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Message from

Program Committee Chair

World Premier International Research Center Initiative

G

World Premier International
Research Center Initiative

Emblem Concept

The emblem of the WPI adopts the motif of
a bird, symbolizing the program'’s driving
concept of “upward flight.” Undaunted by
today'’s turbulent global climate of twisting
and turning winds, the bird flies on steady,
azure wings through the sky.

In its beak, it carries a seed of new innovation.
This radiant dot over the “i" also serves to light
the path ahead in pioneering the frontiers of
scientific discovery.
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Background

circulation.

Program
Summary

An intensifying global demand for talented researchers is accelerating the
need to circulate good brains among the world's nations. 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 global brain

The 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.

WPI centers
(total:13 centers)

ICReDD——=®

e—AIMR

NanoLSl| —=

. s
ASHBI MANA
Kavli IPMU
L IRCN

ELSI

ITbM

iCeMS

IFReC

I2CNER

Five centers adopted in 2007

Tohoku University :

p {AIMR Advanced Institute

oo/ for Materials Research (AIMR)

The University of Tokyo :
P.08 Kavli Institute for the Physics
: and Mathematics
of the Universe (Kavli IPMU)

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

o wrio . Osaka University :
| Immunology Frontier
Research Center (IFReC)

National Institute for Materials Science :
International Center
ol for Materials Nanoarchitectonics (MANA)

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 Premium Status” with regard to their research level; enhancing the
profile and brand of the overall WPI Program; promoting the global brain
circulation; and internationalizing and reforming the scientific environ-
ment by networking the activities of WPI centers.

Toward Enhancing and Strengthening

The Japan Society for the Promotion of Science assists

"Highly Visible Research Centers"

Challenges in building top-world institutes

B A critical mass of outstanding researchers

- 7-10 or more top-level principal investigators (centers
selected in FY 2007 and FY 2010 had 10-20 or more)
- With at least 30% of researchers continuously from

overseas

- Total of 70-100 or more researchers and staffs (centers
selected in FY 2007 and FY 2010 had 100-200 or more)

Science Globalization

Advancing to the highest
pinnacle globally

leading-edge research !

Fusion Reform
Creating Reforming research
interdisciplinary organizations
domains

Bl Attractive research and living environment of

top international standard

- Strong leadership by center director

- English as the primary language

- Strong support functions for researchers

Centers currently receiving funding

One center adopted in 2010

) Kyushu University :
’@VER International Institute for
. Carbon-Neutral Energy Research (12CNER)

Three centers adopted in 2012

University of Tsukuba :
@IIIS International Institute
for Integrative Sleep Medicine (11IS)

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

M Nagoya University :
“\@”bM Institute of Transformative
Bio-Molecules (ITbM)

The University of Tokyo :
International Research Center
for Neurointelligence (IRCN)

Kanazawa University:
Nano Life Science Institute (NanoLSI)

in smoothly and effectively implementing the WPI.

Four Missions

Two centers adopted in 2018

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

Kyoto University :

ASHBi Institute for the Advanced Study
of Human Biology (ASHBI)

Program Contents

BFunding period

10 years
(up to 15 years for centers selected in or before FY 2012)

MProject funding
About ¥700 million per fiscal year for each center
(up to ¥1.4 billion per year for centers selected in FY 2007 and
FY 2010)

HEvaluation
Each year, a thorough 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.

Establishing international
research environments
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WPI has continuously produced the world's highest-level achievements
WPI has tackled the challenge of creating an excellent world-class
WPI centers yield productive ripple effects that improve the

4
1 SCZ@”C@ (Implementing the world's highest level of research)

 Nearly 50% of published papers stem from international Top 1% of papers by citations

joint research, evidencing the position of WPI centers

MIT 5.9%
within international research networks. Stanford U
o . . Harvard U
« Two principal investigators at WPI centers have won Nobel CALTECH
. . - UC Berkeley
Prizes. WPI researchers have also received prestigious Princeton U
international awards such as the “Canada Gairdner WPIA;EZQS
International Award” and top domestic awards such as Columbia U
Chicago U

Japan's “Order of Culture.” Yele U
U Oxford
U Cambridge

from foundations, corporations, and other private entities UCLA
U Pennsylvania

« WPI centers receive large donations and investments

made in recognition of their excellent research capability

The proportion of papers that are in the top 1% of cited papers of 36 leading
research institutions from Japan and around the world (2007 - 2015). The
five WPI centers adopted in 2007 are ranked seventh among these research
organizations. (based on data from Clarivate Analytics)

o
2 FZ[SZO” (Generating fused research domains)

+ A "flat” organization with no partitioning between research fields and an open building architecture with no walls

despite being focused on basic research.

between labs spawn intellectual inspiration and a collaborative atmosphere of friendly rivalry among researchers.

« A cascade of fused research achievements is being generated. Examples include an elucidation of the structure
of glass by fusing mathematics and materials science and the discovery of a method for combating the parasitic
plant Striga made by fusing animal/plant biology and synthetic chemistry.

Outfeél(fb (Disseminating information to society) and E dqut Z.On (Fostering

WPI proactively disseminates information to the domestic and international society on the meaning and substance
of its activities in an easy-to-understand manner with an aim to elevate public awareness and understanding.

« WPI Science Symposiums
Junior/senior high school students and members of local communities learn about the latest advanced research
at these events held in collaboration with WPI centers.

« "WPI Forum" website
This website conveys know-how accumulated at WPI centers on how to recruit and support overseas researchers
to other universities and research institutions seeking to internationalize their programs.

04

in fused research.
environment for advancing research.

operation of their host institutions.

3 GlObdll.Zdtl.on (Creating international research environments)

« English is the working language in WPI centers.
Overseas researchers make up approximately
40% of the centers’ researcher staff.

« In addition to their top-world research levels,
international recruitment and enhanced support
attract overseas postdoctoral researchers to
WPI centers. An increasing number of overseas
postdocs are applying for posts at the centers.

- Many of the postdocs at WPI centers have gone
on to acquire their next positions in Japanese
and overseas organizations. WPI contributes to

advancing global researcher mobility.
At 3 p.m. researchers gather in a cafe space with their own mug. This
marks the start of "tea time" joined every day by all the researchers at
Kavli IPMU. A peaceful chat enters a hot debate without notice.

; Refme (Innovating research organizations)

- WPI centers act as the nucleus for system innovation within their host universities and research institutions. The
reforms they achieve are shared and applied to their host institutions, elevating system-wide internationalization
and strengthening research capabilities. Some spinoffs of center reforms include :

- Top-down management
- A cross-appointment system
- Providing an environment in which researchers can work comfortably

next generation of researchers)

WPI is working to create a framework for human resource
development aimed at fostering the next generation of
researchers. It includes :

« Double mentoring by instructors from diverse research fields
whose training enhances the ability of young researchers to do
fused research.

« Collaborative relationships with overseas graduate schools.

"WPI Forum" website
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Tohoku University

Advanced Institute for Materials Research (AIMR)

9
\.)‘/

TOHOKU UNIVERSITY

Creating new materials science using mathematics

Materials enrich society. With mathematics, the common language of Science, we will
develop new materials science, and contribute to creating an infrastructure for safe and
affluent society by new materials.

[Purpose of the Research]

Functional innovation & social contribution by new materials

The main objective of the Center is to promote the development of new materials
under a world-leading organization for interdisciplinary research by use of an innovative
method of atomic and molecular control. In addition to basic research, we intend to
contribute to society by creating Green Materials for “energy harvesting”, “energy
savings” and “environmental clean-up” through the elucidation of fundamental
principles lying behind functional manifestations common to different kinds of
materials and building a basis for “predicting” new functions and new materials.

The Center is also working to establish innovative approaches to understanding
diverse material functions through the creation of new basic materials and compounds
that will yield significant benefits for the future of humanity.

[Features of the Institute]

Promotion of fusion research & global brain circulation

The Center promotes fusion research across the different research groups through
"Fusion-research Proposal System", and international joint research through “Global
Intellectual Incubation and Integration Laboratory (GI* Lab)” Program to invite excellent
researchers from around the world.

Furthermore, various opportunities are provided for the researchers to exchange
views and ideas through in AIMR Joint Seminars and “Friday Tea Time" . The center's

research activities and outcomes are published in "AIMResearch” posted on our
website (https://www.wpiaimr.tohoku.ac.jp/en/aimresearch/). AIMR also publishes PR
Magazines and actively participates in various scientific events.

Message from Motoko Kotani, Director of AIMR

he Advanced Institute for Materials Research (AIMR) was established in 2007, aimed

at contributing to society through the creation of innovative materials via aggressive
interdisciplinary research. AIMR started collaboration between mathematics and materials science
first in the world on an institutional level to create predictive materials science. This AIMR's approach
is in the vanguard of the global trend in materials science and will enable us to design new
materials based on predictions in the future.

[Archive of research results]

Morphology prediction of diblock copolymers by mathematical analysis

Most commercial plastics (polymers) consist of long chains of single
chemical moiety. Polymers made up of two types of polymers are known
as “diblock polymers”. The two chains can be assembled into a various
different structures as a result of interaction between them. Additionally,
different shapes unlike found in bulk can be generated by confining
diblock polymers in a sphere or a cylinder space.

Now, AIMR researchers, by building on a previous mathematical
analysis, have used a set of coupled equations to numerically explore
the morphologies and phases of diblock copolymers confined within
spheres. This model, which shows the relationship between the free
energies and morphologies of diblock copolymers confined in small
particles, has great predictive power and consistency with experimental
results (see figure). This ability to modify the shapes, and hence the
properties, of diblock polymers is generating much interest because it
holds promise for making tiny chemical reactors and nanoparticles for
drug delivery, among other possible applications.

H Structures and predicted models
of diblock copolymers

Left: STEM images of confined block copolymer
nanoparticles.

Right: Predicted structures of ploystyrene (bule)
and polyisoprene (green) diblock copolymers by
mathematical model.

Associate Professor Hiroshi Yabu, Soft Matter, 12, 5905, 2016

Persistent homology, mathematics in the 21st century

W Atomic rings extracted
by persistent homology

Extracted atomic
structures of glass by
persistent homology.
Ring-like atomic
arrangement can be
discovered hidden in
arandom structure as
awhole.

Persistent homology, a new mathematical tool established in the
21st century, was used for unlocking the mystery of glass. Persistent
homology is one field of topology which pays attention to "holes"; a
donut having a hole and a mag cup with a handle are identified as a
same kind of objects with one hole. Persistent homology is marking a
new phase to materials science by solving various problems.

Professor Hiroaki Hiraoka, Proc. Acad. Sci. USA, 113, 7035, 2016

Topological insulators for energy saving devices

Topological insulators are new materials whose inside is insulating and only the surface is conductive. The name
comes from "topology".
AIMR paved the way for creating energy saving devices using topological insulators by fabrication of p-n junctions.

Professor Katsumi Tanigaki

Developing cloth-like soft ceramics

We used supercritical hydrothermal synthesis to uniformly blend substances that usually don't mix, creating novel
ceramic/macromolecule hybrids that are soft as cloth, but retain the benefits of ceramics like high thermal conductivity.

Professor Tadafumi Adschiri
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The University of Tokyo

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

Cross-Disciplinary Research Center for Addressing the Origin and Evolution of the Universe

Establishing a world-class research center for the most urgent issues in basic science
such as dark energy, dark matter, and unified theories, with close collaboration between
mathematics, physics and astronomy.

[Purpose of the Research]

Uncover the origin and evolution of the Universe

Until recently, it had been believed that atoms were the only components of the
Universe. However, new advances in observational cosmology have shown that
galaxies contain invisible “dark matter,” which keeps the stars from dispersing, and that
the Universe is filled with mysterious “dark energy,” which is accelerating the Universe's
expansion. But the true identity of dark matter and dark energy has yet to be revealed.

“Unified theories,” such as string theory and quantum gravity, are developed as physics
and mathematics enhance our understanding of the Big Bang and black holes. Recent

Galaxies captured advances have led many researchers to speculate that many hidden dimensions exist

by the Hyper Suprime-Cam

(Credit: Princeton University/HSC Project) beyond the third dimension, and that the origin and evolution of the Universe are closely

related to their geometries. Kavli IPMU delves into these deep mysteries of the Universe.

[Features of the Institute]

Beyond the fields of mathematics, physics, and astronomy

Assembled at Kavli IPMU are more than 260 researchers in mathematics, physics and astronomy, who collaborate beyond the
traditional boundaries of their respective disciplines to generate new ideas and insights.

The core research activities are carried out by the Kavli IPMU's principal investigators. To
promote unique and creative research approaches, Kavli IPMU adopts a “flat” organization,
comprising principal investigators and junior researchers, as well as many collaborators
and visiting researchers. Facility-wise, the Hyper Suprime-Cam on the Subaru Telescope,
the SuperKEKB, and XENONNT experiments are utilized to search and investigate dark
matter, dark energy and black holes.

Mathematical innovations are also being pursued to resolve Bing Bang singularity

Group photo

and formulate an ultimate theory of the Universe. at Kavli IPMU's 11th anniversary

Message from Hirosi Ooguri, Director of Kavli IPMU

he Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU) was launched at the University

of Tokyo from scratch back in 2007. Now it boasts about 100 scientists on site, whose majority comes
from outside Japan. It has a comparable impact factor as major research institutes worldwide. Its scientific
objective is to address age-long questions of humanity: How did the Universe begin, what is its fate, what is
it made of, what laws govern it, and why do we exist in it. The Kavli IPMU is poised for major advance using a
unigue combination of mathematics, theoretical physics, experimental physics, and astronomy. It received an
endowment in 2012 from The Kavli Foundation, which supports leading universities around the world.

[Archive of research results]

Dark matter is not made up of tiny primordial black holes

Mass of primordial black hole [solar mass]

107 1071 107° 10°
V v

An international team of researchers, led by Principal Investigator
Masahiro Takada, used the Hyper Suprime-Cam digital camera on
the Subaru Telescope, and the gravitational lensing effect, to look for
primordial black holes between Earth and the Andromeda galaxy.
Theoretical physicist Stephen Hawking first suggested the existence
of primordial black holes with masses lighter than the Moon, and
it was pointed out dark matter smaller than a tenth of a millimeter
could make up most of dark matter. The team's results found the
world's first observational data that primordial black holes could only
contribute no more than 0.1 per cent of all dark matter, and so it is
likely the theory is untrue.

10°
10°!
1072
1073 Subaru HSC result (this work)

104

Mass fraction of primordial black holes to dark matter

10

71‘)015‘ — ‘10‘20‘ — ‘1625‘ — ‘10‘30‘ — ‘10‘35‘

Mass of primordial black hole [g]
Observational data of primordial black holes
Constraints on the mass fraction of primordial
black holes to dark matter in the Milky Way and the
Andromeda galaxy as a function of primordial black
hole mass. (Credit: Niikura et al.)

