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Background

global brain circulation.

Program
Summary

Toward Enhancing and Strengthening
"Highly Visible Research Centers"

An intensifying global demand for talented researchers is accelerating the need to circulate
good brains among the world. This trend has prompted Japan to establish new research
centers that attract top-notch researchers from around the world so as to be a hub within

WPI provides concentrated support for projects to establish and operate research centers that
have at their core a group of very high-level investigators. These centers are to create a research
environment of a sufficiently high standard to give them a highly visible presence within the

global scientific community—that is, to create a vibrant environment that will be of strong

incentive to frontline researchers around the world to want to come and work at these centers.

Formulation of

New Missions

Reform.

WPI centers

(total: 17 centers)

% 4 centers launched in and after 2021 were selected
under the new missions.

ICReDD—— %

AIMR
NanoLSlI /
ASHBI
QUP
SKCM? €|HS
4 MANA
Kavli IPMU
ITbM Bio2Q
iCeMS
IFReC ELSI
PRIMe
I2CNER

In December 2020, new missions were formulated with the addition of “ Values for the Future,”
and the enhancement of the four conventional missions: Science, Fusion, Globalization, and

Tohoku University:
y Advanced Institute
oo/ for Materials Research (AIMR)

The University of Tokyo:

AV L1 Kavli Institute for the Physics
and Mathematics
of the Universe (Kavli IPMU)

Kyoto University:
Institute for Integrated
Cell-Material Sciences (iCeMS)

Osaka University:
Immunology Frontier
Research Center (IFReC)

WP Osaka University

P.12

National Institute
for Materials Science (NIMS):
Research Center

for Materials Nanoarchitectonics (MANA)
#"International Center for Materials
Nanoarchitectonics (MANA)" until March 2023

One center adopted in 2010

O Kyushu University:
A\J4?cNER International Institute for
. Carbon-Neutral Energy Research (I>CNER)

WPI Academy

The WPI Academy was launched in FY 2017 for maximizing the effect of the
WPI Program by such means as: amplifying the experience and know-how
acquired by the WPI centers as they worked toward achieving “World Premier
Status” with regard to their research level; enhancing the profile and brand of
the overall WPI Program; promoting global brain circulation; and international-
izing and reforming the scientific environment by networking the activities
of WPI centers.

New WPI Mission

*
W World Premier International
Research Center Initiative

World-Leading Scientific Excellence and Recognition

+ The Highest Level of Research Impact
- Expanding Knowledge Frontiers through
Interdisciplinarity and Diversity

Global Research Environment and System Reform

» Harnessing Talent and Potential through
Global Brain Circulation

« Interdisciplinary and Inter-organizational
Capacity Building

- Effective, Proactive and Agile Management

Values for the Future

« Societal Value of Basic Research
» Human Resource Building:
Higher Education and Career Development
- Self-sufficient and Sustainable Center Development

Three centers adopted in 2012

University of Tsukuba:
@IIID International Institute
for Integrative Sleep Medicine (lIS)

ELS| Tokyo Institute of Technology:
o =z Earth-Life Science Institute (ELSI)

M Nagoya University:
“@Ile Institute of Transformative
Bio-Molecules (ITbM)

Centers Currently Receiving Funding

Two centers adopted in 2017

§ The University of Tokyo:
@J‘ |\CN International Research Center
for Neurointelligence (IRCN)

Kanazawa University:

P.26 OwNanoLSI Nano Life Science Institute (NanoLSI)

Two centers adopted in 2018

- Hokkaido University:
|6@D Institute for Chemical Reaction

FOABSNVEST  Design and Discovery (ICReDD)

. Kyoto University:
BI Institute for the Advanced Study
of Human Biology (ASHBI)

i
T A<s k

Fusion
research

Leading-edge
research

System

Globalization
reform

Social value
of
basic research

Nurturing
next generation

One center adopted in 2021

High Energy Accelerator Research

Organization (KEK):
QU}) International Center for Quantum-field

Measurement Systems for Studies of
the Universe and Particles (QUP)

Three centers adopted in 2022

° Osaka University:
PRrRINN\e  Premium Research Institute
whiossetvesty for Human Metaverse Medicine (PRIMe)

Hiroshima University:
International Institute for Sustainability
with Knotted Chiral Meta Matter (SKCM?)

