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B. MIXAE

iPS AN T8 5, 0 v st 3 B v o0 [
BEARME(L D FEBLUZIL, 1SO R ICH &\ o 7e
EHE 77 v hA—LAT, RBRIEOT —~ 1k
AHARL L TREL, BBRAGEE/RDLIZ L
I 72 % EBSAURRA 215 5 121T, #im O
LI R B PR = BT AR KA K
Thoied, OFET T Fa—lih->T
in vitro iEfESHERERIE DS s RGEE £
FEhts L., fEMi A ORES) L IRA 7R LT, [
RFLC, JEMESME & OBIERRNS ) LR%
EMERBRIEIZ OV T, @QRBRIEE LTo%
W 9 2 B ek PRI O 1R % B 4h
L7c, Fo. @EEE L LT ) ARZE
PERFAG L2 DV T O [E BRAT AV BRI 12 1)) 72
AT b FEf LTz,

B-1 in vitro EESFERBRZOERITEE S
A ha—)LOFEILE & VS HEERET
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TR A i T D BRI RIA IR
HIN I 2 MR T R i A 4 1 3 %
HER a0 =— A ERIEITEH TE 20,

L72h 5T, ARSEALHIRE A f HH9 2 BRI A
W 2 AR B R R AT IR A 45 2 2T
72 % HTLV-1 |Z/&Ys L7 T ARG E i
METLDEA v Z—a A% 2 (IL-2) FEK
R 2R3 K 912722 2 & i &
LT 5 (Science 1995;269(5220):79-81.) ,
ZDOZ EDD THINEOD IL-2 FEER AT 22 5H
etk RSl 2 R 3 2 — 2 D5
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2 IR 2 & = & —F DR BRIEIS B
JEBLY T CAR-T ML D IERR IR SR &
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DIFRIE & ZDANRA 7R BILFEM STV
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REEOMREIIMER ST TR, L
IZBWTIE, B EOMREZ TR 5 St
RRREEALETH 572, FIRM-CoNCEPT
DO 11> L & Axcelead Drug Discovery
Partners PRt RSt A Y U h—F &
vy 7 RSB L ORI S+E
Ig-M D 4 JigZIZFB T, T Ao IL-2 FEK
T B ARG R AR PR T 2R & T2 L 7=,
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B-1-1 IL-2 JrkFFayRa Rt 1 iR AT SR BR
%

b MRS MRl (Lonza) 7>5 EasySep
( StemCell
Technologies) C T Mifuz 58 L7=%%. 3 H
fil CD3/CD28 &' — X (StemCell Technologies)
TIEMIL LT, v 7Ry hE—X%FREL
721X 1008 T HIfEIZ 10 f# (0.001%).
100 & (0.01%), 1000 fiE (0.1%)F 7=1% 10000
il (1%)? MOLT-4 #ifd (ATCC) % A/3A

Human T cell Isolation Kit
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AT D0 BT & Ui, 23 ARk
The b EARBHRE STV D08 AR
 TP53 WM LTz, 7/ ARG EWFHE
iPS MR DIERLIT  #RUZ L GenAhead Bio
TIT>7,

B-2-1 Single Guide RNA #E TS X = b

NOEHES
AAVSI site ~D 77 ) LREREH] (Cell
Stem Cell 2014;15(2):215-226.) £ V. Single
Guide RNA (sgRNA) OIERIELSIE L CLLT
DHLDE LT,
AAVS1-T2: TGACTGCTTGTAGATGGCCA
FELES A B LA U 2 DNA (k¥ E
Ji% L, U6 Promotor O FfilZT A 7 —a
THIEIZEY sgRNA BELTFT7 2 K&
ERLL T2,

B-2-2 F+—T7 35X FO%EHR
Inducible-Cas9 FEEL U & » & U Tet-on i
HiRFRB Ay M EHEARSET D R
— 77 A3 RzfER L7, Inducible-Cas9 %
BWHEy MEANRKF—TFF A2 R (TRE-
Cas9/sgRNA donor) (%, (1) ¥ homology
arm (HA1) W7 f. (2) splicing acceptor (SA) K
Y T2A peptide 2 X % puromycin-N-
acetyltransferase (PuroR) ¥EL & v ., (3)
U6 promoter i1 sgRNA #HL At v b,
(4) inducible (TRE3G promoter)-Cas9 &5 7
> k. (5) i homologyarm (HA2) Wil
WA TR L=, (1), (5) @ HA KA.
t K iPSC 1231A3 (hiPSC-A3) KL » Tissue
Genomic  DNA
(FAVORGEN) Z AW THBL L 724 /7 A
DNA Z#Z, sgRNA O _EFiES], T iithd
Fl| (%9 1,500bp) ZHimE L CHREL L 72, (2)
PuroR %317 & v ME,SA-T2A % PuroR ®
FIEICELE L7 7T A ~— % U PuroR %
P77 A Raefile L2 PCRIFIEIC LY
FAEL L 7=, (3) U6-sgRNA R Bt~ i,

Extraction Mini  Kit



U6 promoter & tracr EEI[E]IZ TP53 BT
ZIER) & 3% sgRNA Kl%l (TP53-R175H-
S1534,
) BFEALLZTT7AI REATARKL,
PCR FEIEIZ X 0 F8L L7=, (4) TRE3G-Cas9
FEH Y NI, BN EES &SN
P Bt 4172 pTRE3G vector (TaKaRa
Bio) |Z Cas9 #inTZ+F A L. TRE3G-Cas9
T T AI Fa@l & L7z PCRFEEIC X
DL L 7=, TRE-Cas9/sgRNAdonor | (1)
725 (5) % NEBuilder HiFi DNA Assembly
% I~ (New England BioLabs) % H\TIX|
4 (a) MiE Y Gibson assembly L CIE#I L 7=,
TRE-Cas9 donor (%, (3) U6-sgRNA J&H. 7 &
v b a7 T 7 A b & TRE-
Cas9/sgRNA donor & [AERIZT 7/ LT
R LT,

Tet-on #A&iKFIHLA & > bz ABLS
L35 R —77 &I R (Tet3G donor) (%,
(6) i homology arm (HA1) Wr /. (7)
splicing acceptor (SA) & TF T2A peptide (Z X

5’-AGCACATGACGGAGGTTGTG-

% aminoglycoside  3’-phosphotransferase
(NeoR) %8l & v k. (8) Tet-on FEIHE T
(Tet3G) FEL L~ ~, (9) Tt homology
arm (HA2) Wi 23 CRREL L 7=, (6), (9)
@ HA W7 /1%, hiPSC-A3 X ¥ Tissue Genomic
DNA Extraction Mini Kit % F\ TR L 7= 7
/ 2 DNA &8I, sgRNA @ Eiihdsl,

THRECA (4559 1,500 bp) % HEME L CRERL L
72 (7) NeoR ZHL ¥~ MiE, SA-T2A %
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NeoR # B 77 A I F&## & L7 PCR #4
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CAG-Tet3G HELT 7 A I FEAFR LT,
CAG-Tet3G %877 A I N4 Sal I il IRE%
# (New England BioLabs) } O Agel il fRE#
#% (New England BioLabs) CiH{btk. 7 H u
—ATIVESKIKEIC LY BB ORKE S
DT T T A M CAG-Tet3G R BV & v k
E LT L7, Tet3G donor 1L, (6) 7D
(9) @ NEBuilder HiFi DNA Assembly & »
% FHV>"C Gibson assembly L C/EHL L 7=,

B-2-3 F+—T35 R FOEHR

hiPSC-A3 Ut |k iPSC 1383D6 (hiPSC-
D6) ~® transfection |L, TN FK 1 L
F 2 IR TERMT, 2. D sgRNA BHT T
A X R, Streptococcus pyogenes Cas9 FEHL 7
ZAIR, 3 OEHEFFT=TFAIF, AT
puromycin-N-acetyltransferase 7877 A I
K & 412 NEPA21 (Nepagene) % A\ T
transfection L7z, transfection & DHIAEIZ,
HDR Enhancer (Integrated DNA Technologies)
ZASTRIE 0, 31X 0.5 ug/mL TETekEHT 24
h 528 L7z, = D%, puromycin % F&EE 0,
0.35, 0.6, XI¥ 1.0 pg/mL CTHEFEEEHIIZ TR
L7z,
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ERBR DR ES
WINDATF— I RN —LDar v
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[ D Hi ] & AR L o Bha B9 2 FAA T
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b FHSROAERREZ V55813, [H
& ETIERT THFTE i s A 2
BIRE) A85T L7 L CWF9E 2 i L7z,
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C. IR
C-1 in vitro EEBERABRZDOERITE T
O k33— I)LOFEILE & VB HERRELE
AWFFEIT, R MR TH 5 T Ml
IRAET 2 B #id 2 IL-2 FEFAE R C
BT 52 LIk o TRHT 2RBRIEDIE
W m b a— L O &R % £ sk TR
AET S ZE AR ET S, b MRIHMEE
AR & B U7 TR Z TS M L L 1 x 100
fE#o T Mk, MOLT-4 #if% 1, 0.1, 0.01
F 7215 0.001% A1 7 Uiz, IL-2 EFFET
T 21 A B E CHIRRECA L, M ok
Wb 2Bl Lo, £721E% T Mifao IL-2
{RIFHEIR & g3 5 7=, IL-2 F/E{ET
B9 D A, 772 LOIER T #iflay v~
Vb RRT Tz, IL-2 fHE T Tk, T AT 14
AHETHIEZ R L, £ORITHEL 72N
WDITHR U T2, E724 4 sk TR 20
B/BoNndZ L EEGRTE R, —H, IL2 3
FAETFTIX, 7 HHETIL-2 77 F & [Afk

IRHAH ok LTo 3, AV LARR AR 503 35
LA LTz, ZowAdiE, IL-2 JEFET
DEEFRIZ L HIEE T MIROERRIZ LD D
T b, BB/ Z — 32Nz TR
AR RPBIZE S, ANNA 7LDV
TV EER LT, 17 H BIZ 1% AN
7Y TN TOMBEDOABREZN LS,
21 HEIZ 0.1%ARA 7% 7 -COHRl
BOFGERENRONTZ, 2 b ORERIL,
JiER DEWVZ B LT, 21 HH £ TO#
ETIER T MRS 0.1%EIA TDORSA Y
L7 MOLT-4 Mifa 23 T & % Z & i
LTCWab, LarL7enn, 21 HHE T
2175 TH,0.01%A A 7 H T LD H
B 0IE, BRI W TR bR o T,
21 ARIOEFE T 0.01%A XA 7 7L
DR L WSSz 7zo 2 BIE O
LB RAERBR Tld, IRHEY m ha— &
BETL, M AR LT, 24 HA & 28
H B OMBaEHE & CORREITo 7, 2
6] H OZ sk REEc B8V Ch, 21 HHE T
DOBIZETIXFAFERBRPI GO, IL-2 77
FETFCIZTHIMIX 14 B B £ CHIZ /R L,
ZDRITEERINIRWTHE Tz, — 7, IL-
2 FEAFE R CIE, AL 7 AHUBEE L
WAL, 28 HHTIHAEFRL% S LI
BRHTERNL-VET IR o7, £
1217 B HIZ 1% AL 73 7 TOAM
JaZ LS B30 AR B4.21 HEIZ 0.1%
ZRA T W T OEIAE DL S s
D AR BT 1B H DS ARGE Ty D |k
DY DFRD BN T2 0.01% ARA 7
YT, BEEMMAER TS EICEY



BN ST, A5 77 LICHET,
Mgk A lZFBWTIL 28 HEIZ, Mgk B, C &
XODITHBNTIE, 24 L 28 HRIZAER
ENMER T 7o, ik TIEW T MfRICiR
1E7 2 BBl (MOLT-4) % 0.01%
FERE TR AR 1 bk 2 — L RS
L7,

C-2 BEBGENBHEICET ST/ LTR
EMERE iPS MRS

JATHEM L7 Tf No. 1-1 225 14 @
puromycin ZLERE D AEFFIRITZ Lo T,
Affan=—ilZ LWEAE, RFP—7F 2R
I REHIOFEA DR S AL AR EED & 1%
YEOE Y 7T 7N X0 BB D L
BRRIAEND D, 2o OMMaEED S
BURRSN L AN R —7F XX REdS & D
7% & H K & HE 9% PCR (junction PCR)

