JST

Stem Cell Research
Highlights

JSTERHHASERARSRSE



Stem cell research is an important discipline for inclusive elucidation of biological phenomena from
development to senescence. Moreover, expecting application to regenerative medicine and drug
discovery, research on various kinds of stem cells are strategically advanced all over the world. JSTU)E%H]HEE&EEH%i%

Japan Science and Technology Agency (JST) has supported stem cell research since the
mid-1990s, and produced several seeds of innovation including the human induced pluripotent
stem (iPS) cell technology generated by Dr. Shinya Yamanaka's group at Kyoto University. On co-
sponsorship of ISSCR 2012, while looking back upon the history of our support, we would like to
introduce the latest major achievements and our international support.

We heartily appreciate your kind cooperation and continuing support.

JST Funding Programs for Stem Cell-Related Research
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We generated iPS cells in a mouse and a human, supported by a CREST grant
from JST. iPS cells show great potential for applications in drug discovery and as a
resource in regenerative medicine, which has attracted many labs around the world
to study them. In order to realize this promise, however, much research still needs to
be done, such as developing methods for optimized iPS cell production and safety
evaluation based on an understanding of the mechanisms involved in reprogramming
differentiated cells to a pluripotent state. We will tackle urgent missions such as
establishment of fundamental technologies, drug discovery techniques with patient-
derived iPS cells, and iPS cell stocks for use in regenerative medicine, with tireless
efforts. Your kind understanding and support would be deeply appreciated.
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Japanese Leaders in Stem Cell Research and Regenerative Medicine are

Previous Nominees for JST Funding
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Makoto Asashima, Ph.D.

Director, National Institute of Advanced
Industrial Science and Technology
Professor Emeritus, The University

of Tokyo
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It was very nice timing to advance my research as a JST Project, because in 1989 | succeeded in identifying
activin as a protein that can induce muscle and notochord in animal caps (undifferentiated cell masses). Activin
is the powerful mesoderm inducer that had been the object of searches for the organizer for over 50 years.

| succeeded in using activin to make many different organs, including blood, muscle, notochord, and
heart, depending on the concentration of activin. A combination of activin and retinoic acid induced the
formation of the pronephros (kidney) and pancreas in animal caps. | have used this system (animal cap
assay) to isolate many important genes. The results have opened new avenues of research for regenerative
science and regenerative medicine, which are very exciting fields today.
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Hideyuki Okano, M.D., Ph.D.
Professor, Keio University
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During the period of CREST and SORST* research programs, we aimed to develop new insights into stem cell
biology, especially of regeneration of the central nervous system. We orchestrated evolution-wide research
model systems such as invertebrates, rodents, primates, as well as human embryonic stem cells. Notably, we
revealed that the temporal specification of neural stem/progenitor cells is regulated by transcription factors,
Coup-TF | and Il (Naka et al. Nature Neurosci., 2008). We also succeeded to generate transgenic common
marmosets (Callithrix jacchus), which is our closest animal relative (Sasaki et al. Nature, 2008). These
achievements should advance the frontier of stem cell research, as well as the understanding of the paradigm of
higher brain functions and diseases, thus it faithfully contributes to the innovation of regenerative medicine.
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Teruo Okano, Ph.D.

Professor, Tokyo Women's
Medical University
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We have succeeded in developing a novel treatment method in regenerative medicine using a unique tissue
engineering approach known as cell sheet engineering. Cell sheet engineering is already being used in clinical
treatment of the cornea, heart, esophagus, periodontal tissue, and cartilage in Japan and the EU. We are
attempting to build automated fabrication systems to produce large quantities of cell sheets and thick tissues
or organs by combining biomedical and engineering technologies. Stem cells show great potential as a
resource in this research.
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Toward Organ Regeneration from Human Pluripotent Stem Cells (PSCs)
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Generation of donor-derived organs
in xenogenic animals

BERROIESEZE AN TIER

5%}

iPS A

Generation of rat pancreas in a mouse
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Generation of rat pancreas in a mouse by interspecific blastocyst injection of pluripotent stem cells.
Kobayashi, T. et al., Cell, 142, 787-799 (2010)
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generating normally functioning rat pancreas in mice. X o .

This organ generation system will be of use not AFARZIDAIIS, BEED CDRIICFERENDD
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ultimate regenerative medicine of the future.