Kavli IPMU Principal Investigator Masahiro Takada, PhD candidate student Hiroko Niikura,
Professor Naoki Yasuda (paper published in Nature Astronomy, April 2019)

Search for new supernova neutrinos

Inspired by the goal to find new physics, a team led by Kavli IPMU
Principal Investigator Mark Vagins has spent seven years running tests
in the EGADS (Evaluating Gadolinium's Action on Detector Systems)
project. Vagins' new water filtration technology will introduce
gadolinium into the Super-Kamiokande water, increasing its sensitivity
and allowing it to capture neutrinos from supernovae outside the
Milky Way galaxy. They expect to collect new supernova neutrinos by
2021.

Kavli IPMU Principal Investigator Mark Vagins, the GADZOOKS! project, which lead to EGADS,
was proposed by Vagins and theorist John Beacom.

EGADS researchers get ready to open EGADS tank
for inspection after two years of running with
gadolinium. (Credit: Kamioka Observatory, Institute
for Cosmic Ray Research, The University of Tokyo)

Mirror symmetry and Gromov-Witten invariants

In 2018, mirror symmetry helped a team, including Todor Milanov, to prove a conjecture about Gromov-Witten
invariants. Their proofs make it possible to find new explicit formulas of primitive forms in terms of generalized
hypergeometric functions, and the other way around.

Kavli IPMU Associate Professor Todor Milanov (this paper has been accepted to the Memoirs of the American Mathematical Society)

Why are girls missing from science and mathematics

Only a handful of girls pursue science careers in Japan. A team led by Kavli IPMU Professor Hiromi Yokoyama has
been investigating the possible social issues and challenges teenage girls face today.

Kavli IPMU Professor Hiromi Yokoyama (Selected as a JST-RISTEX Science of Science, Technology and Innovation Policy project in Oct 2017)
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Kyoto University
Institute for Integrated Cell-Material Sciences (iCeMS)

iCeMS

KYOTO UNIVERSITY
WPI Research Center

Creating a new field of integrated cell-material science

Our institute seeks to illuminate the chemical basis of cells; to create chemical compounds
controlling cellular processes and functional materials inspired by cellular processes; and
to ultimately contribute to the fields of industry, medicine and drug discovery.

[Purpose of the Research]
Can we describe mesoscopic cellular processes in terms of chemistry?

Cells maintain life activities by self-organizing many chemical compounds and making them cooperatively interact.
The behaviors of these chemical compounds are changing spatiotemporally. To understand this in terms of chemistry,
it is necessary not only to focus on molecules working in the narrow domain of nanometer sizes, but also to turn to the
slightly larger mesoscopic domain. For this purpose, we need to pursue the development of various advanced imaging
technologies and modeling, and physical and chemical technologies to dissect complex cellular events.

Can we reproduce mesoscopic cellular structures with materials and control them?

iCeMS aims to reproduce mesoscopic ~1nm ~1pm
cellular functions with materials. If we
understand cellular functions, we should porous
materials .

be able to replicate cellular functions with dendrimers

materials. We drive forward research with

liposomes

understanding and creation.

nano world chromatin cell membranes macro world

~10°m The Mesoscopic Domain ~10"°m

[Features of the Institute]
International and Interdisciplinary research environment

iCeMS" interdisciplinary, globally-oriented initiatives include: 1) open offices and common labs designed to encourage
interaction; 2) strong support for overseas researchers; 3) hosting iCeMS Seminars regularly conducted by noted
international researchers.

Message from Susumu Kitagawa, Director of iCeMS

We are aiming to create an international research institute that did not exist among Japanese universities in
the past by continually taking on the Challenge of establishing an institution that can be recognized globally,
where excellent scientists inside and outside Japan gather together into a single Core named "iCeMS" and show
their Creativity to the full. These are the "3Cs" of iCeMS. Another set of "3Cs" refers to fostering young scientists. We
cultivate young scientists who have the Courage to dive into developing fields, the spirit to take on new Challenges,
and the Capacity for creative thinking. We also strive to value "DWP"—we continue to search for new Discoveries
that inspire feelings of Wonder and Passion, accumulating knowledge and leading to the creation of a new science.

[Archive of research results]

Synthesis of soft porous crystals that exhibit shape-memory properties by absorbing gas

iCeMS researchers successfully developed soft porous crystals that
can change their shapes by absorbing gasses such as carbon dioxide
and carbon monoxide, and retain their shapes. These porous crystals
are jungle-gym-like materials made by combining organic molecules
and metal ions with numerous nano-sized pores inside. Pores that are
closed before the absorption of gasses open by absorbing gasses such
as carbon dioxide, and the open pores retain their shapes even after
the gasses are removed. On the other hand, when heated up to 120°C
or more, the pores return to the closed structure. Taking advantage of
this nature, we can expect that more complicated gas separation will
be possible by opening and closing pores as necessary.

The pores inside the crystal retain their open structure
even after COz is removed, but can be easily closed by
heating.

Susumu Kitagawa, et. al.
(published in the American science journal Science Advances in April 2018)

Establishment of a patient-derived chicken egg tumor model enabling individualized cancer therapy

In June 2018, iCeMS researchers published that they successfully
replicated ovarian tumors inside cheap chicken eggs. By making a hole
on the shell of a fertilized chicken egg and placing minced human ovarian
tumors on the chorioallantoic membrane surrounding the embryo, they
successfully replicated tumors that maintained the characteristics of
the patient's tumour in three to four days. The use of a patient's cancer
model obtained in this manner will make it possible to search for the
best drug inexpensively in a short period of time to treat the patient's
cancer. The team also administered an anti-cancer drug to this chicken
egg model using B-PMO (multi-porous nano-particles newly developed
by the team) and confirmed that B-PMO selectively accumulated only in
tumors. B-PMO are expected to be useful for the development of anti-
cancer drugs that have a low potential of adverse drug reactions, and
particles that have ability to directly target the tumour.

Human ovarian tumors made in a fertilized chicken
€gg

Fuyuhiko Tamanoi, et. al.
(Published in the British science journal Scientific Reports in June 2018)

Controlling the manufacture of stable gel

In July 2018, iCeMS researchers have developed a new approach to control the fabrication of soft, porous materials,
overcoming a primary challenge in materials science. The developed materials have a stable structure, despite their
tiny cavities, and have a wide variety of potential applications. Building insulation, energy storage devices, aerospace
technologies, and even environmental clean-ups can all benefit from incorporating light and flexible materials.

Shuhei Furukawa, et. al.
(Published in the British science journal Nature Communications in July 2018)
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Osaka University
Immunology Frontier Research Center (IFReC)

@ WPIOsaka University

iIFRe

Comprehensive understanding of immune reactions and contribution to the society

IFReC's important mission is to construct a world-class immunology research center.
Furthermore, in addition to our efforts in advanced research on basic immunology, we
have been actively engaging in serving society through the results of our research.

[Purpose of the Research]

Striving to lead the world in interdisciplinary and immunology research

Since its inception in 2007 as a WPI research center, IFReC has conducted research with the aim of regulating immune
response to pathogenesis and autoimmune diseases as well as cancer cells. This requires tracking the movements of
individual immune cells as well as deepening our understanding of the immune responses that occur in the entire body.
To investigate these new realms, IFReC continues to advance interdisciplinary research through a team of outstanding
researchers having specialties in the fields of immunology, bioimaging, and bioinformatics.

[Features of the Institute]

As a world-class research center

To further develop as an international research center, it is important not only for IFReC to produce leading-edge research
results, but also to have a system for sharing those results with society. Consequently, IFReC has increased its efforts in the
study of human immunology. Therefore, by employing the latest in analytical techniques in a modern research environment,
IFReC advances basic research using human cells with the cooperation of the Faculty of Medicine at Osaka University Graduate

Returning to the Society

School of Medicine (including their laboratories

of clinical medicine). Further, by incorporating the Basic Researches
viewpoint of pharmaceutical companies, we are
accelerating the sharing of our basic research with
society, namely, through the development of new
drugs and new treatment techniques.

As a member of the WPI Academy, IFReC provides

L. . . [JHuman Lab [m] School of Medicine,
an enticing environment for the next generation of at IFReC Osaka University
-Single Cell Analysis (clinical data)
H H H -Multi-P: ters Analysi: N N
researchers, and aims to be an indispensable part of oo | || Cpramaceutica companis

the career paths of talented international researchers.

Message from Kiyoshi Takeda, Director of IFReC

s successor to Prof. Shizuo Akira | have assumed the post of director of IFReC from July

2019 I will strive not only to deepen our basic research into immunology but also to make
IFReC a world class research center with the aim of overcoming immunological disorders. IFReC
has concluded comprehensive collaboration agreements with a number of pharmaceutical
companies thereby creating an industry academia collaboration system for advancing free basic
research. IFReC is accelerating world class immunology research and the sharing of its results
with society

[Archive of research results]

Normal bacteria in the gut can induce intestinal immune cells to
extend tentacle-like structures, known as dendrites, to “capture”
antigens, triggering both immediate and long-term immune responses.
What was less clear was how the bacteria activate this process.

Kiyoshi Takeda group identified GPR31, a protein residing on the
surface of small intestinal macrophages, as the specific receptor for
the two metabolites lactate and pyruvate. Mice lacking GPR31 showed
reduced dendrite protrusion by CX3CR1+ cells after being administered
pyruvate or lactate. As a result, antibody production decreased
following infection with a non-pathogenic strain of Salmonella.

Morita, Umemoto et al. (Nature 2019)

Yukinori Okada group revealed the existence of different gene
variants and their connections with diseases and other traits in the
Japanese population.

Their multiple analyses first revealed the levels of polymorphism in
the human leukocyte antigen (HLA) genes, then classified the overall
patterns of this polymorphism into 11 distinct groups across the
Japanese population using a machine learning approach.

Using data from medical records on 106 different phenotypes,
including 46 complex diseases from over 170,000 Japanese individuals,
they clarified that about half of these phenotypes showed significant
associations with the studied genes.

Their findings provide a foundation for future studies on risk factors
associated with this part of the genome.

Hirata et al. (Nature Genetics 2019)

Helpful B-cells lend a hand to developing neurons

Neurons are specialized cells of the nervous system that
communicate using electrical signals, which propagate down long,
wire-like projections called axons. Several neurological disorders,
including autism and schizophrenia, are thought to be driven in part by
the failure of myelin to properly surround axons during development.

Toshihide Yamashita group showed that immune cells named B-1a
may play a key role in helping myelin to form around newly minted
neurons.

Tanabe & Yamashita. (Nature Neuroscience 2018)

Bacterial metabolites have big effects on the intestinal immune response

Role of bacterial metabolites in intestinal immune response.
These metabolites stimulate intestinal macrophages
through the receptor GPR31, allowing macrophages
to protrude trans-epithelial.

Big Data Provides Clues for Characterizing Immunity in Japanese

Classified patterns for HLA
The machine learning and the next-generation
sequencing technology clarified the whole picture of
individual variation in HLA.

Role of B-1a cells in meningeal space.

They secrete natural antibodies, which promote the
proliferation of oligodendrocyte precursors. With this
mechanism, B-1a cells support the brain development.
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National Institute for Materials Science
International Center for Materials Nanoarchitectonics (MANA)

Nano Revolution
for the Future

"Materials Nanoarchitectonics"

MANA is pioneering a revolutionary technological system called "nanoarchitectonics" as a
new paradigm for nanotechnology that supports our lives.

[Purpose of the Research]

Pioneering nanotechnology system to create next generation materials

MANA is focusing on a new technology system for materials
development named "nanoarchitectonics.” Various nano-scale structural
units are created and arranged in a designed configuration and interactions
among them. Synthesis, fabrication and resulting functionalities are
analyzed and predicted both theoretically and experimentally. This
challenge is tackled by researchers distributed over three research fields:
Nano-Materials, Nano-Systems and Nano-Theory. Nanoarchitectonics
opens a new paradigm of materials development that can contribute to
the society in forms such as environment & energy sustainability, next-
generation computation & communication, and health & security.

[Features of the Institute]

International nanotechnology research
center driven by challenges and field fusion

In order to create a world premier research center with global visibility, the following management is strongly promoted at MANA.

Melting pot environment MANA provides a “melting pot” environment for gathering researchers of different fields, cultures and
nationalities in one space. MANA is regarded as one of the most internationalized research organizations in Japan. MANA promotes
fusion research between various fields for “Nano Revolution for the Future”.

Fostering young scientists Young researchers in MANA are involved in interdisciplinary research in the 3D system with double-
affiliation, double-discipline and double-mentor.

Global network MANA's international nanotech-network is spreading to the world through research collaboration with seven
Satellite Laboratories and young MANA-alumni at research institute in other countries.

Message from Takayoshi Sasaki, Director of MANA

or the sustainable development of human society, innovative technologies that are based on

discovery and creation of appropriate materials play a crucial role to solve various problems.
In recent years, nanotechnology has made astonishing progress and became a modern pillar of
materials discovery and development. MANA is pursuing innovation on the basis of our concept
of "nanoarchitectonics,” where new materials and functions are created by rationally integrating
and joining nanoscale parts. We have developed various novel nanomaterials, nanodevices and
nanosystems, and led nanotechnology research in the world.

[Archive of research results]

Two-dimensional nanomaterials, characterized with
atomic/molecular thickness and lateral size of bulk range,
show attractive properties and superior functions not
found in exiting materials. We have been successful in
synthesizing a large variety of two-dimensional materials
based on oxides and hydroxides, using a soft chemical
approach in which layered compounds are osmotic swollen
to such a high extent that they eventually come apart
into single layers. We have developed the technology to
assemble, stack and complex them in a manner similar to
LEGO® blocks.

With this new nanosheet nanoarchitectonics, we have
demonstrated various innovative functions to bring new
possibilities to a wide range of application fields.

Director/Principal Investigator Takayoshi Sasaki
Group Leader Renzi Ma
(Advanced Materials, 2014 / ACS Nano, 2018)

MANA developed the world's first "synapse device" that
autonomously reproduces the processes of remembering
and forgetting like the human brain.

This is realized by an "atomic switch" which forms a
conductive path of metal atoms precipitating from a solid
electrolyte depending on input frequency. This device is
expected to contribute to neuromorphic computer that
operates without preprogramming.

Principal Investigator Kazuya Terabe
(Nature Materials, 2011 / Nanotechnology, 2013)

- New paradigm of materials development -

Innovative function design by using two-dimensional nanosheets as building blocks

W Oxide/graphene composite materials for secondary
battery with both high capacity and long cycle life

In our daily lives, secondary batteries are used in many scenes such
as mobile devices and emergency storage systems. Among the
latest researches aimed at improving the performance of secondary
batteries, new anode materials based on silicon and its alloys, as well
as various transition metal oxides, have been proposed. These anode
materials are expected to harvest a higher capacity than the current
graphite anode, but severely impeded with a short cycle life. To tackle
this challenge, we have synthesized a composite material having a
Mile-feuille structure in which manganese oxide nanosheets (red,
blue) and graphene (green) are alternately stacked at the molecular
level. By using the nanocomposite as an anode material in lithium
and sodium ion secondary batteries, we succeeded in achieving
both a high capacity more than twice of conventional devices and a
compatible long cycle life.