(2 &0 BB AREDN G F D Ml AR 2 3R 4R
T 52L& L7z, hiPSC-D6 ® TfNo.1-2 &
O 1-1 OMfaET R —77 23 RSO
A TIE S D A XOBNEEY DS H
S, T D OHIFEEIC B AR5 &
5D Z LRI,

C-3 BERTOERRRSEE A - F2£4L
R DR ET

H>k EU @ ICH3 i 351) 2 ZaetEati
fel B SRR I Z BT D IR OB & . £ DR
HEALICIY ALA TV A IREM Ry Y —
T DATOWTHRIT Lo, ARRA . #aitam 3¢
“Country-specific regulation and international
cell-based

standardization  of therapeutic

products derived from pluripotent stem cells.” D
H A bs T, EERF MRS Stem Cell
Reports (ZZE X, HIRFTHDH, EHFED
AAGEILLTO®EY Th D,
FHAE, WPEEHERE > N T2 et et
78 E ORIl (PSC) % Hi3k &3 5
fala 3 (CTP) 3% < DETHRE SN TH
0, —EBISERRBREIE I CH D, CTP I,
EHIIC L > TN R D, £, A%
PE - 2 - WE ORI G . 1ERkDIERy 1=
FEGO/NA A RIS & IT R | XTI
RODEHETRIFERT VA Y P AT 4 I =
— XML TS, PSC Hkdnz &ie
CTP OFHEIZ DWW T, EERWRATA R
A RTINS ERHIEIS &% B
MIEET 20N B S, PSC HIK
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HE), HARIZEITSH PSC Hik CTP DB
BEBLOMEE &, OEAEIZERY AT
WHRE IR — 2T MOV THEIT
35,0

D. B8
FAEERD X D el BRE S ) 7
ANZONWTIE, BRI E DM DT
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b RE IR T D, [EFEERELIZ L
iPS AN T8 5L O &S L OV A
AL EVERAMIE O 2 S PERGR D i, M4
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VT F O 2 ARG S BRI oD 1 S 2 B
DA, ARG ) AARLEN iPS Ml

BED 7 v — 2 %457, iPS AN THLG 4%
FE O HIH & Lo I LT, ik
PR ZAT - CTRilam L& FE £ Lz, A%
FRALE . AR N T8 5 o> SE RIS M R A 3 R
VT ) AR EMFHIOERE = ot o R

L

DRAFICETHHDOTH Y, FEHEERELD
et 2350 < BifF S %,
<BH IR >

Migone TS, Lin JX, Cereseto A, Mulloy JC,

O'Shea JJ, Franchini G, Leonard WI.
Constitutively activated Jak-STAT pathway in T
cells transformed with HTLV-I. Science. 1995
Jul 7:269(5220):79-81. doi:

10.1126/science.7604283.

Gonzalez F, Zhu Z, Shi ZD, Lelli K, Verma N,
Li QV, Huangfu D. An iCRISPR platform for
rapid, multiplexable, and inducible genome
editing in human pluripotent stem cells. Cell
Stem Cell. 2014 Aug 7;15(2):215-226. doi:
10.1016/j.stem.2014.05.018.

F. ARREKRIER
7L



G. BIRRE
G-1 X FEE
1. Hirai T, Yasuda S, Umezawa A, Sato Y.

Country-specific regulation and
international standardization of cell-based
therapeutic  products derived from

pluripotent stem cells. Stem Cell Rep., in
press.

Hirai T, Kono K, Kusakawa S, Yasuda S,
Sawada R, Morishita A, Hata S, Wakita A,
Kageyama T, Takahashi R, Watanabe S,
Shiraishi N, Sato Y: Evaluation of the
reproducibility and positive controls of
cellular immortality test for the detection
of immortalized cellular impurities in
human cell-processed therapeutic products.
Regen Ther. 2022; 21:540-46. doi:
10.1016/j.reth.2022.10.0009.

Hirasawa R, Takakura M, Hirai T, Kono K,
Sato Y: Attitude and perception survey for
the Japanese pharmaceutical industry to
utilize next-generation sequencing for
virus safety assessment of biologics.
Translat Regulat Sci. 2022; 4:61-7. doi:
10.33611/tr5.2022-004.

Watanabe T, Yasuda S, Chen CL, Delsing
L, Fellows MD, Foldes G, Kusakawa S,
Mouries LP, Sato Y: International
evaluation study of a highly efficient
culture assay for detection of residual
human pluripotent stem cells in cell
therapies. Regen Med. 2022; 18:219-27.
doi: 10.2217/rme-2022-0207.

Oda S, Nishiyama K, Furumoto Y,
Yamaguchi Y, Nishimura A, Tang X, Kato
Y, Numaga-Tomita T, Kaneko T,
Mangmool S, Kuroda T, Okubo R, Sanbo
M, Hirabayashi M, Sato Y, Nakagawa Y,
Kuwahara K, Nagata R, Iribe G, Mori Y,
Nishida M: Myocardial TRPC6-mediated
Zn?" influx induces beneficial positive
inotropy through p-adrenoceptors. Nat
Commun. 2022; 13:6374. doi:
10.1038/s41467-022-34194-9.

Shirasago Y, Fukazawa H, Nagase S,
Shimizu Y, Mizukami T, Wakita T, Suzuki
T, Tani H, Kondoh M, Kuroda T, Yasuda

10.

11.

12.

S, Sato Y, Hanada K, Fukasawa M: A
single mutation in the E2 glycoprotein of
hepatitis C virus broadens the claudin
specificity for its infection. Sci Rep. 2022;
24:20243.  doi:  10.1038/s41598-022-
23824-3.

Andrews PW, Barbaric I, Benvenisty N,
Draper JS, Ludwig T, Merkle FT, Sato Y,
Spits C, Stacey GN, Wang H, Pera MF:
The consequences of recurrent genetic and
epigenetic variants in human pluripotent
stem cells. Cell Stem Cell. 2022; 29:1624-
1636. doi: 10.1016/j.stem.2022.11.006.

EHOZE F, RIS - FAERICE
T ONEOES B X OEH. AAE
A% 2022; 151:556.

VEREBIE - & MR TR o Rl
BT D in vitro FMEFPEZEAT o> BB
PHARM STAGE. 2022; 22:1-3

EHEE, EERE - B rdEsn
=T 2O R ~DOBREIZ W T,
S SRR L F = T N Y — s
T2 X.2022; 53:424-6.

HHEF, FEEESE, SRR, A
E, E¥Em], BEpt, EHKar,
HATFNGS, RERRARAT, TR, YOG
F, BEEOH, R, =Y, =K
vk, LHAFRE, ZHB, HARMAK,
0B B, VEREGE « Miain TELE o
JEBIE R U A 7 &R 2 B 5
L C(1). AR 2023; 1:30-35.

fb Db 7, BARIEE, VR, W
RN - A= TH 0 AR &Y
T4 DOARK (3) MfaEIK - HlfafLH oo
BUAR & AT <Rk A7
2023; 83:19-24. doi:
https://doi.org/10.14843/jpstj.83.19.

G-2 FRER

Sato Y: Japan’s Recent Progress in Induced
Pluripotent Stem Cell (iPSC)-based
Therapies. The 2022 World Stem Cell
Summit (2022.6.11)



Sato Y: Regulatory Science for Ensuring
the Quality and Safety of Cell Therapy
Products and its Interface with Basic Stem
Cell Science. International Society for
Stem Cell Research 2022 (2022.6.15)

Henry M, Lemmens M, Sato Y, Marginean
D, Harada K, Watanabe T, Bando K, Terai
O, Moss D, Chen C, Nicholas N, Mouriés
LP, Smart M, Libertini S, Yasuda S: Safety
of cell therapy products: /n-vitro methods
to assess the tumorigenicity of human cell-
based therapeutic products. International
Society for Stem Cell Research 2022
Annual Meeting (2022.6.17)

Sato Y: Regulatory Science Research for
Clinical Applications of Products Derived
from Human Induced Pluripotent Stem
Cells. KSSCR 2022 Annual Meeting
(2022.8.12)

VERERSIE - ICHQSA(R2) [t bk XidHEh
Wk 2 W CRLE S D 81 A
T a Y=t HEERO D A LA
EMFHE) OAT v 72 AR KRT 7
~ OREFEIZ DU T H ARPDA LS 24
F2olm4EL (2022.11.29)

=G, EREE, mEPRRE, BREh,
(WA LT, S)IARL, AR P, &
R, SEHEEE, REA, BHEE,
AL & &, IStk ) e, fF
A E A, Jay W Shin, HEEBAGL, A0,
VEREBGIER « B RENHIIE O SE Rl
FEHEST HNA F~— T — DR
[ EVE O BRE. B AR R 52 R
By iRy s (2022.12.2)

o)A, Z2HA, TG e T
LS SRR BT AT S
A ZDFEITDOWT. HAFAEERS
SEDERE S R T A (2022.12.2)

BHAE, ZHE, mls &, =M
7, FMREE, IS, AP, K
JIHERL, (AR SET-, JIEE 5eik, Ohig
Enl, BT SEHER, WA, Ve
Mt fEoE s LToe M

10.

11.

12.

13.

REMEER AR OO SVERBRIE DB, A A
HAERFPEFE2ARE S VR T T L
(2022.12.2)

=G, ERE, mEPRRE, BREh,
(WA LT, S)IARL, AR P, &
R, SEHEEE, REA, BHEE,
AL & &, IStk ¥ e, fF
E 7], Jay W Shin, HEEERAAL, A,
VERERSTE « B — A& (s TS BUARATIC
X 2 R 2 e M0 o I 45 T A BE T T
INA G —H— DR F2208 H A
RS E (2023.3.23)

Hppth, ZHE, mils s, =
5, EHEE, L, AR B, R
JIHE, UARHE T, ISR, OHk
ERl, B, WA, (EEEA:
t NPSHAEIZ I VT B it oAb T~
— =T X DR A ER S A o i
. BEREIAAFAERERZSRS
(2023.3.24)

B Ft, 2B, EERE  Miain T
L O SERE BT S
A XD TN DT — T i a4 )
o H 3R B 2 1l 12— 5522 [R] B A F A
Feraieae (2023.3.25)

EHZE, R, RV, SRR
I, WHFA, LG - ks —
7 Y — % AW TR
Bl DU A ARKHIEOB R, 5220H
HAFAER SRS (2023.3.25)

KBRS, A, EESE, K
PR, 1EAKGEE, MHEET, A
B, Aok, dmEEE Ik, BHpt, %@
M, EER, EHE KRS, GHBAE
7% iPSHIAOI IR T & HCHRIFAR 7 A
JL AR DSy EE & MRIRARNT. B ACKZ:
2143442 (2023.3.28)



H. MM EEDOHRE - Z28KiR
H-1. EnfS4sdr
7L
H-2. ERHMESE
7L
H-3. Z0fth
7L



11



MR DTUTIZEY 5 —F*

Kuroda T, Okubo R, Sanbo M,
Hirabayashi M, Sato Y,
Nakagawa Y, Kuwahara K,
Nagata R, Iribe G, Mori Y,
Nishida M

induces beneficial positive inotropy

through B-adrenoceptors.

Nat Commun.

h R ] FIATAE, %5,
A 4 Re#3h o
~—/, DOI
Country-specific regulation and
Hirai T, Yasuda S, Umezawa A, international standardization of cell-based
. ) Stem Cell Rep. in press
Sato Y. therapeutic products derived from
pluripotent stem cells.
Hirai T, Kono K, Kusakawa S, Evaluation of the reproducibility and 2022
Yasuda S, Sawada R, Morishita positive controls of cellular immortality 21
A, Hata S, Wakita A, Kageyama test for the detection of immortalized Regen Ther 540-46.
T, Takahashi R, Watanabe S, cellular impurities in human cell-processed 10.1016/j.reth
Shiraishi N, Sato Y therapeutic products. .2022.10.0009.
. . 2022
Attitude and perception survey for the A
Hirasawa R, Takakura M, Hirai T, | Japanese pharmaceutical industry to utilize
) ) ) Translat Regulat Sci. | 61-7
Kono K, Sato Y next-generation sequencing for virus
. _ 10.33611/trs.2
safety assessment of biologics.
022-004.
) ) ) 2022
International evaluation study of a highly
Watanabe T, Yasuda S, Chen CL, ) ) 18
] efficient culture assay for detection of
Delsing L, Fellows MD, Foldes G, ) ) ) Regen Med. 219-27
residual human pluripotent stem cells in
Kusakawa S, Mouries LP, Sato Y ) 10.2217/rme-
cell therapies.
2022-0207.
Oda S, Nishiyama K, Furumoto
Y, Yamaguchi Y, Nishimura A,
i 2022
Tang X, Kato Y, Numaga-Tomita 3
T, Kaneko T, Mangmool S, Myocardial TRPC6-mediated Zn?" influx 6374

10.1038/s414
67-022-34194
-9.

