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* Located just across the river from Haneda Airport (Tokyo International Airport)

e Serves as the Base of Research and Evaluation in the Field of Regulatory Science
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“Regulatory Science”

...1Is the science of developing new tools,
standards, and approaches to assess
the safety, efficacy, quality, and
performance of all FDA-regulated
products.

https://www.fda.gov/science-research/science-and-
research-special-topics/advancing-regulatory-science



http://www.fda.gov/default.htm
https://www.fda.gov/science-research/science-and-research-special-topics/advancing-regulatory-science
https://www.fda.gov/science-research/science-and-research-special-topics/advancing-regulatory-science

Why is regulatory science necessary for the
development of advanced therapeutic products?

* |tis because the development of evaluation methods often do not
catch up with the rapid development of new types of products (e.g.,
cell and gene therapy products), which emerge as a result of
technological advances.

* |t is also because even when new types of analytical tools (e.g., next-
generation sequencers) are developed as a result of technological
advances, their capabilities and limitations when used to evaluate the
quality and safety of therapeutic products are unknown.



AGENDA

What is tumorigenicity? —The risk of tumorigenesis and its hazards—

Development of highly sensitive test methods for the detection of
transformed cells in human cell therapy products

Development of highly sensitive test methods for the detection of
residual pluripotent stem cells in human ES/iPS cell-derived products

How much are genomic mutations predictive of abnormal tissue
formation from human iPSC-derived products after engraftment?
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Major Challenges in Regulatory Science of Cell Therapy Products

What should be evaluated?

Viral safety (allogeneic vs. autologous)
Characteristics and eligibility of cells to be used as raw materials
Eligibility of ancillary materials of human or animal origin, other than cell substrates

Establishment and management of cell banks as cell substrates

Safety & eligibility
of raw materials

Manufacturing strategy and process validation to achieve reproducibility of the final product quality Ensuring

Characterization of cells as active ingredients of the final product

ldentification and specification of critical quality attributes of the final product (QC of the final product)
Comparability in the quality of products subject to changes in their manufacturing process/cell banks

Design and interpretation of non-clinical safety studies and non-clinical proof-of-concept studies ]

. Immunogenicity of the final product
. Biodistribution of administered cells in vivo and their behavior at the engraftment site |
. Design and interpretation of clinical trials

. Efficacy and safety follow-up

. Design and interpretation of tumorigenicity studies (especially for ESC/iPSC-derived products)

the quality
of the final
product

Prediction of safety
~ & efficacy in the
non-clinical phase

Clinical Evaluation
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Biodistribution of administered cells in vivo and their behavior at the engraftment site ]

Ensuring
the quality
of the final
product

Prediction of safety
& efficacy in the
non-clinical phase

Design and interpretation of clinical trials ~ Clinical Evaluation

Efficacy and safety follow-up



Tumorigenicity

... is one of the major concerns for cell therapy products,
especially for pluripotent stem cell-derived products

Human pluripotent stem cells (PSC) have the potential to revolutionize

regenerative medicine and cell therapy.
Some clinical trials on pluripotent stem cell-derived products are currently on

going, and more trials are expected to start soon in many countries

However, cells transformed during the manufacturing process and residual
undifferentiated PSCs may form tumors in patients.

Mouse,{lg‘ .‘IE‘ 24| Mouse2 & o

>

W i

Ibon Garitaonandi et al. Scientific Reports | L secondary tumorsy
6:34478 )

MOUSTAFA M et al. STEM CELLS TRANSLATIONALMEDICINE 2016;5:694—702



Potential Hazards for the Tumorigenicity Risk of
Pluripotent Stem Cell-Derived Therapeutic Products

1. Contamination with Tumorigenic Cellular Impurities
a. Malignant Transformed Cells
b. Residual ES/iPS Cells

2.  Genomic Instability

3. Cancer-Related Genomic Mutations
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Currently, we have no information

that enables to predict
their impact in specific cell types/products.
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Development of Test Methods for Detection of Transformed Cells

In Vitro Assays

Conventional soft

Digital soft agar

agar colony formation colony formation

-
Hela cells

3 to 4 weeks

Image-based screening
system for the SACF
assay using a high-
content cell analyzer

High sensitivity
High cost (needs image

scanner)
0.00001%

Kusakawa et al., Sci Rep.

