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National Institute of Health Sciences

This year marks

its 150" anniversary.

* Established in 1874 as “Tokyo Pharmaceutical Testing Laboratory”
* Located just across the river from Haneda Airport (Tokyo International Airport)
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“Regulatory Science” @A)

...1s 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



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?

* |t is 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.
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. Biodistribution of administered cells in vivo and their behavior at the engraftment site |

. Efficacy and safety follow-up

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 Safety & eligibility
Eligibility of ancillary materials of human or animal origin, other than cell substrates ~ of raw materials
Establishment and management of cell banks as cell substrates -
Manufacturing strategy and process validation to achieve reproducibility of the final prodact quality Ensuring
Characterization of cells as active ingredients of the final product | the qua.lity
Identification and specification of critical quality attributes of the final product (QC of the final product) Siggj;nal
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

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

. Immunogenicity of the final product

Prediction of safety
& efficacy in the
non-clinical phase

. Design and interpretation of clinical trials ~ Clinical Evaluation
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AGENDA (1)

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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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.

B >

o []
Mouse1 = Mouse 2
]

Ibon Garitaonandi et al. Scientific Reports | = g !
B segondary tumor:
6:34478 , LA |

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

agar colony formation colony formation

Digital soft agar

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 10 hMSC (0.0001%) at 17% of probability
Kusakawa et al., Regen Ther. 2015
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Conventional Soft Agar Colony Formation Assay

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

=y =y =y
—
l:’ I:’ | cell cutture medium
Q Soft agar layer |~ =~
— = . | containing
— 1 dispersed cells [>—— Agar cannot be a scaffold for cells,
~—_“ Softagarlayer N\, .~ ~ but it interferes with cell migration.

NG

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

(Sensitivity of the conventional methods\

: R = 1 cancer cell / 1,000 normal cells
Malignant transformed cells

(= cancer cells) can grow without a scaffold,

L . ~——=_——| TOO LOW! for the safety assessment
resulting in colony formation.

\_ of cell therapy products Y




Concept

© Normal cell
® Transformed cell

Cell sample

Procedures

Partitioning a sample
into multiple wells

I
Soft Agar Culture

C Acquiring digital data
,,,,,, (Oor1)
of the presence of colony
in each well >

Soft-agar culture & sample preparation

Soft-agar Sta'sr:'”g Dissolution of

culture e
Fixation Agarose

Post-sedimentation images
(fluorescent images)

Bright-field MitoTracker Hoechst

,O‘--
L a

L~
Autofocus A
L

: s

(400pm) ol
Sedimentation of colony
(by free-fall or centrifugation)

Autofocus 7 Foaus

range { 3 3 r3 =
(400pm)

Digital Soft-Agar Colony Formation Assay

Partitioning a cell sample into
multiple wells of culture plates
enables digital readout of the
presence of colony in each

well and elevates the
sensitivity for their detection.

Low S/N ratio
u
High S/N ratio

High-throughput screening
of colony formation
using an imaging cytometer




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
(based on our validation studies and past literature)

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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Development of Test Methods for Detection of Residual Undiffrentiated PSCs

Assays/
Platform

In Vitro Assays

___FIow cytometry

¥)

gRT-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
=Y

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




Development of Test Methods for Detection of Residual Undiffrentiated PSCs

o (&

Tumorigenic Cellular Impurities 4
o 2 =Hazards of PSC-Derived Products

Example 2

In Vitro Assays In Vivo Assay

High sensitivity

Indirect detection,
Lin28 expression is
noted in some

differentiated cells

0.002%

Kuroda et al., PLoS
ONE. 2012

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

High sensitivity

Time-consuming,
Low throughput

0.01-0.001%

Tano et al., PLoS
ONE. 2014

Assays/ Flow cytometry qRT-PCR Droplet Digital Direct detection Tumorigenicity Test
Platform ' PCR B using a highly -
: I h efficient NOG mice
! @& | amplification Subcutaneous transplantation
L | %
NEEG iPS cells
iPS cells iPS cells iPS cells 17-30 weeks
6 hours a few hours about a week Direct evaluation in micro environment (expected clinical use site)
. . High cost, Long time, Especial facility, Low through put, Histopathological
Lin28 Lin28 ) evaluation to confirm tumor origin from whether residual undifferentiated
Simple/quick, Simple/quick, Direct detection, 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




\ Highly-Efficient Culture (HEC) Assay |Example 2

detects residual undifferentiated pluripotent stem cells (PSCs) in cell

o (&
therapy products using highly efficient culture system which favors the -
growth of PSCs This assay é

Highly efficient v is able to directly detect a trace

culture assay

amount of undifferentiated PSCs by

iPS cells etc . .

measuring the number of colonies
about a week originated from a single PSC.
TRA-1-60 etc

Direct detection,
High sensitivity

Time-consuming,

Low throughput Tano et al., PLoS ONE.