Shirasago Y, Fukazawa H, Nagase
S, Shimizu Y, Mizukami T,
Wakita T, Suzuki T, Tani H,
Kondoh M, Kuroda T, Yasuda S,
Sato Y, Hanada K, Fukasawa M

A single mutation in the E2 glycoprotein
of hepatitis C virus broadens the claudin

specificity for its infection.

Sci Rep.

2022

24

20243
10.1038/s415
98-022-23824
-3.




2022

Andrews PW, Barbaric I, 29
The consequences of recurrent genetic and
Benvenisty N, Draper JS, Ludwig 1624-1636
epigenetic variants in human pluripotent Cell Stem Cell.
T, Merkle FT, Sato Y, Spits C, 10.1016/j.ste
stem cells.
Stacey GN, Wang H, Pera MF m.2022.11.00
6.
FUEERIZ 51T 5 bR EOEA S LU 2022
BEOZ D, FREBRE . o " AAERZ M| 151
’ 556
. 2022
\ b NN TR OREIZ BT D in
VG , B} PHARM STAGE 22
vi tro AAARFPEREA 0D E 13
G R | 2022
BETREINTZT Z LD E s ~D i
THEH, (IS LT FaF h Vo | 53
BAEIZ DT
Lo X 424-6
HHEL T, BT, RO,
FIEE, BB, SRR,
PEXRRIT, AT, FRARAT, 2023
e SR T8 OIESI AR Y 2 2 D48
W SO R | PEALEE I
T, S, SARK, | " 30-35
PHAFHE, ZHE, HEARRAL,
IO EE, EREGE
2023
SAECHI Y B < AR S U 7 4 Ok »
. HAlFT SIS 7 A
BIER DT, SARE B ) e - miasaomik s K | s -
K R e [25 S5« R o T : M| HA
Bila, SCOREA ” https://doi.org

Al TUID < ARK

/10.14843/jpst
j.83.19.




JRAETBRE B

ROWEE O 4 LR AT WP TR DT

T TDEEY TT,

SM543H30H

PB4, SR SR A R ah R AT SR AT

FTEATZERBIR B 4 Pk

K 4 & W % K

BHITEIZ IS T 5 | P AR OF AR ST D BRIZ DU

1. WiedEs _ BEREG - EREBESRE L X2 T b ) —V A o RBORIIJE

2. WHEEREA  _ EARRERS (RefEEoRHiiETE) (2B D ERIEER

3. WgeE4 (PUREE - Bd) FESTERG R AN IEeT 58 - Aiia R iR R AT - B

(Kd - 7V HT) ek Big-V by Gov

4. fEEA ORI

MDA FERLTRUD B DB/ EDIHFEA (1)
i TG I A Lo pB REE %2

NExIGR LT 5 AEmEH BRI B 5 f sl - - -
fagt oxe)
BRI BRI 2 fa st O O
JEA G388 OPTE 3 2 E et 31T D B R O 0
LD FERMITT D AR
ZOM, N T HMERH B HIVLTEAT L L
RSO 4T - ) v = =

(K1) HRENITEE D SEMITE &2 TS 2122472 0 7T & RN T 2 MBI R B2 OFENFA TV LHEAIE, TFEEKA) [TF =y

7 Lt L BARHORENZ T L TOARVEAIL
T Of (FrRt g

[REE (CTF=v 9D,

(%2) REEIHAIT, TOHBEZRHTDH L,

(%3) BELLATOD DEAFFIEICEES S MmEfast) . TERAROTIEICBE D MmBtfast) . Tk bJ 0 A - IR TFRRATATIEICBE 3 S fmBifadt ). T A &%t
L LT HEFRUIEICHET 2 MEEE) ([T 2 581%, MEHEAICEAT S Z L,

5. BATIE B ONFFEEEN RS D RIEAT R/ ~DXIRIZ DN T

RFSEMmELE O Z ik il e v e
6. FISFHR D& B
UHFERERIZR T2 CO T OFBICHETZ2HEDORE | A B B OUECHAIZEOHE:

MIFFEREBEICRBIT A CO 1 ZEARBEDHE

@

#E O (IO A 1T ZTE kR

BIFRIZR D CO TIZODWWTOHE - FhEOAH K H @ | OECEAITEDHRH:
WHFZRIZA% D C O 1 IZDOWTDI5E « (DA I A O B2 ORI Z0ONE

(JS

BEH) 3N 0F=vrExANRD L,

ik

< TR OFTE T RO bIERT D 2 &




EEFZBFEPHREEREIE
(EER - EREBBREFLX 15 M-/ I ABRHARER)
SHEARMRRSE
BEERFNG (R2UFOFMAE) BT 5 EREEL

BiRRE - £ Bt  ERERSBREERTR 5L - MRERAAE B

MRES

FRARIN T8RS OEEFRIG IS 200 - B2tk EORE E U CEBERME T D, FRiC
iPS AfAIN TR BV TR ENCEHG S 2 LB B 0 | RERIEDRGED IELCMIZ R I D
ZENEETH D, M TR O ERREN IR SN D EBERERICK O TL, REES
T ENEGERHIE O Y 1 b 3 — L OEBRZRIEERR REND A, EEGIEFAN O
FEB AL E BRI IR T2 e < L EBETA RIA VbREHTH D, ARBFRIT, R
S IET e iPS AN TS IC DWW T, 'l - 2R O R E i T h 2 GRS &
7 DRGEENEDFMIE D B - MGEA(EHE L, o7 8 I EEE A S5 2 & T,
FRAE SRR 0 B COSEERIRNIC I 1T D EREFM AR L, BARENBFKT S iPS M
INTELG OERH BN 2 AT 2 2 BN E T 5, EEEE(E i LS8 LT,
LU o5t % 520 L7z, in vitro MEMESHRBIEDOERIEREY 1 b 2 — L OfELES JU0%
FRGREIC DOV TIE, ENZEREG &M EAENIZEET (NIHS) & f/EERA / N—a 7+
—F ADLREVESAIN ZE 2 VEHEZE B4 (FIRM-CoNCEPT) 23Wiffi L T, JRilEssfiao
IL-2 AR RS RER MEARAT SRBRIE DR 2 AT o 72, BT 1 b a— L&A L. B0
4 FEFRIZIBWT, 0.01% DG TER T MlTIRIET 2 TR EIEHGukk MOLT-4 O % |
28 AMORGR TEM LTz, OERIERIRMIAICE T 55 AR EVRE iPS Mok E
FHZONWTIE, 7/ DA T DT T A ROTHA 2 L 2D iPS HIf~DEAZ 1TV, 3K
FNZIRE L CH ABIIELS T TPS3 % CRISPR/Cas9 CHIWrd 2 iPS flildd 7 v — 1 245372,
O'F ETOEBE SIS & A - FEAE(CERS O MR I, iPS HIIIN TS 0% E o ) &
BEHEAL OB AN BT D MAENF ATV, R SC A VER L7z, iPS MRN8 5 o0 3 s g1
AEEDEBFEELOEBIZIT, ERET T v FAR— LA THREBEDT —~ bz AR L LT
L., EBEAEEEL 2 08I 5, EEMRRI 2155 121E, @i OBLIc LB 2R
RIET UANRAR TH Y | AWFFEO RS, AR T35 o @EE G N Fs L OV A
RZEMEFMOEEE 2 2 P ADBRICET 550 TH Y . EFEEELO(EEI IR S



N5,



BB HE IEFR)

Ui SV W FAERSA /) X—var 7+ —7 2 EERMRE2MTIMEES
ZEE

=W N7 IR ARG B - MRS 5 1 R

EEH Rk [T 3 A SRR IR T AR - BRI B 2 R

ZH WroeRI A
(N7 A RIS BAE - AR RS 5 8 R

BH it [T 3 R SRR IR T AR - MR R (TR

) AL [T S A SRR IR T AR - MR R (TR

M4k BT N7 3R ARG B - MR R (TR

Y FEE ESRVASE S e ot g 5 ol T R U1 DN R 3 o G B L G =

A. BIREW (MEASURE 7u ¥ =7 k) %L T3

MBI L5 DO ERRIS I 31T % S0 -

LM EORE L U CERBBIENZET b,

FFIZ 1PS AR TS 2 3\ il B R
SNDHMENRDY  HERIEDOMEENE)
IR END T ENEETH D, M TR
i O E A BAEER IR Sh 5 EE R IC 3
WU, RREE S AU SRR R VA 0O AR ¥
7'a ha—)LOEEERRIERRS EE N
D08, TEFEISERTAM oD I BRAR (S0 [ BE B
FIRRFIIARZE R BHETA R4 bR
¥ TH D, BATIL, iPS MR TR O
FEREEE R DV T FHBE O & [
B HEA L A PRI [ D < < ST SRR
TERNTEM S, BEABNHRITA
RIA AL - IR TS, BN,
B EEMIEAT (ENLERD & FAERA
J_X—v a7+ —7 5 (FIRM) OZHetE
Wi R Z B2 (FIRM-CoNCEPT)
Tl&. AMED WFERVEIZ I T iPS Al
Sk B it D T RIS MR REA (2 BR D 2 i BR A AIE

it L CTH L.,
Sciences Institute (HESI) OffaigREES

Health and Environmental

(CT-TRACS) DEBEE= Y =37 AEH)
ZHBML TS, LoxL7223 6, iPS Al
DN T AL o E RS I B 2 ff 2 ORI
DRES & FRFUZEAS 2 M5E & [EBRAIFR A -
BHAEGR N EEAR L TRY | Rk
LT HISORICHDEEET T v k74— A4
TOHARR 2R ERHTR IR > THRW,
S BT iPS MU THY 5 D& S DU
TEET &AL LT, Bk AT
HNP—=RTHDHYT ) LARZEEDSH DM,
Z OFHMIZER LT, PLHNE « LB - dhE
BB O BR HLE A 7o BB R A A3 A
FELRNZ L b, B ORI & DR
BPEIZB T DR =T VAR ARE LT
WD ARBFFEIL. BRRISH 23T iPS Al
MLHEGIZHONWT, SE - et Eo
RERBETHDERGNEE T ) DL E
PEDFHmTEDBAFE « MAEEAEEE L, JefTE



B ICEBREE AR5 2 & T AR
PR 3 B C OSBRI I 1 D E R
e L, BAMBENBIET S iPS MM
TR OEBE RN A ST 22 & & H
e 5, Ibic, BEERE”RLOTZ
v B — S ET O EBRE (L L R YED
EHNC X0 EHETSREH 21T © Hiff o a
TR CR 2 DF 7o R - B UE(LHRIG & 6
SR CHERES D Z L 2 BIET

B. MIXAE

iPS FHARIN T8 5 o e BRE O [F
B D FEBIZIZ, ISOXICH Lo 7z
ERE7 7 v R —A T, ABRiEOT7T—~ (b
AHARELTREL, ERGEELHRLZ L
W25, EBRARIZG 212X, Eam
DI L E R B P2 = ©F  APART]
RToHDLHTD, OFEARET T ha—/ihos
T in vitro WEIEEMERERTE O s R4
FPFEML, FEMTEORE) L IRAZ R L
Tzo [RIREIC, JEREPE & OBER RN
AR EMERBIEIZOVWT, QRBREL L
T D 2 T3 2 BE P ot BRI el oD /R B
BB LT, Flo, QEEGMHRL LT/
DARLEFEPERTAR 2o\ T 0D [ R L B
VAT T R AR & Sk L 7=,