2015

Cell growth analysis

Hela cells

4 weeks or more

The analysis of cell
senescence/growth after serial
passaging (compare the growth
rates of hMSC w/wo positive
controls after 5 passages)

High sensitivity,
Low cost

Time-consuming

0.0001%

Kono et al., Biologicals. 2015
Hasebe-Takada et al. Regen
Ther 2016

Tumorigenic Cellular Impurities J
=Hazards of PSC-Derived Products

In Vivo Assay

Tumorigenicity Test

NOG mice
Subcutaneous transplantation

Hela cells
>= 16 weeks
Direct evaluation in micro environment (expected clinical use site)

High cost, Long time, Especial facility, Low through put, Histopathological
evaluation to confirm malignancy of the tumor

to detect 10 Hela cells in 108 hMSC (0.0001%) at 17% of probability
Kusakawa et al., Regen Ther. 2015




Development of Test Methods for Detection of Transformed Cells

Tumorigenic Cellular Impurities J

oo
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In Vitro Assays In Vivo Assay

Conventional soft Digital soft agar ell growth analysis Tumorigenicity Test
agar colony formation colony formation

=T = NOG mice
! ‘ *. Subcutaneous transplantation
Hela cells
Hela cells ela cells > 16 weeks

Direct evaluation in micro environment (expected clinical use site)
3 to 4 weeks } weeks or more

High cost, Long time, Especial facility, Low through put, Histopathological

Image-based screening he analysis of cell evaluation to confirm malignancy of the tumor

system for the SACF senescence/growth after serial
assay using a high- passaging (compare the growth to detect 10 Hela cells in 10% hMSC (0.0001%) at 17% of probability
content cell analyzer ates of hMSC w/wo positive
ontrols after 5 passages)

High sensitivity igh sensitivity,
ow cost

Kusakawa et al., Regen Ther. 2015

High cost (needs image ime-consuming
scanner)

0.00001% ).0001%

Kusakawa et al., Sci Rep. BKono et al., Biologicals. 2015
2015 asebe-Takada et al. Regen
her 2016




Conventional Soft Agar Colony Formation Assay

Purpose: Detection of scaffold-independent proliferation (= malignant transformed cells)

=y e =y
) ) D
T
l:» I:» et Cell culture medium

Q Soft agar layer [~ =~
— "L | containing
— | dispersed cells [P ——" Agar cannot be a scaffold for cells,
~—_—~ Softagarlayer "~ ~—~ but it interferes with cell migration.

N
Adherent normal cells cannot survive
when they are not adhered to the scaffold

Sensitivity of the conventional methods

= 1 cancer cell / 1,000 normal cells

Malignant transformed cells
(= cancer cells) can grow without a scaffold,

o . TOO LOW! for the safety assessment
resulting in colony formation.

of cell therapy products




Digital Soft-Agar Colony Formation Assay

Concept Partitioning a sample Partitioning a cell sample into e e
into multiple wells multiple wells of culture plates
N . Soft Aaar Cult enables digital readout of the e e
- el €3 oon ngar e presence of colony in each
Cell sample ¢ Transformed cell gReR | gmeR | 982 | well and elevates the
Acquiri?gy digli;al data = sensitivity for their detection.
,,,,, or
- of the presence of colony
¢ in each well Q =
S555 | oses | &8 Low S/N ratio

\u_,
High S/N ratio

Procedures  soft-agar culture & sample preparation High-throughput screening
N of colony formation
Soft-agar  S*2N9 piscolution of using an imaging cytometer
culture Fixation ~ Adarose
e Autofocus | | PV - . - .
I B I range £ RS I A 5 Ofgct:uosf S
S Y I N U I I (400um)

