal cancer metastasis 
caused by single nucleotide polymorphisms in 
LI-cadherin gene

Yui A, Kuroda D, Maruno T, Nakakido M, Nagatoi-
shi S, Uchiyama S, Tsumoto K.

LI-cadherin is a member of the cadherin super-
family. LI-cadherin mediates Ca2+-dependent cell-

cell adhesion through homodimerization. A previous 
study reported two single nucleotide polymorphisms 
(SNPs) in the LI-cadherin-coding gene (CDH17). 
These SNPs correspond to the amino acid changes of 
Lys115 to Glu and Glu739 to Ala. Patients with 
colorectal cancer carrying these SNPs are reported to 
have a higher risk of lymph node metastasis than pa-
tients without the SNPs. Although proteins associat-
ed with metastasis have been identified, the molecu-
lar mechanisms underlying the functions of these 
proteins remain unclear, making it difficult to devel-
op effective strategies to prevent metastasis. In this 
study, we employed biochemical assays and molecu-
lar dynamics (MD) simulations to elucidate the mo-
lecular mechanisms by which the amino acid changes 
caused by the SNPs in the LI-cadherin-coding gene 
increase the risk of metastasis. Cell aggregation as-
says showed that the amino acid changes weakened 
the LI-cadherin-dependent cell-cell adhesion. In vitro 
assays demonstrated a decrease in homodimerization 
tendency and MD simulations suggested an altera-
tion in the intramolecular hydrogen bond network by 
the mutation of Lys115. Taken together, our results 
indicate that the increased risk of lymph node metas-
tasis is due to weakened cell-cell adhesion caused by 
the decrease in homodimerization tendency.

5.  Design of single-domain VHH antibodies to in-
crease the binding activity in SPR amine cou-
pling

Hirao A, Nagatoishi S, Ikeuchi E, Yamawaki T, Mori 
C, Nakakido M, Tsumoto K.

Single-domain antibodies, or VHH, nanobodies, 
are attractive tools in biotechnology and pharmaceu-
ticals due to their favorable biophysical properties. 
Single-domain antibodies have potential for use in 
sensing materials to detect antigens, and in this pa-
per, we propose a generic design strategy of sin-
gle-domain antibodies for the highly efficient use of 
immobilized antibodies on a sensing substrate. Amine 
coupling was used to immobilize the single-domain 
antibodies on the substrate through a robust covalent 
bond. First, for two model single-domain antibodies 
with lysines at four highly conserved positions (K48, 
K72, K84, and K95), we mutated the lysines to alanine 
and measured the binding activity of the mutants (the 
percentage of immobilized antibodies that can bind 
antigen) using surface plasmon resonance. The two 
model single-domain antibodies tended to have high-
er binding activities when K72, which is close to the 
antigen binding site, was mutated. Adding a Lys-tag 
to the C-terminus of single-domain antibodies also 
increased the binding activity. We also mutated the 
lysine for another model single-domain antibodies 
with the lysine in a different position than the four 
residues mentioned above and measured the binding 
activity. Thus, single-domain antibodies immobilized 
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in an orientation accessible to the antigen tended to 
have a high binding activity, provided that the physi-
cal properties of the single-domain antibodies them-
selves (affinity and structural stability) were not sig-
nificantly reduced. Specifically, the design strategy of 
single-domain antibodies with high binding activity 
included mutating the lysine at or near the antigen 
binding site, adding a Lys-tag to the C-terminus, and 
mutating a residue away from the antigen binding 
site to lysine. It is noteworthy that mutating K72 close 
to the antigen binding site was more effective in in-
creasing the binding activity than Lys-tag addition, 
and immobilization at the N-terminus close to the an-
tigen binding site did not have such a negative effect 
on the binding activity compared to immobilization 
at the K72.

6.  Targeting hemoglobin receptors IsdH and IsdB 
of Staphylococcus aureus with a single VHH 
antibody inhibits bacterial growth

Valenciano-Bellido S, Caaveiro JMM, Nakakido M, 
Kuroda D, Aikawa C, Nakagawa I, Tsumoto K.

Methicillin-resistant Staphylococcus aureus, or 
MRSA, is one of the major causative agents of hospi-
tal-acquired infections worldwide. Novel antimicro-
bial strategies efficient against antibiotic-resistant 
strains are necessary and not only against S. aureus. 
Among those, strategies that aim at blocking or dis-
mantling proteins involved in the acquisition of es-
sential nutrients, helping the bacteria to colonize the 
host, are intensively studied. A major route for S. au-
reus to acquire iron from the host organism is the Isd 
(iron surface determinant) system. In particular, the 
hemoglobin receptors IsdH and IsdB located on the 
surface of the bacterium are necessary to acquire the 
heme moiety containing iron, making them a plausi-
ble antibacterial target. Herein, we obtained an anti-
body of camelid origin that blocked heme acquisition. 
We determined that the antibody recognized the 
heme-binding pocket of both IsdH and IsdB with na-
nomolar order affinity through its second and third 
complementary-determining regions. The mecha-
nism explaining the inhibition of acquisition of heme 
in vitro could be described as a competitive process in 
which the complementary-determining region 3 from 
the antibody blocked the acquisition of heme by the 
bacterial receptor. Moreover, this antibody markedly 
reduced the growth of three different pathogenic 
strains of MRSA. Collectively, our results highlight a 
mechanism for inhibiting nutrient uptake as an anti-
bacterial strategy against MRSA.

7.  Raman Spectroscopic Analysis of Highly-Con-
centrated Antibodies under the Acid-Treated 
Conditions

Sato Y, Nagatoishi S, Noguchi S, Tsumoto K.

Antibody drugs are usually formulated as high-
ly-concentrated solutions, which would easily gener-
ate aggregates, resulting in loss of efficacy. Although 
low pH increases the colloidal dispersion of antibod-
ies, acid denaturation can be an issue. Therefore, 
knowing the physical properties at low pH under 
high concentration conditions is important. Raman 
spectroscopy was used to investigate pH-induced 
conformational changes of antibodies at 50 mg/ml. 
Experiments in pH 3 to 7 were performed for human 
serum IgG and recombinant rituximab. We detected 
the evident changes at pH 3 in Tyr and Trp bands, 
which are the sensitive markers of intermolecular in-
teractions. Thermal transition analysis over the pH 
range demonstrated that the thermal transition tem-
perature (Tm) was highest at pH 3. Acid-treated and 
neutralized one showed higher Tm than that of pH 7, 
indicating that their extent of intermolecular interac-
tions correlated with the Tm values. Onset tempera-
ture was clearly different between concentrated and 
diluted samples. Colloidal analyses confirmed the 
findings of the Raman analysis. Our studies demon-
strated the positive correlation between Raman anal-
ysis and colloidal information, validating as a method 
for evaluating antibody conformation associated with 
aggregation propensities.