B-1 in vitro BEEFEHREDEREREE S
A ha—)LOFEILE & VS HEERET

T MR Ch D720, IRIET S
T RAHRIAR A 1 3~ D BRI RIAIRIRAE
0= i AR A= B ) Ry TR A
HER 2 r =—ERERBRIEITEH TE 20,

L7235, REEALA A /- 2 BRI H
WD SRR PERRAT IR A 4 5 2 21T
72 %, HTLV-1 (TG L7z T Ml s
BPECDEA 2 —mA %2 (IL-2)
K722 R K 91072 D 2 & vt
STV D (Science 1995;269(5220):79-81.)
ZOZEND T MR IL-2 FEEFH 8
FEREPEDY, EERH M AT 2 —D 0
BEICRbEBEX LTS (K1), 20
IL-2 FERAFHIA 2 & = % — 3 B3 BRiEIE.
B ELSSC CAR-T M5t o FE AR
& U TRRICHIH STV D A5, BE it B
RADIRIE & % D ARA 7 R ERITER T
WRWZ & D BHRESLHEBIM L Vv o
7o RBIE O MERBITMERS S LTV 720, 1EHE
iz Wik, RBREOMELZHRT S
Wi BX MR GE NS LB T D T2,
CoNCEPT D /1D % & | Axcelead Drug
Discovery Partners PRI, BRASHEAR Y
Vi —Fkr&— vIvIfRAattl X
UWERSAE 1g-M D 4 Faax 238\ T, T flifia
O IL-2 FER A7 Bl A ST AR AT 505 & 52
M L7z, SRBROME A, X2 125R7, 1Ek
U7z TRl B2 M oo B Sl R ME AR AT L B9
5FIEED 13, BB L LTS LT,

FIRM-

B-1-1
BRix

b FRIE MR (Lonza) 75 EasySep
( StemCell
Technologies) T T MifuZFEH L7=1%, 3 H
fil CD3/CD28 & — X (StemCell Technologies)
THEM LT, =7 %y PE—XEREL

IL-2 FRFFAOMEIDIETE R AR AT A1

Human T cell Isolation Kit



721X 109 o T #IFEIZ 10 1E (0.001%),
100 fiE (0.01%). 1000 & (0.1%)F 721 10000
il (1%)? MOLT-4 #ifiid (ATCC) % A/3A
7 L= BAH), 2 bOMilas IL-2 FEAF
TEFCRELBBL, S BAIZ 2 f5ARL
2o THRBIZ 105U, 21 B R (ZHEk
RGAE1EIH) 721328 BHE (ZHiaRAE 2
[E1H) £ TR L7, MRRISHIREH iz
TV, 3.5, 7. 10, 14, 17, 21, 24 BX Y
28 H HOAMIREE 77 74k L, HEsH s
AR Lo, BEEMIRBTIZ. A s x4k
ZE#i 1. two way repeated measures ANOVA
D14 . post-hoc 7 A ~ & L T Dunnett's Method
TV, p<005 ZHAEZEDY L LT,

B-2 REBMMRMEIN-ET 5T/ LFR
SEMESE iPS MRS

5 ) AR TE PR R 0D R B e R
ELT, aryrava iy ) MEEE
2 LT, NABEEBRE FICERMNEAS
5 iPS Mifatka ER L7z (X 3), HEAI%
TS A BRI I A R A FHET 5
72, BOEE - MU X D EREHO
BRIV TE . BRI MR R 7
STWTh, ik C5E Do 7= Mg o
M ATREIZ 72 D0 7 ) DAL E VLTS iPS
HRER OVERUC W D/, — AT A
FAIBE CERIRIE & ARk 72 HIE CTRISL STz
e iPS MfERE ) DR LT, FlAER
ZENT LN AVBEEERT & LTE, B
KA The b B RDBHE ATV D 23 A
BATF TPS3 #8H LTz, 7/ ARLZEN
PSS MR RE O ERLIT . RS AR

0

GenAhead Bio T{T2 77,

B-2-1 Single Guide RNA B S5 X3 k
NOEHES
AAVSI site ~D7 ) AREHREF] (Cell
Stem Cell 2014;15(2):215-226.) £ ¥ . Single
Guide RNA (sgRNA) DOFEAEIS] & L TLL
TobDE LT,
AAVS1-T2: TGACTGCTTGTAGATGGCCA
FEESIAZ S LAY 2 DNA #1{bF
&% L. U6 Promotor @ FHEIZT A 7 —3
2 THTEICEY sgRNA FELF T A 3
FEER L7,

B-2-2 F+—TJ 3R FOEHR
Inducible-Cas9 JE8L 7% & > kLT Tet-on
HEA T RBLA v bR ARS & TS R
T—=7F A F&, K 4(a),(b) D@y {ER
L 7z, Inducible-Cas9 ¥EL 7t v MMEA K
— 77 A R (TRE-Cas9/sgRNA donor) |Z,
4 (a) OHEIEE . (1) L homology arm
(HA1) W1/, (2) splicing acceptor (SA) M ¥
T2A peptide (2 X 5
acetyltransferase (PuroR) FEL & > K, (3)
U6 promoter fillfElD sgRNA HEL A&~ K,
(4) inducible (TRE3G promoter)-Cas9 F& L7
> k. (5) T homologyarm (HA2) Wi;
(AT TR L7, (1), (5) @ HA Wi/,
t [ iPSC 1231A3 (hiPSC-A3) L ¥ Tissue

puromycin-N-

Genomic DNA  Extraction Mini Kit
(FAVORGEN) Z HHWTHB L 74 ) A
DNA % #7802, sgRNA @ Liihds], Tifhd

F| (%9 1,500bp) ZHiME L CHREL L 72, (2)



PuroR ¥l 7t » M. SA-T2A % PuroR ®
EWRICEE L7277 A ~—2Z ]\, PuroR
KT T AI Faifle Lz PCR HEIEIC
X VFHR L7, (3)U6-sgRNA RIH U+~ k
I%£. U6 promoter & tracr BFI[HIZ TP53 i
R %R L T2 sgRNA B4 (TPS3-
R175H-S1534, 5-
AGCACATGACGGAGGTTGTG-3") % #fi A
L7772 F2 N4 L, PCRHEIFEIC
X VAR L 7=, (4) TRE3G-Cas9 & 1t
M, ENZERE SR EATSEET N bR
S 117z pTRE3G vector (TaKaRa Bio) {Z Cas9
BIZF%FEA L. TRE3G-Cas9 FBL7 7 2
I R&#FALL L7z PCR BEIEIC K v FHd L
72. TRE-Cas9/sgRNAdonor % (1) 705 (5)
% NEBuilder HiFi DNA Assembly ¥ v k
(New England BioLabs) # H\ T 4 (a) @
1Y Gibson assembly L CT{Ef4 L 7=, TRE-
Cas9 donor IE, (3) U6-sgRNA FELH & v~
Zkr< 77 7 A % TRE-Cas9/sgRNA
donor & [FIERIZ T B 7V L TERLL 72,
Tet-on FEIAFIEA & > b 2 AR
L35 KF—77 A3 K (Tet3G donor) 1%,
4 (b) OEE% . (6) LIt homology arm
(HA1) W/, (7) splicing acceptor (SA) M ¥
T2A peptide
phosphotransferase (NeoR) FEHL & v K (8)
Tet-on FAHIA F (Tet3G) FEE AT~ b, (9)
T homology arm (HA2) WrF (2451 T
R 7=, (6),(9) D HA K F i, hiPSC-A3 X
¥ Tissue Genomic DNA Extraction Mini Kit %
AWCTHR L7247/ & DNA % g8
sgRNA @ Ejihddl], Fihds] (%4 1,500

\Z X % aminoglycoside 3'-

bp) ZHIME L CERML L 7=, (7) NeoR &8l 7
v ME,SA-T2A % NeoR & EyIZHELE L
7774 ~—% M NeoR B 7T AI
ZEFA e L2 PCR HEIRIC K 0 AR L7, (8)
Te3G FHE ATy MIFET, EZERLE
snfET AT FERT N DR S 72 pCMV-Tet3G
plasmid (TaKaRa Bio) Z##|Z Tet3G K}
BGpA ¥ 7 F V5% PCR H#iliEg L. pCAG
vector (Z NEBuilder HiFi DNA Assembly
v M EHWTHA LT CAG-Tet3G F8L~7
T A FaAfFfl L7z, CAG-Tet3G ¥EL7 7
A I R#% Sal 1 #il[REFE (New England
BioLabs) M U* Agel fil[RE#5% (New England
BioLabs) TiH{bf&. 7 # v — X7 VBRI
LY BT oORESOT7 T 7 A |
% CAG-Tet3G FBLA v M & LTHREL
7. Tet3G donor %, (6) »5H (9) D
NEBuilder HiFi DNA Assembly % » k%
T 1(b) DY Gibsonassembly L CT{EHY
L7,

B-2-3 F+—T35 R FOEHR

hiPSC-A3 & TO*t b iPSC 1383D6 (hiPSC-
D6) ~® transfection |L, ZHZHzE 1| L
F2ITRTEMT, 2. @ sgRNA BHTZ
A X K, Streptococcus pyogenes Cas9 FEEL 7"
ZAINR, 3. OFFFT—=FF7AI K, LD
puromycin-N-acetyltransferase J&Hl 7 7 2 I
K & 3512 NEPA21 (Nepagene) % F > T
transfection L7z, transfection % DAEIE,
HDR Enhancer (Integrated DNA Technologies)
Z AT 0, XIE 0.5 png/mL T eks T 24
hiE&E L7z, £D%, R 1 KOEK2 D5



IZHEVY, puromycin Z &R 0, 0.35, 0.6,
X% 1.0 pg/mL TEEEREHITIRIN L7,

B-3 ERTOERHFEME & MAt - ;REL
BB O®E

WHD AT — 7 RV E—EDa v+
ADBRZ T 72, Ak EU @ ICH3 fii
OFEFHIG L AZHE(L T T~ bR — L OB
WZOWTHEREF LTI LERDHDH, BR
TOEBRF NS & Fni - V(LIS DR
FHIE I D98 & LCLiPS M T8 5 o
- E O HH &AL OB B D RA T

FwATo T2,

(REEA~DER)

b FHSROAEFRREBZ VWD 5E1E B
S B AT AENTTERT [T ZE i B A
BaBR] 28T Lz L THFE 42 FEi L7z,

<
PRl

C. IR
C-1 in vitro EEBEEHBEOEREFEE S
O k33— I)LOFEILE & VB HERRELE
AWFFEIT FIERS ML T 5 T Ml
IRAET DA%, IL-2 FEFEIE T C
BT 5 Z L IC Lo THRHT 2R BRI DI
W o s a— /L OVERL &K & £ sk TR
AETHZEERAMNET D, b FRMILER
AR O HEE L2 T MfaziEtE kL, 1 x
10 fE > T ik, MOLT-4 ffiaz 1, 0.1,
0.01 £721% 0.001% A /31 27 L=, IL-2 FE4F
1EFC21 H B E Mt FHI L, Milatk
DML ZBIE L (K5, £ EFT
MR D TL-2 (R AF R GE A Wi 2 728D [ IL-

2 FEAL TR T DAL 7R LOER T
MRt > 7 BRI 72, IL-2 fF(E FCI,
THIMIZ 14 B B £ THSEAZ R L, DI
o THR U=, F7-4 4 Jifig% TIA
FRIFERDEOND Z 2Rl C&E e, —
i, IL2 EFETTIX, 7THHETIL2 17
TET &[RRI 2~ Loy, E AR
AR L <P Lz, Z oL, IL-
2 FEIFE T OB L D IER T MO SER
WZEDbDTHD, MO NZ — 1%
Lfigk CRERERNBE S, A1 7
RLOY 7L LT M 17 HRIC
1% A A 7 TV TORBBOE E
ZEMR S, 21 HEIZ 0.1% A1 7%
TN TCOMBBOAERENRLONTZ, Z
O ORERIT, Hisk OB H DL ST,
21 HE £ COBLTER T HAIIZ 0.1%%E]
B TOANA 7 LTz MOLT-4 M2 H T
XHZEERBLTWND, LLRBL,
21 HHETHEEZIT>TH, 0.01% A/ A1
A A r RV ST wv N/ = S ¥ 15 J feb ST
TR o7, 21 HREOEE TIX
0.01%A XA 7% v T AORHNEHE L E
FIWF S vi=7=, 2 81 B O Z sk LR
TiX, T 0 ha— L E%ET L, KR
M4 ER LT, 24 HH& 28 HEHOMAEE
BaeambTomita T (Ke6), 2EH
DEREHMRFEICB VT, 21 B HE TO#]
LTI RI T O, IL-2 fFET
Tk, THIRIX 14 HE £ CHIHARL, ©
DFNFRRC 2T Uiz, — 5 IL-2 9
FET T, AMRIE 7 B B LR L <
DL, 28 HHATIZAEFRE% S L <M