Sedimentation of colony .
(by free-fall or centrifugation) ARl IR ARl L JE AL AL

Post-sedimentation images | .71 .. . 5 ks
(fluorescent images)

Bright-field MitoTracker Hoechst

Autofocus —In focus -
range ) o " [ £ % o | ]
; (400um) 4L IEIERL L IL ALl :

IMr
aviessane

.
R R Re




Digital Soft-Agar Colony Formation Assay has achieved the ability to
detect cancer cells in normal cells at a ratio of 1 in 10 million

Comparable to the ability to find one zombie in New York City
(population: about 8 million)




Qualitative Comparisons of Test Methods
for Detection of Transformed Cells &S
(based on our validation studies and past literature) Qe &

Quickness
Test/Cost - Sensitivity ——in vivo (NOG mice)
——soft agar
Malignant
Fasy setup + Benign ——digital soft agar
+ Immortal

Easy Operation cell immortality assay
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What is tumorigenicity? —The risk of tumorigenesis and its hazards—

Development of highly sensitive test methods for the detection of
transformed cells in human cell therapy products

Development of highly sensitive test methods for the detection of
residual pluripotent stem cells in human ES/iPS cell-derived products

How much are genomic mutations predictive of abnormal tissue
formation from human iPSC-derived products after engraftment?




Development of Test Methods for Detection of Residual Undiffrentiated PSCs

Assays/
Platform

In Vitro Assays

Flow cytometry

@)

qRT-PCR

L )

iPS cells

6 hours

Lin28
Simple/quick,
High sensitivity

Indirect detection,
Lin28 expression is
noted in some

differentiated cells

0.002%

Kuroda et al., PLoS
ONE. 2012

Droplet Digital
PCR

N,

iPS cells

a few hours
Lin28

Simple/quick,
High sensitivity

Indirect detection,
Lin28 expression is
noted in some

differentiated cells

0.001%

Kuroda et al.,
Regen Ther. 2015

*: eg. cultured on laminin-521 in Essential 8 medium

&

Direct detection
using a highly
efficient
amplification
method*

iPS cells

about a week

Direct detection,
High sensitivity

Time-consuming,
Low throughput

0.01-0.001%

Tano et al., PLoS
ONE. 2014

Tumorigenic Cellular Impurities _'T‘
=Hazards of PSC-Derived Products

In Vivo Assay

Tumorigenicity Test

NOG mice

Subcutaneous transplantation

iPS cells

17-30 weeks

Direct evaluation in micro environment (expected clinical use site)

High cost, Long time, Especial facility, Low through put, Histopathological
evaluation to confirm tumor origin from whether residual undifferentiated
iPS cells or transformed cells

to detect 1000 hiPS cells in 2.5/10°> hRPE with 50% probability
Kanemura et al., Sci Rep. 2013; Kawamata et al., J Clin Med. 2015
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Highly-Efficient Culture (HEC) Assay |Example 2

detects residual undifferentiated pluripotent stem cells (PSCs) in cell
therapy products using highly efficient culture system which favors the

‘ o &
growth of PSCs This assay ...

Highly efficient v is able to directly detect a trace
culture assay ] .

amount of undifferentiated PSCs by
measuring the number of colonies

about a week originated from a single PSC.
TRA-1-60 etc

Direct detection,

iPS cells efc

High sensitivity

Time-consuming,

Low throughput Tano et al., PLoS ONE.

1/10,000 - 1/100,000 2014

Tano et al., PLoS ONE.

A v is quite sensitive and has a potential to
Garitaonandia et al.,

Scientific Reports. 2016 become more sensitive by improving
culture system /colony detection method.
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Improvement of detection method for residual undifferentiated iPS cells
(tumorigenic cells) in differentiated cells derived from human iPS cells

Cytotherapy 23 (2021)176-183

Contents lists available at ScienceDirect

i CYTOTHERAPY

journal homepage: www.isct-cytotherapy.org

FULL-LENGTH ARTICLE

Regulatory Policies

Multisite studies for validation and improvement of a highly efficient
culture assay for detection of undifferentiated human pluripotent stem
cells intermingled in cell therapy products
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Detection of iPS cells in differentiated cells
at a ratio of 1 in 5 million (2E-7),
(WORLD RECORD!!)_,\_ _