2014

1/10,000 - 1/100,000
Tano et al., PLoS ONE.

2014 _ 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) 176183

Contents lists available at ScienceDirect

CYTOTHERAPY

journal homepage: www.isct-cytotherapy.org

International Society

[ SC <2

Cell & Gene Therapy®

Detection of iPS cells in differentiated cells
at a ratio of 1 in 5 million (2E-7) .

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

Takeshi Watanabe'>*, Satoshi Yasuda®, Shinji Kusakawa®, Takuya Kuroda®,
Mayumi Futamura®*, Mitsuhide Ogawa®>, Hidemi Mochizuki®®, Eri Kikkawa?”,
Hatsue Furukawa®®, Masato Nagaoka®?, Yoji Sato®
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2 The Committee for Non-Clinical Safety Evaluation of Pluripotent Stem Cell-Derived Product, Forum for Innovative Regenerative Medicine, Tokyo, Japan
3 pivision of Cell-Based Therapeutic Products, National Institute of Health Sciences, Kawasaki, Japan

4 Drug Discovery Support Division, Tsukuba Research Institute, BoZo Research Center Inc, Tsukuba, Japan

5 CMIC Bioresearch Center, CMIC Pharma Science Co, Ltd, Hokuto, Japan

S Research Planning Section, Ina Research Inc, Ina-shi, Japan

7 Research Division, HEALIOS K.K., Kobe, Japan

8 Integrated & Translational Science, Axcelead Drug Discovery Partners, Inc, Fujisawa, Japan

9 Life Science Research Laboratory, Tosoh Corporation, Ayase-shi, Japan
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)

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 hP5Cs 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 a ratio of 1 in 5 million

Comparable to the ability to find one alien in Los Angeles
(population: about 4 million)




Qualitative Comparisons of Test Methods

for Detection of Residual PSCs f;:
(based on our validation studies and past literature) X B @9
Quickness

Test/Cost S, Sensitivity ——in vivo (NOG mice)

\‘ ——qRT-PCR
\\ Direct
Easy Setup \ ' Detection
‘L of PSCs - ddPCR

Easy Operation
yEP highly efficient culture



“Points to Consider for Detection of Undifferentiated Pluripotent Stem Cells/Transformed Cells, Tumorigenicity
Testing and Genomic Stability Evaluation of Human Cell-Processed Products” [in Japanese] O
(Annex of Notification No. 0627-1 Issued on June 27, 2019, Pharmaceutical and Food Safety Bureau, MHLW)
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Abstract

“[...]. Here, we critically review currently available in vivo and in vitro testing methods for
tumorigenicity evaluation against expectations in international regulatory guidelines. We
discuss the value of those approaches, in particular the limitations of in vivo methods, and

comment on challenges and future directions. In addition, we note the need for an

internationally harmonized procedure for tumorigenicity assessment of cell therapy products

(at the time of publication)

from both regulatory and technological perspectives”.

https://www.isct-cytotherapy.org/article/S1465-3249(19)30861-8/fulltext
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AGENDA (1)

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

(2

Test methods are NOT standardized/harmonized

Genomic Instability : : . :
) in the international community.
.© Cancer-Related Genomic Mutations

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

3

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.
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RNA sequence analysis reveals macroscopic somatic
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“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 (GTEXx) 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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“Points to Consider for Detection of Undifferentiated Pluripotent Stem Cells/Transformed Cells, Tumorigenicity
Testing and Genomic Stability Evaluation of Human Cell-Processed Products” [in Japanese]
(Annex of Notification No. 0627-1 Issued on June 27, 2019, Pharmaceutical and Food Safety Bureau, MHLW)
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Annex of Notification No. 0627-1 Issued on June 27, 2019, MHLW

7. General Considerations for Genomic Stability

“Reduced genetic stability is a potential hazard with respect to tumorigenic risk
because it is presumed to increase the probability of transformed cells through the
increased probability of karyotypic abnormalities and genetic mutations.

Information from FISH and next-generation sequencing should be scientifically
validated for relevance to tumorigenicity and evaluated for appropriateness for use as
a test method, while the sensitivity of detection to genetic changes (type of mutation
and its allele frequency) and the availability of appropriate controls should be
considered as issues.”