Atomic Switch "Synapse Device"

H Atomic switch with synaptic operation

When an electrical signal is input, metal atoms precipitate from the
electrode on the right, forming a bridge between the electrodes.
Higher input frequency creates a thicker (more stable) bridge.

Highly efficient solar water evaporation by titanium nitride based nano-composite

A highly efficient nano-composite that can evaporate water by sunlight irradiation is developed at MANA. The nano-
composite consists of titanium nitride and porous alumina. We anticipate that the nano-composite can be used for solar

water distillation.

Senior Researcher Satoshi Ishii / NIMS Junior Researcher Manpreet Kaur / Principal Investigator Tadaaki Nagao (Advanced Sustainable Systems, 2019)
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Kyushu University

International Institute for Carbon-Neutral Energy Research (1>CNER)

Grand Highway for a Carbon-

[2CNER's mission is to contribute to the creation of a sustainable and environmentally-
friendly society by advancing low-carbon emission and cost-effective energy systems,
and improvement of energy efficiency.

[Purpose of the Research]

Creation of basic science for realization of a low-carbon society

N =8 Electricity == Mixed Low carbon gas ==@= Fossil Fuel (Hydrocarbon)
[ A Carbon Neutral Energy Vision for Japan | D> Hyrogen @ Heat o Travel

;es.aem Commercial

The Institute aims at understanding and

advancing the science of hydrogen production

and storage using artificial photosynthesis;
hydrogen tolerant materials; next-generation

fuel cells; catalysis and “greening” of chemical

reactions; CO2 capture and utilization; COz2

geological sequestration; and energy analysis. This

broad-based agenda cuts across the boundaries of

€O, emission chemistry, physics, materials science, mechanics,
Fossil Fuel Conversion
Terrestrial /

Ocean CO, natural sink

geoscience, biomimetics, economics, policy-

ssil fuel Extraction

making, and educational outreach. The research

in 2CNER bridges multi-dimensional spatial and
temporal scales for various phenomena.

[Features of the Institute]

Collaboration with the University of Illinois at Urbana-Champaign

This is a unique collaborative project between Kyushu University and the satellite institute at the University of lllinois at
Urbana-Champaign. Kyushu University provides the best-equipped laboratories for hydrogen research in the world, which
encourages the international community to converge to the Ito Campus for scientific interaction. [2CNER's strength is its
young faculty who have been encouraged to develop independent research programs, and who have already started
to work with our international collaborators. The issue of transitioning into a carbon-neutral energy society is global and
requires leveraging resources from the international community.

Message from Petros Sofronis, Director of 2CNER

Iz CNER's projects are beginning to achieve technology transfer. We have new efforts that fuse

applied math and energy engineering, including modeling the smart electric grid based upon
understanding of how energy generation, demand, and storage interact; and using persistent
homology to characterize the properties of porous materials. We are integrating computational
scientists by leveraging synergism between computation and experiment, which may provide an
accelerated and targeted approach to scientific discovery. We are trying to enhance our impact by
considering the well-to-wheel implementation of the carbon-neutral technologies.

Neutral Energy Fueled World

[Archive of research results]

Developing a catalyst for fuel cells that use hydrogen and carbon monoxide as fuel

HReaction mechanism underlying
a catalyst for fuel cells that use hydrogen
and carbon monoxide as fuel

The platinum (Pt) catalyst used by hydrogen (H,)/oxygen (O>) fuel
cells, which are expected to serve as clean, next-generation power-
generating devices, is poisoned by the minuscule amounts (on the
order of parts per million) of carbon monoxide (CO) contained in the
cells” hydrogen fuel, resulting in a precipitous decline in catalytic activity.
Consequently, development of a catalyst that is not poisoned by carbon
monoxide has been a key priority in the fuel cell field. To date, scientists
have not succeeded in developing a catalyst for fuel cells powered by a
50:50 mixture of hydrogen and carbon monoxide gases (synthesis gas).

Instead of approaching the issue from the conventional standpoint of
protecting the catalyst from carbon monoxide, we took a hint from two
naturally occurring enzymes (carbon monoxide dehydrogenase, which
oxidizes carbon monoxide, and hydrogenase, which oxidizes hydrogen)
in order to design a catalyst that would facilitate use of carbon
monoxide as a fuel (electron source) in the same manner as hydrogen.
We found that this catalyst allows the fuel cell to be driven with a 50:50
mixture of hydrogen and carbon monoxide. Since this system works in
water, it is also environmentally friendly.

This catalyst allows selective
oxidation of hydrogen

and carbon monoxide by
controlling the pH level of
the water that serves as

the reaction solvent. We
developed a fuel cell that
uses this catalyst as the
anode catalyst and a 50:50
mixture of hydrogen and carbon monoxide gases as fuel.

M This research was featured on the cover of
Angewandte Chemie International Edition.

Two enzymes (carbon
monoxide dehydrogenase,
which oxidizes carbon
monoxide, and
hydrogenase, which
oxidizes hydrogen) were
combined to create the

Professor Seiji 0go, Angewandte Chemie International Edition, 2017 new catalyst.

An electrizer continuously producing glycolic acid for long-term and large-scale electricity storage

We have constructed an electrizer for continuously producing glycolic M Polymer electrolyte alcohol synthesis cell
acid, an alcoholic compound, from oxalic acid using only electricity
and water. Glycolic acid exhibiting high energy density is a chemically
stable compound and is expected as a next-generation fuel that is
highly storable and transportable. Oxalic acid can also be obtained from
plants growing by absorbing atmospheric CO.. By using the developed
electrizer, electric power can be stored as chemical energy in a glycolic
acid aqueous solution, which will enable to smoothen fluctuation of
intermittently generated electric power. This technology will contribute
to widespread of renewable electric power for general use.

A polymer electrolyte alcohol electrochemical synthesis cell
with a substrate-permeable TiO, electrode achieves continuous

Assistant Professor Masaaki Sadakiyo, Professor Miho Yamauchi, Scientific Reports, 2017 storage of electric power as chemical energy in glycolic acid.

Development of organic-inorganic perovskite solar cells with long lifetimes

The lifetime of perovskite solar cells was extended nearly 17 times to over 4,000 hours — the longest to date - using
a new processing method. Additionally, the new method increased efficiency about 1.5 times compared to traditionally
fabricated devices because of the formation of larger crystals. This is an important step toward practical applications.

Professor Chihaya Adachi, Advanced Materials, 2016
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University of Tsukuba
International Institute for Integrative Sleep Medicine (llIS)

E111S

INTERNATIONAL INSTITUTE FOR INTEGRATIVE
SLEEP MEDICINE

Solving the mysteries of sleep

Sleep is one of the biggest black boxes of today's neuroscience. Researchers at IlIS cooperate
together aiming to elucidate the fundamental principles of sleep/wake regulation and
develop new strategies to assess and treat sleep disorders. In addition, we actively
disseminate information on sleep and health to the society.

[Purpose of the Research]

Aiming to realize a society where people can sleep soundly

We spend nearly 1/3 of our lives asleep. However, the regulation and function
of sleep remain unclear. Deficiencies in sound sleep cause not only adverse
health effects but also significant social losses.

IS sets 3 missions to uncover the mystery of sleep and to solve sleep-related
social problems.

1. To elucidate the functions of sleep and the fundamental mechanisms
of sleep/wake regulation
2. To elucidate molecular pathogenesis of sleep disorders and related diseases

To develop preventive measures, diagnostic methods, and treatments for To accomplish our missions, llS has established

a novel research field, "sleep science," by

sleep disorders
integrating the three existing research fields.

[Features of the Institute]

Open and flat organization to maximize all members’ capacity

llIS has created a free and vigorous atmosphere emphasizing: (i)
flexible and timely appointments of independent Pls regardless of
their age and career stage, with a necessary startup package; (ii) a
flexible and dynamic allocation of floor space for each laboratory
to facilitate free and open communications; and (iii) sharing of
major facilities and capital equipments among laboratories.

IS manages the organization so that all researchers and students
can vigorously communicate and maximize their potentials.

Message from Masashi Yanagisawa, Director of llIS

ur discovery of the neuropeptide orexin and its prominent role in sleep/wake regulation has
Ogenerated a highly active research field in neurobiology of sleep. However, the fundamental
governing principle for the regulation of sleep pressure remains a mystery.
Based on my own experience as a Pl in the US, and by learning from the merits of US academia while
retaining the merits of Japanese traditions, IS provides a scientific culture and environment that
strongly encourage all members to initiate and continue truly groundbreaking studies.

[Archive of research results]

What is the biochemical substrate for “sleepiness?” ~ Reversible Changes to Neural Proteins May Explain Sleep Need ~

Sleepiness is a common
phenomenon for everyone, but
what is happening in the brain? The
molecular substrate for sleepiness
is still unknown because of the
technical difficulty; Researchers
have been unable to distinguish
the sleepiness from the effects
of prolonged waking and stress
of stimulation to keep the mice
awake. We used techniques for
analyzing phosphorylation status
of all brain proteins. This enabled
us to identify and quantify the
phosphorylation of a wide range
of brain proteins in sleep-deprived
mice, and in mice with a single
point mutation, named Sleepy
(Funato et al. Nature, 2016.), with increased sleep time and sleep need. This comprehensive analysis led us to identify
80 proteins named SNIPPs (Sleep-Need-Index-PhosphoProteins) whose phosphorylation state changes depending on
how much sleepy they feel. Since most of the SNIPPs are located in synapses, and their phosphorylation state changed in
accordance with sleep need, these findings show that the phosphorylation/dephosphorylation cycle of SNIPPs may be a
major way to regulate both synaptic homeostasis and sleep/wake homeostasis.

Wang et al. (Nature, 2018. DOI:10,1038/541586-018-0218-8)

Why do we fall asleep when bored? ~ The gating of sleep by motivated behavior ~

You may have the experiences of losing yourself in your favorite
things without sleeping or falling asleep during boring lectures. But it is
not well understood how the brain governs the regulation of sleep by
cognitive and emotional factors.

Researchers in IlIS focused on the neurons in nucleus accumbens
(NAC) that is associated with motivation and pleasure. They found that
sleep is induced when a set of neurons which locate in the NAc and have
adenosine receptors are stimulated. On the other hand, when the mice
of the opposite sex or favorite food (chocolate) are given, the activity of
that neurons was suppressed and the amount of sleep decreased. This
new finding elucidates the direct pathway connecting motivation and
sleep/wake regulation.

Excitation of nucleus accumbens neurons drastically
increases sleep amount.

Qishi et al. (Nature Communications, 2017. DOI:10,1038/s41467-017-00781-4)
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Tokyo Institute of Technology
Earth-Life Science Institute (ELSI)

ebsS

EARTH-LIFE SCIENCE INSTITUTE
TOKYO INSTITUTE OF TECHNOLOGY

Globally-Advanced Interdisciplinary Research Hub for Exploring the Origins of Earth and Life

ELSI focuses on the origins of Earth and life. Both studies are inseparable because life should
have originated in a unique environment on the early Earth. To accomplish our challenge,
we establish a world-leading interdisciplinary research hub by gathering excellent
researchers in Earth and planetary sciences, life science, and related fields.

[Purpose of the Research]

How the Earth was formed, brought the life, and evolved?

Our goal is to address the fundamental questions: how the Earth was formed, brought the life, and evolved? While the study
of origin of life has been primarily based on biochemistry, we focus equally strongly on both sides of Earth and life, because life
is a phenomenon that is preserved through the exchange of energies and materials with the surrounding environment.

ELSI, therefore emphasizes unique environment on the early Earth, which can be clues to the origin of life. We will understand
both uniqueness and universality of our living planet and contribute to future explorations of solar and exosolar systems.

[Features of the Institute]

Pursuit of establishing a world-leading, visible, and interdisciplinary institute

ELSI pursues to establish a world-leading, visible, and interdisciplinary institute. We have following system reform plans;

HResearch environment
- Open and flat research environment
- Promotion of internal communications following the successful experience of the Program for Interdisciplinary Studies at the Institute
for Advanced Study in Princeton.

- Both URAs and life advisors provide full support to non- E L S Earth-Life Science Inst'itute
Japanese scientists and their families. Exploring the Origins of Earth and Life
HAnnual evaluation The Hub for Research on Early Earth and Life
HMerit-based incentive to both research and administrative staffs

HResearch-oriented administrative staffs

- One-stop service
HStrong public relation division

- A PR leader with a scientific background

- Development of relationship with various media
MAcquisition of global fund

- EON Project

Message from Kei Hirose, Director of ELSI

he Earth-Life Science Institute (ELSI), Tokyo Institute of Technology, was launched in December

2012. We will promote integrated research in fields related to the "Early Earth", including the Earth
formation, early Earth environment, the emergence of life on Earth, and the co-evolution of the Earth-
Life system. Through these studies, ELSI will clarify both unique and universal aspects of the Earth,
from which life emerged and evolved, and try to predict the presence or absence of life on other
planets. In order to immediately apply our research results to search for extraterrestrial life, we will
work in close cooperation with space exploration missions and astronomical observation teams.

[Archive of research results]

Domains of ancient rocks preserved in the Earth’s mantle

Mantle convection acts to remove heat
from the interior of our planet, and drive plate
tectonics. Recent geochemical data suggests
that very ancient domains are preserved for
>4.4 billion years somewhere in the mantle
despite persistent convection and mixing. To
explain this observation, we establish a new
model of mantle material transport. In our
convection simulations, mantle rock with high
viscosity, e.g. due to a relatively high content
of SiO,, can stabilize unmixed mantle domains
despite whole-mantle flow circulating around
these domains. The preservation of ancient
SiOz-rich domains may reconcile not only recent
geochemical data, but also the depletion of SiO;
in the circulating mantle, relative to the average
composition of the solar system.

Ancient SiO2-rich domains (light green) are stabilized in the mid-mantle due to their
intrinsic high viscosity, with well-mixed mantle circulating around them (dark green).
Whole-mantle convection is accommodated by upwelling plumes (red) and sinking
subducted slabs (blue), and drives plate tectonics.

Affiliated Scientist Maxim D. Ballmer,

Assistant Professor Christine Houser,

Professor John W. Hernlund,

Professor Renata M.Wentzcovitch (Columbia University),
Professor Kei Hirose, Nature Geoscience, Feb. 2017

Geoelectrochemical origin of life: a new evidence

Carbon monoxide (CO) is a crucial carbon and
energy sources for abiotic organic syntheses, but
its concentration on the early Earth was likely
to be trace. Here we showed that, simulating
a geoelectrochemical environment in deep-
sea hydrothermal fileds, efficient CO2-to-CO
electroreduction is realizable on certain metal
sulfide catalysts (e.g., CdS). Owing to the active
hydrothermal processes on the Hadean Earth,
the electrochemical CO production and the
subsequent evolution of primordial metabolism
would have occurred ubiguitously in the Hadean
ocean floor.