‘>0 ]

o (@

Check for
updates

ABSTRACT

Background aims: The Multisite Evaluation Study on Analytical Methods for Non-Clinical Safety Assess-
ment of Human-Derived Regenerative Medical Products (MEASURE) is a Japanese experimental pub-
lic—private partnership initiative, which aims to standardize methodology for tumorigenicity
evaluation of human pluripotent stem cell (hPSC)-derived cell therapy products (CTPs). Undifferenti-
ated hPSCs possess tumorigenic potential, and thus residual undifferentiated hPSCs are one of the
major hazards for the risk of tumor formation from hPSC-derived CTPs. Among currently available
assays, a highly efficient culture (HEC) assay is reported to be one of the most sensitive for the detec-
tion of residual undifferentiated hPSCs.

Methods: MEASURE first validated the detection sensitivity of HEC assay and then investigated the feasibility
of magnetic-activated cell sorting (MACS) to improve sensitivity.

Results: The multisite experiments confirmed that the lower limit of detection under various conditions to
which the human induced pluripotent stem cell lines and culture medium/substrate were subjected was
0.001%. In addition, MACS concentrated cells expressing undifferentiated cell markers and consequently
achieved a detection sensitivity of 0.00002%.

Conclusions: These results indicate that HEC assay is highly sensitive and robust and that the application of
MACS on this assay is a promising tool for further mitigation of the potential tumorigenicity risk of hPSC-
derived CTPs.




The improved Highly-Efficient Culture (HEC) Assay has achieved the ability
to detect residual iPSCs in differentiated cells at aratio of 1 in 5 million

Comparable to the ability to find one alien in Los Angeles
(populatlon about 4 m|II|on)




In vivo Tumorgenicity Test using NOG mice
subcutaneously transplanted with iPSCs

~ NOG mice
iPS cells Feeder cells ROCK inhibitor <
@ ® i
(201B7) (Human fibroblast) O Matrigel @ (v-27632) :
__ 100 -
< — ()
E 80 - —e—10
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iPS cells (single cell-dissociated) " Y A e 5 e
+Matrigel 0 4 8 12 16 20
+feeder cells Weeks
+ROCK inhibitor -
TPD., = 631 cells

Yasuda et al.,
PLoS One 2018

When iPS cells were most efficiently engrafted in severely immunodeficient mice, TPD., was 631 cells.

If 10° and 107 cells are injected, TPD, = 631 would correspond to:

0.06% (6E-4) and 0.006% (6E-5), respectively.
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AGENDA

What is tumorigenicity? —The risk of tumorigenesis and its hazards—

Development of highly sensitive test methods for the detection of
transformed cells in human cell therapy products

Development of highly sensitive test methods for the detection of
residual pluripotent stem cells in human ES/iPS cell-derived products

How much are genomic mutations predictive of abnormal tissue
formation from human iPSC-derived products after engraftment?




Potential Hazards for the Tumorigenicity Risk of
Pluripotent Stem Cell-Derived Therapeutic Products

4 )

1. Contamination with Tumorigenic Cellular Impurities
a. Malignant Transformed Cells
b. Residual ES/iPS Cells

Test methods are NOT standardized/harmonized

4 2a._Genomic Instability : , _ ,
) in the international community.
3.¥" Cancer-Related Genomic Mutations

Currently, we have no information
that enables to predict
their impact in specific cell types/products.

IMPORTANT MISSING INFORMATION
in the Risk Management

Further basic studies are necessary to establish
test methods for sound scientific decision-making.
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The human body is a mosaic of different genomes
Survey finds that ‘normal’ human tissues are riddled with mutations.

