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Rethinking MSC-sEV Action: The Impact of External Modulation over Cellular Internalization
Sai Kiang LIM  Research Director, Paracrine Therapeutics Pte Ltd
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Program

Opening Speech
Kazunori Kataoka Deputy Chairperson, Kawasaki Institute of Industrial Promotion / Center Director, iCONM
Norihiko Fukuda Mayor of Kawasaki City

Guest Speech
Nobuyuki Osakabe  Program Officer, JST COI-NEXT (Group 2)

Hiroki Hirano Director, University-Industry Collaboration and Regional R&D Division,
Science and Technology Policy Bureau, MEXT

Introduction of project CHANGE
Challenges toward the realization of a resilient, healthy and long-lived society
Takanori Ichiki Project Leader / Research Director, iCONM / Professor, The University of Tokyo

Part 1: The Current Landscape of Future Medicine: New Therapeutic Modalities

Keynote Lecture
Rethinking MSC-sEV Action: The Impact of External Modulation over Cellular Internalization

Sai Kiang LIM Research Director, Paracrine Therapeutics Pte Ltd

Research Topic @

Fundamental technologies of preparation and evaluation of extracellular vesicles
Naohiro Seo Project Associate Professor, The University of Tokyo

Research Topic @

Perspectives on mRNA drug development

Keiji Itaka Professor, Institute of Science Tokyo

Panel Discussion
Key Issues in the Social Implementation and Acceptance of New Modalities

Moderator Shintaro Sengoku Theme 5 Leader / Professor, Institute of Science Tokyo
Panelists Keiji Itaka Professor, Institute of Science Tokyo
Takao Inoue Director, Division of Molecular Target and Gene Therapy Products,
National Institute of Health Sciences
Shiro Akinaga President & CEO, NANO MRNA Co.,Ltd.
Tea Break
Part 2: Talk about our future health with Sakata-sensei
Introduction
Kaoru Sakata News Caster, 8bit.news “SCIENCE NEWS” / Chemistry Teacher for High School Students
FOB Opinions

Kokone Haga and Nana Yamamoto from Senzoku Gakuen High School
Takuma Kano and Hanta Tominaga from Kawasaki City High School for Science & Technology

Discussion with Project Members

All
Moderator Kaoru Sakata News Caster, 8bit.news “SCIENCE NEWS” / Chemistry Teacher for High School Students
Moderator Makoto Shimazaki Project Sub-Leader / Communications Manager, iCONM

Closing Speech

Takeshi Suzuki Chairperson, Kawasaki Institute of Industrial Promotion
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Greeting

Thank you for joining us today at the 3rd CHANGE Symposium.

The national project “CHANGE” is an initiative to promote the co-creation of medicine,
engineering, and nursing with the aim of bringing innovation to the nursing field. This proj-
ect was launched in Kawasaki City in 2022 as a part of the JST COI-NEXT program, and over a
period of 10 years aims to extend healthy life expectancy and realize a resilient society. With
Japan's declining birthrate and aging population, the burden of medical treatment and nurs-
ing care is expected to increase by 1.5 times the current level by 2040, and there is an urgent
need to prepare for this increase.

In planning the project, many issues in the field of nursing in home healthcare emerged.
For example, in hospitals, nurses attend to patients for 24 hours a day, but at home, family
members often need to take on this role, and the quality of care and environment differ from
home to home. Against this backdrop, it is essential to improve the quality of home care in
order to extend healthy life expectancy, and there is a need to improve the care competency
of the public and provide easy-to-use nursing tools. In response to this challenge, the project
aims to create innovative technologies, products, and services that meet the needs of nursing
care by incorporating an engineering perspective. The project invites development compa-
nies to develop prototypes, and through collaboration with nursing practitioners, aims to
bring products to the frontlines as soon as possible. We also plan to establish a place for
empathy and demonstration of “nursing x engineering” in Kawasaki and establish “Kawasaki
Care Design Consortium” to promote care innovation. Furthermore, we anticipate various
barriers to implementing new value in society, such as problems with the healthcare system
and expenses, but we intend to overcome these challenges by promoting dialogue and co-cre-
ation from the product and service conception stage, with the cooperation of local govern-
ments, citizens, healthcare professionals, and companies.

With your continued support and cooperation, we want to work together to create a “Soci-

ety with Health and Longevity”.

