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MEASURE: T2 4%l

“MEASURE”

Multisite Evaluation Study on Analytical Methods for Non-
clinical Safety Assessment of hUman-derived
REgenerative Medical Products

EEEEE ERE NG O IERE S IO -0 DA AT 5 S RIRIT TR
MEASURE 1 (15]:2016-20194E &), MEASURE 2 (428 : 2020-20224E [£)

“FIRM-CoNCEPT”

Committee for Non-Clinical Safety Evaluation of
Pluripotent Stem Cell-derived Therapeutic Products,
Forum for Innovative Regenerative Medicine
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MEASURE1 TOWHERER

Cytotherapy, 20195 21: 1095—1111 Tt O] SOCiEty | [ —
® | 1§£Tl“;’an TOPICS | B4 EH2019;18:328-337. |

cccccccc

REVIEW I Cytotherapy 2019;21:1095-1111. I l'n%\gé'fii%%ffggiﬁgg)%%fggfiﬂiagi I Regenerative Therapy 2021;18:202-216. I

Tumorigenicity assessment of cell therapy products: The need for global | | points 1o Consider for the Quality/Nonclinical Assessment of Tumorigenicity in Call
consensus and points to consider Therapy Products Derived from Human Induced Pluripotent Stem Cells

EEMAY, EBREY, SEAEY, WEH FY TLUEFY BHERT
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! RSN Y, EE BE. D EE

" I ,mINﬁ T. MACLACHLAN’, J.W. MCBLANE'?,
L. PEREIRA MOURIES'!, M. SHARPE’, W. SHINGLETON’Z‘ B. SURMACZ-CORDLE7,
K. YAMAMOTO"’ & J.W. VAN DER LAAN""*

Contents lists available at Sci

International Society

. CYTOTHERAPY [{i%:

FULL-LENGTH ARTICLE 1& ' — %
I EE G EREBBELF21S5r/—H1T2X 2020;51:256-262. | Regulatory Plices I Cytotherapy 2021;23:176-183. | TDOHIZ
. e Multisite studies for validation and improvement of a highly efficient ()] *ﬁﬁ Eﬁﬁ I:I:I 0) Eﬁx 5 U
E b SRESHREROBEERNAMRICETS culture assay for detection of undifferentiated human pluripotent stem "% . s o
. . . : — LN
EEENIECET 2EEXR=EOESDRR cells intermingled in cell therapy products (%ﬁﬁlfl\ljj- 3 /ﬁ%)
Takeshi Watanabe !>, Satoshi Yasuda®, Shinji Kusakawa®, Takuya Kuroda®, k )
T BRE” B B SE LAY £YEEY 8 s Mayumi Futamura®*, Mitsuhide Ogawa®®, Hidemi Mochizuki*®, Eri Kikkawa™’,
) Hatsue Furukawa®®, Masato Nagaoka®®, Yoji Sato®
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BETSRDEiPSHIf DR E

In Vitro Assays In Vivo Assay

Assays/ Flow cytometry gqRT-PCR Droplet Digital Highly Efficient Tumorigenicity Test
Platform PCR Culture Assay -
NOG mice
- Subcutaneous transplantation

iPS cells

17-30 weeks

_I_ f;j’, *D #_ I ) > D!rect evaluatlonlln micro er-1V|ron.rr.1ent (expected clinical u.se site) |
High cost, Long time, Especial facility, Low through put, Histopathological

iPS cells iPS cells iPS cells

TILE()—F—)

- 1] 382 \ | —_ ) —_ evaluation to confirm tumor origin from whether residual undifferentiated
\‘\ZZT7Z%§< E ZF/ \’th J-l‘j‘- [ 9:"2/9 iPS cells or transformed cells
NIV —FE 53— B/ \(1)R to detect 1000 hiPS cells in 2.5/105 hRPE with 50% probability

95‘)777—?"1'41‘/;( %ﬁ E 2F$4$ g Kanemura et al., Sci Rep. 2013; Kawamata et al., J Clin Med. 2015
DIMSERFEWRFr KERFRHEEE MEASURET SR fas
EMLZEHaBRtE 22— APS\(F SRR R
BI04 L HEEMRIXE
iHeart Japan ENERGARmEERRAN
1) —F [)—5—LITFIEARRH]
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A
44