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

A. B. Explanatory variable: SNV (in COSMIC Cancer Gene Census or Shibata’s List)
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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"so“s ri":i?::’::gg:n:';z: FBRI, RIKEN N°”'::;"err"tir:i;"\;“sr;f:t'yr:i‘iarCh 2013 2014
Dosraczglnnciiiiccr;ﬁzral AII;}gSeCr;eic Parkinson's disease Kyoto Univ. un dglri:;]c;ﬂpt'\r/ilaDl - 2018 2018
Platelets Aui;?é ous Aplastic anemia Kyoto Univ. Non—::orlr;rrntehr:izll\;l:lisr;::::yriiarch 2018 2019
Corneal epithelial cells All;gsecr;eic L ::fi‘tahueslti;::tem cel Osaka Univ. Non—::orlr;rrntehr:i::\;l:lisr:fc::yriiarch 2019 2019
Hepatocytes (A Ilcf;::eic) Congenital urea cycle disorder NCCHD un dglri:;]c;ﬂpt'\r/ilaDl - 2019 2019
Cardiomyocytes AII;}gSeCr;eic Ischemic cardiomyopathy Osaka Univ. un dglri:;]c;ﬂpt'\r/ilaDl - 2019 2020
Neural progenitor cells A";ii:eic Subacute spinal cord injury Keio Univ. etc. Non—::orlr;rrntehr:i::\;l:lisr:fc::yriiarch 2019 2021
Retinal photoreceptor cells All;gsecr;eic Retinitis pigmentosa Kobe City Eye Hospital Non—::orlr;rrntehr:i::\;l:lisr:fc::yriiarch 2020 2020
Cartilage All;gsecr;eic Knee articular cartilage injury Kyoto Univ. Non—::orlr;rrntehr:i::\;l:lisr:fc::yriiarch 2020 (2021)**
Retinal pigment epithelial cells AII;gSeCr;eic RetinaIi:;ﬁ;:;?:nizithe"al Kobe City Eye Hospital Non—::(;nerrntehr:izll\;l:lisr;::::yr:sciarch 2021 2021
'""azi:;':s‘:':;dc;ﬁi';f/c':'; cels A"i‘;gsecrleic Ovarian cancer Kyoto Univ., NCRI . dgf::j';&;' et 2021 2021
Platelets A"i‘;gsecr;eic Thrombocytopenia Megakaryon, Kyoto Univ., CiRA-F . dgf::jlpt'\j;' et 2021 2022
Corneal endothelial cells Allic;gsecr;eic Bullous keratopathy Keio Univ. Non—::grrntehr:i::\;l:lisr::::yris;arch 2021 2023
Cardiomyocytes AII;)gSeCr;eic Ischemic Cardiomyopathy Heartseed, Novo Nordisk undgri:::IPt'\r/:aDl Act 2021 2023




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

Target Disease

Institution(s)

Type of Clinical Trial

IMP Approval

FIH Trial

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

transplant/

. . . Autologous Exudative age-related Non-commercial clinical research
fEC G L IC AL iPSCs macular degeneration FBRI, RIKEN under the RM Safety Act 2013
Jiement epithelial cells Allogeneic Exudative age-related Kobe City Medical Center, Non-commerecial clinical research 2017
_ 8 P iPSCs macular degeneration Osaka Univ., Kyoto Univ., RIKEN under the RM Safety Act
‘paminergic neural Allogeneic . - . Clinical trial
~ progenitor cells iPSCs Parkinson's disease Kyoto Univ. under the PMD Act 2018
Autologous . . . Non-commercial clinical research
Platelet: Aplast Kyoto Uniw. 2018
atelets iPSCs plastic anemia et el under the RM Safety Act
Allogeneic Corneal epithelial stem cell . Non-commerecial clinical research
Osaka Univ. 2019
iPSCs exhaustion saka univ. under the RM Safety Act
ESCs . . Clinical trial
i) Congenital urea cycle disorder NCCHD under the PMD Act 2019
. Allogeneic . . . Clinical trial
ardiomyocytes iPSCs Ischemic cardiomyopathy Osaka Univ. under the PMD Act 2019
https://nd.natureasia.com/f . Allogeneic ) . X i Non-commercial clinical research
Neural progenitor cells . Subacute spinal cord inju Keio Univ. etc. 2019
igure/4438/56992/phone/1 e iPSCs . — under the RM Safety Act
. Allogeneic e . . . Non-commercial clinical research
Retinal phot t 1l Retiniti t Kobe City Eye H tal 2020
etinal photoreceptor cells iPSCs etinitis pigmentosa obe City Eye Hospita under the RM Safety Act
Allogeneic Recurrent or advanced head X . Clinical trial
LLarEElD iPSCs and neck cancer =B GILES under the PMD Act 2020
. Allogeneic . . nq . Non-commercial clinical research
Cartilage iPSCs Knee articular cartilage injury Kyoto Univ. under the RM Safety Act 2020
. . . Allogeneic Retinal pigment epithelial . . Non-commercial clinical research
| igment epithelial cells iPSCs insufficiency Kobe City Eye Hospital under the RM Safety Act 2021
mphoid Cells/NK cells| Allogeneic . . Clinical trial
ressing GPC3-CAR iPSCs Ovarian cancer Kyoto Univ., NCRI under the PMD Act 2021
Allogeneic . . . Clinical trial
Platelets . Thrombocytopenia Megakaryon, Kyoto Univ., CiRA-F 2021 .
iPSCs . E—— U under the PMD Act https://www.sankei.com/ar
. All i . ) Non- ial clinical h icle/ -
eal endothelial cells .ogenelc Bullous keratopathy Keio Univ. on-commercial clinical researc 2021 2023 ticle/20200521
iPSCs under the RM Safety Act B5I5HI55EBIEXMQSAVIKYLX
hitps://english.kyodonews. Cardiomyocytes AII.ogenelc Ischemic Cardiomyopathy Heartseed, Novo Nordisk Clinical trial 2021 2023 QVY/photo/UDRYD4AHVFJP
net/news/2020/01/47albal iPSCs under the PMD Act

