School of mes
Health

Innovation KISTEC The 24th JSRM Congress
March 22, 2025, Yokohama

¢

C o
%’( CReM TONOHANE

DURDHL20 BEMREREZEBERODEREEICHE TA-HITRELIA (BB DEE )

Ensuring Developer Access to Quality Testing Methods and Related

Information for Cell Therapy Products

FH RN T8 D & B I i OB EIFERA DT 7 A D HER

Yoji SATO, Ph.D.

Head, Division of Drugs, National Institute of Health Sciences
Visiting Professor, School of Health Innovation, Kanagawa University of Human Services

Adjunct Research Scientist, Kanagawa Institute of Industrial Science and Technology



DISCLAMER

il A hn T 24 & D & B S 5 i AO BE B
ADTIEADHER

1E& b8
EEERBRELEHAERN
T O I
< AR nB

FERERAX.BR1FERMOA~122R) IZENT, KEED
ERICEAL THRTRIARSCOlUEHYFEE A

AERTHERONERFE-BEREIERBFOLOTHY. &7
LAELERMEMBEERERITEEEFTBED ARG
At OR\BERTIOTEDYFE A,

Ensuring Developer Access to Quality Testing
Methods and Related Information for Cell-
Processed Products

Yoji Sato, Ph.D.,
Division of Drugs,
National Institute of Health Sciences

For the past year (January-December), the speaker has no COI
to disclose for this presentation

The views and opinions expressed in this presentation are
those of the presenter and do not necessarily represent official
policy or position of the National Institute of Health Sciences,
or the Ministry of Health, Labour & Welfare.




Challenges for the Industrialization of 7
Cell Therapy Products (CTPs)

Without knowing the attributes of the cells as the major

FRH THAMBED MERFEZ ST,

ingredient, it is impossible to know what should be
monitored and controlled for the Q/E/S!

Az - BT RNEN TN !
> FAEETeH > Efficacy and Safety of CTPs
> HiEEELEOBEREDE-HDLEDHYH » Quality for ensuring their Efficacy and Safety
> [ﬂﬁmﬁmtm ;ﬂ*ﬁ&ﬁ-ﬁm@ﬁ} g [ ity Attrates | rocedures for Ehelr }
> WYUK -REEICHEICELE T FEE - > Manufacturing Process Design,

B -8t Mechanization and Automation based on
their Specifications and Test Procedures

> EMAORECLI-HETE-#W-88E Improved productivity through flexible and

ICKDEEMERLE robust processes, mechanization, and
. automation of cell manufacturing
> HEEMEREICESIHHONRRAL-REDFF
SR RETERE (R » Improving their profitability and ensuring

the sustainability of the product distribution
by improving their productivity



Unique Features of Cell Therapy Products

Variability in quality between lots of a Variability in traits between individual cells
finished product and between lots of its in a finished product and its starting
starting material/intermediate product material/intermediate product

REEMHOOyEWEREE. PEESOOVvE D R SR OE % OD%EHEGJFHEI‘@JE*S}/ Fh S
mEDIELDZE P OELKDOHMBEOBOBEDIESDE
“Heterogeniety” “Inhomogeniety”
of the Product and its Raw Materials of Cell Populations
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Challenges for the Industrialization of B
Cell Therapy Products (CTPs) @g

Ilﬂzﬁa\’éﬁéiﬁﬂlﬂﬂd) E:.Eﬁ'lﬁ’&%ﬂ E)fdtl/\& Without knowing the attributes of the cells as the major

ingredient, it is impossible to achieve flexible and robust

iﬁkf‘ﬁﬁ &LT= QEIE ‘i{’ﬁ’htﬁ Ly ! manufacturing processes!