8.  Development of a 1:1-binding biparatopic an-
ti-TNFR2 antagonist by reducing signaling ac-
tivity through epitope selection

Akiba H, Fujita J, Ise T, Nishiyama K, Miyata T, 
Kato T, Namba K, Ohno H, Kamada H, Nagata S, 
Tsumoto K

Conventional bivalent antibodies against cell sur-
face receptors often initiate unwanted signal trans-
duction by crosslinking two antigen molecules. Bi-
paratopic antibodies (BpAbs) bind to two different 
epitopes on the same antigen, thus altering crosslink-
ing ability. In this study, we develop BpAbs against 
tumor necrosis factor receptor 2 (TNFR2), which is an 
attractive immune checkpoint target. Using different 
pairs of antibody variable regions specific to topo-
graphically distinct TNFR2 epitopes, we successfully 
regulate the size of BpAb-TNFR2 immunocomplexes 
to result in controlled agonistic activities. Our series 
of results indicate that the relative positions of the 
two epitopes recognized by the BpAb are critical for 
controlling its signaling activity. One particular an-
tagonist, Bp109-92, binds TNFR2 in a 1:1 manner 
without unwanted signal transduction, and its struc-
tural basis is determined using cryo-electron micros-
copy. This antagonist suppresses the proliferation of 
regulatory T cells expressing TNFR2. Therefore, the 
BpAb format would be useful in designing specific 
and distinct antibody functions.
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9.  Modulation of a conformational ensemble by a 
small molecule that inhibits key protein-pro-
tein interactions involved in cell adhesion

Senoo A, Nagatoishi S, Kuroda D, Ito S, Ueno G, 
Caaveiro JMM, Tsumoto K.

Small molecules that regulate protein-protein in-
teractions can be valuable drugs; however, the devel-
opment of such small molecules is challenging as the 
molecule must interfere with an interaction that often 
involves a large surface area. Herein, we propose that 
modulating the conformational ensemble of the pro-
teins participating in a given interaction, rather than 
blocking the interaction by directly binding to the in-
terface, is a relevant strategy for interfering with a 
protein-protein interaction. In this study, we applied 
this concept to P-cadherin, a cell surface protein form-
ing homodimers that are essential for cell-cell adhe-
sion in various biological contexts. We first deter-
mined the crystal structure of P-cadherin with a small 
molecule inhibitor whose inhibitory mechanism was 
unknown. Molecular dynamics simulations suggest 
that the inhibition of cell adhesion by this small mole-
cule results from modulation of the conformational 
ensemble of P-cadherin. Our study demonstrates the 
potential of small molecules altering the conforma-
tion ensemble of a protein as inhibitors of biological 
relevant protein-protein interactions.

10.  Arginine cluster introduction on framework 
region in anti-lysozyme antibody improved 
association rate constant by changing confor-
mational diversity of CDR loops

Maeta S, Nakakido M, Matsuura H, Sakai N, Hirata 
K, Kuroda D, Fukunaga A, Tsumoto K.

Antibodies are used for many therapeutic and bi-
otechnological purposes. Because the affinity of an 
antibody to the antigen is critical for clinical efficacy 
of pharmaceuticals, many affinity maturation strate-
gies have been developed. Although we previously 
reported an affinity maturation strategy in which the 
association rate of the antibody toward its antigen is 
improved by introducing a cluster of arginine resi-
dues into the framework region of the antibody, the 
detailed molecular mechanism responsible for this 
improvement has been unknown. In this study, we 
introduced five arginine residues into an anti-hen egg 
white lysozyme antibody (HyHEL10) Fab fragment 
to create the R5-mutant and comprehensively charac-
terized the interaction between antibody and antigen 
using thermodynamic analysis, X-ray crystallogra-
phy, and molecular dynamics (MD) simulations. Our 
results indicate that introduction of charged residues 
strongly enhanced the association rate, as previously 
reported, and the antibody-antigen complex structure 
was almost the same for the R5-mutant and wild-type 

Fabs. The MD simulations indicate that the mutation 
increased conformational diversity in complementa-
rity-determining region loops and thereby enhanced 
the association rate. These observations provide the 
molecular basis of affinity maturation by R5 muta-
tion.

11.  Anti-InlA single-domain antibodies that inhibit 
the cell invasion of Listeria monocytogenes

Yamazaki T, Nagatoishi S, Yamawaki T, Nozawa T, 
Matsunaga R, Nakakido M, Caaveiro JMM, Nak-
agawa I, Tsumoto K.

Listeriosis, caused by infection with Listeria 
monocytogenes, is a severe disease with a high mor-
tality rate. The L. monocytogenes virulence factor, in-
ternalin family protein InlA, which binds to the host 
receptor E-cadherin, is necessary to invade host cells. 
Here, we isolated two single-domain antibodies 
(VHHs) that bind to InlA with picomolar affinities 
from an alpaca immune library using the phage dis-
play method. These InlA-specific VHHs inhibited the 
binding of InlA to the extracellular domains of E-cad-
herin in vitro as shown by biophysical interaction 
analysis. Furthermore, we determined that the VHHs 
inhibited the invasion of L. monocytogenes into host 
cells in culture. High-resolution X-ray structure anal-
yses of the complexes of VHHs with InlA revealed 
that the VHHs bind to the same binding site as E-cad-
herin against InlA. We conclude that these VHHs 
have the potential for use as drugs to treat listeriosis.

12.  Biophysical insight into protein-protein inter-
actions in the Interleukin-11/Interleukin-11Rα/
glycoprotein 130 signaling complex

Mori C, Nagatoishi S, Matsunaga R, Kuroda D, Na-
kakido M, Tsumoto K.

Interleukin-11 (IL-11) is a member of the interleu-
kin-6 (IL-6) family of cytokines. IL-11 is a regulator of 
multiple events in hematopoiesis, and IL-11-mediat-
ed signaling is implicated in inflammatory disease, 
cancer, and fibrosis. All IL-6 family cytokines signal 
through the signal-transducing receptor, glycopro-
tein 130 (gp130), but these cytokines have distinct as 
well as overlapping biological functions. To under-
stand IL-11 signaling at the molecular level, we per-
formed a comprehensive interaction analysis of the 
IL-11 signaling complex, comparing it with the IL-6 
complex, one of the best-characterized cytokine com-
plexes. Our thermodynamic analysis revealed a clear 
difference between IL-11 and IL-6. Surface plasmon 
resonance analysis showed that the interaction be-
tween IL-11 and IL-11 receptor α (IL-11Rα) is entropy 
driven, whereas that between IL-6 and IL-6 receptor α 
(IL-6Rα) is enthalpy driven. Our analysis using iso-
thermal titration calorimetry revealed that the bind-
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ing of gp130 to the IL-11/IL-11Rα complex results in 
entropy loss, but that the interaction of gp130 with 
the IL-6/IL-6Rα complex results in entropy gain. Our 
hydrogen-deuterium exchange mass spectrometry 
experiments suggested that the D2 domain of gp130 
was not involved in IL-6-like interactions in the IL-11/
IL-11Rα complex. It has been reported that IL-6 inter-
action with gp130 in the signaling complex was char-
acterized through the hydrophobic interface located 
in its D2 domain of gp130. Our findings suggest that 
unique interactions of the IL-11 signaling complex 
with gp130 are responsible for the distinct biological 
activities of IL-11 compared to IL-6.

13.  High-throughput analysis system of interac-
tion kinetics for data-driven antibody design

Matsunaga R, Ujiie K, Inagaki M, Fernández Pérez 
J, Yasuda Y, Mimasu S, Soga S, Tsumoto K.