TERWVWLLETTER-7, £72,
17 HBIZ 1% A4 7% 7V TOARMR
BOSH ERV ARG, 21 HEIZ 0.1%
AR 7T TOEMBEEOSLH R
DRRBAZ, 1 B H OZHERREE Tz H
0RO BN T2 0.01% AL 7
Yo7, BBRHBZIERT5 2 LIk
DSBS T, AR 77 LITHAR
T, ik A IRV TIE 28 A BIZ, fiigk B,
CRBLUDIZEBNTIX, 24 £ 28 HHIZH
BN R X 7o, gk CIER T e

\IRIET 2 W E i fie (MOLT4) %
0.01% D =& TR T 27 1 b 2 —
VST LT,

C-2 REBMUMNRMEIICET ST/ LFR
SEMESE iPS MRS

JeATEM L7z Tf No. 1-1 226 14 @
puromycin ZLEE % D AELFHINIEZ L < £
FNOEFan =— AR 3 ITRT, EfF
ZLWEAE, RFP—7 AR
FOHIDFFA DR S AL MR EE D B 1%,
Bov vy s 7 v 72 L0 ESE AR OB
DRIAENDTZD, Zb OHIRRE) BB
KRELS EFEAN R —7"F X X RELSI & DD
72 & A A ¥R+ %5 PCR (junction PCR)
(2 &0 BFIHRARRDN G F D e BE 2 3 4R
THZLE L (KTA)

4 PCR 4R PE) D BRIk ENSR 2 X TB T
K9, hiPSC-D6 ® TfNo. 1-2 & 1-1 ®
FfEEEC R —7"7 A I RES DA T
EINDY A ZAOWEIEEY AR S, 2
O OMISEECRIIR ARG END 2 &

o =—|Z

DR ST,

C-3 ERTOERRFEM & A - IREL
BB OE

H>K EU 0 ICH3 FRIZH51T % Zhethii
e B ICBE T D BRI OB & . T DO
LI AL A TV D RER Y —
T LIZOWTHEIT LTe, ARRCRIT. BHiim
3L “Country-specific regulation and
international standardization of cell-based
therapeutic products derived from pluripotent
stem cells.”D & A ~L44 T, [FHEERFHEEE
ZEEh, HRTTH
%, HEOAAGEIILLTOB®Y TH D,

FEAE, MEMEERHIAESC AN TZREME R
72 E DL fettwpilie (PSC) & Hizk &4 il
fIBIEEE (CTP) 1% < OETHRE SN TE

Stem Cell Reports (Z

D, —ENEERRREBREE IS H D, CTP I3,
ERHUC K> TN Re D, £, F

BE - Atk - SWEOFHE S, ROy
TEHELONA AERRM L TR EX
To MR DEHEIRREIESST A N AT 4 H
N=— X KR LTV 5, PSC HES &S
te CTP OFHHIZ DWW TIE, BT A R
TABIRNT ERRHUNIT XD B
BLOEWCEET 20 ERSH 5, PSC Hik
CTP OBA%E - AR FEEZEES 5720

FEALE 150 BL I OAEHEAL, » FiRN 2 X 5 [E] B
=T AR S L, IERICTEEN L
TV, AT, KE, RNMES (BX
OeE), HARIZHIT D PSC Hik CTP @
BREVEHLOME &, £ OREHE(LICER Y fHA
TWAHRENRa L =T DOV THE
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D. %
FAEERD XS it mEE X ) 7
ANZOWTIX, BRMERHE DR DO
A 53 D FAfL e iy D [EIBRAE AL 2 HEHE 4 2
T e B R ORI - EERE O E
b - RELICEDNTH D, ERREREIC X
v iPS M TR, o EREG MR L OV
AL EVEFHED Z YR FEO Hiv, 4
FLREA A A BN T B O FEAT 23 E N A O BL
Sz AN LD Z & T, ABHGE
ZEF 5 AARBEOAHBIICE ST 5 &

. L O EEE T T O 7 K R
BEXDZeNTED, TROLAARTO
ARBR T 1 - TS 2 R 5 2 & T
FEEE O Y R OF AR D EEALH
AR MERE Sh, AARTHENE L7-3BR & FE
3% D E WS TORRBEETHIEHS
ng <720 EHERE YR 2R OB
iETe, FICEREAEL AT O GRS MERT
iz ONTIE, ZHE TOSHRRREICS
L7z A AR DRSS - CRO TRUBRTIAIC
B35 hL—=2 7 L HIFBEAERE L
BSOS ERER - IR CO T — 2
AR EN CTREICEM ST\ D, EBEE
L S BB TE & L CiEsh O B Y
AR » 2 S AU, WA TR E -
L& AR 7E KRR B RF O 2R 5B A D A 72
FHEIMEE S EWN CRO ~DFRBRZ ALY
IR S5,

E. #&H

iPS AN T 5 o A R L R B L 8 [

SRAVFREN 215 2 12IE, #am DIRIGIZ LB
B2 BT VAR RAI R TH D, A
F2CIL, invitro SERESFIERALIR HIFRERE D
BT 1 b 2 — Wi > e S s REE T —
2 % B U, R BRIE O 2 esd LT,
WG D AP — R Th DT ) ARLEN
Z a3 2 REBREIC OV TIE, ORIk
HIWTZ O 2 ARG M TR o> VR
0RLA, AIFE S ) AL ENE iPS i
BRD 71— %4572, iPS AN T8 5 D 4%
[ DB & ERE Lo BhAC B L i, A
WHEZ AT > TR LA FER Lz, AR
RSR T, RN T8 o0 SE REEE M AT A 5 &
O ) DR EMFHlOER = & o %
DRKICET D HDOTHY , EHEEEELO
R R HfFE D,
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THIRRIZEE S 5 I HEn MR DIL 23 (K77 ROIRSE R I AR AT

HTLV-11 RS L 7-THRAS ISR SR & U % CIL-23FREF 8B E R £ 5 10745, THER
DIL- 2#122?‘5’]&1%5@0)@5:%75 WEEREMRZRE T2 —2DERICES EEZ OND,

O Normal Tcell 3¢ Transformed cell

EETHEOEEE
HIHIL 7= i

> IL-28E55n

) S ° £
Normal cells

>

L,7b\l,7§~7f)\b~;O)IL—ZSFmﬁE’]i’éFE’&:E "— T%:.T:\'.Eﬁlfli CAR—T‘ﬂHHﬂ%nnG)

E 'CL\M\ .

1 THRISEEY SMHEERMEIO IL-2 SHRFAEE R




Day O

(1) PBMC% % (2) PBMCHD (3) CD3/CD28E—XT
EEENATIL THIfaZ 78 Tﬁ'fﬂ]ﬂ@d)i'l‘éﬂb
5.0x107{ELLE —

~_

2x107@EALLLE
—> TifeE Ew m\/
75 cm2 75 X3 X2
1275Rab=Y1~2x10"{@

PBMC

Day 3 (4) @il f=EMHETHAE( $92 ~3 %) ZEURL . CD3/CD28E —XERET 5.
(5) 6z LTL—b D1z LBV EHELTHAEEE 1.0 x 106/, 180z LHEHE,
( EMHEETHREOREE: 5.0 x105{@/mL)
() 6T ILTL—F D1 HITIILBH-YMOLT-4ZUTDEBY R4 9T 3,
@D Spike 0 1L-2 (+) @ Spike 1x10'{&
@ Spike 0 IL-2 (-) @ Spike 1x1021&
® Spike 1x1031@
® Spike 1x104{@ 18
Day 5 (I #HLWeDT LTL—+ E3HERTS.
(8) Mz JLICHIBEEKRE X-VIVO 10 1EHhE HE8MA . 2 EHF5RT D,
Day 7 (9) #LW75 em275 X% 18 EEHKT S,
(10) 75 cm27 5 R, MFASEK: X-VIVO 10iE#=1: 925 LS5 Mz, 10{EFRT S,
w@ = ¢ — w@ @
W W @,u//* @1%’ W W
@ Spike 0 @ Spike 0 @) Spike @ Spike ® Spike ® Spike
IL-2 (+) 1L-2 (=) 1x10'{@& 1x102{& 1x103{@ 1x104{@
* LRI, Miafh oo b OHENR
(Days 10,12, 14,17, 21,24, 28) )&
H2 PSSO IL-2 FRFNEESERITEBRE IO Fa—ILOBE
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+Doxycycline

AL 5 RHEFER

ﬁ rtTA ﬂ ﬁ Cas9
nTA® —- gRNA

Pcac rtTA Prre ) Cas9 pSIRIEF

FEHTIASF W TSAIF2 J
Pus - ) } \ gRNA

RE TSR ERJA

o BRI THANMGIEEFSIEREEATA0. REOESE - BRICIIEREBOTES
B TES,

o BEEHRMOHBAKMNEL-TOTE., R i i i

+ PRISMEXTIE. %ﬁj7z4~1actzﬁzhvr/1_\( ﬁ)&ém_.Psmﬂﬂwuﬁéaﬁ

3 RFENKYT/ LFREM iPS #HllBHOBE

(a) TRE-Cas9/sgRNA donor (b) Tet3G donor

bGHPA  Chimeric gRNA (sgRNA) bGHpA

CAG promoter
NeoR ’

B4 FF—FSRIFey7



# 1 hiPSC-A3 ~ () Transfection &#
Transfection
No. (TfNo.) 1-1 1-2 1-3 1-4
AVILE s 150V, 5 msec, 2 pulses
rF)—
523k TRE-Cas9 donor, Tet3G donor
HDE Enhancer 0.5 uM
Puromycin
. 2 . . 1.
W [ug/ml] 0 0.35 0.6 0
Transfection
No. (TfNo.) 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8
VIS i 125V, 5 msec, 2 pulses 150 V, 5 msec, 2 pulses
KF— TRE-Cas9 donor, TRE_%?;?O/:gRNA TRE-Cas9 donor, TRE_%?;?O/:gRNA
7T AI R Tet3G donor Tet3G donor Tet3G donor Tet3G donor
HDE Enhancer 0 uM 0.5 uM 0 uM 0.5 uM
Puromycin 02
BRI [ug/mL] '
Transfection
No. (TfNo.) 2-9 2-10 2-11 2-12
AVILE s 175V, 2.5 msec, 2 pulses
KJ— TRE-Cas9 donor, TRE_%?)fO/:gRNA
VAN Tet3G donor Te3G donor
HDE Enhancer 0 uM 0.5 uM
Puromycin 02
HEE [ug/mL] '
Transfection
No. (Tf No.) 2-13 2-14 2-15 2-16 2-17 2-18 2-19 2-20
2NV A A 125V, 5 msec, 2 pulses 150V, 5 msec, 2 pulses
RJ— TRE-Cas9 donor, TRE-izﬁ)/rngNA TRE-Cas9 donor, TRE-izﬁ)/rngNA
7' A3 R Tet3G donor Tet3G donor Tet3G donor Te3G donor
HDE Enhancer 0 uM 0.5 uM 0 uM 0.5 uM
. Puromycin 0.35
BRI [pg/mL]
Transfection 221 | 222 | 223 | 224 | 225 | 226 | 227 | 228
No. (Tf No.)
2NV A A 175V, 2.5 msec, 2 pulses 125V, 5 msec, 2 pulses
rF)— TRE-Cas9 donor, TRE-izﬁ)/rngNA TRE-Cas9 donor, TRE-izﬁ)/rngNA
VAN Tet3G donor Te3G donor Tet3G donor Te3G donor
HDE Enhancer 0 uM 0.5 uM 0 uM 0.5 uM