f19f1-japan-researchers-
conduct-worlds-1st-

transplant-of-ips-heart-
muscles.html

DHGFB54X275B2Q/

T 1 11

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/

Conclusions 1

One of the safety and quality risks of iPS cell-derived products is their tumorigenicity. However,
methods for evaluating the tumorigenicity of cell therapy products (CTP), including iPS cell-derived

products, are not sufficiently developed/characterized.
We have developed a number of /n vitro and /n vivo methods for evaluating tumorigenicity.

By drafting and publishing guidelines on the performance and limitations of these tests, we have
contributed to the facilitation of clinical applications of iPS cell-derived products in Japan.

Validation of these test methods is currently underway with domestic and global stakeholders,
which would contribute to the standardization and regulatory harmonization of the test methods in
the future.

iPSHIfdHRRMOET LM - MEEDOYRI7E LT, HmDEERENFH S, LA L., irsHifarhsk
NmeallliaENm (cTp) DEEFEHEEI TS ICEBHEI N TV EEA,

B4 lx. #Z < DinvitroX |Ein vivoDiEEB M EZRAFE L T £ L 1=
CNODHRAEBEDOHEHEEBRFBICOVWTOHA R FA 2 %RNE - BB T 52 & T, H4IIEAXRICHIT5ipsHlifdH
KEmOREICHEBLTZE XL,

RE. BRIADRT— I RN A= HRTIN O DEHBREDNY T—a D EHONTEHY ., [FROHRE
DIZHE(L - MFEAMICER TS EDBFINTLE T,




Major Challenges in Regulatory Science of Cell Therapy Products

What should be evaluated?

1. Viral safety (allogeneic vs. autologous) Safety & eligibility
2. Characteristics and eligibility of cells to be used as raw materials ~  of raw materials
3. Eligibility of ancillary materials of human or animal origin, other than cell substrates
4. Establishment and management of cell banks as cell substrates - i
5. Manufacturing strategy and process validation to achieve reproducibility of the final product quality Ensuring
6. Characterization of cells as active ingredients of the final product - Z?it?:?ilrlgl
7. ldentification and specification of critical quality attributes of the final product (QC of the final product) oroduct
8. Comparability in the quality of products subject to changes in their manufacturing process/cell banks ]

. Design and Interpretation of non-clinical satety studies and non-clinical proof-of-concept studies |
10. Design and interpretation of tumorigenicity studies (especially for ESC/iPSC-derived products) Prediction of safety
11. Immunogenicity of the final product - & efficacy in the
12. Biodistribution of administered cells in vivo and their behavior at the engraftment site _ non-clinical phase
13. Design and interpretation of clinical trials =
14. Efficacy and safety follow-up — Clinical Evaluation




AGENDA (2)

. What is Comparability? — An Essential Requirement for Quality
when Changing the Manufacturing Process of Cell Therapy
Products —

CQA Mining — A New Approach for Stem Cell
Pharmacotaxonomy —

MHLW Guideline for Comparability of Human Cell-Processed
Products Subject to Changes in Their Manufacturing Process




Comparability B &h

An essential requirement for quality when changing the
manufacturing process of cell therapy products



Essential requirement for changes in the manufacturing process of biological

products, including CTPs
HRENIHEEZECNMFTEERSRFORETREROERRONLAEY

»  The changes in the manufacturing process should not adversely affect the product safety and

efficacy.

— It is reasonable and effective to judge the pros and cons of changing the manufacturing method by
evaluating changes in the quality attributes of the product before and after the change.