Surface plasmon resonance (SPR) is widely used 
for antigen-antibody interaction kinetics analysis. 
However, it has not been used in the screening phase 
because of the low throughput of measurement and 
analysis. Herein, we proposed a high-throughput 
SPR analysis system named “BreviA” using the Bre-
vibacillus expression system. Brevibacillus was trans-
formed using a plasmid library containing various 
antibody sequences, and single colonies were cul-
tured in 96-well plates. Sequence analysis was per-
formed using bacterial cells, and recombinant anti-
bodies secreted in the supernatant were immobilized 
on a sensor chip to analyze their interactions with 
antigens using high-throughput SPR. Using this sys-
tem, the process from the transformation to 384 inter-
action analyses can be performed within a week. This 
system utility was tested using an interspecies speci-
ficity design of an anti-human programmed cell death 
protein 1 (PD-1) antibody. A plasmid library contain-
ing alanine and tyrosine mutants of all complementa-
rity-determining region residues was generated. A 
high-throughput SPR analysis was performed against 
human and mouse PD-1, showing that the mutation 
in the specific region enhanced the affinity for mouse 
PD-1. Furthermore, deep mutational scanning of the 
region revealed two mutants with > 100-fold in-
creased affinity for mouse PD-1, demonstrating the 
potential efficacy of antibody design using data-driv-
en approach.

14.  Experimental modification in thermal stability 
of oligomers by alanine substitution and site 
saturation mutagenesis of interfacial residues

Hoya M, Matsunaga R, Nagatoishi S, Tsumoto K.

For certain industrial applications, the stability of 
protein oligomers is important. In this study, we 
demonstrated an efficient method to improve the 

thermal stability of oligomers using the trimeric pro-
tein chloramphenicol acetyltransferase (CAT) as the 
model. We substituted all interfacial residues of CAT 
with alanine to detect residues critical for oligomer 
stability. Mutation of six of the forty-nine interfacial 
residues enhanced oligomer thermal stability. Site 
saturation mutagenesis was performed on these six 
residues to optimize the side chains. About 15% of 
mutations enhanced thermal stability by more than 
0.5 °C and most did not disrupt activity of CAT. Cer-
tain combinations of mutations further improved 
thermal stability and resistance against heat treat-
ment. The quadruple mutant, H17V/N34S/F134A/
D157C, retained the same activity as the wild-type 
after heat treatment at 9 °C higher temperature than 
the wild-type CAT. Furthermore, combinations with 
only alanine substitutions also improved thermal sta-
bility, suggesting the method we developed can be 
used for rapid modification of industrially important 
proteins.

15.  Quantitative analysis of antibody aggregates 
by combination of pinched-flow fractionation 
and coulter method

Nagatoishi S, Toyoshima T, Furukawa K, Tsumoto 
K.

For the pharmaceutical development of proteins, 
multiple methods of analysis are recommended for 
evaluating aggregation, and the development of more 
quantitative and simpler analytical techniques for 
subvisible particles is expected. This study introduces 
the Pinched-Flow Fractionation (PFF)-Coulter meth-
od, which combines the Pinched-flow fractionation 
(PFF) and Coulter methods to analyze the concentra-
tion of submicron-sized particles. The PFF method 
separates the particles by size. Separated particles 
were individually detected using the Coulter method. 
We have utilized the PFF-Coulter method to quantita-
tively analyze particle concentrations using standard 
particles, evaluate detection limits, variability, and 
correlation between theoretical and measured values, 
and analyze mixtures of different particle sizes. The 
PFF-Coulter method allows for quantitatively analyz-
ing of particle sizes from 0.2 to 2.0 μm. The quantifia-
ble weight concentration range was 2.5 × 10-2 - 50 μg/
mL, and the number concentration range was 104-
1010 particles/mL. The sample volume was small (<10 
μL). The PFF-Coulter method is capable of quantita-
tive analysis that complements data from convention-
al measurement techniques, and when used in con-
junction with existing submicron-size particle analysis 
techniques, will enable more accurate particle analy-
sis.
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16.  Conformational features and interaction 
mechanisms of VH H antibodies with β-hair-
pin CDR3: A case of Nb8-HigB2 interaction

Yamamoto K, Nagatoishi S, Matsunaga R, Nakaki-
do M, Kuroda D, Tsumoto K.

The β-hairpin conformation is regarded as an im-
portant basic motif to form and regulate protein-pro-
tein interactions. Single-domain VH H antibodies are 
potential therapeutic and diagnostic tools, and the 
third complementarity-determining regions of the 
heavy chains (CDR3s) of these antibodies are critical 
for antigen recognition. Although the sequences and 
conformations of the CDR3s are diverse, CDR3s 
sometimes adopt β-hairpin conformations. However, 

characteristic features and interaction mechanisms of 
β-hairpin CDR3s remain to be fully elucidated. In this 
study, we investigated the molecular recognition of 
the anti-HigB2 VH H antibody Nb8, which has a 
CDR3 that forms a β-hairpin conformation. The inter-
action was analyzed by evaluation of alanine-scan-
ning mutants, molecular dynamics simulations, and 
hydrogen/deuterium exchange mass spectrometry. 
These experiments demonstrated that positions 93 
and 94 (Chothia numbering) in framework region 3, 
which is right outside CDR3 by definition, play pivot-
al roles in maintaining structural stability and bind-
ing properties of Nb8. These findings will facilitate 
the design and optimization of single-domain anti-
bodies.
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1.  Towards the development of personalized and 
precision-based prevention of diseases 

Toru Suzuki1, Tomoko Takahashi1, Masaru Koido2, 
Yoichiro Kamatani2, Takayuki Morisaki1,Yoshinori 
Murakami1; 1Project Division of Genomic Medicine 
and Disease Prevention, The Institute of Medical 
Science, the University of Tokyo, 2Laboratory of 
Complex Trait Genomics, Department of Computa-
tional Biology and Medical Sciences, Graduate 
School of Frontier Sciences, the University of Tokyo, 
Tokyo.

The Project Division of Genetic Medicine and Dis-
ease Prevention was established in 2019 to obtain sci-
entific evidence to enable disease prevention by inte-
grating genetic information into healthcare-based 
information (eg health records), life-style data and 
age.

For this purpose, a collaborative project with NTT 
Life Science, Corp. was initiated in 2020 to undertake 
research to integrate genetic testing with healthcare 

data to identify disease risk. Consenting employees of 
NTT group companies who undertake regular/annu-
al physical examinations were recruited to a compre-
hensive survey program of genetic testing using mi-
croarray analysis and healthcare data collection. The 
program aims to investigate use of polygenic risk 
scores to identify genetic risk of conditions, and to 
share information with participants to potentially im-
prove/intervene through lifestyle modifications im-
provement in a manner that is compliant in terms of 
ethical, legal and social issues (ELSI). This project is 
being undertaken in collaboration with several hospi-
tals, including the Center for Disease Prevention at 
the NTT Medical Center, Tokyo. Integration of genet-
ic information into health records and re-evaluation 
of disease risks of individuals are also being exam-
ined.