> AMEETEH » Efficacy and Safety of CTPs
> HHEEEZLEOEED-HDOLEOHYH » Quality for ensuring their Efficacy and Safety

Specifications and Test Procedures for their J

> | mEZTHERTH-HD RIEERTE - FHEEN } g [ Quality Attributes
> IR -BREREICH EDICERLE T FBEE - > Manufacturing Process Design, ‘ l

E-BEht Mechanization and Automation| }ed on
their Specifications and Test P es

> = 2 cLiz LiZ-wmic-B81E [ 5 Improved productivity through flexible and

2K = robust processes, mechanization, and
automation of cell manufacturing

> HSEMRLEICESHAOPRERA L FEDE

il EETERELR » Improving their profitability and ensuring
the sustainability of the product distribution

by improving their productivity




Essential Requirement for Changes in the Manufacturing Process of
Biological Products, including CTPs

HENIMAREZSONMATEERFORETEOERE
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»  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.
mF-RA?
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Cell Therapy Products are Complex

FHREAN0 T8 G (48

Limited Characterization Window
(Recognizable Quality Attributes)

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

--*which creates UNCERTAINTY in the comparability assessment
(BRI R EFET —2DH TRIFMZFM-RET S EIFH LWV ETFEINSD



Challenges in Exploring and Evaluating Critical Quality

AttribUteS (CQAS) Test methods for
EELBERMHE (cQr) X R%E Tl I 5D ERE viral safety, sterility, and

e 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)? Y,
» Efficacy-related CQAs
How do you identify attributes linked to cellular functions that o JL R Z2 4 D 1
... It’s very difficult for products with unclear mechani & pEE M ) SR T 75 i

> REMEEDCOAUNTF—FNDEHLE)
BHEREZ R /\ T —R - BETHYERNLGIBRETETCWAN ? AIEZDOXREZXEELTLNSEIMN?
=& bEtE (& A5 1) D [EE

> HAAEEEDCOA
AittE R HMAMEEL D LR EE OANCRET S (EY S TE) AN ?
o ERABFELSRARTEVEROEZ S, ETHHLL



Development and Validation of Highly Sensitive Detection Method
for Tumorigenic Cells Intermingled in CTPs

qRT-PCRs w Highly Efficient Culture Assay "

chiPSHia 100 | LINZ8 Apan

Detection of residual
ES/IPS cells
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‘ LOD: 0.001% iPSC in MSCs I
Digital Soft Agar Colony In Vivo Tumorigenicity Test | i
Formation Assay

Detection of malignant o ER wxzin —
ma sty » BHIERR E E E 16 weeks
transformed cells |

il 0.002%

o | v |

}‘ Nude  4.0%10° 1

Tumor Incldence o)

NOG 132104 25

Y, 38 4] = T T
5 I N —
e e e B ir1z2BasE 78810
Brighr—ﬂdd MitoTracker  Hoechst Cells (Log) h’:’"?;l T.ax10

[ 5,000-fold more sensitive ]

compared with the

LOD 0. 0001% Hela cells !
conventional protocol

in MSCs




MHLW Guidance Document

“Points to consider for the detection of undifferentiated pluripotent stem cells and transformed cells,
tumorigenicity testing, and genetic stability evaluation of human-derived cell processed products”
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Best Practices for the Development | = = e X
of PSC-Derived Cellular Therapies | SHEORRREEES
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Currently underway, this initiative will provide recommendations to facilitate and streamline the development of PSC-based cellular therapies regardless of regulatory jurisdiction. It will also provide

detailed guidance at key product development pain points.

English >



Challenges in Exploring and Evaluating Critical Quality

Attributes (CQAs)
EEMERE(cQr) 2% -FHiE 9 HFRDFRE

» 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 support efficacy?
... It’s very difficult for products with unclear mechanisms of action.

> REMEEDCQAUNTF—FDEHELE)

IBIEREZ RI N —F-BETHYPEZRNGBEHTE VSO ? BB ZDOREZEREZLTLDN?

=f B 1% (& P55 1) D [E138¢

> BIMEEEDCOA
AitE R HMAEEL D LR EOANCRET S (EY LS TE) AN ?
o ERABFELSRARTEVEROEZ S, ETHHLL

13




Cell Therapy Products are Complex
FAREIN T8 & (45 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.