— The need for confirmation in non-clinical and clinical trials is also determined by
Comparable?

the content of the quality attribute evaluation.

> HETRICE O THEKEILERDLR e EEDEICHEEEREEZRIEITENGTNE
— BETEDRIEE. ZHRRAZOHEAGDMERFEDEREZFEMI S EICLYEHIERT 2 ENSIERMH
DENERA,
— FERRIREAER -ERPRERBRIC L AR B EM S . MBI D D NI R E TH B,
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“Comparable”
[ RISF-REH ]

» A conclusion that products have highly similar quality attributes before and
after manufacturing process changes and that no adverse impact on the
safety or efficacy, including immunogenicity, of the drug product occurred.
This conclusion can be based on an analysis of product quality attributes. In
some cases, nonclinical or clinical data might contribute to the conclusion.

=) ICH Q5E

> HEIRZEEIROESAGRBERFEICELVTEELEZEL., #FAD
REREZSULLE. HOAWVIIFEIEICETEEENELTLVENNE
LV, T . RGO REREO D ITICEDTHERTESLZENZ LN,
JEER RS ER CERIREA R D T — 2 ET OV ENHLHEELH 5.
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Basic Approach for Assessing Comparability Before and After

Manufacturing Process Change (= ICH Q5E)
BEFEFRETORSES -AEMHOEMOELRMERS

1.

Attempt to assess and assure the comparability, based on the analysis results of quality attributes
of the product before and after the process change.

When the quality attributes of the product before and after the manufacturing process change
appear to be changed, and the comparability cannot be fully explained, due to reasons such as the
relationship between the quality attributes and safety/efficacy not being fully understood, consider
the comparability assessment with the results of non-clinical or clinical trials.

EERRROHARDOREFEDTIER TEHE-RILT 527l A5,

ANETREZHAERORMOMERFECEIENROHON, Ff- & £¢%1$&§é1$&0;ﬁ§ﬂ1$t
DEYRN 5 liﬁqzﬁﬂé‘hfl,\f&b\ﬁ& DEHIZLY, RFEENTRIERBATERWMGEIZIE, JE
R REER D S LI ER R ER D IR ZE A S HhE TEHET 4,
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Cell Therapy Products are Complex
MARR N T8 & (TR 3

Limited Characterization Window
(Recognizable Quality Attributes)

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

--*which creates UNCERTAINTY in the comparability assessment
(B O ge) mBEHRM T —20H TRIFMHZEF M -RILT 5 EIFH LWLV EFEINSD
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Challenges in exploring and evaluating CQAs
CQA’E?%?% - Eﬂ”ﬂﬁj’é[‘%d)ﬁ%ﬁ Test methods for

viral safety, sterility, and

-

.

tumorigenicity

» Safety-related CQAs (characteristics and quantity of hazards)
Can you detect hazards and hazardous impurities that may have proliferative potential?
Do you understand the sensitivity of your assays?

= How can you avoid false negatives (and false positives)? )

» Efficacy-related CQAs
How do you identify attributes linked to cellular functions that A LRI MO mE
... It’s very difficult for products with unclear mechani ﬁﬂﬁ%'ﬁ@%ﬂzﬁﬁlﬁ%

> BREMUBEEDCQAUNTF—KDEELE)
HEIEREZF R /N —R - HER YT RN E<IBEHTETCLAN ? AIEEDREZXBELTLNSAMN?
=fAiEt (& ABTHE) o [

> BAINTEREDCA
BEEEM T HMREMEEE)IL-MREFIEZONICRIET S HRYETLH) A1 ?
- EAREARETEVEADBESIE, ETHHLL
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EXAMPLE

Sato Y, et al., Cytotherapy. 2019;21:1095-1111.

Limits of Detection (LODs) or Minimal Tumor Producing Doses

(TPD

min)

of Tumorigenic Cell Detection Tests
EESEHABRAHREBROBREERLODS)F-IEH/NES 4 B E(TPDmin)

Transformed Cells in Normal Cells

1

: S 0.1
L »
£
ch 0.01
o g
P =
S = 0.001
oS
S s
= 0.0001
0.00001

B1

B2
Test Method

C1

A) TPD.., of in vivo tumorigenicity test (HeLa cells/hMSC, s.c. into NOG mice)
B1) LOD of cell immortalization assay (immortalized hMSCs/hMSCs)

B2) LOD of cell immortalization assay (HelLa cells/hMSCs )

C1) LOD of conventional soft agar colony formation assay (HeLa cells/hMSCs)
C2) LOD of digital soft agar colony formation assay (HelLa cells/hMSCs)

hiPSCs in Normal Cells

1
@
é g 0.1 2 .
-
aa 001 @
5 §
O
o £ e
S o001 o o
0.0001
Al A2 B C1 Cc2 D E
Test Method