2

WP HIROSHIMA UNIVERSITY

6 Keio University:
2Q Human Biology-Microbiome-Quantum
Hiopime Qntum Research Center (Bio2Q)

Program Contents

Funding 10 years

period (up to 15 years for centers selected in or before FY 2012)
Project About ¥700 million per fiscal year for each center
funding (up to ¥1.4 billion per year for centers selected in FY 2007

and FY 2010)

Evaluation | Each year, athorough follow-up review is conducted of
the centers. A midterm evaluation is conducted in their
5th year and a final evaluation in their 10th year. These
reviews are conducted by the Program Committee,
comprising Nobel laureates and top-level researchers,
and program directors and program officers.

W
The Japan Society for the Promotion of Science assists in smoothly and effectively implementing ) E E.r’
WPI Website—  p:,
the WPI Program. &
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Selected Project in FY2022 ‘

% PRINNe

L

g

‘\{\\{V WPI Osaka University

,l/ﬁ"

Osaka University
Premium Research Institute for Human Metaverse Medicine (PRIMe)

|

Taking on an Unending Challenge:
Conquering All Diseases

PRIMe will create a new scientific field, Human Metaverse Medicine, that will contribute to
the realization of a healthy and sustainable society through comprehensive and continuous
understanding of the disease development process that occurs within each person's body,

resulting in prevention and treatment.
NISHIDA Kohji

Message from NISHIDA Kohji, Director of PRIMe

Conventional medicine has found causes for diseases that have a clear causal dependence on single genetic or
environmental factors. While life expectancy has increased significantly as a result, aging-related diseases such as diabetes,
dementia, and heart failure, have exploded, posing a threat to the modern human population. Because many of these diseases
are caused by complex interactions between genetic and environmental factors over time, it is extremely difficult to gain
a comprehensive understanding of their pathogenic mechanisms using animal models. We are attempting to eradicate all
diseases by utilizing a novel approach to elucidating disease causes via metaverse.

[Purpose of the Research]

Creation of a new scientific field known as "Human Metaverse Medicine”

We will create digital twins of humans ("biodigital twins") that will replicate biological phenomena and pathological processes
in human organs in cyberspace. We will use them to establish a new scientific field, "Human Metaverse Medicine," with the goal
of understanding human disease mechanisms, predicting disease onset, progression and response to treatment, and developing
personalized preventive and curative therapies.

We will also develop a human metaverse, which includes biodigital twins, as an information space platform that can be shared
by researchers and medical professionals from all over the world can use, as well as create a research environment in which
diverse researchers can constantly interact and conduct fusion research. We will also work to develop young researchers who will
play critical roles in this emerging scientific field.

[Unique Features of WPI Center]

Internationally cutting-edge research creating biodigital twins

PRIMe brings together world-class researchers in “human organoid-

based biomedical science” and "information and mathematical Physical

sciences,” and will be the world's first to fully integrate the two fields. ' i iy T
To begin, we will create biodigital twins to study age-related diseases environmen) — - Mechanst
of the eye, liver, brain, heart, reproductive organs, and bones. We also | individual ] - 4

discuss the research's ethical, legal, and social issues. In addition to the '

two domestic satellites, we collaborate with research institutions in S

the United States, Ireland, and France to advance Human Metaverse { cos IO

Medicine on a global scale. =  moieuies J

[Message from NISHIO Shojiro, President of Osaka University]

Toward the realization of a healthy and sustainable society

PRIMe brings together world-class researchers in the fields of human-organoid biomedical science and
information and mathematical sciences to pioneer a new scientific field, "Human Metaverse Medicine,"
which enables the development of personalized preventive methods and curative treatments by
elucidating disease mechanisms and states based on the construction of biodigital twins of humans. The
society that PRIMe is aiming at clearly fits the one specified in our OU Master Plan: "society where each

member leads a meaningful and fulfilling life."

) u‘

Selected Project in FY2022 2T S KC M 2
Hiroshima University

WPI HIROSHIMA UNIVERSITY
International Institute for Sustainability with Knotted Chiral Meta Matter (SKCM?)