BTERSEIPSHIRRD in vivotE HiED 2 e s T BERREL

in vitrofRER RED RE LLER D T=6 - -
ZZ -t Tinvivo KE&T
RUVERETERLYS
BE7Oka—)L

AERDIEAET O MI—) :

* Purpose: Confirm test procedures in 4 studies at 4 sites (CROs)
£ R S M TR T A E NPSHERE ]

*Animal: NOG mouse Tk FILEROCKIERIFE T ISR HE T 555

e Dose:

e Group size:

. Dosing: Unpublished Data

e Study duration:

e Parameters:




1. \BIER{ELIPSHIRD in vivokk

AFERDIER :

=D % i 1 RERREL

Tumor incidence in male (upper) and female (lower)

A B

C D

Unpublished Data
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1. iBERSEIPSHIFA®D in vivota 135D 2 e R TE BERRELE

SRS E 5N i

AR TEBNIZTPD ME(L. ML H15~100 (#70.0015~0.01%

=1/67,000 ~ 1/10,000) D&

H

ATHolz,

TPD MBICE I SN BT,

SFHEEFCE. BEBEAZROREEOtERmAHENIZ.
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Assays/
Platform

In Vitro Assays

Flow cytometry

BETSRDEiPSHIf DR E

gqRT-PCR Droplet Digital Highly Efficient Tumorigenicity Test
PCR Culture Assay

ELIAILL()—F—)

iPS cells iPS cells iP

6 hours 6 hours about EE‘E)}:)I*:/Z
FEALA T2 58—
Simple/quick, Simple/quick, Direct d¢ _

High sensitivity High sensitivity High se 9j]7/ \’f j_
Indirect detection, Indirect detection, Time-co ﬁ Ea ;f;.-é |:Iﬁl:| T %
Lin28 expression is [ Lin28 expression is § Low thrg

EMNEERBmEERRER
[)—5—LITFIEARH)

noted in some noted in some
differentiated cells differentiated cells

0.002% 0.001% 0.01-0.00

Kuroda et al., PLoS § Kuroda et al., Regenfl Tano et al., PLo
ONE. 2012 Ther. 2015 ONE. 2014

MEASURE CZ s iRl %=

In Vivo Assay

Axcelead Drug Discovery Partners

iIPSC
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S
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BET HKRLIPSHIRRD in vitro 15

Droplet Digital PCR:
HEEF AL THEDDNARNA) R T 5 A%

Al 8.

A AEZAVNVTRKEDEREE/ER (1 BFHLUL)
iR BEP CPCRRIGEFIT

BRI H A TR BREDBGE - [ZEZFIRT
BREREVWBELETIHENELTTEETES
FONAERIIBERD KIS

19

Referred to from BioRad web site

;% (ddPCR)

Droplet Reader

iIPSC
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Noo

=IO -))

Equipment: Droplet digital PCR: QX200 (BioRad)

Cells:

Marker gene: LIN28 (Amplicon size 134bp)

hiPSCs: ChiPSC18 (Cellartis; virus vector)

BT T DK SIEiPSHIRAG) in vitro &

;% (ddPCR)

based on global accessibility and high level of quality assurance
non-PSCs : primary human retinal pigment epithelial (RPE) cells

Unpublished Data

20

F-Primer:
Probe:
Spike Conc. No. of hiPSC No. of RPEc
0.1% 5,000 5x10°
0.03% 1,500 5x10°
0.01% 500 5x10°
0.003% 150 5x10°
0.001% 50 5x10°
0.0003% 15 5x10°
0% 0 5x10°

iIPSC
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2-1. iBET BFKDLIPSHIRRD in vitro t&Hii% (ddPCR)

Unpublished Data

A REROBRHEBR (L 0.001% LI (LLOD=average of RPE + 3SD)