A1) TPD.., of in vivo tumorigenicity test (hiPSCs/hRPE cells, s.c. into NOG mice)
A2) TPDi, of in vivo tumorigenicity test (hiPSCs/hNDF, s.c. into NOG mice)

B) LOD of flow cytometry (hiPSCs/hRPE cells)

C1) LOD of conventional qRT-PCR (hiPSCs/hRPE cells)

C2) LOD of droplet digital RT-PCR (hiPSCs/human cardiomyocytes)

D) LOD of highly efficient culture assay (hiPSCs/hMSCs)

E) LOD of GlycoStem-HP method (hiPSCs/HEK293 cells).
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Challenges in exploring and evaluating CQAs
CQAZIRFE -5l T AR DFE

» Safety-related CQAs (characteristics and quantity of hazards)
Can you detect hazards and hazardous impurities that may have proliferative potential?
Do you understand the sensitivity of your assays?

= How can you avoid false negatives (and false positives)?

4 » Efficacy-related CQAs
How do you identify attributes linked to cellular functions that support efficacy?
... It’s very difficult for products with unclear mechanisms of action.

.

> BREMUBEEDCQAUNTF—KODEELE)
EIEREF R /N —R - HER YT RN E<BEHTETCLAN ? AIEEDREZXEELTLNSEIMN?
=& (& EFHE) DB 5

> ANHEEZEDCIA
BREEEM T HMREMEEE)IL-MREFIEZONICRIET S HREYETLH) A ?
- EAREAAETLEVEADBESIE, ETHHLL
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Cell Therapy Products are Complex
MARR N T8 & (TR 3

Limited Characterization Window
‘ Efficacy

(Recognizable Quality Attributes)

The mode of action (MOA) is
unclear in many cases.

!

Need for understanding MOA and
CQAs related to the efficacy

or in vitro potency.

V

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

Need for a tool for uncovering hidden CQAs 67
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CQA Mining — A New Approach for Stem Cell
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MHLW Guideline for Comparability of Human Cell-Processed
Products Subject to Changes in Their Manufacturing Process




CQA Mining

A New Approach for Stem Cell Pharmacotaxonomy



The Starting Point for Pharmacology

EXAMPLE: Isolation of Morphine

Opium, arguably the oldest herbal drug in
human history, has always been in the
spotlight throughout history as the only
medicine that relieves pain and induces sleep.

In 1806, a German pharmacist Friedrich

Sertiirner (ZY)—K)E-E€ILF2I)LF—)

succeeded in the isolation of

morphine from opium.

= The starting point for their pharmacology
(and toxicology)

https://ja.wikipedia.org/wiki/%E3%82%A2 https://en.wikipedia.org/wiki/Friedrich Se
%E3%83%98%E3%83%B3 rt%C3%BCrner



https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%98%E3%83%B3
https://ja.wikipedia.org/wiki/%E3%82%A2%E3%83%98%E3%83%B3
https://en.wikipedia.org/wiki/Friedrich_Sert%C3%BCrner
https://en.wikipedia.org/wiki/Friedrich_Sert%C3%BCrner

At what stage is “regenerative medicine” as an academic field now?
FHRELTHDIBEEZRIISEDEBIZHLI DI ?

Crude Pharmaceutics = => Separation Science/Analytical Chemistry=> = Modern Pharmacology

ﬁ composed of diverse chemicals

= Cell Therapy Products 2 2 2 2> 2> 2> 2> ? ?2 ?2 2 =2 =2 - 2 = = Science on their MOA

ﬁ composed of complex and diverse cells

Science to understand
the heterogeneity of
cells and cell populations

J

TEZ 1 TR F /SR 1 ZR TR ERINEET ) AL

i SHRTEFMEOREHR

=THRMIE R HDS (22?2148 T BEEFXITARNIEHmOEE B

B SRR
DEEE

i -MRRKEAOFHHEKEZ
BRITL5-HOEF




Need for technology to understand heterogeneity
FEEEZEE T H=HOEMNANE

For example, even when there are a total of 1 million cells, only 10,000 of them
may be effective.

“Visualization” of such heterogeneity and characterization of those 10,000 cells
would make identifying CQAs related to efficacy easier.