In 2021, a grant from the Japanese Science and 
Technology Agency’s JST-Mirai Program on Ad-
vanced Intelligent Information Society mission area 
(Human centric digital twins services) was awarded 

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

Project Professor Toru Suzuki, M.D., Ph.D.
Professor Yoshinori Murakami, M.D., Ph.D. 
Project Assistant Professor Tomoko Takahashi, Ph.D.

特任教授　博士（医学）　　鈴　木　　　亨
教　授　　博士（医学）　　村　上　善　則
特任助教　博士（理学）　　高　橋　朋　子

Diseases, including cancer and common/chronic conditions, develop/progress by 
the combination/interaction of genetic background, acquired environmental 
exposures, life-style factors and aging. Identification of risk factors at time of birth 
and later in life provides information on which approaches to disease prevention 
can be tailored. The Project Division of Genomic Medicine and Disease Prevention 
was started on July 1, 2019 (extended until March 2024) in cooperation with Nippon 
Telegram and Telephone Cooperation (NTT), with a goal to develop personalized/
precision-based prevention of diseases by integrating genomic information, health 
records and life-style data.
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to investigate “Development of disease prevention 
systems by integrating multi-layered biomedical in-
formation”. The prioritized theme targets individuals 
and organizations as components of society, using the 
premise of AI digital twin as its core, and aims to: (1) 
create new value for emerging needs and issues, and 
(2) propose and realize new concepts and services re-
lated to AI digital twin. Specifically, it aims at an opti-
mal combination of technologies related to data col-
lection, processing, conversion, and integration, 
which are the prerequisites for digital twinning, as 
well as data conversion technologies suitable for 
modern AI technology, intelligent integration of out-
put results, etc., with an eye toward the future of ser-
vices, in addition to the advancement of individual 
core technologies. 

The study aims to enable inclusion of multi-lay-
ered biomedical information into current compa-

ny-based health care systems.
Workstreams include -
1.  Longitudinal health care information of employees 

in a company-based cohort in Japan;
2.  SNP typing information of individuals (with in-

formed consent) to generate polygenic risk scores 
of various diseases; and

3.  Multiomics information, such as information on the 
metabolome.

In 2023, a grant from the Japanese Cabinet Office’s 
Cross-ministerial Strategic Innovation Promotion 
(SIP) Program on Development of an Integrated 
Healthcare System was awarded to develop and im-
plement a life-record-type digital twin. This project 
utilizes the serial healthcare/clinical data including 
biomedical information of the NTT working genera-
tion cohort to analyse and visualize disease onest and 
progression including risks.  
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Consortium on Metabolic Phenotyping (MAP/UK). 
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317

1.  Clinical precision research for hematological 
malignancies

Kimihito Cojin Kawabata1, Hironobu Komori1,2, 
Hayato Tsuji1,2, Yoshiharu Takama1,2, Seiko Kato1, 
Maiko Morita1, Sanae Suzuki1, Tetsushi Oka2, 
Yoshimasa Ono2, Kenji Wakabayashi2, Gen Kudo2, 
Yasuhito Nannya1, Satoshi Takahashi1.
1 IMSUT, 2 Daiichi Sankyo RD Novare Co., Ltd.

The aim of this study is to perform a comprehen-
sive multi-omics analysis covering genetic and epige-
netic alterations as well as gene expressions, which 
can be compared side-by-side with functional analy-
ses such as ex vivo drug responses. All these experi-
ments use primary tumor specimens (PTS) derived 

from patients with hematopoietic malignancies at-
tending either the IMSUT or collaborating hospitals, 
together with the Department of Hematology and 
Oncology. Currently, our special focus is on acute 
myeloid leukemia (AML) or myelodysplastic syn-
drome (MDS). 

Currently, in the aforementioned network, we 
have performed whole genome or whole exome anal-
yses on the PTS of patients with hematopoietic malig-
nancies, along with RNA expression, transcriptome 
analyses. We further aim to organize these omics ap-
proaches with higher resolution at the single cell lev-
el. These omics profiles can be immediately compared 
with the clinical course of the actual patients. The 
NGS data compared to the clinical profile are dis-
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Since the opening of our new laboratory under a joint research agreement with 
Daiichi Sankyo RD Novare Co., Ltd, we have been struggling to establish our 
experimental flow for drug-sensitivity screening using primary tumor specimens 
derived from patients with hematological malignancies. In order to finally establish 
a novel platform for precision medicine projects combining DSS and comprehensive 
multi-omics analyses, we aimed to optimize our tissue culture methods for PTS 
from acute myeloid leukemia (AML) patients. Using clinical specimens kindly 
provided by the Department of Hematology and Oncology, IMSUT Hospital, we 
were able to evaluate optimal tissue culture conditions for 3 to 9 days of ex vivo 
incubation with drugs. From these experiments, we were able to establish our in-
house tissue culture medium that can maintain hematopoietic stem/ progenitor cell-
like components of AML cells for the period of ex vivo drug treatments. While we 
handle these cell processing procedures, we could also make progress in high-
throughput assay system with automation technologies. Our efforts are highly 
expected to provide us with tools to understand the pathogenesis of hematological 
malignancies and develop further therapeutics. 
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cussed in detail in regular Tumor Board meetings (bi-
weekly). 

Drug sensitivity screening (DSS) using PTS is an-
other axis of the group’s efforts. In this topic, several 
other groups have already published their data on 
similar aspects (Nature. 2018;562(7728):526-31, Can-
cer Discovery. 2022;12(2):388-401, etc.). However, the 
more samples and compounds we use at multiple 
doses, and the more intensive work and time we need 
in these high-throughput procedures. In this sense, 
this field is still in its infancy. Therefore, we are trying 
to install more updated and modernized technologies 
in these wet experiments and subsequent analyses. 
One of them is a fully automated ex vivo drug screen-
ing system, which uses a robotic arm to integrate sev-
eral machines that can automatically handle the en-
tire process from cell seeding, drug injection, cell 
incubation, liquid handling to flow cytometry. After 
data acquisition, drug sensitivity profile data is also 
collected through an automated data processing pipe-
line. After installation, we have completed the optimi-
zation of the entire system so that each PTS we have 
stored in the laboratory is analyzed in a 384-well plate 
format. We are currently evaluating the significance 
of these results. 

To date, there is a great deal of variability in the 
methods used for ex vivo culture of PTS in the field of 
DSS. These methods need to be compared side-by-
side and ultimately further optimized to obtain drug 
sensitivity profiles using cells in a better state. To reit-
erate, the limited number of cells collected from pa-
tients and the use of all available frozen vials in initial 
screening experiments are two major problems in ex-
periments using PTS. In order to expand the possibil-
ities of this AML/MDS PTS for more advanced appli-
cations, we have conducted experiments to compare 
different ex vivo culture methods side by side. At the 
Clinical Precision Research Platform, we have already 
collected 159 different PTS aliquoted in 1495 cryovi-
als. They are continuously used either in the automat-
ed DSS experiments, OMICS analyses or in these ex 
vivo culture assays. We have found that 1. Short term 
culture protocols (up to 7 days) optimized for the cur-
rent DSS assays make some differences regardless of 
changing concentrations of serum or other supple-
ments for culture media. 2. The use of stromal feeder 
cells is superior to other conventional stroma-free cul-
ture methods currently used for normal hematopoie-
tic stem cells. Moreover, 3. Recently, we have installed 
the most updated culture methods to challenge for 

stroma-free, serum-free ex vivo culture system opti-
mized for PTS. The idea for the updated culture me-
dia is derived from ongoing collaborative research 
projects on normal hematopoietic stem cell culture. 
Initial data on this topic continue to fuel our research 
motivation on a daily basis. Details of these findings 
will be updated as they become available.