Flow cytometry

iIPSC

BETSRDEiPSHIf DR E

gRT-PCR

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

MEASURE T s 1R sE 2 =1

In Vitro Assays

Droplet Digital
PCR

iPS cells

6 hours
Lin28

Simple/quick,
High sensitivity

Indirect detection,
Lin28 expression is
noted in some

differentiated cells

0.001%

Kuroda et al., Regen

Ther. 2015

In Vivo Assay

Highly Efficient
Culture Assay

about a week

REESIE(—45—)
Axcelead Drug Discovery Partners
RS —F 25—
DEYYI7F—IYVAIUR
AF)—F
’\'JZI'Z*
BHZINAFA*

Ry —*
lg-M**
EiEXSBEREEMNRERRR
[)—5—LIFIEARE)

iPS cells

Direct detection,
High sensitivity

Time-consuming,
Low throughput

0.01-0.001%

Tano et al., PLoS
ONE. 2014

*MEASURE1() &, **MEASURE2 () &
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2-2. iBTET BFRDLIPSHIRRD in vitro t&H % (HEC)

Highly efficient culture assay (HEC assay)

v ZEEEERHR (PSC)DIEEIZHEHLI-EXREER
#FHLNC. PSCaO——#Z%H 95 in vitro 7vtA
(Tano et al/, PLoS One. 2014:9: e110496)

vV BRRELT7vEA T BE—PSCICTH¥T5a0=—%
HBAlTAIEIZLY PSCEEERBTAIENTE
B

v’ “HEC assay |, P 5L ReMEEFHlAN T & &
[ZEFARIRETHY . ZREMF MM IR RDER
BT ICRE T ARH BB/ DERBIAEIZEDOINT
EipSNTWACENTREINTLYS [1], [1] Garitaonandia et al, Sci Rep, 6: 34478 (2016)
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L 2]

2-2. iBTET BFRDLIPSHIRRD in vitro t&H % (HEC)

MEASURE] THLNI-#EER 2
v MEASURET1DVILFHAMARIZEY LT O EDFEZRINT-:

« hiPSC¥k (3FEE DhiPSCHIIaHk) B LU EESFH QIR EDIEERR) X115
ENDTAHBEERIX0.001% (= 1/100,000) THoT1-,

« MACSHILIE|Z XY FK 4 {ELEhiPSC
SHEMN RSN, ZTDFEE. 0.00002% o
(=1/5,000,000) DRBEEIZERINT-, »

[2] Watanabe et al, Cytotherapy, 23: 176-183 (2021)

MEASURE2? QB9 LA
v OO-—WREEM LIEA-ODEELHEDOSRE
v ZEEMRMEEEDSEMBEER T YA DREE
v MACS7Ot+AMDEHREIt




EHEY S HiEMie DR X

In Vitro Assays

Conventional soft agar [Digital soft agar Cellular 1 it N
colony formation colony formation ' ﬁ H 2F1I E%% ( U _9 _)

TATIRBE
e —
- — N
Hela cells HelLa GE/\}l/X/TT*
3 to 4 weeks 4 week! LSIM f é $4$Eﬁ%ﬁﬁ xpected clinical Lfse site) |
Image-based screening The anal EEI m = = %ﬁ* nt]r(‘)rrOUQh put, Histopathological

system for the SACF senesce
assay using a high- passagin
content cell analyzer rates of

Fieahmtr 52—
HREZEmIF*
Axcelead Drug Discovery Partners*
ENiERLBREERARHR
[)—5—LITIERE]

)01%) at 17% of probability

High sensitivity High sen
High cost (needs image Time-co

Kusakawa et al., Sci Rep. HKono et 4
2015

* MEASURE1() &

MEASURE T e s 1R i 2=
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BET S ERIMRD /n vitro 1%

3% (D-SACF)
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3-1.