International Institute Developing Artificial
Matter to Secure Sustainable Prosperous Future

While introducing a new research paradigm of “knotted chiral meta matter,” SKCM? aspires
to create artificial materials with highly desirable material properties by design to help
address challenging global problems, like the growing energy demand and climate change.

lvan Smalyukh

Message from lvan Smalyukh, Director of SKCM?

he slogan “building a sustainable world, knot by knot” embodies our vision to conduct highly fundamental interdisciplinary

research on knotted chiral matter that not only expands the bulk of scientific knowledge but also contributes to achieving
a sustainable future. The SKCM? is on a mission to develop artificial analogs of nature’s building blocks and materials to gain a
deeper understanding of the world around us and overcome limitations of natural systems. While pursuing this research, we
also create a testbed for research-based graduate education reforms in Japan and beyond, connecting young talent globally.

[Purpose of the Research]

Overcoming nature’s limitations with artificial knotted chiral meta matter

We probe fundamental laws of nature at scales from its smallest building blocks to the entire Universe by recreating natural
phenomena in experimentally accessible systems, like liquid crystals used in displays. We create crystals from knots in fields with
fundamental particle properties and other artificial analogs of natural matter, making materials by design. By knotting and knitting
physical fields and molecules, much like in the Mizuhiki art forms, we enable new physical behavior and desirable properties that
overcome nature’s limitations. For example, our metamaterials may enable thermal superinsulation that could save energy for
heating and cooling buildings.

[Unique Features of WPI Center]

Interlinking topology and chirality knowledge research across disciplines and scales

SKCM? is the only institute globally that develops knots in fields as
designable building blocks of artificial matter, thus introducing a new
research paradigm of “knotted chiral meta matter.” In this process,
researchers cross-pollinate mathematical knot theory and chirality
knowledge across disciplines and scales. They then design and create
materials from the artificial knot-like particles to exhibit highly unusual
and technologically useful properties, overcoming nature’s limitations,
with the priority being the physical properties needed to mitigate
climate change by saving energy and enabling sustainable future.

[Message from OCHI Mitsuo, President of Hiroshima University]

World-class research on knotted chiral meta matter from Hiroshima to the world

SKCM? will develop artificial analogs of molecules, atoms, and even smaller building blocks of nature to gain
a deeper understanding of the world around us. Also, SKCM? will introduce designable materials with highly
desirable properties not encountered in nature and create foundations for technological innovation to solve
global problems and enable sustainable future. Hiroshima University will provide strong support for world-
class research activities at SKCM? by focusing on human and financial support and developing a research
environment.
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WPI Research Center
Keio University

Bi®20

Human Biology
Microbiome Quantum
Research Center

Selected Project in FY2022

Keio University
Human Biology-Microbiome-Quantum Research Center(Bio2Q)

Integrating Biology, Microbiome Research,
and Q uantum Computing for Healthy Longevity

Our health is maintained by the interplay between multiple organs. Bio2Q will collect data
on how various organs and the microbiome interact in disease, development and aging, and
develop a new life science to help us better understand human health.

HONDA Kenya

Message from HONDA Kenya, Director of Bio2Q

s Japan's first microbiome research center, Bio2Q aims to understand the interactions between humans and their

microbiome at the molecular level. We combine quantum computing with bioanalytical methods to understand such
complexity and hope to develop new therapies for diseases that are currently difficult to treat. We are committed to making our
organization globally competitive to attract a diverse team of researchers.

[Purpose of the Research]

Elucidating the mechanisms of human homeostasis

Our research will focus on understanding how humans process external =
environmental information and maintain homeostasis by dispersing and -y j =
integrating signals among cells/organs at resolutions higher than those T o
achieved so far. We will address the question of how human homeostasis ' \
is regulated by the epithelial, immune, nervous, and metabolic systems,
with an emphasis on microbiome analysis. Furthermore, we will develop a
novel pipeline that implements quantum computing together with artificial
intelligence (Al) to robustly analyze the collected multiomics data and
uncover novel multiorgan interaction pathways.

£ i

\MeEmsa®/ Bio-2 core

[Unique Features of WPI Center]

Integrating world-class research and technology in a single organization

Bio2Q will establish a new life science methodology to discover and validate previously unexplored mechanisms of multiorgan
homeostasis. To this end, Bio2Q brings together world leaders in microbiome research, organoid technology, metabolite
analysis, neural circuit analysis, and quantum computing. The center promotes interdisciplinary research by utilizing cutting-
edge technologies in three research cores: multidimensional data analysis core, homeodynamics mechanistic analysis core, and
quantum computing core. It also fosters future leaders in integrated research by offering cross-core mentoring and by establishing
a joint program between the Graduate School of Medicine, Graduate School of Pharmaceutical Sciences, and Graduate School of
Science and Technology.