2.  Generation of antigen-specific T cells derived 
from cord blood

Maiko Morita1, Kimihito Cojin Kawabata1, Kiyoko 
Izawa1, Satoshi Yamazaki1,2, Ai Tachikawa-Kawa-
na1,3, Patrick Hanley4, Catherin Bollard4, Seiko 
Kato1, Satoshi Takahashi1

1 IMSUT, 2 University of Tsukuba, 3 National Insti-
tute of Infectious Diseases, 4 Children’s National Re-
search Institute
 
The aim of this project is to establish a non-gene 

transfer method for the generation and expansion of 
viral antigen-specific T cells from naive human cord 
blood (CB)-derived T cells.

Previous studies have shown that cGAMP, a type 
of STING ligand, induces an IFN-type response and 
promotes cross-priming of antigen-specific CD8+ T 
cells by mature DCs. It has also been reported that 
cGAMP induces the transcription factor T-bet, which 
is required for the development of effector CD8+ T 
cells. When CB-derived naive T cells were cultured 
with cGAMP and viral antigen peptides twice for 14 
days, significant production of inflammatory cy-
tokines such as IFN-γ and TNF-α was observed. As a 
result of optimization of culture conditions, supple-
mentation with ascorbic acid, ITS-G supplement, and 
an amino acid was shown to effectively produce in-
flammatory cytokines from CB-derived CTLs. In 
some samples, strong inflammatory cytokine produc-
tion was observed even after 5th stimulation with vi-
ral antigen peptides, and its amount correlated with 
the number of stimulations. However, repeated ex-
periments showed that cell proliferation and cytokine 
production were largely dependent on individual dif-
ferences. As a next step, we plan to perform mul-
ti-omics analysis or single-cell RNA-seq to investigate 
the difference between PB-derived CTLs and CB-de-
rived CTLs and to identify the factors for efficient in-
duction of CTLs from naive T cells. Future clinical 
studies are planned to advance this research and im-
prove the safety of cord blood transplantation by pro-
moting immune reconstitution against viral infection 
after transplantation.
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sone H. Development of an umbilical cord blood 
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1.  Research and development of novel diagnos-
tics to evaluate immune response

Hiroshi Yasui, Hiroshi Yotsuyanagi, Kiyosumi Ochi, 
Asako Kobayashi, Reika Li, Mikiko Suzuki, Keiji 
Hirano1, Yuma Oka1, Yoshinori Murakami2, Arinob-
uTojo3, Masatoshi Yanagida1, Noriko Doki4

1Central Research Laboratories, Sysmex Corpora-
tion
2Division of Molecular Pathology, IMSUT
3Tokyo Medical and Dental University
4Hematology Division, Tokyo Metropolitan Cancer 
and Infectious Diseases Center, Komagome Hospital

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 development of the novel cancer immunotherapy 
in hematologic malignancies.

2.  Investigator-initiated clinical trials under an In-
vestigational New Drug application for the de-
velopment of novel cancer therapeutics and 
biomarkers

Hiroshi Yasui, Mikiko Suzuki, Yataro Daigo1, Fumi-
taka Nagamura2

1Dean’s Office, IMSUT
2Center for Translational Research, IMSUT Hospi-
tal, IMSUT

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 

Social Cooperation Research Program

Project Division of Innovative Diagnostics 
Technology Platform
革新的診断技術応用基盤社会連携研究部門

Professor Hiroshi Yotsuyanagi, M.D.
Project Associate Professor	 	Hiroshi Yasui, M.D., D.M.Sc.

教　授　　　博士（医学）　　四　柳　　　宏
特任准教授　博士（医学）　　安　井　　　寛

In this laboratory, we aim to create innovative diagnostic technologies by combining 
various analysis and measurement technologies with ideas and unmet needs from 
the clinical perspective as hematologists-oncologists. We will study the optimization 
of diagnosis and treatment, providing innovative approaches to intractable diseases 
and conditions.
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drug especially novel cancer immunotherapy.

3.  Program for supporting biospecimen analysis 
for the diagnosis and treatment of hematologi-
cal malignancies

Hiroshi Yasui, Arinobu Tojo1, Kaoru Uchimaru2, 
Yoshihisa Yamano3, Toshiki Watanabe3

1Tokyo Medical and Dental University
2Department of Computational Biology and Medical 
Sciences, Graduate School of Frontier Sciences, The 
University of Tokyo
3St. Marianna University School of Medicine

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.  Support and management of translational re-
search

Hiroshi Yasui

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.
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hashi N, Furukawa Y. c-FOS is an integral compo-
nent of the IKZF1 transactivator complex and me-
diates lenalidomide resistance in multiple 
myeloma. Clin Transl Med. 2023 Aug;13(8):e1364. 
doi: 10.1002/ctm2.1364.

2.   Kikuchi J, Kodama N, Takeshita M, Ikeda S, 
Kobayashi T, Kuroda Y, Uchiyama M, Osada N, 
Bogen B, Yasui H, Takahashi N, Miwa A, Furuka-

wa Y. EMD originates from hyaluronan-induced 
homophilic interactions of CD44 variant-express-
ing MM cells under shear stress. Blood Adv. 2023 
Feb 28;7(4):508-524. doi: 10.1182/bloodadvanc-
es.2022007291.

3.   安井　寛　1. 多発性骨髄腫の病態解明研究の進歩　
特集「多発性骨髄腫診療の現状と新たな治療へ 
の期待」血液内科　科学評論社　2023年5月 ; 
86(5), 591-595
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Introduction

Our division was established as an endowed divi-
sion by Denka Company Limited.  We work in close 
conjunction with the laboratory of Innovative Cancer 
Therapy.  Oncolytic viruses are genetically modified 
to replicate in and kill cancer cells while leaving nor-
mal tissues unharmed.  The genetic modification of 
the viruses also grants them the ability to elicit an-
ti-cancer immunity through multiple mechanisms of 
the patient’s immune system.  Genetically engineered, 
conditionally replicating herpes simplex viruses type 
1 (HSV-1) are promising therapeutic agents for solid 
cancers.  Our division focuses on process develop-
ment and scale-up of oncolytic HSV-1 production.

A triple-mutated, third-generation oncolytic HSV-
1, G47∆, teserpaturev.

We developed a triple-mutated, third-generation 
oncolytic HSV-1, G47∆, teserpaturev that has triple 
mutations within the viral genome. A phase II clinical 
trial of G47∆ was conducted since 2014 in patients 
with glioblastoma.  In June 2021, G47Δ was approved 
as the world’s first oncolytic virus drug for malignant 
gliomas.  Upon commercial distribution, the oncolytic 

virus therapy using G47Δ (Delytact®) for patients 
with malignant glioma started at IMSUT hospital in 
November 2021.  The clinical trial is ongoing in pa-
tients with olfactory neuroblastoma. 