Hiromitsu Nakauchi, M.D., Ph.D. thig B3
Professor and Director, RRAZE ERZEWAA #llaREmRtyI—

Center for Stem Cell Biology and Regenerative Medicine, TUI—-R #HIE
The Institute of Medical Science, The University of Tokyo

This research was supported by the JST ERATO program. ERATO is a targeted, basic research
program to implement unique research for creating seeds for new technologies.
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Mechanism and Reconstitution in vitro

of Germ Cell Specification in Mice
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Direct Conversion of Mouse Fibroblasts to Hepatocyte-like Cells
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PGCLC formation from ESCs through EpiLCs is a recapitulation of PGC formation from epiblasts.
IETSRMEBIENS PGC ##HADFEEE (RIREKED) TlF. ITET SRS PGCs DMEERE (BiRERE]) SIERCRLICGEGTRREDZEENECS

FBICRBESNIHEN I HepHEiZER) .

Reconstitution of the mouse germ cell specification pathway in culture by pluripotent stem cells.
Hayashi, K. et al., Cell, 146, 519-532 (2011)

Direct conversion of mouse fibroblasts to hepatocyte-like cells by defined factors.
Sekiya, S. and Suzuki, A., Nature, 475, 390-393 (2011)

Germ cells undergo epigenome reprogramming
toward totipotency during their development. We
have succeeded in generating primordial germ cell-
like cells (PGCLCs) from ES/iPS cells in vitro. The
PGCLCs robustly contributed to spermatogenesis upon
transplantation into testes and the resultant sperm
contributes to fertile offspring. This research serves as
a strong foundation for understanding the mechanism
of epigenetic reprogramming and further in vitro
reconstitution of germ cell development, as well as for
clarifying the basis for infertility.

Mitinori Saitou, M.D., Ph.D.
Professor,
Graduate School of Medicine, Kyoto University
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Recently, it became possible to generate a completely-
different type of cell from an original source of cell
by artificially modulating a microenvironment or gene
expression pattern of these cells. We achieved the direct
conversion of mouse fibroblasts to functionally mature
hepatocyte-like cells by introducing essential genes
for hepatocyte differentiation and providing a suitable
culture condition for hepatocytes. These fibroblast-
derived hepatocytes will be prepared from patients with
liver diseases, and used as donor cells in hepatocyte
transplantation and as a material for the screening of
drugs.

Atsushi Suzuki, Ph.D.
Associate Professor,
Medical Institute of Bioregulation, Kyushu University
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This research was supported by the CREST program of JST. CREST is a team-oriented, top-down
research program for creation of innovation seeds with profound impact.
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Core Research for Evolutional Science and Technology
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This research was supported by the PRESTO program of JST. PRESTO aims to create technological
seeds through the individual originality of PRESTO researchers in strategically prioritized fields
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Retinal Regeneration by Human iPSC-derived RPE Transplantation

£ ~PSHRFa SR IR & 55 L B #l Rt HE I C LB HE AR B A

Preparation of Graft A D{ES

iPS cell RPE

RPE sheet

1.5X3.0mm

. Subretinal injection needle for rat

/ SR T A

o *
tans®

<

hiPSC-derived RPE sheet (1X1mm)
kb iPS #HZESR RPE &—k

for human
E~RBER
Subretinal injection canula for human
ENERETNEANZ2I—5
Lens
IKEIK
Retina
HaR=

:. r ,)
\““njf"‘:”lon
’[ "H ‘\\ iPSC-RPE sheet
Ll BHER

Induced pluripotent stem cells for retinal degenerative diseases: a new perspective on the challenges.
Jin Z.B. et al., J Genet., 88, 417-424 (2009)
Modeling retinal degeneration using patient-specific induced pluripotent stem cells.
JinZ.B. et al., PLoS One., 6, 17084 (2011)

Our aim is to develop transplantation treatment using
human induced pluripotent stem cells-derived retinal
pigment epithelial (hiPSC-RPE) cells for age-related
macular degeneration that is characterized by progressive
degeneration of RPE cells.

We have succeeded to produce iPSC-RPE monolayer
cell-sheets of clinical grade that is similar to native RPE
cells. Moreover, transplanted iPSC-RPE showed capacity
of maintaining retinal function in rat models of RPE
degeneration. This research will be the first step towards
therapy that replaces tissues damaged from diseases
using iPS cells.