N
7~

Limit of Knowledge

Hidden/Unrecognizable
(but Potentially Critical)
Quality Attributes

Need for a tool for uncovering hidden CQAs 14



Need for Technology to Understand Heterogeneity/ Inhomogeneity

FHEE A —EZERITH-OOEMNLE

am

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

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

/ﬁuili‘l LR BEMN100F@H>TH. TOHSLEFENMEHRIETHDIT 1L E Lh\f;L\tL\’)i%é%Q

V3%,
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EXAMPLE (A)

Stem Cells Translational Medicine, 2023, 12, 379-390
https://doi.org/10.1093/stcltm/szad029
Advance access publication 2 June 2023

Original Research OXFORD

Single-Cell RNA-Seq Reveals LRRC75A-Expressing Cell
Population Involved in VEGF Secretion of Multipotent
Mesenchymal Stromal/Stem Cells Under Ischemia

Takumi Miura'?#, Tsukasa Kouno®*, Megumi Takano’', Takuya Kuroda’, Yumiko Yamamoto?,

Shinji Kusakawa', Masaki Suimye Morioka?, Tohru Sugawara?*, Takamasa Hirai’, Satoshi Yasuda’,
Rumi Sawada’, Satoko Matsuyama'®, Hideya Kawaji®¢, Takeya Kasukawa?®'=', Masayoshi ltoh?,
Akifumi Matsuyama®, Jay W. Shin®’, Akihiro Umezawa?, Jun Kawai®*%, Yoji Sato*-1-8%

Division of Cell-Based Therapeutic Products, National Institute of Health Sciences, Kanagawa, Japan

Center for Regenerative Medicine, National Center for Child Health and Development, Tokyo, Japan

*RIKEN Center for Integrative Medical Sciences, Yokohama, Japan

‘Biopharmaceutical and Regenerative Sciences, Graduate School of Medical Life Science, Yokohama City University, Yokohama, Japan
‘Center for Reverse TR, Osaka Habikino Medical Center, Osaka Prefectural Hospital Organization, Osaka, Japan

®Research Center for Genome & Medical Sciences, Tokyo Metropolitan Institute of Medical Science, Tokyo, Japan

'Genomic Institute of Singapore, Agency for Science, Technology and Research, Singapore

®Life Science Technology Project, Kanagawa Institute of Industrial Science and Technology, Kawasaki, Japan

*Department of Cellular and Gene Therapy Products, Graduate School of Pharmaceutical Sciences, Osaka University, Osaka, Japan
‘Corresponding author: Yoji Sato, PhD, Division of Cell-Based Therapeutic Products, National Institute of Health Sciences, 3-25-26 Tonomachi, Kawasaki Ward,
Kawasaki City, Kanagawa 210-9501, Japan. Email: yoji@nihs.go.jp

1Contributed equally.
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T cells

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)
! 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 Th2 proliferation (HGF, HLA-G)

/

Cytokines

T Expression of anti-inflammatory cytokines
(PGE2)

T Inhibition of pro-inflammatory cytokines
(PGE2)

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

\

P

o N 4

B cells Dendritic cells

L B cell proliferation (Galectin-9, T DC capacity to induce

PD-L1) CD4+CD25+Foxp3+ Tregs (IDO)
1 B cell activity (Galectin-9) | Differentiation and function

1 Regulatory CD23+CD43+ B-cells (IL-10, PGE2, HLA-G, Galectin-1)
(IL-10) \ )
T Breg IL-10 producing promotion

' (IL1Ra)

N w’

\

( :
g Neutrophils
1 Recruitment (TSG-6,

' _ / Galectin-1)
[ Immunomodulatory | =

’ /;

| effects " | NKcells

4 Proliferation and function (IDO,

\

TGF-B, HLA-G, ADO)

1 Migration (CCL2)
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)

\

‘/

Increased upregulation of
LL-37

Anti-microbial effects

terial stimulation of

- - g \MSCS
reduced :
Bacteral prowth /—'A Increased neutrophil

activity Mitotic

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

IGF)