The sulfide-catalyzed efficient CO2to-CO electroreduction demonstrated in this study
suggests that Hadean ocean hydrothermal systems were favorable settings for the
prebiotic CO: fixation, and for the subsequent evolution of primordial metabolism

Research Scientist Norio Kitadai, Professor Ryuhei Nakamura, toward the origin of life.

Professor Yuichiro Ueno, Professor Naohiro Yoshida et al.,
Science Advances, Apr. 2018
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Nagoya University
Institute of Transformative Bio-Molecules (ITbM)

ZY1TeM

Nagoya University

Change the world with molecules: Where chemistry, biology and theory meet

ITbM's dream is to develop “transformative bio-molecules” that can change the way we
live. By merging synthetic/catalytic chemistry, animal/plant biology, and theoretical science,
ITbM will take up the challenges of solving global issues with molecules.

[Purpose of the Research]

Merging research fields to generate transformative bio-molecules

Transformative bio-molecules are innovative bio-functional molecules that
bring about a marked change in the form and nature of biological sciences and
technology. Examples of transformative bio-molecules are the antibiotic penicillin,
anti-influenza drug Tamiflu and the green fluorescent protein (GFP) used for
bioimaging. ITbM aims to create a new interdisciplinary research field and deliver
transformative bio-molecules through the dynamic collaboration between
chemists, animal/plant biologists, and theoretical scientists. We envisage that
our efforts will culminate in a wealth of molecules that will address issues on the

environment, food production, and medical technology.
ITbM's flagship research areas

[Features of the Institute]

“Mix” spaces as a key platform for interdisciplinary research

ITbM consists of an international team of Principal Investigators (Pls), who
are leading researchers in their fields. ITbM has implemented a Cooperative
Pl (Co-PI) system, where young faculty members oversee the satellite
groups of the overseas Pls.

ITbM is equipped with "Mix Labs" and "Mix Offices", which bring
together researchers from different groups and disciplines, enabling
interactive discussions on a daily basis. This has led to the promotion of
interdisciplinary research, leading to the discovery and generation of a
range of bio-functional molecules.

Mix Labs and Mix Offices bring together researchers and
students from different fields.

Message from Kenichiro Itami, Director of ITbM

Molecules are small but they are essential to all life. It is my strong belief that molecules have
the power to change the way we do science and the way we live. ITbM's main focus is to
develop transformative bio-molecules that will be the key to solving urgent problems at the interface
of chemistry and biology. The identity of ITbM is its capability to develop completely new bioactive
molecules with carefully designed functions through the collaboration of chemists, biologists, and
theoretical scientists.

ITbM will connect molecules, create value, and change the world, one molecule at a time.

[Archive of research results]

Sphinx molecule to rescue African farmers from witchweed

Striga is an African native parasitic plant that has been expanding M Extermination of Striga seeds
their geographic territories in vast African farmland over 25 countries by suicide germination.
and rapidly extending its host range to major crops. [TbM's chemists
and biologists have come together to develop a molecule, SPL7, that
forcibly germinates Striga seeds at extremely low concentration.
SPL7 stimulates Striga germination at femtomolar (10"° mol/
L) range, yet only bound to the strigolactone receptor in Striga.
The potency is on par with natural strigolactone, 5-deoxystriog|,
which is the most potent germination stimulant to Striga among
all commercially available compounds. ITbM's research team is

planning to extend the discovery to field trials of SPL7 in Kenya. SL-like molecules work as inducers of suicidal
germination to purge the soil of viable Striga seeds
Drs. Yuichiro Tsuchiya, Daisuke Uraguchi and Takashi Ooi et al., Science, 2018. before planting the crop seed.
Small molecules that prevent plant withering
Scientists have used chemical screening to discover new M Effect of a stomata closing compound on leaves

compounds that can control stomatal movements in plants.
They have succeeded in finding compounds that exhibit stomata
closing activity, which prevent leaves from drying up and suppress
withering when sprayed onto rose and oat leaves. So far, these
compounds only affect stomatal closure and do not show any side
effects. Further investigation could lead to the development of new
compounds that can be used to extend the freshness of cut flowers
and flower bouquets, reduce transportation costs for plants and be

applied as drought resistance agents for crops. Rose leaves sprayed with stomata closing compound (right)

withered less compared to rose leaves without spraying (left)

Professor Toshinori Kinoshita et al., Plant & Cell Physiology, 2018. after 6 hours.

Small molecules that change biological clock rhythm in mammals

Using drug repurposing, animal biologists and chemists at ITbM Bl Small molecules that change
have discovered compounds that can either shorten or lengthen biological clock rhythm in mammals
the circadian rhythm in human cells. They identified that DHEA
(dehydroepiandrosterone), one of the most abundant hormones
in humans, also known as a common anti-aging supplement
demonstrated period shortening and phase shifting activities, and
when it was fed to mice, jet lag symptoms were significantly reduced.

Further screening of known bioactive compounds may lead to the

discovery of other active compounds that can treat circadian rhythm DHEA may be effective when taken along with another drug

disorders. that acts upon the central circadian clock in order to minimize
the gap of the clocks for relieving jet lag.

Professor Takashi Yoshimura et al., EMBO Molecular Medicine, 2018
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The University of Tokyo

International Research Center for Neurointelligence (IRCN)

HIRCN

nternational Research Center for Neurointelligence

Tackling the ultimate question — "How does human intelligence arise?"

IRCN combines life sciences and information sciences to establish the new field of
“Neurointelligence”. By clarifying the essence of human intelligence, overcoming neural
disorders, and developing new Al technologies, we will contribute to a better future society.

[Purpose of the Research]

To establish the new field of “Neurointelligence”

Elucidating brain functions is a highly complicated and difficult endeavor,
and this is one of the biggest scientific frontiers on par with identifying
origins of the universe.

The IRCN aims to (1) elucidate fundamental principles of neural circuit
maturation, (2) understand the emergence of psychiatric disorders
underlying impaired human intelligence (HI), and (3) drive the development

[Archive of research results]

CUBIC-X: a new method to implement single-cell based whole-brain imaging

The brain is a complex object like the universe comprising intricate
networks with a tremendous amount of neuronal cells. To understand
this structural complexity and its functions, brain atlases that can show
fine-scale structures and connections of cellular circuits are a requisite
tool for neuroscientists. Recently, Ueda and his team developed a
fluorescent-protein-compatible, intensive tissue-clearing method
combined with a tissue expansion protocol, CUBIC-X, which enables
seamless imaging of the whole mouse brain. They succeeded in
improving the transparency of brain tissue and constructed a point-
based mouse brain atlas with single cell annotation (CUBIC-Atlas).
Using this 3-D whole-brain atlas, future studies can add activity/
gene expression mapping and explore undefined anatomical areas.
The editable CUBIC-Atlas is available to the research community and

H Whole-brain imaging of a CUBIC-X expanded
Thy1-YFP-H mouse brain with customized
light-sheet fluorescence microscopy

A reconstructed whole brain image based on the
acquisition of image data comprising more than 1
million sheets (Whole brain field), Partly-reconstructed
brain image data (Magnified View1), Reconstructed
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image data focusing on neurons (Magnified View2),
Reconstructed image data focusing synaptic structure
(Magnified View3)

public (http://cubicatlas.riken.jp) as a single-cell-resolution platform for
unbiased systems-level analysis of mammalian brain.

of next-generation artificial intelligence (Al) based on these principles.
By proceeding with this research, we establish the new field of
“Neurointelligence” and tackle the ultimate question “How does human

intelligence arise?”.

Professor Hiroki Ueda
(Murakami et al., Nat. Neurosci., 2018. doi: 10.1038/541593-018-0109-1)

Revealing a Molecule That Regulates Synapse Pruning

H The role of progranulin in synaptic pruning

[Features of the Institute]

Bridging brain development and computational science in a global network

HIRCN
@® Leading a global research network by collaboration with overseas

institutions starting with Boston Children's Hospital. (Refer to the figure)

Under the leadership of Director Hensch, IRCN aims to build one of the

world's highest —level research organizations through these efforts; In the brain after birth, neurons and their connecting synapses

branch out rapidly. However, genetic and environmental mutations
can misguide this process and eliminate far too many synapses or not
nearly enough. Either extreme can result in a myriad of neuropsychiatric
disorders from autism spectrum disorder to schizophrenia.

Kano and his team found that progranulin — a protein known to
be involved in certain forms of dementia — also works to maintain
developing climbing fiber inputs, counteracting the initial elimination.
They studied a mouse model engineered without progranulin and
found that climbing fibers were not sufficiently strengthened and were
more quickly eliminated.

@ Creating five core facilities for promoting interdisciplinary research.

@ Nurturing young researchers to lead the next generation integrated
research field.

Message from Takao Kurt Hensch, Director of IRCN

he IRCN (International Research Center for Neurointelligence) was established on October 10, 2017 with

a 10-year mission: to create a new discipline at the interface of human and artificial intelligence from the
perspective of neurodevelopment and its disorders. IRCN seeks answers in the underlying principles of neural
circuit development and how it goes awry in psychiatric disorders. This promises new insights for truly neuro-
inspired artificial intelligence (A.l.) and innovative, computational approaches to better understanding the
human condition. Ultimately, such an approach will encompass the fruits of human intelligence - the humanities
and social sciences. Come share our quest, key collaborations, state-of-the-art core facilities and unique culture!

Professor Masanobu Kano
(Uesaka et al., Neuron, 2018. DOI: 10.1016/j.neuron.2018.01.018)

Progranulin strengthens/maintains both necessary and unnecessary climbing fiber
synapses. After postnatal day 16, unnecessary synapses are eliminated by “elimination
signals” and eventually necessary synapses selectively survive into adulthood.
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Nanoprobe Life Science — Probing life at the nanoscale

We aim to UNCOVER CELLULAR DYNAMICS
through the development of nanoprobe technologies.

[Purpose of the Research]

How cells function at the nanolevel remains one of the great unknowns

In the field of life sciences, an accurate knowledge of the actual dynamics
of molecules is believed to be key to the fundamental understanding of life
phenomena, such as development, disease, and aging. However, imaging
techniques currently available have limitations in terms of resolution and
quality that hinder deeper exploration of nano-realms. NanoLSI is tackling
this great challenge with the aim of elucidating the mechanisms underlying
biological phenomena at the nano level. Eventually, we would like to bring
about dramatic advances in the life sciences field which will lead to the
establishment of a new research field, 'Nanoprobe Life Science.’

[Features of the Institute]

Hub of pioneers in the bioimaging field

NanoLSl is expanding alliances with a variety of
nanometrology research bases in Japan and overseas,
and is challenging the mysteries in biological phenomena
using a multidisciplinary approach. In addition, NanoLSl
is building a unique open facility system for furthering
nanometrology research jointly between researchers in
diverse fields around the globe, and will form the only
joint research center of its kind in the world that will act
as a cutting edge metrology hub.

Message from Takeshi Fukuma, Director of NanoLSI

he origins of all the physical properties and phenomena can be explained by structures and

dynamics of nanoscale (roughly 1/1,000,000,000 of a meter) species, such as atoms and
molecules. We aim to develop new nanoprobe technologies that allow us to directly visualize
nanodynamics in the uncharted nano-realms at the surface and interior of live cells. This will hereby
contribute to dramatic progress in the life science field, and lead to the formation of a new academic
discipline, "nanoprobe life science."

[Archive of research results]

Mechanism of resilient circadian rhythm in phosphorylation of clock protein KaiC

Biological phenomena that are controlled by a biological clock and
oscillate on a "24 hr cycle are called circadian rhythms. The oscillating
phenomena range widely from gene expression, metabolism, and
cell division to development and behavior. This study elucidates the
mechanism underlying robust circadian rhythm in the cyanobacterial
clock system by high-speed atomic force microscopy (HS-AFM)*
observation and computer simulation.

The cyanobacteria clock proteins, KaiA, KaiB, and KaiC, can reconstitute
in vitro circadian KaiC phosphorylation. This circadian phosphorylation
cycle persists against changes in temperature and the concentration of
these proteins but its mechanism has been elusive. HS-AFM images show
that KaiA transiently interacts with KaiC to stimulate KaiC autokinase
activity, whereas KaiA's affinity for KaiC weakens as KaiC becomes
progressively more phosphorylated. Thus, this observation reveals
feedback of KaiC phosphostatus onto KaiA-binding and the longer term
oscillations being refined by the high-frequency KaiA-KaiC interaction.
Moreover, this phosphorylation-dependent differential affinity explains
how the oscillation remains resilient in a noisy in vivo milieu.

The revealed mechanism should promote the elucidation of
biological clock mechanisms in eukaryotes like humans, providing a
clue to medical and pharmaceutical studies on circadian diseases.

Pl, Professor Toshio Ando, Nature Communications volume 9, Article number: 3245, 2018

It is known that Helicobacter pylori infection is associated with
gastric cancer. However, how the infection promotes the occurrence of
stomach cancer is poorly understood. In this study, researchers infected
Helicobacter felis, a related species of Helicobacter pylori, to the stomach
of cancer mouse model (Gan mouse) developed at Kanazawa University.
As a result, they have found that stimulation of interleukin 1 (IL-1), one of
the inflammatory cytokines, induces the expression of miR-135b (a type
of microRNA) in gastric mucosal epithelial cells. It is thought that miR-
135b promotes the proliferation of gastric epithelial cells by suppressing
the expression of target genes such as FOXN3 and RECK that act to
suppress the growth of gastric cancer cells, and is also involved in
malignant transformation such as gastric cancer cell invasion.

These findings are expected to be used in the future for the early
diagnosis of gastric cancer by the detection of miR-135b and for the
development of novel prevention and treatment targeting miR-135b.

Pl, Professor Masanobu Oshima, Associate Professor Hiroko Oshima, Assistant Professor
Mizuho Nakayama, Gastroenterology, Volume 156, Issue 4, March 2019

M Schematics and AFM images of KaiC placed
on different substrates, and KaiC phosphostatus-
dependent KaiA binding to KaiC.

(a) Schematic (left) and AFM image (right) of a KaiC
hexamer placed on amino-silane-coated mica (AP-mica).
(b) Schematic (left) and AFM image (right) of KaiC
placed on bare-mica. Because of the tentacle-like
structure existing on the top face of the Cll ring, the
central pore of the Cll ring does not appear in the
AFM image of KaiC placed on AP-mica.

(c) Circadian cycle of KaiC phosphostatus.

(d) HS-AFM images of KaiC phospho-mimics placed
on AP-mica in the presence of 1 M KaiA in the bulk
solution. Imaging rate, 1 frame/s.

* High-speed atomic force microscopy is a powerful technique
for visualizing dynamics of biomolecules under physiological
conditions. We can directly observe protein molecules at work at
submolecular spatial resolution and sub-100 ms time resolution,
without the use of protein-attached markers.