Takanori Ichiki, Ph.D.
Project Leader of CHANGE / Research Director of iCONM

Professor, Graduate School of Engineering, The University of Tokyo
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“Rethinking MSC-sEV Action: The Impact of External Modulation over Cellular Internal-
ization”
Dr. Sai Kiang Lim  Research Director, Paracrine Therapeutics Pte Ltd.
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Part 1: The Current Landscape of Future Medicine:
New Therapeutic Modalities

R&D Group 3 of the Project CHANGE is studying about “Senescence Control”. Today we
focus on new pharmaceutical modalities, such as exosomes and mRNA involved in the
research topics. Dr. Lim, a world authority of exosomes, was invited from Singapore for the
keynote lecture on extracellular vesicles (EVs). Dr. Seo and Dr. Itaka, representing the Project
CHANGE, introduce research trends in EVs and mRNAs, respectively. Following the lectures,
Dr. Sengoku, the leader of R&D Group 5, moderates a panel discussion on the social imple-

mentation of these new modalities.

Keynote Lecture
“Rethinking MSC-sEV Action: The Impact of External Modulation over Cellular Internal-
ization”

Dr. Sai Kiang Lim  Research Director, Paracrine Therapeutics Pte Ltd.

Research Topic @
“Fundamental Technologies for Tuning and Evaluation of Extracellular Vesicles (EVs)”
Dr. Naohiro Seo Project Associate Professor, Graduate School of Engineering,

The University of Tokyo

Research Topic @
“Future Prospects for mRNA Drug Discovery”
Dr. Keiji Itaka Professor, Laboratory for Biomaterials and Bioengineering, Institute

of Science Tokyo

Panel Discussion

“Issues in the Social Implementation and Acceptance of New Modalities”

Panelist:

Dr. Keiji Itaka Professor, Institute of Science Tokyo

Dr. Takao Inoue Director, National Institute of Health Science

Dr. Shiro Akinaga President/CEO, NANO MRNA Co., Ltd.

Moderator:

Dr. Shintaro Sengoku CHANGE R&D Group 5 Leader / Professor, Institute of Science
Tokyo
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Keynote Lecture
Rethinking MSC-sEV Action:
The Impact of External Modulation over Cellular Internalization

Keynote Speaker
Sai Kiang Lim, Ph.D.
Research Director, Paracrine Therapeutics Pte Ltd.
1 Tai Seng Avenue, Tower A #02-04
Tai Seng Exchange
Singapore 536464

E-MAIL: Saikiang.lim@paracrinetherapeutics.com

Biography

I graduated with a BSc (Hons in Biochemistry), National University of Singapore, 1985 and
a PhD (Molecular Biology), SUNY at Buffalo, 1992, and undertook postdoctoral training at
Columbia University as a Cooley’s Anemia Foundation Research Fellow (1992-94) and
Leukemia Society of America Special Fellow (1994-96). From 1996, I led independent
research groups at NUMI, NUS (National University of Singapore) (1996-2001), Genome
Institute of Singapore (2002-2007), Institute of Medical Biology (2007-2020) and Institute of
Cell and Molecular Biology (2020-2024). I joined my start-up, Paracrine Therapeutics in
2024.

Research Focus
My research focus has always been on the elucidation of the underlying molecular and
cellular mechanisms in diseases and development of therapies. My lab discovered MSC
exosomes in 2008. Through both local and international collaborations, we demonstrated
several world “firsts” in the efficacious use of MSC exosome efficacy against many diseases
and injuries, development of scalable exosome production technologies, identification of

key regulatory metrics in exosome drug release criteria and elucidate a disease-specific

mechanism of action of MSC exosome. Through these works, I was recognized as a Highly
Cited Researcher by the Clarivate Analytics Web of Science Group (Top 0.1% globally) for
2021, 2022 and 2023.




Abstract

Typically, the therapeutic dose of MSC-sEVs ranges from 1 to 100 pg of protein equivalent
per mouse, while therapeutic antibody doses, such as anti-PD1, are typically around 200 ug
per mouse. This disparity challenges the widespread belief that the therapeutic effects of
EVs are due to their efficient delivery into the cytoplasm of target cells. It is now recognized
that the internalization of EVs by recipient cells and subsequent functional delivery is
highly inefficient. Studies have reported that only about 1% of EVs are internalized, and
only 17% of these internalized EVs are retained within cells. These findings present a criti-
cal challenge to the notion that EVs exert their effects through internalization and cytosolic
delivery of their cargo.