RESEARCH ARTICLE
RNA sequence analysis reveals macroscopic somatic
clonal expansion across normal tissues
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Nature (NEWS on 06 June 2019)
https://www.nature.com/articles/d41586-019-01780-9

“Researchers now need to find ways to sort out

Somatic mosaicism in normal tissues

Somatic cells can accumulate mutations over the course of an individual's lifetime. This
generates cells that differ genetically at specific loci within the genome. To explore how this
genetic diversity in individuals contributes to disease, Yizhak et al. developed a method to
detect mutations from RNA sequencing data (see the Perspective by Tomasetti). Applying this
method to Cancer Genome Atlas samples and normal samples from the Genotype-Tissue
Expression (GTEx) project generated a tissue-specific study of mutation accumulation.
Somatic mutations were detected in nearly all individuals and across many normal human
tissues in genomic regions called cancer hotspots and in genes that play a role in cancer.
Interestingly, the skin, lung, and esophagus exhibited the most mutations, suggesting that the
environment generates many human mutations.

which of those cells will become tumours and which are ‘normal’ ”’
Cristian Tomasetti, Johns Hopkins Medicine
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Study on the correlation between genomic variation in human iPS cell-derived products and

abnormal tissue formation after implantation into immunodeficient animals
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Study on the correlation between genomic variation in human iPS cell-derived products and
abnormal tissue formation after implantation into immunodeficient animals
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Study on the correlation between genomic variation in human iPS cell-derived products and
abnormal tissue formation after implantation into immunodeficient animals
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CMs
121082 NSCs | SNV(+) | CNV(-) Normal C. Explanatory variable: CNV (- :CNV <3; +: CNV >4)
- - - I
Ff-Wi NSCs SNVE) CNV(-) Normal Explanatory variable CNV(=) CNV(+) I Qverall
Ff-101 RPEs SNV(-) CNV(+) Abnormal c t ~ | - | Discriminative ratio ! dictabilit
il redgictani
Fi-i01 | Nscs | snv(-) | oNv(s) Abnormal e S L — -
H9 RPEs SNV(-) CNV(-) Normal Outcome Normal 7 2 78% (Specificity) E -
B B variable Abnormal 0 5 100%  (Sensitivity) 1  eo—
H9 CMs SNV(-) CNV(-) Normal i
Predictivity 100% 11%
Overall predictivity 86%
C lati ti 075
Yamamoto T, et al., Likelihood ratio for e
0.0 4.5
Stem Cells Transl Med. 2022;11:527-538. abnormal outcome




Study on the correlation between genomic variation in human iPS cell-derived products and
abnormal tissue formation after implantation into immunodeficient animals

A. B. Explanatory variable: SNV (in COSMIC Cancer Gene Census or Shibata’s List)
Explanatory variables in PSC-derivatives | Outcome variable Explanatory variable SNV(-) SNV(+) Seeriminative ratio Overall
Cell Cell Histological Expectancy Normal | Abnormal predictability
line typing finding Outcome Normal 4 5 44%  (Specificity)
16684 | RPEs | SNV(-) | CNV(+) Abnormal variable | Abnormal 5 0 0% (Sensitivity). —
16E84 CMs SNV(+) | CNV(+) Normal Predictivity 449, 0%
10ES5 RPEs ] SNV() J CNV(+) Normal Overall Predictivity 29%
16E85 CMs SNV(+) CNV(-) Normal
16H12 RPEs SNV(+) CNV(-) Normal | ikelihood ratio for Correlation ratio n:  0.56 N
1612 | oo | swve) | onve) Normal sbnormal outcome - - CNVs may help predict abnormal tissue
15M38 | RPEs | snv(-) | cnv(s) Abnormal formation, including tumorigenesis, after
15m38 | o | swe) | onves) Abnormal product implantation. )
121082 NSCs | SNV(+) | CNV(-) Normal C. Explanatory variable: CNV (-:CNV <3; +: CNV >4)
Ff-w) NSCs SNV(-) CNV(-) Normal Explanatory variable CNV(-) CNV(+) ! Overall
Fi-101 RPEs SNV(-) CNV(+) Abnormal Discriminative ratio | . N
101 NSCs s T owem Abrormal Expectancy Normal Abnormal E predictability
H9 RPEs SNV(-) | CNV(-) Normal Outcome Normal 7 2 78%  (Specificity) E -
H9 CMs SNV(-) CNV(-) Sl variable Abnormal 0 5 100% (Sensitivity) 1 o—
Predictivity 100% 11%
Overall predictivity 86%
Yamamoto T, et al., Likelihood ratio fo correiation ratio e 619
Stem Cells Transl Med. 2022;11:527-538. | abnormal outcome o "