A link between inflammation and cancer unravelled

B miR-135b induces the development
of gastric cancer

Gastric mucosa infected with Helicobacter pylori is
chronically inflamed. Stromal cells of gastritis tissue
produce IL-1 to stimulate gastric mucosal epithelial
cells to induce miR-135b expression. miR-135b
suppresses the expression of FOXN3 and RECK, and
it is thought that proliferation and invasion of gastric
cancer cells are enhanced.
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‘ Newly adopted center in 2018 ‘

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

In-depth understanding and efficient development of chemical reactions

To establish the scientific field of “Chemical Reaction Design and Discovery (CReDD)",
which should allow the efficient development of chemical reactions through a combination

of computational, information, and experimental sciences.

[Purpose of the Research]

To realize high-level design and rapid development of chemical reactions.

The current trial-and-error approach to the development

of new chemical reactions is time-consuming and inefficient.
The ICReDD uses state-of-the-art reaction path search
methods based on quantum chemical calculations and applies
concepts of information science in order to extract meaningful
information for experiments, thus narrowing down optimal
experimental conditions. This approach enables “pinpointing”
promising experiments. We hope to establish the new
academic field “CReDD", which will allow efficiently developing

advanced chemical reactions and materials. The Strategy of CReDD

[Features of the Institute]

The establishment of the CReDD, and the collaborations at MANABIYA

To establish the new academic field “CReDD" that integrates computational, information and experimental sciences in

order to accelerate the efficiency of the development of new chemical
reactions which is indispensable for a prosperous and sustainable future
of humanity.

To establish the MANABIYA system to educate young researchers
and graduate students in order to realize a global circulation system for
world-class scientists in the integrative research area CReDD.

To implement organizational reform of the university centering on the

establishment of the new graduate school "CReDD".

The collaboration at MANABIYA

Message from Satoshi Maeda, Director of ICReDD

Reaction development that relies solely on the trial-and-error approach is too time-consuming
to solve current global problems that include pollution as well as the scarcity of energy and
resources. CReDD will revolutionize the traditional approach to developing reactions by fusing
computational, information, and experimental sciences. We strive to spread the benefits of this
approach by establishing a global WPI and integrating other disciplines. Our sincere hope is that our
WPI may contribute to a brighter and more prosperous future for all of humanity.

[Archive of research results]

Development of hydrogels that toughen in response to stress

Double-network (DN) hydrogels are a soft, yet tough material
composed of about 85% water and two types of polymer networks.
ICReDD researchers under the leadership of Principal Investigator Jian
Ping Gong developed a technique strengthening the DN hydrogels in
response to successive stretching. After letting the hydrogel absorb a
monomer-containing solution, applying tensile forces to the hydrogel
creates mechanoradicals at the ends of broken polymer chains,
which then trigger the polymerization of the absorbed monomers.
Thus, successive stretching can improve the hydrogel's strength and
stiffness. Combining this experimental result with computational
chemistry and information science approaches, this process can be
fine-tuned to apply to different DN gels, further widening potential
application opportunities of the material in medicine and rehabilitation.

A double-network hydrogel before stretching (i).
Stretching (ii) creates mechanoradicals by internal fracture
of brittle network, leading to a color change in the gel (iii).
(iv) the mechanoradicals trigger the monomers to form
new network which strengthens the gel (v).

Takahiro Matsuda, Tasuku Nakajima, Jian Ping Gong et al., Science. February 1, 2019

Development of efficient solid-state cross-coupling reactions

Electron microscopic
images of the catalyst
aggregated and
deactivated (left),
while the addition of
olefin kept the catalyst
dispersed (right).

A cross coupling reaction is typically performed in an
organic solvent and leads to the production of a large
amount of environmentally harmful solvent waste.
ICReDD researchers under the leadership of Principal
Investigator Hajime Ito optimized solvent-less solid-state
organic transformations. They found that the catalyst
tended to aggregate during the reaction, which may lead

to catalyst deactivation. However, added olefins acted as
a dispersant for the catalyst, driving up the conversion rate
of the reaction. The new protocol enables the cheaper and
more environmentally friendly development of functional
organic materials. In addition, it yields a model for
improvements of other reactions with insoluble reactants

too, through the purposeful design of reaction conditions.

Koji Kubota, Hajime Ito et al., Nature Communications. January 10, 2019

Advances in the prediction method of chemical reaction pathways

Schematic illustration
showing the function
of olefinas a
dispersant.

The team around Center Director Satoshi Maeda extended the applicability of the GRRM program, the running
environment of the Artificial Force Induced Reaction (AFIR) method, which is a central idea of the ICReDD program:
They developed an automated algorithm based on the rate constant matrix contraction (RCMC) method to exclude

unfavorable reaction pathways in given conditions, and reduced calculation cost drastically.

Satoshi Maeda et al., Chem. Lett., 2019.

29

(a@aydi) A1aA0ds1g pue ubisa@ uoildesy [ed1Wway) 104 91NISU|

: AMISIDAIUN OpleXOH



(1dM) AIBIHIU| 193U YdIeasay [euoljeulaiu] Ja1wald PHOM

30

‘ Newly adopted center in 2018 ‘

Kyoto University

Institute for the Advanced Study of Human Biology (ASHBi)

s ASHB

WPI Kyoto University

What key biological traits make us ‘human’, and how

ASHBI investigates the core concepts of human biology with a particular focus on genome
regulation and disease modeling, creating a foundation of knowledge for developing
innovative and unique human-centric therapies.

[Purpose of the Research]

Creating an advanced study of human biology

ASHBI's goals:

1) Promote the study of human biology, with a sharp focus on genome
regulation

2) Clarify core principles defining differences among species

3) Generate primate models for intractable human diseases

4) Reconstitute key human cell lineages/tissues in vitro

5) Contribute to formalizing an international ethics standard for research
on human biology

ASHBI's strategies and aims

[Features of the Institute]

An open and flexible international research environment

ASHBI's key features include:

- Research collaboration between the life sciences and
mathematics, and between the life sciences and the humanities

- Core facilities with leading-edge technologies, such as single-cell
genome information analysis and primate genome engineering

 Prioritized support for overseas Pls and links with key
international institutions (including EMBL, University of
Cambridge, Karolinska Institutet)

« Strong links with the Kyoto University Hospital

- Prioritized support for early-career Pls

ASHBI's features

Message from Mitinori Saitou, Director of ASHBI

SHBi primarily explores humans and non-human primates, elucidating the mechanistic

basis of species differences — i.e., the diversity of life forms driven by evolution — with an
aim to uncover the core principles of human beings and disease states. This takes place in our
open and flexible international research environment, with full support for motivated, early-
career investigators.

can knowing these lead us to better cures for disease?

[Archive of research results]

Generation of oogonia from human iPS cells

Germ cells differentiate into sperm or eggs, which unite to
form new individuals and transmit our genetic information.
Our laboratory aims at understanding the mechanism of and
reconstituting in vitro of germ cell development.

Here, we succeeded in inducing human iPS cells first into
primordial germ-cell like cells (PGCLCs), and in turn, in inducing
PGCLCs into oogonia, the immediate precursors of oocytes, by
a xenogeneic reconstituted ovary culture. This work will serve
as a critical basis for understanding the mechanism of human
oogonia development and its diseased states, including
infertility.

Hl Oogonia induced from human iPS cells

Immunufluorescence (left) and electron microscopic (right) images
of oogonia induced from human iPS cells. DDX4- and EGFP
(TFAP2C)-positive human iPS cell-derived oogonia are delineated
by FOXL2-positive mouse granulosa cells (left).

Professor Mitinori Saitou, Science, 2018. DOI: 10.1126/science.aat1674

Age-related remodeling of esophageal epithelia by mutated cancer drivers

Clonal expansion in aged normal tissues has been
implicated in cancer development. However, its chronology
and risk-dependence are poorly understood. Here through \go-rolated o epihela
intensive sequencing of 682 micro-scale esophageal samples,
we show progressive age-related expansion of clones carrying
mutations in NOTCH1-predominant drivers in physiologically
normal esophageal epithelia, which is substantially accelerated
by alcohol drinking and smoking. Driver-mutated clones
emerge multifocally from early childhood and accompanying
their own phylogenetic structure, increase their number
and size with aging, ultimately replacing almost entire
esophageal epithelia in the extreme elderly. Remodeling of
esophageal epithelia by driver-mutated clones is an inevitable
consequence of normal aging, impacting cancer development
depending on lifestyle risks.

H Age-related remodeling of esophageal epithelia
by mutated cancer drivers

2. Heavy drinking and smoking induce
random mutation rates

1. Age-related clonal expansion
of NOTCH1-mutated cells

3. NOTCH1-remodeled esophageal epithelia promote
positive selection of driver (TP53) mutated clones

@TP53 @ NOTCH1 @ PPM1D

@ Other drivers @ Passenger mutations

1. Age-related clonal expansion of NOTCH1-mutated cells.

2. Heavy drinking and smoking induce random mutation rates.

3. NOTCH1-remodeled esophageal epithelia promote positive
selection of driver (TP53) mutated clones.

Professor Seishi Ogawa, Nature, 2019. DOI:10.1038/541586-018-0811-x

Japan relaxes its human-animal chimeric embryo research regulations

On March 1, 2019, Japan relaxed its regulations for research involving human-animal chimeric embryos (HACEs), which
are created by implanting human pluripotent stem cells into animal embryos at a very early stage. The new guidelines
effectively approved the production of human organs in animals. We compared the guidelines to those of other countries
ruling HACE research. We also pointed out that public discussion will be needed if scientists create chimeras with
humanized brain as well as gametes in the future.

Professor Misao Fuijita, Cell Stem Cell, 2019. DOI: 10.1016/j.stem.2019.03.015
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B RBBZEEMBRZOREFRZRERDI v 3> ELTHARNABRERMHSZ ) —RUTO<HAEFETT,

LS L AR QP BIRY vy & S e sl faw

[EhETOHARMR]

70y oHRESHRIT— DS EIEEE BRI T TR

B2 7OvoRESHT /HTFOEEE
HIERRET IV

RSS2 F 7 (KUT—) FBEOHFHEDBASTZED ()
TIH, REBEIN—DEBEDE LI TR BRI TE ST, B
BUBED KR —HFRBCRA LR 570y s REAK) [§. BUAY
R —AEAEVCEATBILT, SESEAMEERALET, OV T
Dy o HEAHE. BOBEEEORMCHUADBE, EROBETH
FNGER SN EE NET,

AIMRC MRS (D2, BB UAD SN ST Oy oK EAHK
OEEBAELL UL RESHS T (BEETEMHEE)
 HREF LRI TF U TE L TVBTENBESAERY & BRTRLES 70y s HEAHS /HT ORER
EUr (BER). PRDHEELLEUBILEOTESYTOVIRED o e RURFLY (38) £
I3, BUNVEEERISE OISR OF /T OME & L CEBRE YTV (BE) OITOsIRERKOME
N 2<OBLEEHTNET,

HRIR BCE S 8IR TEHEER OERIR SAW /B HOBE /RS Edgar Avalos
(2016 £ 6 AICEE EIL{L¥ K Soft Matter s(C5RCiBH)

MREOD— - HHBZECHE -

21 DEEN—2 T

BN—2 27V MREOS—THHULE
=EdoDM274

HZABEDOHBEE [CEDNIEZEEG. 2THRECASTH SRS
NeN—=2 TV RNREOY =TI RDZBVER—FYERSF (#HiR)
MMV T Dy TRB—RERZYMATIN TUICEBT3HFEMRO
TR EBSENRT DOBEEDYMREHRLET . /N =2 TV MRE
OY—@EFZohROY—0—&ETHY, ReRzBTUIICEBLTY
HOBEZ E6AFTT EMF ERBON TV AT XDRFEICHKFE
BEN DB EZREMC L MRRIZCHEZNEAATVET.

N—=2 227> hKRED
S—TEBRLEASZ
DRFEFIEE, R,
BUFELINTERR
FET CRENZ#F
(VY IR) BEHE
%I93,

Bi® TFRME /B ittt/ BF Emerson G. Escolar
(2016 F 6 AICKENET AT I —LE(CFHRISH)

MRODHIVEBRETAEAIRXRT/INMR

HE2DOMNROY —NZDROHEKTHBNROD HIVERIK(IC, BN FeNBESEZCET AIREFT /N1 RERD

BEPGBp-nEEZEDZE(CHINILELT, HiE SEWE B mEEE—

HBTDELSBYIMEIZIVI R ZRR

BREEDBEFAKASHIEICEY . ESVEHDBVEDHNE—(CRIVET . EIIvIREEDFEEEIE. DL
%Bb\wﬁl\tv\ v ZDNERICRINLELE,

iR FRHX /B AUERN. FAEHA

39

=
I
X
%
#
5
5
%
=
<
i
%
A
=
=
=

MERHTE ). O ¢ 7=

(IdM) a0V




40

ERKE
A7 VEYLHESEFHAFRERE (Kavli IPMU)

BEA LB R DM TFH ORfIZHS !

HREBRPZPOSREERECHIBEIXRI/ILT— BEYEH. HFH—ER(BREROCEFEH)R
EDOMEEZEZE MBE, KXZCH T ERMNNTISAOMBEDEECEI>THED. BICRZS
EFEARUROEREZEIZEELTVET,

THORELE(LORAEBET

RAFTCFHERRRFIETINSERTVNZEEZSNTEELL ULNMLSTE
FACE TREREME NEENTVBIENMDDH>TVET, ZSTRLE, EHNRY
O TLEVIRANERETNBVASTT, S5 FERMEREIRILF— & (EF
NBTFBHELIXIILF—THE VT, FHOWEZMRSETVWBZEENN>T
WET. LA L. CNEDERCDVTRELZRZICENH>TVEE AL BKIER P E
FENQGETFMBHR ETEINZDEROERE, Ev I NPT TV IR—ILOYE
—7—354:0?5(—7—0)?‘3(L(i'&.‘n‘%@?ﬁ%b‘%%&%i%ﬂfui?o Kavli IPMUGZ D&

Hyper Suprime-Cam TiE I NIEFH (LA B IR .
%}ﬁtI€FHHOD (Ll_kﬁfzr

(Credit: Princeton University/HSC Project)

s MR, AXONHEBI SRR

Kavli IPMUTI3HI2602ZBR 2. MIEF AXFOMBAENEKZT =HHIICRL B DEFOERE B2 e HEMRRZ LE
I RIGBEZAHPRRBDXULER>Te. RBZNHBDERLGRANSHLWVT AT (TP
MREEHHZSIETEDTT, TNTNOREHFTHFRE ) —RIBZARENTAMRKEIC
TASN MFREBOIT7 2R LE T, I - —U CTRAINGHRZHE T DT, HFTEE)
[FEEAREZROE LTz 8K ALK, B IR A, AN B2 BKavli IPMURS v T,
BLULLOEEMREEL DY —EDTT7 5y MIEHTTVF T, ZRVERT—5 0
TS TIBEMEIC BRI Y 1. ZL T 72y IR— Il zRET BB [ HL

Kb il SIAYL =% 71 == N ) BN SR
WEEZRIRL. Ev )/ UK ERZERAL T FHORBIEHRZBELTVEXT, Kavll IPMU @ 11 B st i o ams

Hmk KREADNSDAvE—

7)Y EEF EM B 2007 (CRRAFZ CEONSHRELF L, S BEAMRREK 1004
j] FTHRL. ZOBHEBDNEATT AN RNT7049 — GHXHES | BRIC L 16T SRR
DAL TV E I ARDERNFABOREDRRH. FHFESL>TRT DN, ZTDER(F
AN A THR TV DD, ESVSETRESTNTOWT BERLADNZZICHFET DD\ [CBBZETT,
R TEME—DEE, EERYIES. RRYIEF. RXFZHIEDOECHRT, IS UIEAICKET R ESZ
£125939TY. 20128 HROFHAZELZYR—NIBHTVHELSEEEZZ TR LICRIFLE.