BlZ X, BHREA1008EH>TH, TOIEENEETHIETLIOIT1IAELMMEILENSFED
HYs35,

COEIGFAEMEIRZLLITEHILET. ED1HEOHBNED LG FEZFODONMEHS
MZINIE, BECEETICA(EERERTE)ZHRELLTLSH (- LEFTED)

2



EXAMPLE

Stem Cells Translational Medicine, 2023, 12, 379-390
https://doi.org/10.1093/stcltm/szad029
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Original Research OXFORD

Single-Cell RNA-Seq Reveals LRRC75A-Expressing Cell
Population Involved in VEGF Secretion of Multipotent
Mesenchymal Stromal/Stem Cells Under Ischemia
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T CD8+ T cells cell-cycle arrest (IDO)

1 T-cell activation (ADO)

T Th1 cell-death (Galectin-9)

1 Activation of CD4+ T-cells (PD-L1, PD-L2)

t T-cells apoptosis (Fas/FasL)

1 CD4+ T-cells production (IDO)

! CD8+ T-cells production (IDO)

L T cell proliferation (TGF-B, HGF, Galectin-1)
1 Th17 differentiation (IDO, CCL2)

L Th1 (CCL2)

T Treg differentiation (IDO, Jagged-1/Notch-1)
T Treg proliferation (PGE2, HO-1)

T CD4+CD25highFOXP3+ Treg cells (HLA-G)

/’
T cells )

T Th2 proliferation (HGF, HLA-G)
. J

(Cytokines

T Expression of anti-inflammatory cytokines

(PGE2)

T Inhibition of pro-inflammatory cytokines

(PGE2)

T Downregulation of MMPs production (IL-10,
TSG-6)

-

< /

7
B cells

1 B cell proliferation (Galectin-9,

PD-L1)

1 B cell activity (Galectin-9)

T Regulatory CD23+CD43+ B-cells

(IL-10)

Dendritic cells

T DC capacity to induce

CD4+CD25+Foxp3+ Tregs (IDO)

1 Differentiation and function

(IL-10, PGE2, HLA-G, Galectin-1)

T Breg IL-10 producing promotion
(IL-1Ra)
o

J Neutrophils
\ 1 Recruitment (TSG-6,
Galectin-1)
Immunomodulatory
effects NK cells

= N

Macrophages

T M1 to M2 polarization (IDO, PGE2,
TGF-B, IL-10, IL-1Ra, CCL2, CXCL12)
T Monocyte IL-10 production (HGF)
T Production of anti-inflammatory
cytokines (IL-10)

! Cytokine production (IDO)

1 Proliferation and function (IDO,
TGF-B, HLA-G, ADO)

1 IFN-y production (PGE2)

1 Migration (CCL2)

T CD-73+ NK cells (ADO)

reduced
bacterial growth

/

Anti-microbial effects

Bacterial stimulation of

* "'ﬁMSCsﬁ

Increased upregulation of
LL-37
Upregulation of hBD-1, hBD-2, hBD-3,
Len2, LL-37
<

Increased neutrophil
activity

J

Mitotic

(HGF, FGF-2, IL-10, osteoprotegerin, Adrenomedullin,
IGF)

T Collagen Il and aggrecan expression in chondrocytes (FGF-2)

T epithelial cell proliferation (IGF-1)

T endothelial cell proliferation (FGF-2, adrenomedullin)
! osteoclastogenesis (IL-10, osteoprotegerin)

T proteoglycan synthesis in chondrocytes (HGF)

1 ADAMTS4 and ADAMTSS in cartilage (FGF-2)

Trophic effects

\“/
MSC

Anti-scarring

(IGF-1, miR-21-5p, HGF, PGE2, STC1,
MIP-1a, MIP-1b, TIMP1, CCL2, CXCL12,
Adrenomedullin)

T M2 polarization (CCL2)

fibrosis prevention (HGF, PGE2)

L levels of profibrotic TNF-a, TGF-B (HGF, PGE2, IGF-1)

L fibroblast proliferation (STC1)

{ collagen expression (HGF, IGF-1)

1 M2 polarization (miR-21-5p)

T Communication between epithelial cells (STC1)

T macrophages and endothelial lineage cells recruitment
(MIP-1a, MIP-1b)

1 expression of MMP-2 (Adrenomedullin)

Anti-apoptotic

(HGF, FGF-2, STC1, TIMP2, IGF-1, Ang]1,
SFRP1, VEGF, FGF-1)

/ 1 rate of apoptosis after irradiation (HGF)

cytoprotection (HGF)
antioxidative abilities (STC1, TIMP2)

T expression of Bcl-2 (TIMP2, VEGF, FGF-1, FGF-2)

4 expression of Bax and pro-caspase-9 (TIMP2)

 loss of cartilage ECM (IGF-1)

T autocrine cell viability (IGF-1, FGF-2, Ang1)

1 Wnt- mediated apoptosis (SFRP1)

1 aggecanase activity (FGF-2)

\

Angiogenic

VEGF, FGF-2, HGF, STC1,

renomedullin, TIMP2, ANG1, Sfrp1,

Sfrp2, IGF-1, PIGF, IL-1B)

