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Pluripotent stem cell

Fetal Tissue:
1. Cord blood (F&#7IMIL)

2. Umbilical cord (f##5)

Adult Stem cells:
1. Bone marrow
2. Adipose tissue
3. Liver

,'@ Stem Cell Cultivation

B lymphocyte N
\ - T lymphocyte
L Granulocytes

Erythrocyte Platelets Monocyte Neutrophil Eosinophil ~ Basophil
=

(@ In Vitro Fertilized Egg
(@ Blastocyst Stage (5-7 days old)
(@ Inner Stem Cell Mass
(@ Cultured Undifferentiated Stem Cells
(8) Specialized Cells:
a. blood cells
b. neural cells

Macrophage

¢. muscle cells

Figure 1.1 Blood cell pathways.
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How Human Embryonic Stem Cells Are Derived

How Embryonic Stem (ES)
cells are derived

In Vitro fertilization
Day 0

Totipotent cells

Morula: Morula: . A
8 cells 16 cells Section of ' y
(2/2 days) (3 days) blastocyst

Blastocyst
Day 5

Blastocoel

Trophectoderm

Inner cell mass
Blastocoel

Irradiated feeder cells Trophectoderm

Embryonic stem cells

Cultured pluripotent stem cells
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1. Origin:

2. Self-Renewal:

Characteristics of Embryonic Stem Cells

Derived from pre-implantation Blastocyst

or peri-implantation embryo

The cells can divide to make
copies of themselves for a
prolonged period of time
without differentiating.

3. Pluripotency:

Embryonic stem cells can give rise to
cells from all three embryonic germ
layers even after being grown

in culture for a long time.

y
y

The three germ layers and one example of a cell type derived from each layer:

Ectoderm

»

ey 4

Mesoderm

)

’ Endoderm
\ "

Blood cells

Ectoderm gives rise to:
brain, spinal cord, nerve
cells, hair, skin, teeth,
sensory cells of eyes, ears
nose, and mouth, and
pigment cells.

Mesoderm gives rise to: Endoderm gives rise to:
muscles, blood, blood vessels, the gut (pancreas, stomach,
connective tissues, and the liver, etc.), lungs, bladder,
heart.

and germ cells (eggs or sperm)

Application of Stem cells

The Promise of Stem Cell Research

Understanding prevention
and treatment of
birth defects

Identify drug targets
and test potential
therapeutics

Study cell

differentiation
=<
)
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, o |
Toxicity testing oo}
Er——
/ —— Ectoderm Mesoderm
\ - g
% 1 "’ Blood {
5 cells
2. ;
Neuron

Tissues/Cells for Transplantation



With combination of growth differentiation factors

S/tem eII

| Ectoderm (external layer) | Mesoderm (middle layer) Endoderm (internal layer) Germ cells
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Embryonic Stem Cells

Nerve
growth

factor
—__—>

Stem cells At one week At one month

Figure 1.2 Stem cells derived from the blastocyst of an activated monkey egg can
differentiate into functioning neurons. (Modified from Cibelli, J. B., et al. [2002].
Parthenogenetic stem cells in nonhuman primates. Science 295: 819.)
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The Nobel Prize in Physiology or Medicine 2012
Sir John B. Gurdon, Shinya Yamanaka

Photo: Creative Commons Photo: Gladtone

Attr. 2.0 Generic license Institutes/Chris Goodfellow
Sir John B. Shinya
Gurdon Yamanaka

The Nobel Prize in Physiology or Medicine 2012 was awarded
jointly to Sir John B. Gurdon and Shinya Yamanaka "for the

discovery that mature cells can be reprogrammed to become
pluripotent”
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Induced Pluripotent Stem Cells (iPS cells)

« Atype of pluripotent stem cell artificially
derived from a non-pluripotent cell by
Inserting certain genes.

>

Somatic cell I Pluripotent stem

Pluripotency- cell
iInducing factors




Chromosomal protein exchange in a normal cell (left) or
after nuclear transfer to an egg or oocyte (right).

Old nuclear
proteins

Normal
somatic cell

New nuclear
proteins

Somatic cell N
after transfer tc
an egg

J B Gurdon, D A Melton
Science 2008:;322:1811-1815

The Nobel Prize in Physiology or Medicine 2012
Sir John B. Gurdon, Shinya Yamanaka m
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JST 4 5 i 8 481 2007 # iPSH W] 4F ¥

(Japan Science and Technology Agency)
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Generating. human.1PS cell

© Take skin cell

Dec.25.2007 Human
Special
issue +

Oct 3/4
Sox2

Fertilized egg ¢c-Mye
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News from Japan Changes the World! ’

The Era Of - Pluripotent Stem cell (ES cell)

g . Neural cell &—— '

New PIurlpoti { Cell i
S aRoa, N -0 Fat ell +——— @]

Professor, | for Frontier Medical Sciences, Kyoto University Cart“age ‘___...____
@ Etc. «—

@ Introduce the four genes and culture

. © Pluripotent Stem cell (iPS cell)

Human iPS cell cluster together
and form planar colonies.