[EhFETOMERR]

Y—99—RBEFEIRT FvIR—ITREDT?

RIETS v OR—ILOES [KHEE]
0" 10 107 10°

Kavli IPMU OB EELEEARRESEHNLE T3 ERHRATHRF —
LlE AT B RS RIS T EAAAS HSC T 100
B 7Y ROATBADT — 5= H UL, F—F> T BEHZ0%E
HETELEABEELYBOEAT Sy R—)L (AZFE0.1mmbLTF) (o
SBEHL Y RHMBE BT, T — 5 — MBI T 590K — L TH BT
AR, LT ARERED 1 0EH0 1 (AHEED30501RE)
DBEVEIRT S oR— DY — 28— T % S+ 1A E TR

L. 72 ROAYBAERD) SBADR CHEET B —0 9 —HIRIAT L T B i R i BTy
Sy oR— LTV TR AR = &R BRI TRB M LTz, a7 22 oL ORR (9]

FEMRE SHEL, KFRE FELTF, ¥R RHERS
(2019 4 4 A Nature Astronomy T B

NASAT 75— R

feDERIDHIR

1073 FIEBHSCOFIR (FARDER)

F—DTH—ICHT D
R8T Sy OmR—ILOBEELL

FHRARDT=>T2 1 D HSC F—4&E-TeEATA/OL
S ANROFFRHS/OENTE, RIBT FvIR—ILOEE
BOFIR (FL>yEnBRoniEE).,

(Credit : Niikura et. al)

MLVWERE=1—M)/ DIFFR

o}
|
s
\
/!

Kavli IPMU @ Mark Vagins EEMEESDHETIL—F (3. i
RK#EEBW7ECHIZWEGADS (Evaluating Gadolinium's Action
on Detector Systems) EEZfT> TS, MR LIIKAZBREAT (S LY.
ARVZDLBBNUTEKDBEREN TR ICRIENBZEMNDH T,
BINIEF2019FCF. R=N—=AIFA> T OMKICHARIZ T LNE
BRICBANSNBTFE ARV I LZBNT ZET, R—N\—HAIFH>T
DOREHNEEL. 2021FEFTIEEFXRDNIERADANSP>TLBEBHE
BRI1—NJ/ERZRISNZ EH/HINS.

FEMARE Mark Vagins
(EGADS BItAD & > h' T3 % GADZOOKS! sHEi% a2 & M John Beacom K& 1RE)

ARV ZD LEBMUIRETO 2 EROEELE,. /RO
1z EGADS EERFIKIEDE =R T 2/FEEDHKRTF

(Credit : Kamioka Observatory, Institute for Cosmic
Ray Research, The University of Tokyo)

IS—NHEES/OTT - Vv TUOFRERE

Kavli IPMU o Todor Milanov AZIRSDARIIL—T1F. IT—R/HENSITOTT D1y T AZEEICETZFE
HEFBUTE RS DEBIC L > TS RBFE RO — R LR AEHEZ BV CH AR ARER/ONT.

##4% Todor Milanov (2017 £(C Memoirs of the American Mathematical Society X727 k)

hESRHT ). O ¢ 7=

"'
S
/A

MR ZFREBELBZVOH

HARFERLZ FR2EIEIMEVRKENREVTHY, FICYEBEROZFREZEESF1 7%EEMRDL0%E LB LU TEVEIS
TH D MEULZFEKav] IPMUSBIRS OFRY IL—T 3 8R (C FERENER I 2RO SN ER - EE (SEE L. R E &
HTWB, BIE HILEZE (2017 4 10 A JST-RISTEX TREERH1 / X—2 3 VBERD=H ORI ITIR)
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mEfAE

E —HlaRE> 27 L= (iCeMS)

KYOTO UNIVERSITY
H | WPI Research Center

PrE R LN O AN

MO REZEREL. TOWEZIRIFIZLEMEY. MiaaECAREINIZHEMZRIR L.
E¥E EZ ARIBAOHILLGERELET.

(AR DEF]

AV 2IEv /e HikatkRE = {LETEMF IS L3I ATHED

R #E<otEhEz Bl MENICHEEFRTES CETEMERZHITL VT T. TNoDILFEYEDZE
BEIREENCHECERELTVET. CNZEFTERIZIC[E. T/ A-NLBEEHEVWIIRVWRETEHNFICEBITZRZIT
B EIDURSFRAYRIAEYVHERICEZAITRZENMRETT, 2O (C. AR MOET ILERIN. ZUTE
MRHROEHZRTT 2MECCEOFEZRETILENDUET,

XY Z2JEv 7 3ilatiE 2 METHRULVIRMET B2 LI FTRED

iCeMS (3. AV ROV T3 ~1nm ~1um
HEMETERT BT LCERRLET,
MRIEE N B TE TV AR, WH
SBMBMAED TR IR T T, | -
AR L AN I SURIRA S LET, UHY—i

SRR,

Egnl:ic
~10°m A fE i ~10°m

(B 4]

E R DD ZIRN SRR ERR

iCeMSTF. OF =T > F 74 AP HATRLGEMEMR B LLRREORRK. Q/BEANAREZREDORE. OERIIDF
BMREICLBICeMSEIF—DORER EZTV. BRI DZENRMRREEZER L TCVET,

WEE dLIEISDORAvE—Y

*‘L\T:BIELZhiT“EIZIKODJ'c—'“?ﬁ(:l;tﬂ?b\oT:JﬁfJ\EIB%E‘JTJEH%’.M#%@HZE‘Z’&E?Ebtmi?zlil?q%
DEFLHREMNICeMSEWVNSTT7[CEFY (Core). BIENZERZSFEL (Creativity), HFE
HERHDMRFEFREB DTN =KL FET (Challenge), iICeMSD3CTT . £5—DMD3CIE. EFH
REDBERCI FLBNHFCRUATES (Courage). FIZRBEBEADFvL s (Challenge).
ZUCHEREZATYE(CERWHELT H(Capacity for creative thinking) #RAEEVAEEEE
TET.ETe. DWPEARYNILIZWEEZTVWET . S (Wonder) &&&) (Passion) ZHT I SBHFER
(Discovery) DTz DRI R EERZ K (T M= B H BRI BRIEOBIH S DRITFET,

[EhETOHAEMR]

HRZR->THRIRSIEIT B3RS HERDEA

2018558 “RLIRFE P —BR(LIRFRTRE D KU E RN
LT ZZER. T5ICZDERZEELIBIBZZEDTESES
ML ERREORAAECRIILzCEzR®RLELIZ. 2D
ZAERRE. BRI FEEBAFT NI TILY LIRIC
A LD, REBICEBBD S/ TA XD EE>TVET. &
HzRETBH1E. AU TOWBANZBLRRRREZRET
BEFAVZEEICRY. ET5(C. [ ZIRLWTERVWZILIE
HRINEI.—7A. 1200CULECmMETBE. EEDRAL
FALOBECEEVET, COMHEZFALT LEICIELT
LOBRMZEITOCLET, JVEMBHRDBENFIREL LD L
HRFENET.

L)1 H5RISE (2018 £ 4 B (CKHIFEE Sicence Advances [CRF)

FERADLLE, CO2 HRIERE. RWCRENHRThSEH, MHATS
ZETEBICHLZTENTES,

HADERNLERZTHECTSBESARRDERIPETIILHADHEIL

2018%F6H. MENABEIADH AL, ZMEFEIND
FRTBIRITSZLCHILIELzRERLELL, SE. B
DEREINOREFCTNZEH T, BEEDE HEERER) LD
AT UTZENMENAERELTSD LT, 3~4HTRESE
TAHORFHERFBULAAZBIRT B EICRINLELT.
ZOLTRONIEEBESADNATTIVEFIATZ LT,
ZDERETADHAICRBE ST % R (CFREE THR®R IS
CENHBEEBVET, Fo. COBINETILICHFZ (SRR
UTe% L+ /KiF TB-PMOJ Z AWVLWTHIA AR Z RS L.
B-PMOM. AAICRITEIRNCEREIT D EN R TEE
UTe, BIER QAR VHIAARIN. DNANDEVWETERE
Eo I FDRRICRILDIENBRFINET,
EEFHLE HEHIE b (2018 F 6 B ICEERIFE Scientific Reports (Ci8i)

EV-DLS(CESHWSAEMHE DORZE

2018F7R. 2 MM EGHR T BH B arE (T / ZHEAE) ZRHE LI EEHKEX LI COREICEY. HUh
BROAOARKFP. EI—DESCREMVTILROZAUMBEER T DI ENTREBUEL L CORSMEZFIAL
e FT LW BERARL SEHSER. BF 7 /A REDRIE R E SHESFRICANDRENPFINET.
H)HET 3% 1 (2018 & 7 B [CHEERIFEE Nature Communications (C8#)

BOFFINDOHR(CDOLENIZEDIIED A
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KPRKE
REZ72071T7HELELY— (IFReC)

@ WPIOsaka University

iIFReC

P E RN DO ERER

IFReCDEERIvav B RN TLANILOREZRE LY —DBETT . SE . aERER
REZOMACMAT. ZNCOH/RETICEHEEEN (CERVEHET,

(AR DEF]

AR LEE(CREMADIARZRIET

IFReCl3. 2007FDWPIAEMRERIIFN S, WRERAREPECRERE. SOCHAMIRICHTSRERIEEZ DM HE
BRCEXTARLCERLZ. ZNE B4 0RERREOBZZBESNCLDD. EFTRIZRERISER<EHTE L
TY, IFReCTIH ZOLIZHLLERBE(ICEWIRDTZD(C ( RBEF . NATAA=I 2T INNAFAL THITA U AENHOENT
MAEBZEO TRIGHRZHEL TEELRE,

1R cE BRI E LT

IFReCHEFRIVIARHLR E LTSS ICREBT D (IS, AMNARBRRE H UK T2 12 (TR ZORRERRISET TS AT
LHEBTY,ZI T, S#IFReCld. ERBES (Human Immunology) @bz (EnWE T, ZD 7= [CIFReCIERFT DERIT
RITPHRREZ B R ARAZAREREZRARY GRREPIEZT) OBAH0E s, e NlilaE AV CEBMRREHELET,
FERERHOEREMIANT ERMAROERETT. 0O EHHRAIE FH AR MR L MRS E TVEET,

WPIZ7ATI—D—8&LLT, RERARSE
MAMRDIEEIADET

DEREEBREOHELEERRIvI 3> T, HREHR
IFReCld. 2018FLWI—0Ov/N\DAEZE LIS
ERESIHEZEU. HRAEBOREER(LS

BTVET, CNFTH S LEFRAAETRD
RIEF A== )\EDHBE T T L%ETE

[ShFETOWRRMR]

BRHEELEAOREEE (LTS =R

BEICIRL B RERRENFEL. BEREHTZLTVET.

TTHREIR (2019F LVIFReCHURE) 513, AMEFOHENBENELET DI
B EICVBeHERUY IR (CRETZE NRDOY o077 — 3 ERARRED
SRRz MEL. RREHAE CHIVILEXTREDNRLEAGEEZR
HUELIZ. COZET HERTIROTILERTEADEREASEVE L.
niE. BREERROALE CILE BANEOYI/O77 -V KA CKIRT 5%
BHGPRITICHE L. Y7077 — OEIRRERRZFET DL TRIVET,

CORRIS BRHEERERRE OEEFRZE U TORARER Lz ERET
B LETREREHFEREFTI.

BERHELERREZE(LT34EY

#FME. #A #th (Nature 2019) IE - VBN Y077 —F D GPR31
[CREL. ZOBREEZMIETET, KR
R Z RS ERVAD,

FEH, A —HIEREERIANET, IFReC CIIFReC E NS R wa"ff‘? ARG
. YRR RRT —%)
[FHRERDHARENRELBDLOBRIETIR -;;;;lﬁx—ﬂmﬂﬁiﬁ DssEa
R e R (R5)—=27)
#UY O~/ IVSEMEEDSEBIELET. b

Rk fTAELSDAyE—Y

e BEBHILRERO®ERZ T, 2019F7ALYUIFReCORRR [CHEWVZLELE, SNETIFReC

HNHEELTELRAMRICLIZREZDERARDOREDHRB5T . RO REEERETR
ZBERCHFNBARE LY —ZBELET, 201 7FELVIFReClE. BBDORE & AFEHER
Kz, ENCRAOTOETINERZERRERMAEZHET ZELEES 2T LZHBELTVE
T MR T LN DOREZDERRTEZDHRRTZMELT BIFReCICINHSETEB L
T,

HHSFEE &R —o T2 2B OFRATEA A OB MR 1 ik %z fZEA

EROMBICEFNBEMBICEMBERAEEL, Eh )L EOHLABEF O
EIIDEAETRESNET, ZOMEEITB BEROERULERCEETI A,
HLABE T BRID# B EAZ ORI HENTLELE,

MERRAES . KRS — T REHEEEL T, BAAEE1,1208%
WRICI3ZOHLABGRFICS TS/ LRI ERET D LICHNLELIZ. /5N
FEHLAB(E 74/ LB IS L TR B % L TEAAEE DB M5
OMBEE11/59—> ORH EDE CHATRL T EARSHCBYEL, &5 ‘
SRS —T 13 BRARE N THADS/ LT —9ENRIC, BMBROMBIE oo s e mam e 0
I Ea—y— ETEREICRETAILCMALE L ARRE, ERNEFR  28imencok,
CBEIBRRFBOBMNALAMLELSN, BOROMEEERERE
EFOERCEMTBEOLMEENET,

FH ft (Nature Genetics 2019)

D NBHLEETZIAAMFHIROMREZRICLERR

REMREMOFZEDREEDNRESNTOETH, EBRHDOAE
CREEAERALLBVUYNED, EDQLDCHDIEICFSTEOH
[EDWVWTEAHM>TVEEATLL.