T vascular density and blood flow (VEGF)

t vascular regeneration (HGF)

T S1PR1 mRNA expression (HGF)

T levels of HGF, VEGF-A, ANG1 (FGF-2)

T levels of FGF-2 (IL-1B)

T endothelial cells differentiation into blood vessels through
SDF1 and PAI-1 (Sfrp2)

T re-endothelialization via upregulation of VEGF (STC-1)
T epidermal and dermal regeneration (CCL2)
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Design of an experimental condition mimicking the
environment of the engraftment site

Ischemic Tissue

Angi ic Fact A
T

Py )
b & o >~%-—

‘ Angiogenesis
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Design of an experimental condition mimicking the

environment of the engraftment site
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Single-Cell Transcriptome Experiments

BM-MSCs under normoxia
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The data from the 11 lots of BM-MSCs were
combined and subjected to clustering analysis
to determine the composition of the subsets of

“average BM-MSCs” (BM-MSCs as a population).
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Single-Cell Transcriptome Experiments
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Single-Cell Transcriptome Experiments
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Functional involvement of LRRC75A
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Scienct HYPOTHESIS

The expression of LRRC75A in CL3 regulates the
VEGF secretion from hMSCs under ischemia.
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ldentification of CL3-like cells in another set of BM-MSCs
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The test set data were merged using
FindTransferAnchors function with the reference
set and identified a CL3-like population.
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ldentification of CL3-like cells in another set of BM-MSCs
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CL3-like cells in adipose-derived MSCs (AD-MSCs)
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CL3-like cells in adipose-derived MSCs (AD-MSCs)
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CL3-like cells in umbilical cord-derived MSCs (UC-MSCs)
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1.2 Background

-
e

--- The existing ICH documents and relevant domestic
laws and regulations have not specifically addressed
considerations for demonstrating comparability of human
cell-processed products before and after a change to the
manufacturing process. However, several ICH documents
and relevant domestic laws and regulations have provided
referential technical information that can also be useful for
assessing process changes for human cell-processed
product. (Representative examples are shown in the
“References” section of this document.) This document is
intended to provide the guidelines necessary to take an

approach in terms of quality characterization to

demonstrate the comparability of human cell-processed

products before and after a change to the manufacturing

process, mainly based on the ICH Q5E guideline

“Comparability of Biotechnological/Biological Products

Subject to Changes in Their Manufacturing Process.”
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1.4.2 Basic Concepts for Comparability
Exercise of Human Cell-Processed Products

(excerpts)

“Unlike low-molecular-weight pharmaceuticals and
biotechnological products subject to ICH Q5E, for human
cell-processed products, there are significant difficulties
in comprehensively analyzing and presenting the quality
attributes of cells as the active ingredient at a molecular
level, whereas it is important to examine the
heterogeneity of cell population, phenotypical changes
attributable to the surrounding environment (e.g.,
differentiation and dedifferentiation), and cellular
responses to the surrounding environment (e.g., release
of bioactive substances).

Therefore, even if all quality attributes measurable with
current technology are listed for human cell-processed
products, it may not always be assured that all critical
quality attributes necessary to fully assure the
comparability of efficacy and safety have been
completely covered and identified. -




Conclusions 2

Because of the complexity and heterogeneity of the cells as the active ingredient of cell therapy
products (CTPs), even if we list all of the quality attributes that we can recognize, it may not be

possible to fully identify and encompass all of the CQAs necessary to assure the efficacy and safety
of the CTPs after their manufacturing changes.

Avoidance of false negatives is critical in the evaluation of safety-related CQAs, and it is
important to understand the sensitivity and specificity of the test methods.

Identification of cell subpopulations and biomarkers that correlate with potency/efficacy
through single-cell transcriptome analysis and other methods, and use of these as CQAs, will
help establish manufacturing methods to reproducibly produce effective CTPs.

In Japan, the guideline document for the comparability assessment of CTPs subject to changes
in their manufacturing process, which is based on ICH Q5E, has just been issued.

i e EE M (CTP) OB D TH HMMIIFEM TTIIETH L7, FAL O 52mEFEEZINTIELI-E L TH,
BEZERDCTPOBENEE LR ERIAET 7O ICKHERCOQAZ T NTHE - BB TSI IETELWLWAIREDL D S,

ZEUREEDCQADFEMICE L TIXAEREDOEBIFREERETHY ., AREOREVCIEEEZIBIET S LPEETH S,
VTN PSRV T P=L@BIREBEICEY ., Al EMEEERTAHREERA NI F—I—%REL.
INHL%ZECQALT B2 LI, B AEERZBRESCHET IHEDHEILICKEIIDEEZZIONS,
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