Production of clinical-grade oncolytic HSV-1

We excel at producing master virus seed stocks 
(MVSS) and subsequent production of working virus 
seed stocks (WVSS): free of contamination, replica-
tion-competent (high titer), identity, purity, and sta-
bility.  We begin with selecting cell lines for adherent 
or suspension culture growth, optimization of media 
and buffers, cell lysis, and purification of oncolytic 
HSV-1.  We performed G47∆ genome structure analy-
sis, stability tests, and preclinical safety evaluation.  
Clinical-grade G47∆ products were prepared at the 
Therapeutic Vectors Development Center, IMSUT 
hospital, with Good Manufacturing Practice (GMP).  
The Therapeutic Vectors Development Center has 
been maintained to meet the current GMP standard 
through regular validation of equipment and produc-
tion and an ISO9001:2015-certified quality manage-
ment system.  We continue to optimize oncolytic 
HSV-1 production to improve their safety, efficacy, 
and manufacturability for scale-up.

Corporate Sponsored Research Program

Project Division of Oncolytic Virus 
Development
ウイルス療法開発寄付研究部門

Project Professor Minoru Tanaka, M.D, Ph.D. 特任教授　　博士（医学）　　田　中　　　実

We have been conducting basic research and clinical projects to devise oncolytic 
virus therapies for solid cancers, including glioblastoma, olfactory neuroblastoma, 
and malignant pleural mesothelioma.  We focus on oncolytic virus drug 
manufacturing processes, including scale-up, purification, filling, quality and stability 
testing, and characterization, as well as the development of next-generation 
oncolytic virus drugs to contribute to the prevalence of oncolytic virus therapy in 
Japan.



324

A recombinant herpes simplex type 1 with human 
IL-12 expression, T-hIL12

One of the advantages of HSV-1 is its capacity to 
incorporate large or multiple transgenes within the 
viral genome.  Incorporating transgenes encoding im-
munomodulatory molecules into G47∆ can enhance 
its ability to trigger anti-cancer immunity.  T-hIL12 is 
a G47∆-based recombinant HSV-1 that expresses hu-
man interleukin-12 (IL-12). This IL-12-mediated an-
ti-tumor immunity is thought to be T cell-mediated.  
We started a phase 1/2 clinical trial of T-hIL12 in pa-
tients with malignant melanoma in January 2020 
jointly with Shinshu University. The phase 2 part of 

this trial is ongoing.

A recombinant herpes simplex type 1 with human 
bevacizumab expression, T-BV

Phase II trials of G47Δ in glioblastoma showed ef-
ficacy and safety, but cases of temporary brain edema 
were observed during the induction of anti-tumor im-
munity by G47Δ. To further improve the safety of vi-
ral therapy for brain tumors, we have developed 
T-BV, a G47Δ-based recombinant HSV-1 expressing 
bevacizumab that can reduce brain edema without 
systemic administration. We have produced clini-
cal-grade T-BV and will soon initiate clinical trials.

Publications
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Neoadjuvant use of oncolytic herpes virus 
G47Δprevents local recurrence after insufficient 
resection in tongue cancer models. Mol Ther  
Oncolytics. 2023 Jul 19:30:72-85. doi: 10.1016/j.
omto.2023.07.002. eCollection 2023 Sep 21. 

2.   Shima Y, Sasagawa S, Ota N, Oyama R, Tanaka M, 
Kubota-Sakashita M, Kawakami H, Kobayashi M, 
Takubo N, Ozeki AN, Sun X, Kim YJ, Kamatani Y, 
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saki K, Okano H, Furihata T, Nakaki R, Akimitsu 
N, Wada Y, Ohtsuka T, Kurihara H, Okabe S, Na-
kafuku M, Kato T, Nakagawa H, Saito N, Naka-
tomi H. Increased PDGFRB and NF-κB signaling 
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14;15(700):eabq7721. doi: 10.1126/scitranslmed.
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Consortium

Consortium for Gene Therapy and 
Regenerative Medicine
遺伝子治療・再生医療コンソーシアム

Professor Atsushi Iwama, M.D., Ph.D.
Professor Tomoki Todo, M.D., Ph.D.
Professor Kaori Muto, Ph.D.
Professor Takashi Okada, M.D., Ph.D.
Professor Hideki Taniguchi, M.D., Ph.D.
Professor Fumitaka Nagamura, M.D., Ph.D.
Associate Professor Tokiko Nagamura-lnoue, M.D., D.M.Sc.

教　授　博士（医学）　　　岩　間　厚　志
教　授　博士（医学）　　　藤　堂　具　紀
教　授　博士（保健学）　　武　藤　香　織
教　授　博士（医学）　　　岡　田　尚　巳
教　授　博士（医学）　　　谷　口　英　樹
教　授　博士（医学）　　　長　村　文　孝
准教授　博士（医学）　　　長　村　登紀子

Recent advances in gene therapy, regenerative medicine, and cell therapy have 
closely linked these fields scientifically as well as in clinical practice. These fields 
have common target cells, organs, or diseases and utilize similar technologies. 
Based on these recent trends, we founded a consortium for Gene Therapy and 
Regenerative Medicine in 2022, in which IMSUT researchers working on gene 
therapy, regenerative medicine, cell therapy, and Ethical, Legal and Social Issues 
(ELSI) liaise closely with each other and promote front-line research. Core 
members belong to the Center for Gene and Cell Therapy, Center for Stem Cell 
Biology and Regenerative Medicine, and Advanced Clinical Research Center, but 
we recruit all IMSUT researchers interested in these fields and aim to develop this 
consortium into an international hub for gene therapy and regenerative medicine.
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1.  Support for the management of institutional 
projects 

Kiyomi Nakagawa, Yoko Udagawa, Ayako Miyake 

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)
- On-campus job project for student financial support 
FY 2023

2.  International Joint Usage/Research Center 
Program of MEXT 

Kaori Inoue, Junko Tsuzuku

IMSUT was authorized by MEXT as a Joint Usage/ 
Research Center in 2009 and began its activity in 2010. 
The center’s main activity is to implement joint re-
search projects, accepting applications from research-
ers at universities and research institutions inside and 
outside Japan, to organize academic gatherings such 
as international symposia, and meetings as well as 
seminars for young researchers, and to publish activ-
ity reports on our website. In addition to the 
above-mentioned activities, we edit documents per-

Dean’s Office

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

Professor　Mutsuhiro Takekawa, M.D., Ph.D. 教　授　博士（医学）　　武　川　睦　寛

Our major missions are to coordinate institutional projects and to enhance the 
mutual cooperation and 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.
In May 2023, the Project Coordination Office merged with the former International 
Affairs Office, which was responsible for public relations and language support, to 
strengthen its functions. On the public relations front, the Office continues to focus 
on an effective PR strategy including publishing new information about a variety of 
scientific research conducted by IMSUT on its official website and social media. 
The Office is also working to increase IMSUT’s international presence through 
press releases in both Japanese and English, press conferences, and IMSUT’s PR 
magazines. On the language support side, the Office provides translation support 
from Japanese to English to create a favourable working environment for the 
international members of IMSUT.
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taining to various investigations, and submit evalua-
tion reports to MEXT in collaboration with the Re-
search Promotion Team, Research Support Division, 
Administration Office. IMSUT was authorized as an 
International Joint Usage/Research Center by MEXT 
in November 2018 and approved to continue the 
center program for the next six years in line with 
MEXT’s policy in December 2021. In this capacity, we 
will continue our utmost efforts to further expand this 
program both on domestic and international levels.