N

REXIO=—AhkE
HelL a2

3~4iEfHE

B S iiiien e mIE
HRIFBY(CIEIE T D45 FI
L. FER&N 310"z H
HTHhI> b

=i

IRRAE
bR (@S B]

0.02%

Kusakawa et al., Regen
Ther. 2015

BT S EEsHIR D in vitro &

T IANVEREXRIO=—AsB%
&

Helaffifz

3~43E

B S iiiien e mIE
HRIFBY(CIEIE T D45 FI
L. FZRSNSI0-—DIRH(C
AA=2T7F AT —%F A

=2l (A X=27F3(5-H
WHE)
R (LEIS A B]

0.00001%

Kusakawa et al., Sci Rep.
2015

;% (D-SACF)

WINDEER TEE MEIE R ERHAE (hMSC)
(SEAULRZ0.0001% (=1,000,000) ®
HelLafifgzi& i CE

O FERSEHE(C(IRATEI R E I 5
O fHRROFEBDRENHSPOI A0 -t DiER!

(CFENNDB, -

F—ANINTD(ER
KD ER A EANDWE - IR HE

¥

MEASURE2T OHEW#H#

27




Assays/
Platform

Positive
control

Duration

Assay
principle

Pros

Cons

Sensitivity
Reference

EHEY S HiEMie DR X

In Vitro Assays

Conventional soft agar

colony formation

Hela cells

3 to 4 weeks

Conventional SACF assay
based on anchorage-
independent cell growth

Low cost
Low sensitivity
0.02%

Kusakawa et al., Regen
Ther. 2015

Digital soft agar
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

Cellular Immortality Testing

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

MEASURETCZ s R iIZ =1

Assays/Platform

In Vivo Assay

Tumorigenicity Test

#HBEax)> ()—4—)
R Y —F o 3—

NJ)FR

ENERMEBAEERNER

[)—%—LIFIEARRE]

lg-M




3-2. (BET S E el dD in vitro #H % (CIT)

-
h
w 5 > 4> P Pl |P| |P| |P P P
assage <- 5 6LJ7LJ8LJ9 10 11
N N
P5’'s P6-P10 P11’s
Growth Rate Growth Rate Growth Rate

I

eLa

$ ~a
> N
GeLa Cell

1 cell
10 cells
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B¥EJara—)L :

BE T S BRI dD in vitro &

3% (CIT)

Unpublished Data

30
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3-2. (BT S E el dD in vitro ¥ H % (CIT)

Unpublished
Data

> 108EDhMSCIZ1EE = (X108 D HelLaflRa
(ZFNFh 0.0001% (= 1/1,000,000) &
0.001% (= 1/100,000 ) ZEFELI-I5E . 4EIHE
KZRICEBEREDIMEASAREINDENS, T
L3 EEE Mo DFERIF—EL TLV =,

> 1§0/3(0.0001% (= 1/1,000,000) ) EEFEEE T,
T TCTHREREEDMENEHEINT,

BRSO REREFXATYSF

31
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« MEASURETHIIL-FHEZDEEEZEEZHIETIC(X. BREFTIXZSESN

DHABRARBE KR LU AEFZH-ICHEEL. R—TOra—ILICKSERERIE
DEREHI =S BEIHE TEREL . FAEZHER - KBTI DENDHD.

« F-.IhFETEMETHRIIZEH CE-EESERAER LS REFEMEER
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“MEASURE2”

Multisite Evaluation Study on Analytical Methods for
Non-clinical Safety Assessment of hUman-derived REgenerative Medical Products 2
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HESI CT-TRACS® Membership *

Committee members and collaborators from

> 25 organizations across EU, Japan and USA.
(CT-TRACS Multi-Sector Membership, as of Novembr 2020)

Requlatory bodies: Universities/ Research Centers:

EDA L -uch

Gov./Consortia/NGO: Developers (Therapies and Tools), CROs:
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NGO Personal lized Medici
and Healthcare
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* Cell Therapy-TRAcking, Circulation & Safety Technical Committee, Health and Environmental Sciences Institute

Health and Environmental Sciences Institute
Developing science for a safer, more sustainable world
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Multi-Site Study Work Plan
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Undifferentiated ceIIsA

O
Cells: iPSCs (source cells); IPSC-derived functional cells (cardiomyocytes)

@
Methods:
1) Team ddPCR: 5 sites confirmed

0 Endpoints: measure several biomarkers of iPSCs

2) Team HEC assay : 4 sites confirmed
o Endpoint: identification of iPSC colonies by Alkaline Phosphatase staining (colony counts)
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