Final Product

Clinical Applications of iPSC/ESC-Derived Products in Japan

in Non-Commercial Clinical Researches under the RM Safety Act and Commercial Clinical Trials under the PMD ACT

As of October 21, 2023; ** According to a newspaper report

FIH Trial

Starting Cells

Target Disease

Institution(s)

Type of Clinical Trial

IMP Approval

Retinal pigment epithelial cells A”ti‘;?é ous ;x:cfl';ir":eagg:r;ﬁ;attii: FBRI, RIKEN NO”':r‘]’g;“;rgi::VIC' isr;if;t'yriiamh 2013 2014

Dos:‘glnnei:girccr:;;ral AIIic:)gsecr;eic Parkinson's disease Kyoto Univ. un dglri::]cjlpﬁ\r/ﬁ;l - 2018 2018

Platelets Aui:’;’gs ous Aplastic anemia Kyoto Univ. NOW::;ZT;?:'J isr;:::!yriscia L 2018 2019

Corneal epithelial cells AII;I))gSeCr;eic Sogee :::‘tahuil,:?c::tem 2zl Osaka Univ. Non-::(;r;rr\wtir;igll\/cl_*l isr:;::\tlyreA:sciarch 2019 2019

Hepatocytes (A Ilcl;-;g;eic) Congenital urea cycle disorder NCCHD un dglrir;ihc:IP:\r/ilaDl - 2019 2019

Cardiomyocytes AIIicI))gsecnseic Ischemic cardiomyopathy Osaka Univ. un dgri::]cjlpt\r/ig . 2019 2020

Neural progenitor cells Allic:)gsecr;eic Subacute spinal cord injury Keio Univ. etc. Non—uc:;\;rrntehr;:i:IMcl isr;ifc;IyrZscciarch 2019 2021

Retinal photoreceptor cells Allic;)gsti:r;eic Retinitis pigmentosa Kobe City Eye Hospital Non—ucrc])g;rrntehr;:i::\;l:l isr;i]::::yrisiarch 2020 2020

et
Cartilage AIIic:)gsecr;eic Knee articular cartilage injury Kyoto Univ. NOW;&;ZT;?;:VIC' isr;::;:yriiiarch 2020 (2021)**

Retinal pigment epithelial cells All;gsecr;eic REtinalir?;i:;i?:nesthe“aI Kobe City Eye Hospital NOW::;ZT;?:'J isr;:::!yrisciarch 2021 2021

Platelets AII:’gsecnseic Thrombocytopenia Megakaryon, Kyoto Univ., CiRA-F un dglri:ihcjlpt\r/ila[)l Act 2021 2022

Corneal endothelial cells AIIicI))gsecnseic Bullous keratopathy Keio Univ. Non—uc:;r;r?tir;:izllvcl:l isr;i::ltlyrzsciarch 2021 2023

Cardiomyocytes AL Ischemic Cardiomyopathy Heartseed, Novo Nordisk il ikl 2021 2023

iPSCs

under the PMD Act




Final Product

Clinical Applications of iPSC/ESC-Derived Products in Japan
in Non-Commercial Clinical Researches under the RM Safety Act and Commercial Clinical Trials under the PMD ACT
As of October 21, 2023; ** According to a newspaper report

Starting Cells IMP Approval

Target Disease

Institution(s)