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 funds

4.  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, 
Genomic medicine, intractable diseases, and distrib-
uted Japanese press releases to media institutions and 
science journalists strategically. The Office also dis-
seminated English press releases to the global com-
munity of science journalists through the official web-
site, social media such as Twitter, along with the 
international public relations website “Eurek Alert!”.

5.  Publication 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 published the PR magazine 
“PLATINUM STREET TIMES” in June and December 
2023, featuring patient first medicine at IMSUT Hos-
pital and IMSUT’s research achievements in the latest 
gene therapy, regenerative medicine, and cell thera-
py.

6.  Language support

Kazuyo Ohara

In 2023, with the reclassification of the COVID-19 
category to Class 5 and the gradual resumption of re-
search activities by IMSUT members, the Office 
worked closely with the administrative staff to pro-
vide the international members of IMSUT with im-
portant notices and updates in English. These includ-
ed the Dean’s messages and notices encouraging the 
members to actively participate in awareness-raising 
seminars and training sessions led by the Administra-
tion Bureau. The Office also vigorously undertook 
various translation and proofreading work, aiming to 
create a favourable working environment for the in-
ternational members of IMSUT by offering tailored 
language services.

7.  Others

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 
on Biomedical Research” and “International Symposi-
um of the Institute Network 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 Professor Mutsuhiro Takekawa, M.D., Ph.D. 
Advisor and Senior Professor Jun-ichiro Inoue, Ph.D.
Project Professor Yataro Daigo, M.D., Ph.D.

教授・室長　　　博士（医学）　　武　川　睦　寛
特命教授・アドバイザー　薬学博士　　　井　上　純一郎
特任教授　　　　博士（医学）　　醍　醐　弥太郎

“Platforms for Advanced Technologies and Research Resources” (platform.umin. 
jp/) was launched in fiscal year (FY) 2022 under the new framework of the Grant-
inAid for Transformative Research Areas (A) 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 programs “Support 
Programs for Three Fields in Life Sciences (Cancer, Genome and Brain Sciences) 
(FY 2010-2015) and “Platforms for Advanced Technologies and Research 
Resources (FY2016-2021)”. “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 52 universities and 22 research institutions nationwide which 
provide more than 70 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 22 members participated: 
four platform representatives and 18 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 plat-
forms:Advanced Animal Model Support (AdAMS) 
and Cohort Study and Biospecimen Analysis (Co-
BiA): 

Jun Saito, Tomoko   Fujita, Yuko Sonoda, Atsuko 
Ishizaki, Miyuki Kawakami, Yataro Daigo, Jun-ichiro 
Inoue, and Mutsuhiro Takekawa

The following activities have been performed un-
der the management of this office in 2023. 

1.   Planning and organization of the budgetary allo-
cation. 

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 
holding the luncheon seminar, joining the exhibi-
tions of various scientific meetings and posting 
the article on The Science News.

7.   Facilitating cooperative networks between our 
platforms and other domestic or international 
groups that support life science researches.
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50th IMSUT Founding Commemorative Symposium 
The Battle Against COVID-19

　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「COVID-19 との戦い」というテーマで講演を行った。

　日　時：令和 5 年 5 月 26 日（金）　13:00 ～ 17:00
　会　場：医科学研究所１号館講堂

Hiroshi Yotsuyanagi（Division of Infectious Diseases Advanced Clinical Research Center, IMSUT）
A Review of COVID-19 in Japan for three years

Hitoshi Oshitani（Department of Virology, Tohoku University Graduate School of Medicine）
Pandemic prevention, preparedness, and response over the past 30 years

Koichi Fukunaga（Division of Pulmonary Medicine, Department of Medicine, Keio University, 
School of Medicine）
Strength in Solidarity

Kei Sato（Division of Systems Virology, Department of Microbiology and Immunology, IMSUT）
Evolution of SARS-CoV-2

Hisashi Arase（Department of Immunochemistry, Research Institute for Microbial Diseases, Osaka 
University / Laboratory of Immunochemistry, WPI Immunology Frontier Research Center, Osaka Uni-
versity）
Host factors involved in SARS-CoV-2 infection
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学友会セミナー
（令和５年 1 月～令和５年 12 月）

１月４日 演題： HSV プロテインキナーゼ UL13 を介した病原性発現制御機構の解明
演者： 小栁　直人

１月４日 演題： Toll Like Receptor におけるリガンド認識機構の解明
演者： 柴田　琢磨

１月６日 演題： 臍帯血移植における肝中心静脈閉塞症 / 類洞閉塞症候群
演者： 加藤　せい子

１月16日 演題： がんの分子病態に基づいたトランスレーショナルリサーチとヒト生体試料による
研究支援活動

演者： 醍醐　弥太郎
１月16日 演題： Why can 3rd mRNA vaccination induce Omicron-neutralizing antibodies? -Contribution 

of antibody feedback to memory B cell selection-

演者： 井上　毅
１月18日 演題： 機能欠損リボソームに起因する翻訳異常の認識・解消機構の解析

演者： 李　思涵
１月26日 演題： ワクチン開発の為の中和抗体エピトープ・パラトープ解析

演者： 郭　悠
１月27日 演題： 老化細胞に対する免疫監視機構

演者： 王　德瑋　Teh Wei Wang

１月30日 演題： RNA ウイルスの複製を抑制する宿主因子とその仕組みを模倣した創薬の試み
演者： 山根　大典

１月30日 演題： ヒト iPS 細胞を駆使した三次元軟骨組織の再構成
演者： 大場　敬義

２月３日 演題： 社会ウイルス学が解き明かす麻疹ウイルス神経病原性獲得メカニズム
演者： 白銀　勇太

２月３日 演題： ウイルス感染症を細胞レベルから世界レベルまで考える
演者： 古瀬　祐気

２月７日 演題： 胎児発育不全に起因する神経発達障害に対する間葉系幹細胞を用いた予防法開発
演者： 辻　雅弘

２月10日 演題： 次世代医療技術開発のための診断技術創出基盤
演者： 安井　寛

２月14日 演題： 非腫瘍細胞の異常を起点とする良性腫瘍の悪性化
演者： 山内（井上）　茜
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２月15日 演題： Development of New Therapies Targeting the Tumor Microenvironment to Treat 
Glioblastoma