Puromycin

W [ug/mL] 0.35 0.6
Transfection
No. (TfNo.) 2-29 2-30 2-31 2-32 2-33 2-34 2-35 2-36
2NV A A 150V, 5 msec, 2 pulses 175V, 2.5 msec, 2 pulses
RJ— TRE-Cas9 donor, TRE_%?;%/:‘%RNA TRE-Cas9 donor, TRE_%?;%/:‘%RNA
T AI R Tet3G donor Tet3G donor Tet3G donor Tet3G donor
HDE Enhancer 0 uM 0.5 uM 0 uM 0.5 uM
Puromycin

I [ug/mL]

0.6

0.6




% 2 hiPSC-D6 ~() Transfection &#

IRE [ug/mL]

0.6

Transfection
No. (TfNo.) 1-1 1-2 1-3 1-4
AVILE s 150V, 5 msec, 2 pulses
R —
523k TRE-Cas9 donor, Tet3G donor
HDE Enhancer 0.5 uM
Puromycin
. 2 . . 1.
W [ug/ml] 0 0.35 0.6 0
Transfection
No. (TfNo.) 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8
VIS s 150 V, 5 msec, 2 pulses
K — TRE-Cas9 donor, TRE_%?;?O/:gRNA TRE-Cas9 donor, TRE_%?;?O/:gRNA
VAN Tet3G donor Tet3G donor Tet3G donor Tet3G donor
HDE Enhancer | OpM | 05uM | OpM | 05uM | OuM [ 05uM | OpuM | 0.5 uM
Puromycin
W [ng/mL] 0.2 0.35
Transfection
No. (TfNo.) 2-9 2-10 2-11 2-12
AVILE s 150 V, 5 msec, 2 pulses
R — TRE-Cas9 donor, TRE_%?;?O/rngNA
VAN Tet3G donor Te3G donor
HDE Enhancer 0 uM | 0.5 uM 0 uM | 0.5 uM
Puromycin
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Fold(spike day0
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Fold(spike day0
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1.E+00 ¢
Day3 Day5 Day7 Day10 Day14 Day
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1.E-02 .
Days in culture

=@ Spike 0 IL-2(+) =@ Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@ Spike 102 IL-2(-)
=@ Spike 1e03 IL-2(-) Spike 1e04 IL-2(-)

% B

1.E+02

1.E+01 //\é\;
1.E+00

Day3 Day5 Day7 Day10 Day14 Day17 Day21

1.E-01
1.E-02 .
Days in culture
=@=Spike 0 IL-2(+) =@=Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@=Spike 1e02 IL-2(-)
=0—Spike 1e03 IL-2(-) Spike 1e04 IL-2(-)

5 IL-2 FEKFHIRETERITO S MRREL 1 @8



1)

Fold(spike day0

1)

Fold(spike day0

Mgk C

1.E+02
1.E+01 /.<o\"—‘\.
1.E+00
Day3 Day5 Day7 Day10 Day14 Day1 21
1.E-01
1.E-02 .
Days in culture
=@=Spike 0 IL-2(+) =@=Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@ Spike 1e02 IL-2(-)
=@ Spike 1e03 IL-2(-) Spike 1e04 IL-2(-)
fez% D

1.E+02

1 E+01 4——/.‘\

1.E+00
Day3 Day5 Day7 D ay21
1.E-01
1.E-02 .
Days in culture
=8—Spike 0 IL-2(+) =8—Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@=Spike 1e02 IL-2(-)
=0 Spike 1e03 IL-2(-) Spike 1e04 IL-2(-)

B5 IL-2 FRFHEBERERTOSHERRE 1 EE @E)



1)

Fold(spike day0

1)

Fold(spike day0

1.E+02

1.E+01

1.E+00

1.E-01

1.E-02

1.E+02

1.E+01

1.E+00

1.E-01

1.E-02

X6

% A

Day3 Day5 Day7 Day10 Day14 4 Day28

Days in culture

=@ Spike 0 IL-2(+) =@ Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@ Spike 1€02 IL-2(-)
=0 Spike 1e03 IL-2(-) Spike 1e04 IL-2(-)
HEEk B

Days in culture

—e—Spike 0 IL-2(+) —e—Spike 0 IL-2(-)
Spike 1€01 IL2(-)  =@=Spike 1€02 IL-2(-)
—o—Spike 1€03 IL-2(-) Spike 1€04 IL-2(-)

IL-2 JEtRFFHIETE R I AR AT O 2 TEEXARGEE 2 [B1



1.E+02

1.E+01

|

4 \

1.E+00 4 ;
Day3 Day5 Day7 Day10 Day14 Day17 Day21 Day24 28

Fold(spike day0

1.E-01

1.E-02 .
Days in culture

=@=Spike 0 IL-2(+) =@=Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@ Spike 1e02 IL-2(-)
=0 Spike 103 IL-2(-) Spike 1e04 IL-2(-)

1.E+02

1)

1.E+01

1.E+00

Day3 Day5 Day7 Day1 1 Day24 Day28

Fold(spike day0

1.E-01

1.E-02
Days in culture
=@=—Spike 0 IL-2(+) =8—Spike 0 IL-2(-)
Spike 1e01 IL-2(-) =@=Spike 1e02 IL-2(-)
==@==Spike 1€03 IL-2(-) Spike 1e04 IL-2(-)

®6 IL-2 HRFIRIEERITOSHBRRA 2[@ME E)



%3 TfNo.1-1 M5 1-4 D Puromycin NB#DEFEI N ——%

TfNo. 1-1 TfNo. 1-2 TfNo. 1-3 TfNo. 1-4
hiPSC-A3 <50 <5 0 0
hiPSC-D6 <50 <5 <5 <5




FRECT
(AAVSI site)
FF—T5A=F ARSI
FEARET
(EhELS1) — & AECS
Junction PCR
primer set — ——
2 2% 258 83
L) Z z - = & o8 & o
S “W; e ' ERR4H ABCY): TRE-Cas9/sgRNA donor
4001, : | A5 hiPSC-D6

A6: hiPSC-D6-Tf No. 1-4
A7: hiPSC-D6-Tf No. 1-2
A8: hiPSC-D6-Tf No. 1-1
FERHE AR : Tet3G donor
C1: hiPSC-D6

C2: hiPSC-D6-Tf No. 1-4
C3: hiPSC-D6-Tf No. 1-2

e C4: hiPSC-D6-Tf No. 1-1

:
BRI | e

B 7 Junction PCR M#EE (A)Junction PCR MIERIEZS], (B) Junction PCR DIBNEEEMD E Sk
g (K : FFr—7S5RXE FEIIOB\BATEESINS YA X),



FERE R D
AT A AT I BE 3 B FIEE

EF S 0 22-01

HIE 202341 H 25 H

A B Ak

2023/01/25 2023/01/25

[E 3L E R an R S AT FERT
A - M ERE G




RS AR AN O AR AT (2 B9 % TR

WRT B
W5 K Y B -
T #£HH WETHNE WETHEL A
1 2023/01/25 il &
2 2023/01/30 EIE rIL-2 8L O BMe b, FoEEEm
3 2023/02/28 EIE BEMMOER




1.

EEY

CAR-T JIEIC X DM TR 02 A2 9 2 120k, T M@ s HEA L
Z LI K DEBERCOUIR AALD TR A EE T 2 LENRH Y | IEHF T Ml IL-2 4K
RO HEE, TR B HAIAE L IL-2 FHRAFRIIIERET 2 & O Rtk & vz TIL-2 JF(k
TFHEFHERER ) 2B L TWDH L ZATH D,

ARFIEEDO TRAZERET 7 h Ll UTEHMiak THEiE L., Miskflisi) 2 R38Rk
ORI BRI, FFBvE, KR, BBEXTROH 0 5, ROFHMER EI2 o0 THgRE DY
WREET 2728, ARFNAEIL A IERT AL O BRI ARAT IC BT~ 2 FIEZ B 5,

3 G PR

ARFNEET, MO TR, O GE - 225 5 7o [ENLE R R S AR E
AT b ZRtaliR 2 (RH S LT FepkBe (BLF TRREslBRIERER ) v ,) ARTFIHE
FEMNTEET 2HEICBN T, BBRICHWD IR, &b NSRS E2F
L EOFNEEHT 5,

FALAH
[l SE 1= S i R dn i AR 2T & ZRtalBR MR & O T O RO FIE (R,
W Z OFLERDORE 2 & de,) 1V, ARBROFE 2R L7z ETHET 5,

BT IR
ok I pree X e RER

ARG EREANAA T —T T 4 ~v=2T b

HESH

5-1 @B VE AL

ARERITAR D LU T DR R VBT HONT, A= — L RFEIIRETH L0, fHE
S OJE, B ONTHREEEICB L TR Th 5, 7ot ZRErlBR IR X
FEH L7c A =2 — EREE, [EZER SRV~ ST 20D LT 5,

28



6.

mn e A—F— TR L
b b AAH 1L PBMC CC-2702 Lonza e
X-VIVO 10 5
(Serum-Free Medium With 04-380Q Lonza 4°C
Gentamicin and Phenol Red)
FBS GE@fbE Db D) 172012 Sigma® -20°CLA T
DNase I 2270A Takara Bio -20°CLL T
STEMCELL
EasySep Buffer 20144 4°C
Technologies
EasySep Human T cell Isolation STEMCELL
17951 4°C
Kit Technologies
Dynabeads Human T-Activator
11131D Thermo Fisher 4°C
CD3/CD28
BSA A2934 Sigma-Aldrich 4°C
STEMCELL ‘
“The Big Easy” EasySep Magnet 18001 E=tio
Technologies
MOLT-4 CRL-1582 ATCC kR
Recombinant Human IL-2 200-02 PEPROTECH -20°CLL T

52 M v b
AFNEFITMIFHEEEE (BEE /L h ¥ % —) NucleoCounter NC-202 % fifi H
TLHFMEEZFLH L T L0, AR Tl A — D — O HEE LT U o & —R M EKG
FEEOFEHALARETH D, A —D—DFEELI D2 —ZHW D551,
A =T —HERE D FNANZ A - 7= T7E TR ¥ & b 24TV BREEERBE T £ C
W BTl v v b1 2L &35,

THE %R0 BH THM

6-1 V(g
1) TRIZWEST, FEZERT 5,
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mn e A—T— el =)
b RRHEIM PBMC CC-2702 Lonza o
X-VIVO 10 551t
(Serum-Free Medium With 04-380Q Lonza BE
Gentamicin and Phenol Red)
FBS GE@i{kE o b D) 172012 Sigma® Be
DNase I 2270A Takara Bio HBE
STEMCELL
EasySep Buffer 20144 EBE
Technologies
EasySep Human T cell Isolation STEMCELL
17951 o
Kit Technologies
Dynabeads Human T-Activator
11131D Thermo Fisher HBE
CD3/CD28
D-PBS 14249 nacalai (A% =at)
BSA A2934 Sigma-Aldrich e
0.5M EDTA, pH 8.0 AM9260G Ambion =l

2) TRINE-T, BMZHEHT D,

30




#

ih4 HIF A—T— e A]
P1000 7 4 VB —F v 7 17014981 RAININ =)
P200 7 4 NV HE—F 7 17014977 RAININ (aw =]
50mL 2y b 768160 Greiner =)
25mL B~y |k 170357N Thermo Fisher =1
10 mL X | 170356N Thermo Fisher A=l
5mL B2y b 4487 Corning (A=)
XU — — =)
HRAHK — — A=l
“The Big Easy” EasySep STEMCELL
18001 BE
Magnet Technologies
4mL R AFLFa—
) 352057 BD (v}
7
75cm? 7T A3 430641U Corning (aw=1|
Mppseh o " EBEY B
941-0024 Chemometec A=l
Via2-Cassette
) TR RV
15mLF 22—~ 0030 125.150 =)
7
50mL F=2—7 91050 Corning (A=l
15mL F=2—7 91015 Corning ]
50mL >V Y SS-50ESZ FILE =1
125 mL 4 7RUE% HijR 2019-0125 Nalgene (ave=rl)
~A L7 A-GV, 0.22 um,
PVDF, 33 mm, 7 &~ K SLGVR33RS Millipore (A=)