To elucidate the mechanism of action for EVs, it is crucial to identify an effective mode of
EV-cell engagement. If EVs rely solely on internalization, their effect would be limited to a
"one EV-to-one cell" stoichiometry at best. However, the concept of EMCEV (External Mod-
ulation of Cells by EVs) suggests that EVs could modulate the external environment of cells,
potentially affecting many cells within the vicinity. This would improve the "one EV-to-one
cell" interaction to a "one EV-to-many cells" scenario. EMCEV represents a highly efficient
mode of EV-cell engagement, which could circumvent the limitations posed by poor cellu-
lar internalization and enable significant therapeutic activity. However, EMCEV also

implies that certain therapeutic attributes of EVs, such as miRNAs and mRNAs, may not be

viable EV attributes for therapy.
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Research Topic @
Fundamental Technologies for Tuning and Evaluation of EVs

Dr. Naohiro Seo, Project Associate Professor
Graduate School of Engineering, The University of Tokyo

Biography
Born in Yokohama. PhD in Medicine from the University of Tokyo in 1995. He has been
engaged in research on cancer biology as a JSPS Postdoctoral Fellow at the Institute of Med-
ical Science, University of Tokyo. From 2012, as a lecturer at Mie University School of Medi-
cine, he has been conducting research on immune cell motility in spontaneous cancer and
development of cancer therapy using CAR-T cells. Under the supervision of Prof. Kazunari
Akiyoshi, Kyoto University, he has been involved in exosome research as a representative of
the Mie Univ. (JST ERATO and CREST), and has achieved many world firsts, including the
biological function of killer T cell exosomes, development of exosome isolation technology,
and elucidation of new physical properties of exosomes. Currently, as a project associate
professor in Prof. Takanori Ichiki's group at the Graduate School of Engineering, University
of Tokyo, he is further advancing his research on the biological functions and physical
properties of exosomes. he has been a councilor of the Society for Research Dermatology
since 2001, a member of the Exosome Expert Committee of the PMDA Scientific Committee
since 2021, and a director of the Japanese Society of Extracellular Vesicles since 2024,

Active as a member of AMED Exosome Research Group Quality Guideline WG.

Abstract
Extracellular Vesicles (EVs) such as Exosomes (EXOs) are rich in bioactive substances such
as micro(mi)RNA and proteins. Since the discovery that EVs can be used as a tool for com-
munication with nearby or distant target cells via endoplasmic reticulum, basic research as
well as applied research using EVs for disease diagnosis and treatment has been conducted
worldwide. However, since EVs are known to undergo dozens of formation processes and
the distribution of miRNAs and proteins contained in EVs is completely different among
EVs, the success or failure of applied research depends on which group of EVs in a hetero-
geneous population is focused on, such as which formation process EVs are formed. In this
lecture, I would like to provide an easy-to-understand explanation of each basic technology
for EV preparation and evaluation methods, and also provide topics that will help in
conducting applied research, such as what kind of EV population each basic technology is

likely to capture.
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Research Topic @
Future Prospects for mRNA Drug Discovery

Dr. Keiji Itaka, Professor
Laboratory for Biomaterials and Bioengineering, Institute of Science Tokyo

Biography

Born in Toyonaka, Osaka. He specializes in mRNA drug discovery, DDS, biomaterials, and
orthopedics. After graduating from the Faculty of Medicine, the University of Tokyo in
March 1991, he worked as an orthopedic surgeon at Mitsui Memorial Hospital and other
general hospitals, and after working as an assistant at the University of Tokyo Hospital in
1997, he joined the Graduate School of Medicine at the University of Tokyo in 1999, where
he began research on gene therapy and DDS. In April 2017, he became a professor at the
Institute for Biomaterials and Bioengineering, Tokyo Medical and Dental University, and in
August 2022, he was also appointed as a professor at the Center for Integrated Education
and Research on Infectious Diseases (CiDER), Osaka University. He is currently conducting
research for clinical application of mRNA medicine and vaccines.

Abstract

mRNA, which was first commercialized as a vaccine against the novel coronavirus, is a new
drug discovery modality in which a protein blueprint is administered to the body and the
body produces a protein that acts as a vaccine or therapeutic agent. In addition to the many
infectious disease vaccines currently in the development pipeline, its application to cancer
vaccines is also attracting attention due to its ability to strongly induce cellular immunity,
and favorable clinical trial results have been reported when it is used in combination with
immune checkpoint inhibitors. In addition, the development of therapeutic mRNA drugs
for use in cancer, genetic diseases, and regenerative medicine is also gaining momentum.
On the other hand, as this is still a new modality, there are still many research issues to be
addressed before it can be put to practical use. For example, the new coronavirus vaccine
had a very high efficacy rate, but it also caused relatively strong adverse reactions such as
pain at the site of administration and fever. In the early days of the coronavirus disaster,
development was based on the strong social demand for the rapid creation of vaccines that
“work,” and it is thought that there were unavoidable circumstances in which vaccines
were designed to strongly induce immunity. However, from now on, both mRNA molecular
design and DDS are required to design drugs for different purposes, such as infectious
diseases, cancer treatment, and various other diseases.

In this lecture, I would like to introduce domestic and international efforts for mRNA
vaccine and drug development and the technologies used therein, and discuss the possibil-
ities and future vision of drug discovery. At this point in time (September 2024), there are
still no approved cases of vaccines or therapeutic drugs other than those related to corona-
viruses, and there are not many cases of development other than vaccines for infectious
diseases, but many noteworthy cases have emerged and issues have also been highlighted.
We hope that these discussions will help to revitalize mRNA drug discovery in the future.