Masayo Takahashi, M.D., Ph.D.
Research Leader,
Foundation for Biomedical Research and Innovation

B4l MReBR £l (RPE) DR N ZRKET
DMEmE M Z MO UC, PSR ER M R & 3R L A
(iPS-RPE) BAEDERRLAZEIELCWVE T,

KR ClE EFEDORPECERRDERE EKRiBEZBEEL
£ ~PS-RPEDMRE S — 2R U INICRRIILEUZ, &5
(T, FER LT MPSC-RPES—h ZHRZE M ETIL ST
BHBUIECH, BIERICOBV TR NI ND &
oM E Uz, AMATHESNICHRE. KmICKVIEE
Ufc iz iPSHRRZ W e I 2IehDBE—H EIFDE
RIFRR T,

=18 Bt
SeimERIREAE, HRU—9—

This research was supported by the S-Innovation (Strategic Promotion of Innovative Research and Development)

‘, “ 5 - { j A program of JST. S-Innovation is an industry-academia collaborative R&D program to generate innovation.
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Practical Development on Automatic Cell Culturing System
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A wide variety of cells can be cultured automatically, continuously 24 hours x 365 days
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Schematic Diagram of the Automatic Cell Culturing System, “Auto Culture"
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Kawasaki Heavy Industries, Ltd. has developed and
commercialized the automatic cell culturing system “Auto
Culture”. The system comprises cell observation, medium
change, subculture, and harvesting. The process is
completely automated by image processing and clean
robots. A wide variety of adherent cells including iPS
cells can be cultured continuously with stable quality and
repeatability.

A maximum of 29 kinds of cells can be operated
simultaneously by assigning protocols and media in the
system. The automatic cell culturing system for clinical
use is currently under development, and the medical
application will be realized in the near future.

Katsumi Nakashima

Senior Manager,

System Technology Development Center,
Kawasaki Heavy Industries, Ltd.
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This development was conducted by JST’s risk-taking fund, “Contract Development”. The program is to support
a company’s practical development regarding new and high-risk technologies obtained by universities, etc.
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Towards Innovative Future, Together with Partners All Over the World
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International Cooperation in Stem Cell Research
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On January 4, 2012, JST signed a partnership
agreement to fund joint research projects with the
Canadian Institutes of Health Research (CIHR) on
the Epigenetics of Stem Cells.

SICORP (Strategic International

SICORP and SICP are “top-down” programs that
provide support to international research projects
in research fields and with countries of cooperation
designated by Ministry of Education, Culture, Sports,
Science and Technology (MEXT) on the basis of
intergovernmental agreements. Around 200 research
projects are currently funded in collaboration with 23
countries in Europe, the Americas, Asia, Oceania,
the Middle East, and Africa.

JST - CIHR joint call for proposals:
“Epigenetics of Stem Cells”

Deadline for Submission of Proposals:
August 31, 2012
Start of Projects: April 1, 2013
For more information, please visit : —
http://www.jst.go.jp/inter/cooperation/country/canada.html JST and California Institute for Regenerative
Medicine (CIRM) have worked together to establish
and support collaborative research programs
in order to advance iPS cell research, develop
therapies, and conduct clinical trials.
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Japan-UK Research Cooperation
(REEDWHREKR)
Systems Biology of Pluripotent Stem Cells
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» Gene-networks’ analysis and their mathematical ‘
analysis of the induced differentiation toward
neuroepithelium cells and reprogramming of
iPS cells
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+ Gene-networks’ analysis and their mathematical
analysis of the induced differentiation toward
extra-embryonic cell types and inducible
knockout ES cells
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* Analysis of the reprogramming processes of
somatic cells by using iPS cells’ model
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Hitoshi Niwa, M.D., Ph.D. Austin Smith, Ph.D. Group Director
Project Leader Professor Research Center for Allergy and Immunology,
Center for Developmental Biology, RIKEN Centre for Stem Cell Research, University of RIKEN
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On November 18, 2008, JST and CIRM signed an
agreement laying the foundation for joint Japan-California
research to advance stem cell research.

Collaborative Research Program)
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SICP (Strategic International Research Cooperative Program)
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For more information, please visit:

http://www.jst.go.jp/inter/english/index.html

JST-CIRM Collaborative Research Program
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18t JST/CIRM Workshop - iPS Cells Research -
June 8-9, 2009, in San Francisco
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Japan-Switzerland Research Cooperation
(RARED WHFIZ)

Dissecting Polycomb Function in the Acquisition of Toti- / Pluripotency during
Pre-implantation Embryonic Development and Induced Reprogramming of Somatic Cells

BRES LUIPSHIFAEE E(CHIZDRYI-LEZNTUL
Z X LOfFHA
(2010 - 2013)

| (Switzerland) A Zfl |

* Analysis of the role of Polycomb group proteins in
acquisition of totipotency and subsequent lineage
specification during pre-implantation development
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Antoine H.F.M., Peters, Ph.D.

Group Leader

Friedrich Miescher Institute for Biomedical Research
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Japan-Israel Cooperation on Stem Cells and Brain Research
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On September 20, 2011, at Kyoto University, JST and MOST (Israeli Ministry of
Science and Technology) held a seminar to review the ongoing research projects
between Japan and Israel.
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Currently, 5 cooperative research
projects on stem cells are
implemented between Japan and
Israel.
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