3) TRITE- T, LT D,
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6-2
1)
2)
3)
4)

5)

6)

7)

8)
9)

4 % A —T1— fREMRE]
- CLASSIITYPEA2 F N7
LEFYELRY b Aok
MHE-132AJ-P) | "F YV =y
HEIE Ny X — XP A Drummond A =1
P1000L ¥ 7 @ BNy | FA10006P X A=l
P200L ~A 7 1 By b FA10005P X A=
TAEL—&— — — (=)
37°C faiEfE SDN-B AT A=)
NucleoCounter NC-202 Chemometec R A]
METTLER
RKIF PG603-S ok TT
TOLEDO

PBMC O fifi
TEIRAE A 37°CIiRD 5,
X-VIVO 10 £5#1 18 mL & FBS2mL % 50 mL ¥ = — 7 TiE&& L., 1ERME CTD 5,
FFLo 2)I2 DNase 1100 uL 2Nz C L <IBE S, LAT., MgmARE) 295,
TRIRZEFEFIRTE LT D PBMC /3o TV EELD Hid, 303 & - 72 IREETRE O T
NATNVARDENZTT, HOELZHD L, BEOHTEFFH, /A 7V Z Kl 37°CD
TEVRAEIC AL, /NS AOKDIE L BWVDORE ST D THLT (F-VULEH LTk
&% HUHEE, MREIER OB « 1~2500), /A T V&ET L a—/LilE L TEEYF
¥ EX Y FNICANDEIZIZZERITET TWD O T, 1000 pL ~A 7 1 B2y k% H
W, RE U 7o MR 28 LV 50 mL F =2 — 72 AN D,
fRHHER L 1 mL C PBMC /3 7V &3V, B 4D 50mL F =2 —7 12 ->< D L
¥
50mL F =2 —7 Z#@ARVIBEERNB S, b O FHOFTHREHEEZ D LT D, o
<HEsmLMzx 5,
S IR AR Z N2 . #8520 mL (127 5,
i, 420 x g TS5 yE LT D,
FEZBREL, X-VIVO 10 511 5 mL %12 CHSET 5,

10) #T LW 1.5 mL 7= —7 2 R & 100 uL 372 (§F200uL) H> 70 v 74

5o 7V T LRI X-VIVO 10 B 100 pL o012 T 2 A R4
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LD (ZOFPUIMEHT 28V DD o Z—DOREBICADETERT 5, AREALERL
THRW), AR L7 ik 2 s (121X NC-202 Ti% 100 pL, Countess % Tl
10 uL) HWTHIfE v o M2 T 5, Ml v MI15mL F2—7 1 KiC
SXF 1[|E L, AFt2EFEHT 5, 2EOL 72 b S A Gefiutk, A
], AEE) BRDD, . i, AT, RoOXTRD D,
HIBREL (cells) = HMUARIREE (cells/mL) x i H: 4.8 mL x 2 {5 A7 BR*

*X-VIVO 10 55H1C 2 5 IR L 72356 O & BIIR Uiz, EEOMREE R U CHEY
5,

B U7z B D 5x107 cells/mL (6-3 @ 1)& &) (2725 X 9 . EasySep Buffer
DOIRIMEZFHET 5,

11) X-VIVO 10 551 20 mL Z /1% T, =&, 420 x g T 5 oy 3 5,
12) BiEZRET D,

6-3

1)

2)

3)

4)
5)

6)

7)

PBMC 75 T il 4yl
EasySep Buffer T 5x107 cells/mL, & 0.25~8.5mL (2725 & 5 ICR#T %, SRR L7
SR A 14mL R Y AF Lo Fa—TICAND,
EasySep Buffer O{& & 1 mL &72 ¥ | Isolation Cocktail S0 uL Z /% 5, L<EAG L, =

A T aX—va T 5,
Rapid Spheres % 30 #[H] Vortex 3%,
EasySep Buffer ®{Z# 1 mL &72 ¥ . Rapid Spheres 40 uL iz, X <IRET D,
AIRRAREBIE A 4 mL LA T O & E 13RI E S mL, MIFRRETE2Y 4 mL BL B & 23k
B 10mL 12725 K95, FRDO X 9IT EasySep Buffer ODIRINEZHIT 5, R Lz
EasySep Buffer B4z, > Y & 2~3[EEXyT 4 7 LTUHRET D, ¥~ X
FOHFIZ 14 ML AY AF L Fa—T2ANT, BiiT30MA v Fax—1T5,
EasySep Buffer 7R/IlI&E (mL) =
s (5mL XiX 10mL) —EasySep Buffer & (EFZ1) ) —
Isolation Cocktail # (7 2) ) —Rapid Spheres & (=
FL4))

Negative selection : 1000 pL ¥ 7 2 By XX SmL By hEZHWT, Fa—7
DL BRI 2 EI L, 15 mL £7213 50 mL F = — 71287
EHIC, WmL ARV AF Lo Fa—TE~Txy AL, EasySep Buffer ¥ £

(SmL T 10mL) ZMA, Fa—7 OREEIZE N RADOE =X 2N R, W
S Y E2BRIENY T 4T T D, w7 Xy FOFIZI4mLAY AF L Fa—
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8)

9)
10)
11)

12)

6-4
1)

TEANT, BR T3 oA T ax— T 5, EFL6) OEIEEZITV, [Al—D 15mL
F721% 50 mL F = — 7R IK 2 1T 5,
LW LS mL F2—7 1 RICHEERZ 100 uL o7V o7 L, s (Bl 2iE
NC-202 Ti% 100 pL. Countess 25 TlZ 10 uL) ZHWCHIfE D 7> b % 1 B3 fE 4
D, 2T, TAHERELAS 23107 cells LL EToH D Z & ZHgsd 5, 2x107 cells Al D35
A, ERR7) OBEEAHERVIET, ThEREOERVIELET D, (7B, Minik
AT MIA T arE LTTWY, A7y b LARWEARIT, 7) OBEZLTITH)
SR, 420 x g TS5 yE LT 5,
EEZBRE L, X-VIVO 10 5511 5 mL TE#ET 5,
FLW15mL F =2 —7 2 RICHFERE K Z 100 uL 37> (§F200pL) H> 7'V 74
Do BTV 7 LI BRI X-VIVO 10 £5#1% 100 uL 9201 %2 T 2 AR5
5 (ZOHPRIIERT AL DD ¥ —ORFICE LY TEMT 5, ARELEEL
THERW), AR L7l 4 e (] % 1X NC-202 TiX 100 pL, Countess 55 Tl
10 uL) HWTHIfE v o M2 T 5, Ml v MI15mL F2—7 1 KiC
OF EFER L, ArF2EIFERT S, 2EOL 7 L ESE Geiiiat, £
B, AFEE) ARDD, B, Minkk, AL, KOXTRD D,
HIRREL (cells) = FUARREE (cells/mL) x & 4.8 mL x2 {7 FR*

*X-VIVO 10 55H1C 2 (5A R L7256 O R A& BilR Uiz, FEEOMREL T U CHH
T5,

B U7z T MR’ 2x107 cells A ETH D Z & Zffgad 425 (7272 L, 2x107 cells K
WiCH > THRBRITkET D),
T MR EIRI X 3 % & THBIRTTET 5.

CD3/CD28 & —XC T flifa 2 151k
CD3/CD28 b — AWl v 7 7 — DOl

125 mL AR b UZERIEL TRICES TRINL, 74 V2 —IBE %179, A FLIC
(B—XWeEHAN Yy 77—, A LT D, E—AWEEH NNy 77 —I1% 4°CT
RIFL, HABIRIEZ3 » H &35,
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2)

3)

4)

5)

6)

7)

7-1

I i
D-PBS 100 mL
BSA 0.1g
0.5 M EDTA 400 pL

CD3/CD28 t'— X% 30 #PLL E| Vortex 3%,
14mL AR Y AF L > F 2—712 1000 uL @ CD3/CD28 & — X %1,
B — XNy 77— SmL ZMZ T, 5 B Vortex 375,

~7Fy FOHIZ 14mL AV AF LU Fa—T%ANT, 1 MEET 5, 1000 pL
A7ty hXXS5mL By hEZHAWT, Fa—7 DR 005 v — XE AN
v 77 —xRET D,
~7F v b 4mL KU AFLrFa—7%4 L, X-VIVO 10 £ 1000 pL T
CD3/CD28 b'— R Z &+ %,
75em? 77 A 2 f@EHER L, TR0 KL D ICHERT D,

77 2a 1 {@H=0

CD3/CD28 £'— X 500 uL
T Hife 2k 1~2x107 cells
Eq=x 20 mL
8) 37°C, 5% COrA > F 2 —H —THHET 5,
7. TR :REHROBHB A/ ZHikE (MOLT-4)
Hefig
1) TRIZHES T, B Z T 5,
i U2 A—H— fa R AT
MOLT-4 CRL-1582 ATCC /e
X-VIVO 10 551
(Serum-Free Medium With 04-380Q Lonza EE
Gentamicin and Phenol Red)
FBS GFEEI{bHE Db D) 172012 Sigma e
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2) TRIZHE-T, BMEHET D,

4 % A—T— FaE/ARAE T

75cm? 77 A3 430641U Corning (A=)
P1000 7 4 VX —F v 17014981 RAININ (ave=rl)
P200 7 4 VX —F v 17014977 RAININ (A=
25mL Xy b 170357N Thermo Fisher (A=)
10mL <y k 170356N Thermo Fisher (ave=l)
5mL Xy K 4487 Corning (A=

et S E Y N
941-0024 Chemometec (A=l

Via2-Cassette
1.5mL F=—7 0030 125.150 | T2 RNL7 (ave=l)
50mL F=—7 91050 TPP (A=
3) TRICUE- T, WEHZERT D,
A uieis A —T1— fREMRE]
CLASSIITYPEA2 Elva
LEF Y ELRY b Aw=3m]
MHE-132AJ-PJ RFV=vw7

BEIEN Y Z— XPp 7Y Drummond =TI}
PIOOOL ¥ A 7 m B~y | FA10006P A (ave=l)
P200L v A 7 m B~y K FA10005P Xy (ave=rl)
T AL L—H — — — (=)
37°C fEIRFE SDN-B BAT v (A=)
NucleoCounter NC-202 Chemometec AT

7-2

1)
2)

3)
4)

24 7 Hf (MOLT-4) Ofigi & 7 LB

TEIEFE 2 /KR 37°CICiRD 5,

X-VIVO 10 £2# 18 mL & FBS 2mL # 50 mL F = — 7 TIES L. [ L] &

6 e}
R B b 2 TR TR D,

FLWS0mL F=—712, A 2 mL 257,
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5)

6)
7)

8)
9)

10)

TRIRZEFEFIRTE LTV D MOLT-4 /34 7V & LD 97, B S o 7 RE TR T
NATNVARDENZ TT, HOEZHD L, BEOHTEFFH, /A 7V Z Kl 37°CD
TEVRAEIC AL, /NS AOKDIE L BWVDORE ST D F THNT (F-VULZH LTk
&% HUHERE. MREIER OB % © 1~2500), /A T V&T )V a—/LilE L TERYF
¥ EX Y FNICANDEIZIZZERITEET TWD DT, 1000 pL ~A 7 1 B~y k% H
W, B L - MR 2 4)D S0 mL F = — T AND,
R FRF 1 mL C MOLT-4 /A 7 V& 015,
S50mL F2—7 2RV 2R 6, b O A HTOFTREMEZ D LT D, @o< Y
LMz %,
20 mL (2725 F TR AR M2 N 2 726, =RiE, 420 x g T 5 fELT 5,
FWEZBRE L, X-VIVO 10 551 5 mL 22 THIEET S (B0 0 2 —OFREEIC
B TIRINEHELZ T 5).,
FL15mL F=2—7 2 RICHFERE T Z 100 L 3> (§F200pL) H> 7'V 74
Lo VU 7 LT BRI IZ X-VIVO 10 55#1% 100 uL "2 2 T 2 A R4
5 (ZOFMPUIEAT 2200 v F—OFEICG DY CEMT 5, FREL2EHEL
THERW), AR L7 MiaEik 4w & (B 213 NC-202 TiX 100 uL, Countess %5 Tl
10 uL) HW TR 7 o M2 T 5, M v MI1.5mL F2—7 1 K
OF EFERL, ArF2EFE/T S, 20 OL 72 L EAE ek, Ak
B, AFEE) ARDD, . Minkk. AL, kKOXTRD D,
AL (cells) = HIIOIEEE (cells/mL) x & 4.8 mL x2 {577 fR*