演者： Susana de Vega Paredes

３月17日 演題： 自然免疫分子 STING の細胞内物質輸送経路による厳密な制御機構
演者： 田口　友彦

３月17日 演題： プロテオミクス解析を用いた肥大型心筋症の予後予測と病態生理の解明
演者： 島田　悠一

３月23日 演題： SAPKK の時空間制御による生体ストレス応答機構の解明
演者： 森泉　寿士

３月28日 演題： クロマチン特性解析による骨髄異形成症候群の病態解明
演者： 大島　基彦

４月６日 演題： ブロモドメインタンパク質を標的とした大腸がんの新たな治療戦略
演者： 山口　貴世志

４月14日 演題： Host-Pathogen interactions in the context of Leishmaniasis

演者： Jalal ALSHAWEESH

４月28日 演題： 基質の構造的特徴に応じたタンパク質品質管理機構
演者： 冨田　拓哉

５月９日 演題： 神経幹細胞の休眠におけるプロテオスタシス制御
演者： 小林　妙子

５月22日 演題： Inherited Breast and Ovarian Cancer and the Resolution of a Paradox

演者： Mary-Claire King

６月６日 演題： シクロデキストリンを基盤としたワクチンアジュバントの開発と細胞外微粒子の
一粒子評価法の確立

演者： 林　智哉
６月８日 演題： Genome sequence representation from the segment  to the whole in the era of large 

language models

演者： 張　耀中
６月12日 演題： CRISPR 随伴トランスポゾンによるヒト細胞における RNA 誘導性 DNA 挿入技術

の開発
演者： 齋藤  諒

６月13日 演題： エンベロープウイルス感染症の治療法開発に関する基礎研究
演者： 合田　仁

６月23日 演題： Targeting selenoprotein dependency of AML

演者： 中田　大介
７月18日 演題： Learning cytometers and beyond

演者： 太田  禎生
７月21日 演題： Interactions between malaria parasite species: Do they matter?

演者： Richard Culleton
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７月21日 演題： Immune responses to malaria infections

演者： Julius Hafalla

７月24日 演題： The powerful biology of senescence in cancer and aging

演者： Scott W. Lowe

７月27日 演題： Towards automated and efficient methods of analyzing and modifying biologically 
relevant strings and graphs

演者： Robert Daniel Barish

８月９日 演題： SARS-CoV-2 の流行・進化の理解と予測
演者： 伊東  潤平

８月30日 演題： 筋ジストロフィーに対する間葉系細胞を用いた炎症制御治療
演者： 笠原　優子

９月12日 演題： ファージゲノム解析を基盤とした新規治療法の開発
演者： 植松　智

10月11日 演題： 医療分野への活用に向けた新規ゲノム編集技術の開発研究
演者： 吉見　一人

10月27日 演題： 肝虚血再灌流障害におけるインフラマソーム非依存性の IL-1 β産生機序の解明
演者： 佐田友　藍

10月30日 演題： Metabolic changes in aging and disease

演者： Peter J Mullen

10月30日 演題： セレノエピジェネティクス
演者： 廣澤　瑞子

11月８日 演題： Spatial Transcriptomics breast cancer expression signatures: basic machine learning and 
new opportunities

演者： Carsten Oliver Daub

11月９日 演題： 内視鏡による消化管癌への挑戦
演者： 南出　竜典

12月１日 演題： 抗ウイルス因子 APOBEC3 とヘルペスウイルスとの攻防
演者： 有井　潤

12月11日 演題： スーパーコンピュータ「富岳」を用いた大規模全ゲノム解析とその高速化
演者： 伊東　聰

12月12日 演題： 高深度ニュートリオミクスから迫るがん悪性化機構の解明
演者： 大澤　毅

12月13日 演題： 研究的思考に基づく持続可能な麻酔科診療チームの確立
演者： 坊垣　昌彦

12月25日 演題： 造血幹細胞～発生・休眠制御・不均一性～
演者： 田中　洋介

12月25日 演題： Genetic Heterogeneity in Gene-Edited Hematopoietic Stem Cells

演者： ベッカー　ハンス　次郎
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12月25日 演題： 新たな造血幹細胞移植法：経胎盤移植法の開発と応用
演者： 全　孝静

12月27日 演題： 健康医療データの利活用と患者・市民の権利保護の研究―日本と欧州の動向
演者： 李　怡然
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EDUCATION
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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
に計画が立てられている。2023 年度は ｢老化研究の新展開と応用｣ というテーマの下で次のような
セミナーが行われた。

老化研究の新展開と応用
月　日 講 師 名 演　　　　　　　題

１ ４月10日 小林　武彦 東京大学定量生命科学研究所
教授

ゲノムの不安定性と細胞老化

２ ４月17日 茶本　健司 京都大学医学研究科
特定准教授

老化によるがん免疫治療抵抗性と
その克服

３ ４月24日 北島　智也 理化学研究所
生命機能科学研究センター
チームリーダー

老化による卵子の染色体数異常の
メカニズム

４ ５月１日 高橋　暁子 公益財団法人がん研究会
部長

老化細胞における SASP 制御機
構

５ ５月８日 南野　　徹 順天堂大学大学院医学研究科
教授

Seno therapeutics の展望

６ ５月15日 伊藤　貴浩 京都大学医生物学研究所
教授

Metabolic regulation of stem cell 
fates in cancer

７ ５月22日 原　　英二 大阪大学微生物病研究所
教授

細胞老化の制御と役割：微生物と
の関与について

８ ５月29日 秋下　雅弘 東京大学大学院医学系研究科
教授

ヒトの老化と老年疾患

９ 10月２日 三浦　恭子 熊本大学大学院
生命科学研究部
准教授

最長寿齧歯類ハダカデバネズミに
おける抗老化・がん耐性のメカニ
ズム

10 10月16日 西村　栄美 東京大学医科学研究所
老化再生生物学分野
教授

幹細胞から解く皮膚の老化メカニ
ズム

11 10月23日 馬渕　　洋 順天堂大学大学院医学研究科
特任准教授

組織幹細胞老化と幹細胞治療

12 10月30日 城村　由和 金沢大学がん進展制御研究所
教授

細胞老化の制御機構とそれを標的
とした先進的な健康寿命延伸法の
創出

13 11月６日 中西　　真 東京大学医科学研究所
癌防御シグナル分野
教授

老化を制御する
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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５年12月９日（土）９：15 ～ 16：40
　　　　　令和５年12月10日（日）９：30 ～ 16：40
　場　所：医科学研究所１号館講堂

教員および題目
12 月 9 日（土）

講　師　名 題　　　　　　目
武川　睦寛 基礎医科学部門

分子シグナル制御分野
医科研紹介

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

ゲノム解析がつくる健康社会

柴田　琢磨 感染・免疫部門
感染遺伝学分野

核酸代謝異常を認識する免疫機構の役割

吉見　一人 実験動物研究施設
先進動物ゲノム研究分野

ゲノム編集技術の基礎から応用まで

山梨　裕司 癌・細胞増殖部門
腫瘍抑制分野

神経筋シナプス（NMJ）形成・維持シグ
ナルと NMJ 標的治療

12 月 10 日（日）
講　師　名 題　　　　　　目
野島　正寛 先端医療研究センター

先端医療開発推進分野
新医薬品、ワクチン開発と臨床試験

佐伯　　泰 基礎医科学部門
タンパク質代謝制御分野

ユビキチン研究の最前線とタンパク質分解
誘導剤

伊東　潤平 感染・免疫部門
システムウイルス学分野

データ駆動アプローチで紐解くウイルスの
流行と進化

志田　　大 先端医療研究センター
フロンティア外科学分野

どんどん進化する大腸がん手術
～開腹手術、腹腔鏡手術、そしてロボット
手術～
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