! IFN-y production (PGE2)
. T CD-73+ NK cells (ADO)

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)

1 fibroblast proliferation (STC1)

! collagen expression (HGF, IGF-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)

/ { rate of apoptosis after irradiation (HGF)
cytoprotection (HGF)
antioxidative abilities (STC1, TIMP2)

TI‘OphiC effects , expression of Bcl-2 (TIMP2, VEGF, FGF-1, FGF-2)

1 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 STPR1 mRNA expression (HGF)

Upregulation of hBD-1, hBD-2, hBD-3,
Len2, LL-37

T Collagen Il and aggrecan expression in chondrocytes (FGF-2)
T epithelial cell proliferation (IGF-1)
1 endothelial cell proliferation (FGF-2, adrenomedullin)
1 osteoclastogenesis (IL-10, osteoprotegerin)
J T proteoglycan synthesis in chondrocytes (HGF)
/ 1 ADAMTS4 and ADAMTSS in cartilage (FGF-2)

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)

17



https://www.mdpi.com/genes/genes-13-00949/article_deploy/html/images/genes-13-00949-g001.png

Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Secretion of angiogenic factors under conditions that mimic
the environment (ischemia) at the site of implantation

VEGF secretion
under ischemic
conditions

hBM-MSCs (PS#5)
Hypoxia
Glucose-free

(vascular endothelial growth factor)

VEGF

800 =

(2]
o
o
L

400 =

200 =

VEGF under ischemia (pg/mL)

VEGF secretion is highly variable
between cell lots.



Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments

‘ BM-MSCs under normoxia ‘ ( \
Cells ) oo odpsoe
g. )4 v® Beads ;lCells ol @ ; :
j » | ch —> = :3:0::
.é , ® b _r O
._1 &u UMAP 1
BM-MSCs (P5) Single cell libraries Sequencing \ Expression profile Visualization /
(11 lines)

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).
19




Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments

BM-MSCs (P5)

Normoxia o

UMAP 2

0
(" Integration and -

clustering of data
from 11 lots of
human bone marrow-

\_ derived MSCs

CLO
CL1
CL2
CL3
CL4
CLS
CL6
CL7

The population of bone marrow-derived MSCs
was estimated to consist of 8 clusters

—
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The degree to which the “inhomogeneity of

each lot” deviates from the “inhomogeneity of

the population” is visible.




Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

Single-Cell Transcriptome Experiments

BM-MSCs (P5) =
Normoxia
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Miura T et al., Stem Cells Transl Med.
2023;12:379-390.

It is important to ensure this cell

Functional involvement of LRRC7 5 A B e s

angiogenesis and VEGF secretion!

BM-MSCs (P5) — .
Normoxia Top 20 upregulared genes of CL3 | Hidden CQAs
e CLO Cluster 3
10 e CL1
e CL2 Gene name Ave log, FC -
e CL3 E
e &is LRRC7SA 1.0357 2
5 * KRT7 0.8382 ‘ 3
2y KRTI16 0.7902 UE_
- Clorfs 07815 | LRRC75A is functionally | €
RYAB 7 . ]
0 © 0.7696 involved in VEGF - . .
HSPBI1 0.7572 ) o ] EINEN
MTRNR2L12 0.7060 secretion during ischemia. Gt tais 8
S AC092069.1 0.7024 — " B siNegative
-5 ADIRF 0.6712 i
B siLRRC75A#1
LGALS1 0.6573
ID1 0.6525 © 400+
i MT2A 0.6424 £
it - S100A 0.6312 :
Ischemia E 600- AEvaH 631 8 ~ 300-
s comp 0.6132 5 E
5 EIFSA 0.6057 22
S 400+ : S = 200-
3 FLG 0.6049 L
5 SH3BGRL3 0.5970 |
G 2004 > 100 -
i TPM2 0.5859
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0 — 2l
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Normoxia Ischemia




EXAMPLE (B)

Extracellular Vesicles

‘. RNA
. @ Proteins

-

S
) p"‘} W"t“- 8

Chondfbcyte Osteoblast Osteoclast Macrophage FLS

Cartilage Subchondral bone © Synovial
degradation remodeling inflammation

https://www.sciencedirect.com/science/article/pii/S0006295224002090



https://www.sciencedirect.com/science/article/pii/S0006295224002090

Chondrocyte Migration Assay (chemotaxis assay) to Evaluate
the Chemotaxis-promoting Effect of hADSC-derived EVs

ClearView Chemotaxis Assay

1. Coat (migration)
or prime (invasion)
the insert

Prepare membrane
surface for cell
migration or invasion.