INMEEHIROMR I IL—T (3. BUY/NIRO—TETH S B-1aflifan
HERBOVIADMOEREICFELTVB I EERTFEHFIL. S5
(. B-1afBfa(d. = RE T EM TH 2= FoMl. 737
YROTA MO EREL TS EZMRBLELL.

ARRE. REDMORAZ(RETDHBICDVTOERLGHKETH
BRI R (LN T2 BBEDRFEICENB AT NET,

M3 & IU™ (Nature Neuroscience 2018)

BERRG EICIFTET B /B B-1a il@DEE
BRMGZEEELTH)IT Y ROY 1 MNIBREROHEE
Z{EHEL. BOMHERROMRZITS,
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EEF/7—FT IO AHFEH SR (MANA)

RTVTNVF)T—=FT7 b=T A

BADEFEEZDDOHBDFT/70./00 —([CHNGT A LZRENDRAZRITZO TH/7—FT0

S-S
SHEX

Nano Revolution
for the Future

D IR

— MRS D720 DI LV VNTFT IS, L —

[EhETOHARMR]

2R F /o — b DRBAMIIC LB ERAEEEDERET
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NZOR 1B FBFHMERREDOHLVEMERZ DS TVET,

RS £ B T F ) 7 OB R ORIE

MANAWL, TH/7—FT OO ERNUTHMRREROZHDHLL
BB, T/ A—MT A ZDOSHRBEELZy M BIR T BT/ MR, £
NoDEYIEMEFRZBIECHIET S 2T LMERIM. ZLTZENSDRIRT
Ot R OHEEZ BT LT RIT25HAIF A ERERZRIBLET . TDH(C,
F/RTITIF I RAT L F /24 —0 3 IR WEE(ISEELTVE
T XTITIF/T7—FT OO B TRILF— B BE. BF-
BEREDNH AR ERMEIZRIHUET,

(B ]

e nTMaZREANLETS
EFR9F/ T ORISR

MANARG U T DL SBMRRFEZIRH TS [BCRZBIERN TLAILARILRE L THSNTVET,

AT TRYMNRIRE ZECGERE e OMAENES>TARIZ LTI Ry MR 12EFH L. BATEREERL
DEATZRFMEREEH RSN TVEYT . COREN ZREGREZEH BNTTRAARRDREBVET,

[RFR1yFTER:

RF-DFLANILDESENIILIL Y DT A e F5Hed
B 2 RS/ ERBEEMRICRVWEBNCHEEZRT N5,
BT N ARG E(CHVHRRNEF>TVET,

MANAT(FEBIREEE KE<KMZEL. B1HRICEFTNS
NZ(CRBETBEVIIRERMICEDE, B OKEEYR2
RTMEZRBIRLTVWEET, IN5DF /> —heEARTOvY
ELT. LEGOPDESICHR4 (ST, FEHERTW T BRIl
=HEIILELTZ,

CDF/—=hFIT—=FTORZDRIE RER D EF T4 188
HOMBEERRI BRI CH B ENEIEINTVET, nmlL>
T OmERE TEH<FTBHIE TTOMREZKRIC LOD X
BMOX—/N—Fv /N2y, HREGKEDNREZEIZIEE
BEEARED & SRRA ) FIMRPOHRMNEH BTN TS
W RER DB (CHLWARE 2 €259 SRS NTLET,

HRE - EERRE EL4RBR/ IIN-TV—-9— BLE
(2014 £ TAdvanced Materials) 5. 2 018 £ I ACS Nano, sk(CiRszig#)

TRERATVHERATZTESORIDLENS, RBRFEL
TRECHHELUURERBZER TS [RFRAvF (CLU.
DFFEFEE DR TH D T HEIBEROLIR ETFREQRBFERDS
) ZEENCEBRIZ VT T RRT ORFE(CHERTHO TR

EFFREOBR  EFHREQL 200FE. 20095, 2ADALI—EHOENS 3DV AT LD T, HAISHIZ HUE LT,
CHEBLTOET . BAESEAECANT BESBRTATEN TR TE
#RORYNTI— BN SFCRELETT I N SREOFRERDS < OERHR GRS, MANAZ BT ERFREDFENBOISIL, ENATIRE CRERERED

3004%BRABMAEZBLUT. MANARY RT—OHMER(ZIEA>TVET,

Rk E2AEEDSDAvE—Y

FHSORRNRE. EEEORRCERERMOIE. RIMERNERLBREZECDILE

SZRLET. ZLTZORBEECHLVIEOHMBOER., BIHCL>THAGNTVET. D
SOLBHMHRAHE L CNTTHRABIEEREDOE L TEDSNTETELLD, EFRIYE. MRZzT /L
NIVTERE fl# T2 T/ 70/00 —HEEREEH ERB>TEWET . ZORTMANARF/RT—ILD
N—YZEEN [CER ZELTIMREBRIZ T/ 7—FTIMZ0RIEVWSEZADEE HRLRE
BHHGIHMRL T N\ R I RT L2BE L EROF/70/00 —HEREXBELTVET,

KECEEITHRLTLEVET, COBFRMAICES T3>+
ADREEBEDELELL—BUTHEY. FHLVKEIEEE D RHF
CHETREHFTNTVET,

EERRE FH—
(2011 £ TNature Materials) &. 2013 £ TNanotechnology. EICFRYHER)

T/ RV KB AZE

BZXTROEEE - RFGLEWILTSEEY /
II7IViEAHH

EO> CERBEINIEBERATREL ZRE MG, TN ILESERE
BUOHFEAOEBE ML ESL < DFATEATINTVET, ZXE
OB (CE T EEOR T, BETIRITORBRREME
(370mAh/g) CEARTRENLGBBREHNRA‘TETZ>UI0P
ZDEER. EBLEEANG EOMEFRRIED SNTVETH,
BV VINEBRHRADFEL B> TVET, MANATIE, Bt
RVAVFIo—h (R B) £95712 (B) BHFLAILTR
HCEREIN7«—1EEEET3EEMBRZERL. VFILA
BEUOFNIILAF Y ZRBHOEBHRE UTES LT, €
KD 2 EUEBVWEREREL. ROV VIILEREBISIEZ S
ElEmMmLE LR,

REESHETBHLL " S FTIRTF "

W FT2EFETIRTFRIVF

BRESOANNHZ LERAOBENSEBRFONFTHLT. &
BEICT) vy (RERR) 2ERLET. ESOANBELNS
FhiE K<TRELETV v ODTERLET.

ZIF I EMBREREEDEIIvI EDOBEEMRERFEL. I0%ALDOKEGHZERIINUEMNR(CKEEFK TSI LR
FAHELFEUI AMBERWS LT AKEDEKBZSETIVBVINETTETEIENHATINET,
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T B ZOMBREAZTEDPHERF DT CHIBADFEDRECELNH>TVEET, IRCINOH—E_THZ4E
MR E SRR BRI SR R ORAME N CNERE T Z 0T 77 ) T4 —(CRIFEETHIE RSV

(2 AR D P53 5 |

[EhETOHARMR]

SRl - FOAMEFiE TCUBIC-X) DORFE - Yo RREAO M. AHRPIEEC

WYV ZERO 1 HRFEETORE

B (3, K738 TN D73 DR NEMEE Ry N D — 0 R TER T2 & T %
DL IRIGHEEZ PTREE L TVET,

ERFCHFEZOF— ATRRDOETOMAR T BT 2T EE = /FY)
L. Biaem paL NV TR TR R BIEL. LV SRt F
& TCUBIC-XJ ZRAF T B &ICAmIMLELE (BhE:http://sys-pharm.m.u-
tokyo.ac.jp/cubic-atlas.html). COFEIC LI D ZD 2T DM % F5i
[CHRERI B EXAREE T DA A= U RATOBEILS N, 1R EETY Y
Z2DEMT N2 (HIE) ZRIE L. IXAICEET 22 COMIRE BRENCHTT
B EN T BEL IR FE LTz CO TG E Y 7 AT NZ X (CUBIC-Atlas) %z
MAEBTZIET, R R T2 BB O EBERE ESAA LU BZ T
THL BEFRRERDERER LR RERE TEERTIVW LI TS S ) e
CEETE, fitkrez 1HERAL )L TR BRERT B C EN RS NE . CDE B0 FEARE2). 77 2EBEICERLTEBRL
BT IR 2T NS R (S RIS 1B ECOBARIRIF TSy N Tr—Le  CoP ARSI
VR IAARIZI2 Z T ICRATNTOET (http://cubicatlas.riken.jp).

KXYV NVE (YFP) A—ERO#HEERICRIEL T
W3 Rz AWT CUBICX THE - EBAE L2
RIC. BREE> — MRIATSOBRME CRME R,
100 ABOE(R T —5 2B LRV AHE TR

LHRSHE
(Murakami et al., Nat. Neurosci., 2018. doi: 10.1038/541593-018-0109-1)

FEHDSFT AN AHZRAMITE 0 FeRR

WS FT2NRAH BB
7093 Z290%E

EBBTEVICEWNT, KRGS T T IBRICE RS Nk, RIEF(IC
KELT RERSFTTRNBOONTERS FTRNFESNE TS F TR
BE(CBRELRZY, RBERSFTRDEFETDEVWIRINELSB L. BIH
HE BRSNS MECHRERIEF CDRBNBIREEABUET,

REFAHEREZT 0T — LS, AERAISREERAE OBEEEF DEY TH
2700722000 FOMEEEL T, ERFEER/NNOE LiRgETILE>
THERR DS+ 7 2EELREREL T T TAON A S EBES BB &
2RELELL.TOUZ 2V RIBRYIRTE, B LGN T2 (38 h
FLURRCHREINTLES L= REBLELT.

FFE R
(Uesaka et al., Neuron, 2018. DOI: 10.1016/j.neuron.2018.01.018)

1700522 Y BHBEBE RS F T AEFRBLRE LD S F T R0OBMEZRL - #5T
3. £% 16 HEURICFREL ST TREF BEZITFIL" CLo>ThHESTN BRELTRERY
FTREINESES.
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)7 a—T R - R

Bz D<BMRDAMNC([E, SESFLBDFHBY. TNTNHREZRZLTaZzHTHLEI. TT
MOEULEEER EFRZDEEZERICRBCEETEIRADFREALE? EARISSICEIK? F /6
MEMRRFAS IEROZTOEZ BB I CET EMDHICBIET,

ERBEROEEE, /25— TREENT

ABRTBICRRARBRVWNSRIERZEH S 1T EOOHEPRROEREZ U, Bl
ZRERERSECEFILL.LHL RFPDTFEVDIT /AT —ILOBECEREG., RITER
BHDIENTTR VIR S /FHIEI T,
DU EDBKRICERES /R FFELT T MRICBER DN FHEFEL. &
SEEREERLTESRRZEA B LT TN T/E. TOBSCIHAFRZ BERES
TBHEFTEL A CORBET /RIBERINT S EE. AMREROMHELZEREL.
FHT B DRIZEZEASNTVET,
NanoLS!(d it REFEHDERI T O— TR zZe LT F/E0AIF, il B FEF B ERFOEDFR
GREREEL KRBT/ REZFRIET 5 &2 BIRELTVET,
CNETHERCEDRVWAEBBERZER 82 1@ EaRZ(CRENGERZTI5LET. NanolSIFtFRRTIHD
MRICIS>TENZEERRL. Fole<HULVWERREF/ 7O0—-74aRl% 2RIR T3 2 BELEFT.

NAFAA=S LT RBDONT 155, We—E— DI

NanoLSITIE. Bl - JbRADT 7 Z41 MAFRMLRERE R YW (2. 27T /508
AR BEEE T T T A%V EMIRRORICLBN (A FT, Tz, HRSF
DFRLENFORREEHR T /HRAREEDD. MEOF—T> 77> )74
AT LEBRL. NAFTAA=D I DBONT E35, HRTEM(CEEE BiV\HE—
OHEHARNRZFERLET.

Himk BRI MDAy E—

5 SZYMEPIRROERIE, /27 —)L (10D D1A—NLIZE) OEECEETHETEET,
Lieh'>T. SNOEEEE T, ERICEBRIZ LS. HOPZRERMICRUIRBNBZETY,
H2 3 RPCRFPAFOESEEERZI LD TSR/ 70— THitiORFET. HH7E)-—RLTE
FURABRTIE. SNEDAZ—IRA A=V IRz B E LT, MIlZORBPAEBE VS TRES
/R ZBRL. ABNEE DB WRKRABEEARILT B2 LT ERRIED T (CRENGERE S
eogeEt(C. [/ 70— TEGBIEE I EVWSH T REBOFEEMTZ L2 BIELTVET,

[EhETOHARMR]

3135 [RE /B 2 9%

et NV EDOBIRV A LERE(LTEIAD X L% #EH

EYOHRRITHEDDEYEFT CI->THIEHEIN, BLZ24KEEHT
BEYB2EYFNG RS, HIBVXLLEEVET, CORKE. ELFH
ToRH, MRRNENSHE THICVEET, FBICLEHECEVE
T ARRTIE. BMGENTHBS T/ N\ITIUTHEDRE S AT LD
BBV LERETBMEEH % SRR FRNBEME (CLBEREFTH
BIal—ar([Cdo TR TYIO THIALELT.

ST /N T)T DEYEEETEKaIA, KaiB, KaiC&MFIEN BTS2 /N
IEMNSRRY, KaiCoBESUYBIEOBBE) X LAGHBRERN TBIRTSE
FISREPINSY Y /INVEDRENEELTE. CDOUVE(ED') R L
FRECRIENTTH, ZOWEFRATLZ. SEIOMETIE, KaiAh
KaiCIZFgRsBI CHREICHAFR L. TN(CLVUKaiCoa e ) VB LE !
MEKRIZE. KaADKaICADEFENMET U TITHRFHERSI NE
Uiz, 97ahB. KaiCh') v BLIREAKaIADEEREIC T+ — /Ny o
ENBDTY, COBRKITHEIDERE ORES - FRBED RIS E OIRENE

ERETBET TR BNEOED/ A XD HBMRRNREICE VT
EWMAVZLCRERZEZBCENHASHERIELT,

SEORRER. ehzEOEREYMNE DEYIFETOLTE Y DEER
ZREL. ZNICLIVBIHEFEDOES EFMRADROZ5252 L
HHAREINET,

Pl #i% LK (2018 £ 8 B3 MNature Communications) FE(CHRXFEER)

BHAREZ{EETS microRNA OFFEICEETH!