Potential for the differentiation of human iPS cell
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International Symposium on induced Pluripotent Stem (iPS) Cell
Research: Frontier and Future (Kyoto, 2008)

Dr. Shinya Yamanaka
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vs. Tumor cells
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Safer stem cell therapies

iPSCs
v

LR WOy g

GC\\O‘OlO/

Cell death

Differentiated cells

_Alkaline v
Phosphatase
o\
0,, OH
o ‘on
_ D-3
0.35 mg/mL
1 to 2 hours

<

Cell survive

Center for iPS Cell Research

COR and Application, Kyoto University
CiRA

P
° Phosphorylated peptides
»

Differentiated cells

iPSCs Survival
. 28
%V‘\ y \|I A
| '*\ ‘
Death

Trigger stress

Efficient, Selective Removal of Human Pluripotent Stem Cells via Ecto-Alkaline Phosphatase-Mediated
Aggregation of Synthetic Peptides. (Kuang et al., Cell Chemical Biology 2017)



Investment Framework

Kyoto Umv

Dividends

iPS Holdings

Ei .
Financing Divide%\nancmg
Governance

iIPS Academia
Japan, Inc.

W Academia Japan.

Financing

ey

Dividends

Financial Investors

Daiwa Securities Group Inc.
Sumitomo Mitsui Banking Corp.
Daiwa Corporate Investment Co.,Ltd.

SMBC Venture Capital Co.,Ltd.

*iPS Academia Japan, Inc. was established in Kyoto on June 25, 2008 to contribute to healthcare through the transfer
of research results and technology relating to induced pluripotent stem (iPS) cells, which had been developed by
Prof. Shinya Yamanaka of Kyoto University and his colleagues.



Expansion of iPS cell-related industry

Aiming at practical use of iPS cell-related technology, many companies are newly entering the iPS
cell-related industry from apparently non-bio-related industry such as precision instrument

manufacture in addition to the existing bio-industry engaged in the research and development of
bio-related products including pharmaceuticals.
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List of Licensees :

ntities in Japan

—
d'/' DAINIPPON
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pochs A member of the Roche group Daiichi-Sankyo

@ A MITSUBISHI CHEMICAL MEDIENCE !5'RemeELL @ SHIONOGI TaKaRa

\% UNITECH

MERCK MILLIPORE

e 4 » Cewular
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ATCC- axn M ce[1eCils C international '

l
(PIERIAN %hnologles Lonza - - SANOF ‘J

SIGMA STEMGENT
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gene transfer parto

Life Science

licensees by industry 9%

Pharmaceutical companies and reagent

companies amount to nearly 50%. Thus,  Research Pharma-
ceuticals

27%

the expansion of iPS cell technology in

bio-industry is currently prominent, and Research

the iPS cell technology will further expand instruments 11%
Reagents

20%

since new participants from research
instrument manufacture are increasing. Food / Che



EHBEERERED
T S 132 il B B0 0 R R S 2 i i

o 5 Al iR A 7R
o G2 i% Al iR ia i

s g , ‘ 0% ZE 24
Eﬁéﬁ;?g{%éh (%) EEEER HEA4REE - iPSC - #i8 - :Ag RSt -2 e
CAR-T - #MfE A R
NGS5 R
FEAR A l EEY v mmam ) uﬁﬁu
II 1940S 1996~ 2001~ 2008~ 2011~ ® Ex vivo: CAR-T
" : ® /n vivo. EREEE
E& INGF /I BE HRIZVEZE BEEE
&4 1REEHEY) +iRELZLY) (HfEaE - B
ARE - A
BIfEF% AE— E_ = T "
SEEREE iy :?EQH
St E R AE T
RETAR - B— ORIEMEIHM
HES . HRES o \NT Al - {REAME
Eéﬂr']ﬁ?“?_.[ EI’J o3DFIEN 22 [EH
EHIFOR : DCB ZE/E ITIS FREBEIE ( 2019.03 RRAREAR oA E

23



EINBESSRREESD
RRFEBRTIRRIE

Reg rative Me ¢a e Compa w |¢ma

Id ng gene the pv nm py nd tis: ing therapeutic developers 250 .ﬁﬂ@;éﬁ g@yaﬁ

G
&
Al l 50 1 \1 ~
o\ 128.8

100

S O B

50 A

2017 2018e 2019f

019 F—F=RMARAR/BEBRERZME 917X

EiRlAcE ¢ 1.Alliance for Regenerative Medicine 2019 Q1 - 2.Regenerative Medicine 2018 ; DCB & & 4H 24 8

AETE

2020f

138.6

201 F



FIKBE

8

MMIRaRE - EEE/RICER

oo Alliance for_
s, °* Regenerative
**2" Medicine

Clinical Trials - Q1 2019

1,06

Ph. I: 349
Ph. I1: 618
Ph. III: 93

Clinical trials underway
worldwide by end of Q1 2019

Number of Clinical Trials Utilizing Specific RM/AT Technology: Q1 2019

S O
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Cell Therapy Tissue Engineering
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2IRAMAD EREEERSRERFUN (Cell therapy clinical trials — 2017 Report)