13
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Panel Discussion
Key Issues in the Social Implementation and Acceptance of New Modalities

Summary

Project CHANGE, which aims to realize a resilient, healthy, and long-lived society, is taking
on the great challenge of controlling aging using cutting-edge science and technology. This
includes the research and development of therapeutic modalities that differ from convention-
al pharmaceuticals, but there are many obstacles that stand in the way of bringing new inno-
vations to society. In this panel discussion, three experts from various fields will take the
stage to discuss the appeal of mRNA drugs introduced in the lecture part, as well as the chal-
lenges that lie ahead in their implementation in society. The moderator will be Prof. Shintaro
Sengoku, CHANGE Theme 5 Leader.

Panelists
Dr. Keiji itaka / Professor, Laboratory for Biomaterials and Bioengineering, Institute of
Science Tokyo

See “Research Topic @” (page 11)

Dr. Takao Inoue / Director, Division of Molecular Target and Gene Therapy Products, Nation-
al Institute of Health Sciences

Born in Kumamoto. Ph.D. from the Graduate School of Pharmaceutical Sciences at the
University of Tokyo, Assistant Professor at the same university, and transferred to the Nation-
al Institute of Health Sciences (NIHS) in October 2011, where he was appointed Director of
the Office of Nucleic Acid Medicine when it was newly established. Director of Gene Medicine
Dept.)

Dr. Shiro Akinaga / President & CEO, NANO MRNA Co., Ltd.

Born in Tokyo. Joined Kyowa Hakko Pharmaceutical Research Laboratories (now Kyowa
Kirin), where he served as Director of Oncology Clinical Development, Executive Officer and
Head of International Development, and Fellow. He led a group to achieve clinical develop-
ment and approval of anti-CCR4 antibody “Mogamulizumab” in adult T-cell leukemia/lym-
phoma and T-cell lymphoma in Japan; Director/CSO, AccuRna since 2017; Representative
Director/CEO, AccuRna since 2017; Director/CSO, R&D Division, NANO Carrier since 2020;
President/CEO, NANO Carrier since 2020. President/CEO of NANO MRNA in 2023 to date.

Moderator
Dr. Shintaro Sengoku / CHANGE Theme 5 Leader / Professor, Institute of Science Tokyo

Born in Tokyo. Graduated from the Department of Biochemistry, Faculty of Science, the
University of Tokyo, and completed the doctoral program in Biochemistry, Graduate School
of Science, the same university. PhD. from the University of Tokyo, and he has held positions
at McKinsey & Company, Visiting Associate Professor at the University of Tokyo Graduate
School of Pharmaceutical Sciences, Associate Professor at the Center for Cooperative
Research and Development, Kyoto University, and Associate Professor at the WPI-iCeMS,
Kyoto University. 15
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Part 2: Talk about our healthy future with Sakata-sensei

We believe that in order to establish the “resilient, healthy and long-lived society” that Proj-
ect CHANGE aims for, it is necessary to listen to the voices of the young people who will be
engaged in that society. With the cooperation of nearby high schools and the Kawasaki City
Board of Education, we hold on-site classes and workshops to think about how care should be
provided in a super-aging society, and seek the opinions of students from their unique
perspectives as well as their understanding of what we are trying to do. We call them FOB
(Future Opinion Board), and four of them were appointed to give their opinions at this sym-
posium. Please pay attentions to their fresh opinions and the project members' responses to
them.

As the moderator, we invited Mr. Kaoru Sakata, a chemistry teacher at a major prep school,
who is well versed in the thoughts and feelings of high school students and is known for her

easy-to-understand lessons.

FOB Speakers
Senzoku Gakuen High School (2nd year):
Ms. Kokone Haga and Ms. Nana Yamamoto
Kawasaki City High School for Science & Technology (2nd year):

Mr. Takuma Kano and Mr. Hanta Tominaga

Moderators
Ms. Kaoru Sakata / Chemistry Teacher, Caster of 8bit.news “SCIENCE NEWS”
Born in Hiroshima. In addition to teaching chemistry for university entrance exams at a
major prep school and the online prep school “Study Supplement,” she introduces Japanese

scientists and works to communicate science and technology.

Dr. Makoto Shimazaki / CHANGE Sub-Leader, Communications Manager of iCONM

Born in Kawasaki. Pharmacist.

Experienced with lecturer at the Faculty of Pharmacy in university, Senior Scientist, Com-
munications Director and Executive Officer at pharmaceutical companies, he joined

iCONM in 2019 and appointed as the current position from 2022.

17
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