BAATEREROGSVBENAICEAINYS— POUERRENBEH>
TWBZENMENTVETH, BEREAEDLSICBENVDRER(RET S
DOMIASHCG>TVFEEATUIZ AMKR T, AETHELLED A
VIRETIL(GaNVYIR) (A TN —-EOEDBFECHEIA)D
NDG—- T ) AW RPN EDFE LT T DR, KEZFET
BRTTHZTANAI>D—D. A% —04F> 1 (IL-1) DRERICE T,
BHE ERHIAETmMIR-135bE VS mMICcroRNADRIENFESI N &%
EEIEHFLIZ, MiR-135bld BOAMAIDIBIEHIH (CEFATBFOXN3
PRECKZG EDIFHEGFORIRZINH T2 2 & THIE L RO ETE
ZIEL B AMBIOREEE DB LICEREET2EEZIGNET,

CNSOMEB(FIFHE. MiR-135bDEH (LD BN A DRBHIZET D,
MIR-135b% ZM & LTZFR TR BB ADRIE(SERINS 2 ENBIRE
TNET.

Pl 8% KB/ #3I8 KS&ETF /B PLKE
(2018 £ 11 A3k TGastroenterology. FICANER)

BMERICHE = KaiC DEXEE AFM &,
RU, KaiC OUVEEIC#&EFELE KaiA ©
KaiC ADES

@) 7X/>3>Ta—KMLIERAA (AP-mica) (CEET
KaiC OiERE (&) & AFM & (&).

(b) #EAIED < 71 (Bare mica) [C#H 7= KaiC D1E=H ()
EARM & (F). QI > I RICRFROBED DG S Tz5H,
AP-mica [CEHETZHZED AFM & TIIROLAMNRZ A,
(c) KaiC ') VEELIRREDIER T 1 2 L.

(d) KaiC 0 ") v B LRRER BB LTz 4 @O R k% AP-
mica [C#tE. 1 LMD KaA ZBRICMZ L EDEER
AFM AR A X—=I Y J&KE 1 7L—L/T.

* BERRFEAEME EEAFM) | RERCH 3 E D FORMBIEE
D e/ BEETHRETES. R TH— OB,

B miR-135b ZNULIEBHAREDAH =X L

ANVINY Y — - EOVEICEREUZBHRIRTISER
[CRENRETVD, BRAEMORBEMRE L1 ZEE
U TR LRz RI#. miR-135b ORIR=FET
%, miR-135b (& FOXN3 %> RECK OFIR = #HI L T,
BHAMROIEEYZELNTTET 2 EEX5N3,

59

E
iR
X
£
j_
/
3
ap
gl_
%
Lo
®
i
z
Q
3
(@]
b

MERTHT ). O ¢ 7=

(IdM) B=uISOv




60

| TR 3 OSE SR RIRIR LA |
timEXE

{t2RIGRIARAF#LR (ICReDD)

LA DA I BLFI IO

STEMZ(CEDLMERICOAEDFRE, BRINFECIDCEREDFFDEMS (CXHTBERE,
EBRNLGRAET—RN\vIZBLUTHEERICOBERGTEERARZBIELET.

stEEE - RHREE - ERREO S HFRSCLBEER DO EERR

RRICBERRIMEF RISE AR Ry T — 0 EUTEREL.
BEICHE TS EZBIELETHUWMERRICOFRFEDHL (I
WERZRERORNLR YT ERGSTVEFT ZZTEFLFEETEIC
LERMDRCEREBRRCIIEERIGEB RN —0Z28
B BRI (CLo T EBRNCR T 2EHROH 5 ER =L
ERFM LB T T ERRZDT —5 7=, BIRBEZE0 T
BRIEAET =Ry o T3 Lld) HLLWRIEZEEENND
ERSLHERELET . CNZFREICT B ERE EFRISRIRE )
2L SBRABDDEET DR RIS CH MR ZRIHLET.

(L RIGRIBE (C & 2 mdl RS FFE

(B 45#]

{EZERICBIRFEDIEEEL MANABIYA & 27 LIC KB ERRER

(ENTHHRAERABRDRRICANERVHLWMEERICOFRREDNRIEZ RS 72O FHERZ - BERRE - ZRR 22 R
BULIEH LV EBRE 2 RICRI S ) ZHILLET .,
-EBRHRARRERERHEERZT—ILOBEAMB R ORI
TMANABIYA (2UE) 227 L) ZBEL. BERAOHEBHILRED
EEAHZEILET. 105223 RPN THRENSEFH
REFTHFIBIBHMBEANSEIZEARRYNT—UD TR L. FIDEF
DEBDHEEZTATT,

FHARERMEZ RSB ERT ) DRI (CAF OEMBEZRITUE T,  MANABIVA (£ & 358k

lmk MEELSDAYE—Y

BRI FRABEERIGDORRZEHERZDEF2ENCLTEX L. —AT H LV RSO

ERNBRSATVRIZ—(CHEOTHEY., BECEHNBEERODERSNBDETICEBH+-FEM
DREZZELTVFT DL A TV RIZ— (T RIS TR TRILF—PEROES. 5
FEVOTo, REZEREDFR(C RO RBVEE A MEZRIGBIRZ (3. FTEHZ-HFREE - ZRHE
DRIBICL - TRISFHFEDED 2 —H U HES SUTRODARFREZ BRUE T £, RR(SHD
NIERRDERICE>TZDIRZEEHRNRRS BB EICLV EDERIEZDRIECEIUET.

HAE R R & R b 76

NEAETHLBST IR

FTINRYRNT—=04)L (DNZIL) (FEEBDKISS %HIKTH).
CEREEEEE TR BEMESILTY, ICReDDODEERFFHIF
SOTI—TE. TILEEIDERCE (HFER) (CLHTrES
DNZIILZBRLELE. B/ ¥ —& A8 U KCARICDNS L% &
FTHLzElEkY. DNFILIFABIC "RE" (E/7—) ZEA
LTENTELT, BMEDESNEALIZDE. REBTEDFDH
BICLWRE LS VNN E/ N —DEAERBSEFH LS
DFRYNT =D S NIZ I TT, CDEBRBRESTHRS
EEWMRZOTT/O—FEMBFEDE BT ET, R IRHEEEE S IL
DREIDITREE B EZ(CH TR SSRBMENFINET.
WA BX, RS W% B REFESHE 2019428 Science

hEFEaFEEmMz 3 (). Eed (i), BOEELIBEIN. F
THINERICE > TEE (i) 9% DN 7L, BETZ AL (iv)
[CE>TE/Y—DEEL. HBEAFRY NT—UDHERS
N FIHEE< 713 (v),

E{FIREETHRNICEITISI0R Dy T I T RIGEHFE

SORNy T T RIGIIERAERTITIZEN—fE
BTURD, GHAEER\Z e, BECEZEERET
KEDABHENEEME L THHRINET, ICReDDOFR
BEHEODTIL—T 3. MEBORERMEERAER
(I TEEREECHFB202 Dy 7 I RIGDRIF
(CRINLFE LT, Mg Ic L3202y TV I RIETE
BRI D BEAET W< BEHEEDE T EBEEIA
WMBOTILTY (B1%) ZFNT S ETHIEDRELS "i”;ﬁ %‘:;ﬂ Eég;f;
T RISHEERNCH LI ERZECRINLELE. O L.
DRIGFEFRICEI T, BEANGEDRIXNCIREET
DDIEVBENATREEGD Z EN I N, BERAN
DIbEYE B W RIGERETIC DIENB LA/ INET,

AREER. PHEESHE 2019418 Nature Communications

EHEIRIPIE T SRR A T AR R

ATAS(3. ICReDDICHF2 ITHM TH B ATAFRRIG (AFIR) FE2EEUZGRRMTOY S LDRFKZED, ZDiE
RO TH e —R2MABLDIIRLE LTz SR EBREMN (RELRIGERE) TIHETUERVERZ(CFRIGRE
RICEDVWTEBNICHRTZ 7L I L (RERSTES —> 3> > 2T L) ZEBA U GTHENROXBRE(CRINLELT,

FIMAESE 2019 £ Chem. Lett.

RIERFLCHIBZNZID
L/ RFO TEM Bifgk. K
BO 90 78 (C (3 AR D 5k
REKTFERDR (K). 7L
TURFNT B EREER
Faz xR (B).

TV Y DR O SR E D
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| TR 3 OSE SR RIRIR LA |
[ J
s {3 ASHBI

t bﬂi% %mﬂmn“ (ASH Bi) WPI Kyoto University

Z WS MRS KD B b BETE T DB FE i 2 7 1]

[EhFETOWRRMR]

ek iPS #ikah S 5RRMRa DV (C FTh

ATEMR (S, BFLIFCaEL. ZNSHRE L THULWMER HEh iPS Hfah 555 E L 1SRRI

3]
e

TS S RTNES HF 7 v FE-2450

(19HSY)

YRS, £ HWE- AXRZORMSHAEZHEEL. b CHEINEER
REATBEENE NEYFEZ R, E%ﬁﬂﬁl’iﬁﬁvﬁ%d)%%ﬁ,ﬁi?%;t%ﬁhbiﬁ'

EOLBMIATY ., B4 OWRE . ETEM DR MiE % R L.
([AEOBE] ZDBIEERRENTHEETZET. EY EHRSE5CI34
S, r~ 2 S, wPZ(CERIT S LZBIELTVWET,
%JEB(] d t FE%-?-(D?EJE K TIE, b NPSHERIA S, A TEMRRA O B A L 1 B IR
ASHBIT(E, ENRUSDIFILEERFHRIREL, £ MEYFERBROES N HIRMPRRREFEL. TNSEVIRMRMROUME CFR
g HAE(C. EET % (REREERINL) T BTORERE 23 INEME%
=RIE g - = go K[
rSIERISIEIES / L AR O TSI (< L BT RE D RE ), FETBHCECAMLELTEAFR, ©MIRAROFEERED P : —
. ‘ . N ZOEE([CRET B MEORED R BT 2 BESNET, £ I iPS #ilah SENLLRRMRORERER (£) LBTRN
NEEFRED VA FIVICE BB ETIIVDOREL . ST (). DDX4 g1 EGFP(TFAP2C) I2Em b  iPS M
#i% FEMBELT, Science, 2018. DOI: 10.1126/science.aat1674 RIPFRMAIEN FOXL2 (DY~ R BHRMRCEENTWS (£).

Mg 72% e MlRa-fR M O BB R DML,
Mg e NMEMFRRICE T2 ERRIE-TZE ORI

EERLET. M ICH#ESEE LROEEFERI/IO—VICLIHIBE
CNESOMEN ENDREERRT B EEE (2 BRE ST TIREDRIERF & 7
BA. Z DB ERFE AR IR E Nt ORI ESICEM IS e 2 BiIsELET, WAL TBHEIIC, V0= HEADN VWD EDLDICERIN. ED BNSICHESEERELRDOEGEFREL
ASHBI RS E E1E ESCHATION. ERZOBRTEAAIRIEFAEDELS WATEFOR
(HLE D15 _%3%%&(36’0)7)\%5}%/\5@8’9“& 43, 682"7’\/70)1/0)%&/]\ Age-related remodeling of esophageal epithelia 2 HeaY dinking and smoking induc
. °a - ~ W o ) st REE RN TY /LB ZETV. ESEE TIIMmisEEtI(C, 1. Ageaslate ol expension
=7 Tiiﬁhlill‘%ﬂ‘]ﬁﬁ ﬂiﬂiﬁ NOTCHVBIDRSA N\ —%EB Lo O— Al £ &6 ik .° . [®
N 3 i (— ¥ = =5 °Q,.
ASHBIT 3. ti if*’?‘?‘ ’5:? Ojﬁk’@;;ki;‘b;iﬁ““;f;;;f@;“ % or | 08 @ e
= o bl 4N coO0—>3% c @ O -
HIERIR L DRSS BB 2T/ LEHRET
S DB AL A T B B DEFTILHRLTEY, TN SR TR\~ ZRE
N A . N Y @TP53 @NOTCH1 @PPM1D
- o = - %f]) * ¢ N o E‘?%b_c/7|j—\/§$j(7)§$b\ 7][]%&(\::5(:\ %@i&\‘—"’j’fﬁf)ﬁgﬁﬂ @ Other drivers @ Passenger mutations
HRREROMARFEIT7TORE: BT/ LERERTI7EERE L. BB Chs s EEREDALNRS AN —EREET 2 =
7/ LTHRRFEDT O [CBEmh->TVBZEERBLEL NS, R/ — 1. ERREERTIE . NOTCH! ZRER LTS O—> hilise
s L s EBITHEAT B,
HRMXYNT—IDBEBAPIOESNTIEEEMBL. 77y IR, ZEEERGU/O—VICLZBRE LEOBIBEIS. EFOMEIIC 2. ﬂrggﬁﬁﬁ-ﬂﬂE@mﬁ%*&ﬁ%‘oEﬁﬁﬁt&'ﬂ& BECE
A0 AHREFTE & OB, RATRETE DE A e = . - SEHINT 3.
. - #Hjﬂi% T WFT s _ SORPIBLE(ETH ST, BEOWE RETRESNTNDZL 3. NOTCH1 ZRIC & » TEBES N ESREERTE, TP53 %
HEHEEL. EF BB B UEHS, 47— CREEICET BT HEESRSNELE, BETthE TS RS /N—ZERO positive selection HMBESNS,
REZAIBUET, ASHBI D51 #8 MIIER, Nature, 2019, DOI:10.1038/541586-018-0811-

HRR W& NEOXy -2 BATENYIEE S EHRE DR DR

t NDORRWIIEDERAR, RRHLFRECTT . CNETOEGRZ(L £HREROFBEIMREFINTL
BEmRUTCEFEL.—AT, TNTNOEYES L[CEHRRBEENHDLEHSH T, ETIVE
MHSBENTEHRDEMMDISAFEZTRBUE L ALIZIE. EME. REFECRVERZENL,
HEORBIIBZESL. TZTORAEZE UFESEE L, ASHBI Tl EMNPEREZ AUV Tz
FRERTRRZHEE L EIEDTE LISkt = BE OXRHREZMAT S, TENLBENEYZEZRIL
FI A7V TERRECECERNMRRE CEFHMRUHRU LR TERIHERMUET,

1t
7
k
v
5
v
~
)12
o
o
o
=1

201943818, BATHYMHESK (B OREICE MOIPSHERCESHRG EZEA LT D) RORFHANENSIN, £
MO E R DEMDELAROONET L. T T IO ULEMRICETZREOERLEBZITVE L. &e. SBOREE
LT EhO#IRNSRBPRET T2 DB e ERI2MAZEDBIHE(IC[E. —RTRERAZERDVEICTDE
BELELE.

Hi% BWEA#F#EH Cell Stem Cell, 2019. DOI: 10.1016/j.5tem.2019.03.015
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Nano Life Science Institute (NanoLSl)
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MEXT

Basic Research Promotion Division, Research Promotion Bureau
Ministry of Education, Culture, Sports, Science and Technology
3-2-2 Kasumigaseki, Chiyoda-ku, Tokyo 100-8959, Japan
Phone: +81352534111 Fax: +8136734 4074

Email : toplevel@mext.go.jp

URL : http://www.mext.go.jp/en/policy/science_technology/
researchpromotion/title01/detail01/1374076.htm
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Japan Society for the Promotion of Science
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