[Message from ITOH Kohei, President of Keio University]

Fostering integrative knowledge generation and organic growth as a leading research university

The Bio2Q research center integrates medicine, pharmacy, and science and technology to decipher
complex human multiorgan regulatory mechanisms in collaboration with top research institutions
worldwide. Keio University aims to create a unique research center with a strong global presence to foster
integrative knowledge generation and achieve organic growth as a leading research university. Bio2Q will
be central to realizing this plan, providing maximum organizational support, and helping accelerate higher

education reform.
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. ;E&IMR

Tohoku University
Advanced Institute for Materials Research (AIMR)

2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577, Japan

Phone :+81222175922 Fax:+8122 2175129

Email  :aimr-soumu@grp.tohoku.ac.jp

URL s www.whpi-aimr.tohoku.ac.jp
www.facebook.com/TohokuUniversity AIMR
twitter.com/TohokuUnivAIMR

DIRCN

A S ——

The University of Tokyo

International Research Center

for Neurointelligence (IRCN)

The University of Tokyo Institutes for Advanced Study

7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
Phone :+81358414861 Fax:+81 358410738
Email  : prircn@gs.mail.u-tokyo.ac.jp

URL sircn.jp/en

The University of Tokyo

Kavli Institute for the Physics and Mathematics

of the Universe (Kavli IPMU)

The University of Tokyo Institutes for Advanced Study

5-1-5 Kashiwanoha, Kashiwa, Chiba 277-8583, Japan
Phone :+814 7136 4940 Fax:+814 7136 4941
Email  :inquiry@ipmu.jp

URL S Www.ipmu.jp

®Nanol S|

Kanazawa University
Nano Life Science Institute (NanoLSI)

Kakuma-machi, Kanazawa, Ishikawa 920-1192, Japan
Phone :+8176 234 4550 Fax :+8176 234 4559
Email  : nanolsi-office@adm .kanazawa-u.ac.jp

URL : nanolsi.kanazawa-u.ac.jp/en

CeMS

KYOTO UNIVERSITY
WPI Research Center

Kyoto University
Institute for Integrated Cell-Material Sciences (iCeMS)
Kyoto University Institute for Advanced Study

Yoshida Ushinomiya-cho, Sakyo-ku, Kyoto 606-8501, Japan

Phone :+8175 7539749 Fax:+8175 753 9742

Email  :info@icems.kyoto-u.ac.jp

URL - www.icems.kyoto-u.ac.jp
facebook.com/Kyoto.Univ.iCeMS
twitter.com/iCeMS_KU

ICRDD

HOKIKAIDS UNIVERSTTY

Hokkaido University
Institute for Chemical Reaction Design
and Discovery (ICReDD)

Kita 21, Nishi 10, Kita-ku, Sapporo, Hokkaido 001-0021, Japan
Phone :+81 11706 9649 Fax:+81 11 706 9652
Email : office@icredd.hokudai.acjp

URL : www.icredd.hokudai.ac.jp

® WPIOsaka University

iFReC

Osaka University
Immunology Frontier Research Center (IFReC)

3-1 Yamadaoka, Suita, Osaka 565-0871, Japan

Phone :+816 68794275  Fax:+816 68794272

Email :ifrec-office@ifrec.osaka-u.ac.jp

URL s www.ifrec.osaka-u.ac.jp/en
facebook.com/Osaka.Univ.IFReC

£ ASHBI

WPI Kyoto University

Kyoto University
Institute for the Advanced Study of Human Biology (ASHBi)
Kyoto University Institute for Advanced Study

Yoshida Konoe-cho , Sakyo-ku, Kyoto 606-8501, Japan

Phone :+8175 7539882

Email  : ASHBi-info@mail2.adm.kyoto-u.ac.jp

URL : ashbi.kyoto-u.ac.jp
facebook.com/ASHBI.KyotoU
twitter.com/Ashbi_KyotoU

Nano Revolution
for the Future

National Institute for Materials Science (NIMS)
Research Center

for Materials Nanoarchitectonics (MANA)
#International Center for Materials Nanoarchitectonics (MANA)" until March 2023