Type of Clinical Trial

FIH Trial

. . . Allogeneic Exudative age-related Kobe City Medical Center, Non-commercial clinical research
- j)lgment epithelial cells iPSCs macular degeneration Osaka Univ., Kyoto Univ., RIKEN under the RM Safety Act 2017
‘.\\q:fon;::n?:ii:c:i:ral AII;:,gSt-_;:r;eic Parkinson's disease Kyoto Univ. un dg—i :LC:L::;I Act 2018
Platelets Aul;c;!:gous Aplastic anemia Kyoto Univ. N0nj:g;:_nfhr:i::\;I;r::::yriiiamh 2018
(AH:;:::eic) Congenital urea cycle disorder NCCHD undg—i:::llﬂtl\';'illajl Act 2019
AII;)gSecr;eic Ischemic cardiomyopathy Osaka Univ. undg’i:}i‘c::“::gl e 2019
https://nd.natureasia.com/f Neural progenitor cells Allf)geneic Subacute spinal cord injury Keio Univ. etc. Non-commercial clinical research 2019
igure/4438/56992/phone/1 iPSCs under the RM Safety Act
Retinal photoreceptor cells AII;:,gSt-_;:r;eic Retinitis pigmentosa Kobe City Eye Hospital Non:::cri\;r:tehr:i;:\;l:Iisr;i:::yriiiarch 2020
g
Cartilage All;i(:;:r;eic Knee articular cartilage injury Kyoto Univ. N0nj:g;:_nfhr:i::\;I;r::::yriiiamh 2020
‘SMbigment epithelial cells AII;:;)g;;:r:eic Retinali:iir;f\ii?:nec;::thelial Kobe City Eye Hospital Nonz::cri\;r:ﬁfhr;:i::\;l:Igr;i:::yriiiarch 2021
| " | ouan e
Platelets AII;)gSecr;eic Thrombocytopenia Megakaryon, Kyoto Univ., CiRA-F undg’i:}i‘c::“::gl e 2021 2022
eal endothelial cells AII;)gSecr;eic Bullous keratopathy Keio Univ. Non:::cr’\;:ﬁ:hr:iglr\;l:IiSr::::yriiiarch 2021 2023
https://english.kyodonews. | Cardiomyocytes AII;:,gSt-_;:r;eic Ischemic Cardiomyopathy Heartseed, Novo Nordisk undg'i::::l\:la)l e 2021 2023

f19f1-japan-researchers-
conduct-worlds-1st-
transplant-of-ips-heart-
muscles.html

T 1 1 1

https://japan-
forward.com/osaka-
university-team-does-
worlds-first-successful-ips-
cell-derived-corneal-

transplant/

https: //www.sankei.com/ar
ticle/20200521-

B EB L
QVY/photo/UDRYD4AHVFJP
DHGFB54X275B2Q/

Our research has contributed to clinical applications of PSC-derived products through the
development of test methods for the assessment of their quality and safety.



https://nd.natureasia.com/figure/4438/56992/phone/1
https://nd.natureasia.com/figure/4438/56992/phone/1
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://english.kyodonews.net/news/2020/01/47a1ba1f19f1-japan-researchers-conduct-worlds-1st-transplant-of-ips-heart-muscles.html
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://japan-forward.com/osaka-university-team-does-worlds-first-successful-ips-cell-derived-corneal-transplant/
https://www.sankei.com/article/20200521-B5I5HI55EBI6XMQ5AVIKYLXQVY/photo/UDRYD4AHVFJPDHGFB54X2ZSB2Q/
https://www.sankei.com/article/20200521-B5I5HI55EBI6XMQ5AVIKYLXQVY/photo/UDRYD4AHVFJPDHGFB54X2ZSB2Q/
https://www.sankei.com/article/20200521-B5I5HI55EBI6XMQ5AVIKYLXQVY/photo/UDRYD4AHVFJPDHGFB54X2ZSB2Q/
https://www.sankei.com/article/20200521-B5I5HI55EBI6XMQ5AVIKYLXQVY/photo/UDRYD4AHVFJPDHGFB54X2ZSB2Q/
https://www.sankei.com/article/20200521-B5I5HI55EBI6XMQ5AVIKYLXQVY/photo/UDRYD4AHVFJPDHGFB54X2ZSB2Q/
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