Poster # P-07-01

2. Harvest and seed 3. Treat
(migration) or cells
embed (invasion) drug compound
cells

For migration, seed
1000-5000 cells and
allow to settle.

Add modulators of
cell migration
or invasion.

For invasion, embed
cells within matrix
and centrifuge.

4. Add
chemoattractant

Add chemoattractant
or controls to
reservoir plate wells.

+ EVs

https://www.sartorius.com/download/819566/cell-migration-and-invasion-assays-

brochure-data.pdf

5. Place in
IncuCyte®
and walk away

N2
Automatically collect

time-lapse images.

Observe cell
morphology.

Quantify migration
and invasion.


https://www.sartorius.com/download/819566/cell-migration-and-invasion-assays-brochure-data.pdf
https://www.sartorius.com/download/819566/cell-migration-and-invasion-assays-brochure-data.pdf

Effects of EVs derived from human adipose-derived MSCs (hADSCs)
on the migratory activity of human chondrocytes

Poster # P-07-01

Unpublished data
MRMCRREKT — X

EVs derived from human adipose-
derived MSCs (hADSCs) promoted
chondrocyte chemotaxis in a

concentration-dependent manner.




Effects of EVs derived from human adipose-derived MSCs (hADSCs)
on the migratory activity of human chondrocytes

Poster # P-07-01

Unpublished data
MRMCRREKT — X

The area-under-curve (AUC) was
calculated to quantify the migration-
promoting activity (potency) as a single
parameter from the effects of the EVs at
the multiple concentrations.



Single-Cell Transcriptome Experiments

scRNA-seq results for 7 lots of hADSCs

Unpublished data
MRMCRREKT — X

The population of hADSCs was estimated
Poster # P-07-01 to consist of 9 clusters




Functional association between the effect of EVs and the hADSC clusters

It may be important to ensure cells of Cluster F,
if you expect to reproduce the effect of hADSC-

derived EVs on chondrocytes!

Unpublished data
AN RREET — &

The population size of Cluster F correlated
significantly with the migration-promoting
effect of the EVs on human chondrocytes.
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Summary

Because of the complexity and inhomogeneity of the raw materials and active ingredient cells in CTPs, even if all
recognizable quality attributes were listed, it would be impossible to identify and adequately control all of the
quality attributes (CQAs) that are important to ensure reproducibility of product efficacy and safety.

Identifying the “true active cells” of a CTP, identifying hidden CQAs, and understanding the mechanism of action
requires a science to classify and understand the inhomogeneity within a cell population (e.g., subpopulations of
MSCs) based on their potency and efficacy, which may be called “Stem Cell Pharmacotaxonomy.”

This may lead to the acquisition of intellectual property (hew mechanism of action and active ingredients) and
good drug prices (additional breakthrough and usefulness).

In other words, the value of CTPs can be expected to increase, and quality and supply stability/continuity can be
expected.
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“Visualization” of heterogeneity/inhomogeneity and understanding of quality, mechanism
of action, and product value of raw material cells and active ingredient cells
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By sharing raw material or product cells between industry and academia,
companies may be able to use information on functional cell populations and

mechanisms of action obtained in academia to ensure the quality of their CTPs.
-> possibly leading to their product value and flexible cell manufacturing




For more information about the technical assistance/consultation for quality
assessment of cell therapy products by CReM TonoHane’s Quality Assessment Team,
please contact:
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Life Science Technology Project,
Kanagawa Institute of Industrial Science and Technology
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