1-1 Namiki, Tsukuba, Ibaraki 305-0044, Japan

Phone :+8129 8604709 Fax:+8129 860 4706

Email  : mana@nims.go.jp

URL : WwWw.Nims.go.jp/mana
facebook.com/wpi.mana
twitter.com/wpi_mana

QU

High Energy Accelerator Research Organization (KEK)
International Center for Quantum-field Measurement Systems
for Studies of the Universe and Particles (QUP)

1-1 Oho, Tsukuba, Ibaraki 305-0801, Japan

Phone :+81 29879 6300 Fax : +81 29 864 5430
Email  : qup_pr@ml.post.kek.jp

URL s www?2 kek.jp/qup/en

Kyushu University
International Institute
for Carbon-Neutral Energy Research (I>CNER)

744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan

Phone :+8192 802 6932 Fax :+8192 802 6939

Email  : wpi-office@i2cner.kyushu-u.ac.jp

URL :i2cner.kyushu-u.ac.jp/en/
facebook.com/I2CNER.news
twitter.com/I2CNER

PRIMNNe

WPI Osaka University

Osaka University
Premium Research Institute
for Human Metaverse Medicine (PRIMe)

2-2 Yamadaoka, Suita, Osaka 565-0871, Japan

Phone :+816 68795111 Fax:+816 6879 3347
Email  :info@prime.osaka-u.acjp

URL : prime.osaka-u.ac.jp

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

University of Tsukuba
International Institute
for Integrative Sleep Medicine (I1IS)

1-1-1 Tennodai, Tsukuba, Ibaraki 305-8575, Japan
Phone :+8129 853 5857 Fax:+8129 8533782
Email  : wpi-iis-alliance@ml.cc.tsukuba.ac.jp
URL : wpi-iis.tsukuba.ac.jp
facebook.com/WPLIIS
instagram.com/wpi.iiis

SKCM?

WPI HIROSHIMA UNIVERSITY

Hiroshima University
International Institute for Sustainability
with Knotted Chiral Meta Matter (SKCM?2)

2-313, Kagamiyama, Higashi-Hiroshima, Hiroshima 739-8527, Japan
Phone :+8182 4247881 Fax : +8182 424 6189
Email  : wpi-skem2-ura@hiroshima-u.ac.jp

URL : wpi-skem2.hiroshima-u.ac.jp

EARTH-LIFE SCIENCE INSTITUTE

i

Tokyo Institute of Technology
Earth-Life Science Institute (ELSI)

2-12-1-IE-1 Ookayama, Meguro-ku, Tokyo 152-8550, Japan

Phone :+8135734 3414 Fax:+813 5734 3416

Email  :information@elsi.jp

URL s www.elsijp/en
www.facebook.com/ELSlorigins
www.twitter.com/ELSI_origins

wi Center
Kel i

—
Human Biology

Microbiome Quantum
Research Center

Keio University
Human Biology-Microbiome-Quantum
Research Center (Bio2Q)

35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
Phone :+8135363 3473 Fax :+813 53633215
Email  :bio2g@info.keio.ac.jp
URL - www.bio2g.keio.ac.jp

Nagoya University

M
1M

Nagoya University
Institute of Transformative Bio-Molecules (ITbM)

Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan
Phone :+8152 7476843 Fax:+8152 789 3240

Email  : office@itbm.nagoya-u.ac.jp

URL : www.itbm.nagoya-u.ac.jp
facebook.com/NagoyaUniv.ITbM
twitter.com/NagoyalTbM
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https://www.wpi-aimr.tohoku.ac.jp/en/
www.facebook.com/TohokuUniversity.AIMR
https://twitter.com/TohokuUnivAIMR
www.ipmu.jp
https://www.icems.kyoto-u.ac.jp/en/
https://www.facebook.com/Kyoto.Univ.iCeMS
https://twitter.com/iCeMS_KU
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https://www.facebook.com/Osaka.Univ.IFReC
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https://www.facebook.com/NagoyaUniv.ITbM
https://twitter.com/NagoyaITbM
www.bio2q.keio.ac.jp
https://wpi-skcm2.hiroshima-u.ac.jp/
https://prime.osaka-u.ac.jp/
www2.kek.jp/qup/en
https://twitter.com/Ashbi_KyotoU
https://www.facebook.com/ASHBi.KyotoU
https://ashbi.kyoto-u.ac.jp/
www.icredd.hokudai.ac.jp
https://nanolsi.kanazawa-u.ac.jp/en/
https://ircn.jp/en/
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