Stroke

Traumatic brain injury
Learning defects
Alzheimer's disease
Parkinson's disease

Missing teeth _
Wound healing

Bone marrow
transplantation
(currently established

Spinal cord injury &=

kN Multiple sites:

Osteoarthritis :
Crohn s disease Cancers

Rheumatoid arthritis

Rz AR E B REb G St 3
Other Embryonic Cell type breakdown
Stemn Cells (ESC)
16% 2708

Cord Blood Other cells 46

Embryonic stem cells 1 6

13% I Fetal Tissue Renal cells 1 4

0% Chondrocytes 1 12

Inchuced Plufq)nln':t
N Stem Cells (iPSC} Islet cells 9 13
Hematopoietic Mesenchymal
Stem Cells {/HSC) Stem Cells (M5C) Neural cells I 13
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Epithelial cells § 13
Myocytes 1 14
Fibroblasts I 14
Endothelial cells ¥ 15
Hepatocytes I 16
Dendritic cells =1 91
Lymphocytes 70 253
Mesenchymal stem cells E———1 332
Hematopoietic cells EET] 444 |




BRBEEREER

2019528 - %=BFate Therapeutics LLiPS7{EBIN KA it i& B2 bt HA B BS = m FR A 55 — HB G IR st s BE 4
 2019F4RETE—RELZZ WL - SESPEEIER -
2019548 - =EEMNMAZBLICRISPRER fREE#F* i A CAR-TH B G BEMAIEERE -

2018558 - ABRAEZESH (Sawa Yoshik) BiRFRBEERMARE S EBEZONE R ER ORI -
201948 - HAE M M5 ASBILIRREIPSCRREZRFERHE2EFE=NAREERE - HRRY -
2019598 - ARAEFEEZET(Koji Nishida)ZizFAERIPSCHIEZAlE R AIME R AR AEER

P KbrKF

AT L
¥ TR

- 4 3
BEER A =X s ﬂ f
iPSHRBRAITL e = B \ .
. iPSHANA S FHLiPSHR \\ /
: - REERT \ =
RS & R—
{ FhEICES
A D= i Differentiation into RPE cell sheet used in
‘ hetes iPS cells retinal pigment epithelium transplantation
S ; sioc ) (RPE)
BRERERTE Q‘ =
- BRE AEEIR DR ‘
- REORBOEE A il
: (OFEFEAEICIS
NI DBRIE B
ORI © http://www.med.osaka-u.ac.jp/archives/7911 BHLAE © http://www.riken-ibri.jp/ ZRIFRIE © https://www.sigmaaldrich.com/

27



EHBEERERED
T S 132 il B B0 0 R R S 2 i i

o 5 Al iR A 7R
o G2 i% Al iR ia i

s g , ‘ 0% ZE 24
Eﬁéﬁ;?g{%éh (%) EEEER HEA4REE - iPSC - #i8 - :Ag RSt -2 e
CAR-T - #MfE A R
NGS5 R
FEAR A l EEY v mmam ) uﬁﬁu
II 1940S 1996~ 2001~ 2008~ 2011~ ® Ex vivo: CAR-T
" : ® /n vivo. EREEE
E& INGF /I BE HRIZVEZE BEEE
&4 1REEHEY) +iRELZLY) (HfEaE - B
ARE - A
BIfEF% AE— E_ = T "
SEEREE iy :?EQH
St E R AE T
RETAR - B— ORIEMEIHM
HES . HRES o \NT Al - {REAME
Eéﬂr']ﬁ?“?_.[ EI’J o3DFIEN 22 [EH
EHIFOR : DCB ZE/E ITIS FREBEIE ( 2019.03 RRAREAR oA E

28



(Chimeric Antigen Receptor T CeIIs, CAR-T)
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(Chimeric Antigen Receptor T Cells, CAR-T)

. CAR T-cells
multiply in .
the lab

Change the .
T cells in the .

lab to become
CAR T-cells

A drip of
. CAR T-cells
into your
bloodstream
Collect T cells
from your
blood
The CAR
T-cells find
and attack the
cancer cells

Cancer Research UK

1. Normal T cell

wihdg,
The cancer cell " 2 "(
is hiding from A ‘
the T cell J Cancer
Cell A
A
PR <o® N
Proteins on
the cell
2. After changing
into a CAR T-cell L 44.,“
> <
v i
h | Cancer
4 Cell A
The CAR T-cell can now ”7 -7 ¢

recognise and kill the cancer cell
Cancer Research UK



Japan moves to fast-track innovative stem cell therapy
with first trials on human hearts Nature News, 29 May 2018

5
:
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i

Professor Yoshiki Sawa, center, has pioneered a new induced pluripotent stem
cell therapy for treating damaged hearts (Credit: Osaka University)
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Thank you for your
attention