*X-VIVO 10 5541 5 mL CHEE L. X-VIVO 10 55H#1C 2 (54K L7256 O %

R U7, FEBROWEEARELFE L THILT D,

11) X-VIVO 10 55H#17C 2x10° cells/mL 12725 KX HIZFHB L, 75 em? 7 7 XA 2T 5,

TIRAapl- 0, EHE 20 mL Bk A BT 5,

12) 37°C, 5% CO» A > F 2 X— X —TE#T 5,

THE B3 BH THM

8-1
1)

Wi
TRICUE- T, B Y595,
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4 % A—T1— fREMRE]
X-VIVO 10 £
(Serum-Free Medium With 04-380Q Lonza BE
Gentamicin and Phenol Red)
2) TRIZWEST, EMEZHERHT D,
i % A—T— == )
67 =T L—h 3471 Corning ]
“The Big Easy” EasySep 18001 STEMCELL toe
Magnet Technologies
l4mL RY AF L Fa—
) 352057 BD (=]
7
10mL By K 170356N Thermo Fisher (A=l
S5mL By K 4487 Corning (ave=rl)
P1000 7 4 VX —F v 7 17014981 RAININ (ave=l)
P200 7 4 VX —F v 17014977 RAININ (A=l
P20 7 4 VA —F > 17014974 RAININ (ave=l)
i v NAAE Y B
941-0024 Chemometec (ave=l)
Via2-Cassette
1.5mL F=—7 0030 125.150 | = ~X> K> (A=l
50mL F=—7 91050 TPP (A=

3) TRIHE-S T, HEaHEZ T D,
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8-2

1)
2)
3)

4)

5)
6)
7)

4 % A—T— fREMREE]
CLASSIITYPEA2 ERva
LTR¥ Y EXy b (A=)
MHE-132AJ-P] | /XFV=v7
FBEIE Ay X — Xp 7l Drummond =l
PI000L ~ 1 7 BBy | FA10006P X (A=
P200L ~A 7 m B~y | FA10005P Xy (A=)
P20L ¥4 7 v &~y h FA10003P X (A=l
TAE L —H— — — (A=
37°C [EiEAE SDN-B BAT V7 (A=)
NucleoCounter NC-202 Chemometec =l
TEME(L T AR O 1538

T #ifid2s CD3/CD28 b — R LT, BRI ZIEH L T\ D 2 & 2R T 2,

~ 7%y FOPIZ4mL AT AF Lo Fa—T% A, Sz TEL,
CD3/CD28 B —=AD[RFE:10mL B~y kT 15~20 [EfiL <> T ¢ > 7 L, CD3/CD28
E— X B A RS LT TR T S, MR ORTEIZ L M & B — X D5y
BEZNEE L UWMBAICIE S mL B8y M EHWT HE 15~20 B ey T 1 v 795,
EFE2)DOF 2 — T ITHIREK 10 mL 2 A, | HREHET 2, SmLEXy b &
HAWT, Fa—7OHbn bR 2 [EI L, 50mL F = — 717, CD3/CD28
B — XL ATRE /R #iPH TR ET 2,

ERE3) &MY kY, T TOMSERNER A B, & CD3/CD28 B — A ZfRE L&A
726, S0mL F =2 —7IZ X-VIVO 10 F5 i ZHAI L T40mL £ TART v 7T 5,
iR, 420 x g TS5 0MELT 5,

EWEZBRE L, X-VIVO 10 5511 10 mL (25T %,

FL15mL F =2 —7 2 RICHFERE T Z 100 L 3> (§F200puL) $> 7'V 74
Lo BTV T LT HIERRETZIC X-VIVO 10 B 100 pL 92012 T 2 AR
5 (ZOFMPIIEHT 2L DD o Z —OFHEICG DY TEMT 5, FREEZEEL
THRW), AR L7 ifufedBik 2 s (121X NC-202 Tl 100 uL, Countess % Tl
10 uL) AWTHiIlaE A v o M2 FEid 5, Ml v MI15mL F2—7 1 K
SX 1EIFE L, A2 EIFET 5, 2EOA T S LR Rk, Ek
B, AFEE) ARDD, B, iinkk., AL, KOXTRD D,
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FHARE (cells) = FMPRERIE (cells/mL) x & 9.8 mL x2 {F A7 HR*
*X-VIVO 10 5511 C 2 (AR L7256 O X E Bl Uiz, FEEOMREL T U CHTY
T5,
8) ERE7) 25 2.0 x107 cells 2y DHIfERE IR Z B 50 mL F = —7ICHB L, #ikE 40
mL (2722 & 9 X-VIVO 10 5522 T, 5%10° cells/mL (272 5 X 9 IZHRTT 5,
9) 6 V=T L— & 3KHERT D,
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Summary

Currently, many types of cell-based therapeutic products (CTPs) derived from pluripotent stem cells (PSCs) are
being developed in a lot of countries, some of which are in clinical trial stages. CTPs are classified differently
in different countries and regions. The evaluation of their efficacy, safety, and quality also differs from that for
conventional small-molecule drugs and biopharmaceuticals, which reflects the complex properties of living
cells and unmet medical needs. Since there are no international guidelines to evaluate CTPs, including PSC-
derived products, it is necessary to be aware of differences in relevant laws and regulations in different countries
and regions. International consortia are organized and actively working to standardize/harmonize the evaluation
methods and regulations to facilitate the development and global distribution of PSC-derived CTPs. In this paper,
we outline the regulations related to PSC-derived CTPs in the ICH founding regions (US, EU/UK, Japan) and

introduce representative consortia working on their standardization.
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Introduction

Embryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs) are types of pluripotent stem cells
(PSCs) capable of infinite self-renewal and differentiation into different cell types. By exploiting the
characteristics of PSCs, target cells can be differentiated from human ESCs/iPSCs and used as therapeutic
products for intractable diseases in regenerative medicine and cell therapy. Cell-based therapeutic products
(CTPs), including PSC-derived products, are different from small-molecule and antibody drugs and are also
commonly regarded as innovative pharmaceuticals. As CTPs are composed of living cells and vary widely in
raw materials, manufacturing processes, final product form, and disease treatment, a case-by-case approach
should be applied to each product to ensure its quality and safety. Therefore, conventional test methods and
good practices applied to pharmaceuticals are often not applicable to CTPs. Furthermore, there is no
international consensus on the evaluation and good practices related to the efficacy, safety, and quality of CTPs
and no internationally available regulatory guidelines have been issued.

In the United States (US), the European Union (EU) (and the United Kingdom (UK)), and Japan, the three
founding members of the International Council for Harmonization of Technical Requirements for
Pharmaceuticals for Human Use (ICH), regulations are established according to the product categories defined
in each country and region. CTPs are wusually classified according to whether they contain
manipulated/processed cells, or whether they are intended for homologous use. In the US, therapeutic products
containing cells with more-than-minimal manipulation, including PSC-derived products, are deemed human
cells, tissues, and cellular and tissue-based products under Section 351 of The Public Health Service Act (351
HCT/Ps) and classified as biological products or medical devices, whereas CTPs containing substantially
manipulated/processed cells are classified as advanced therapy medicinal products (ATMPs) and regenerative
medical products in the EU (and the UK) and Japan, respectively. CTPs are approved for marketing after
undergoing a review process that is unique to each country or region. Also, clinical trials using CTP involving
transplantation or surgical procedures must comply with national regulations regarding ethics. In addition, the
rare and serious disease areas that are often the targets of CTPs often do not have sufficient patient populations
for their clinical development. For these reasons, time is required to collect and evaluate data for efficacy
validation and thus, each country or region has its own system for the early approval of CTPs (Sato ef al.,
2019; Yoneda et al., 2021). In this current situation, standardization of manufacturing and evaluation
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techniques and harmonization/convergence of regulations are effective approaches to accelerate the product
development and expedite approval. Discussions are currently being held on a wide variety of topics related to
regenerative medicine, including definitions of terms, cell sampling and storage methods, manufacturing
processes, and evaluation tests by various international consortia that collaborate with each other.

This paper describes the following: 1) the review systems, regulations, and guidelines related to the approval
process for CTPs, including PSC-derived products, in the US, EU, and Japan; 2) expedited approval systems in
each country and region that were developed in consideration of the characteristics of CTPs and unmet medical
needs; and 3) representative international platforms working on the technical standardization or regulatory

harmonization/convergence of CTPs.

The principle of regulation: a risk-based approach

The risk-based approach is a general principle for the regulation of pharmaceutical products in the three ICH
founding states and has also been adopted in the ICH Guidance on Quality Risk Management (Q9). The risk-
based approach establishes regulatory policies and content by scientifically evaluating the degree of impact of
a product, based on the identification of risk factors inherent to the property of each product with respect to
efficacy, safety, and quality (Table 1. #1, #13, #17-19) (FDA/CBER, 1997; EMA/CAT/CPWP, 2013;
MHLW/PFSB, 2012a-c; Hayakawa et al., 2015a-c). It is difficult to achieve a uniform quality of CTPs,
including PSC-derived products, owing to various factors such as differences in cell donors, as well as
complexity and activity of cells as living organisms. In addition, raw materials, manufacturing processes, final
product forms, and clinical use vary widely from product to product. Therefore, the quality profiles and uses of
final products are highly diverse, and the associated risk factors and risk severity vary among the products. To
obtain a risk profile, it is necessary to scientifically evaluate the risk factors for each product from an early stage

of development.

Regional regulations of PSC-derived CTPs
The United States
Product classification in the US
Cells, tissues, and cell/tissue processed products are called 361 HCT/Ps if they meet all the requirements
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presented in Section 361 of the of the Public Health Service Act, such as that the cells are not subjected to
more than minimal manipulation and that the product is intended for homologous use only. When none of these
are the case, the products are referred to as 351 HCT/Ps. Minimal manipulation means processing that does not
alter the relevant biological characteristics of the cells or tissues. PSC-derived CTPs are therefore considered to
be 351 HCT/Ps as their manufacturing process is not regarded to involve “minimal manipulation” but “more
than minimal manipulation” (Table 1. #1 and #7) (FDA/CBER, 1997; FDA/CBER/CDRH/OCP, 2020;
Federal Food, Drug, and Cosmetic Act(United States code, Title 21), 1938). Based on the primary mode
of action principle, 351 HCT/Ps are classified as either biologics (pharmacological, immunological, and/or
metabolic effects) or medical devices (structural and/or physical effects). In the case of CTPs, which are difficult
to classify as biologics or medical devices, the FDA’s Office of Combination Products (OCP) determines the

classification.

Clinical trials

Any clinical trials for 351 HCT/Ps must be conducted in compliance with the ICH Good Clinical Practice
(GCP) guidelines. In addition, following the applications, biological product: Investigational New Drug (IND)
and medical device: Investigational Device Exemption (IDE) from the Food and Drug Administration (FDA),
approval is needed to conduct clinical trials for 351 HCT/Ps. For the practical application of 351 HCT/Ps,

developers are entitled to receive support, for example, through a program that allows them to consult the FDA.

Expedited marketing authorization system in the US

It is necessary to apply for a Biologics License Application (BLA) or a Premarket Approval (PMA) after
clinical trials to obtain marketing authorization for HCT/Ps. The FDA has established the Office of Cell, Tissue
and Gene Therapy (OCTGC) of the Center for Biologics Evaluation and Research (CBER) as the point of
contact for reviewing 351 HCTP/s, regardless of whether they are a biologic or a medical device.

The 215t Century Cures Act was established in 2016 with the primary objective of addressing unmet
medical needs and incorporating the patient's perspective into the regulation of drugs and medical devices,
building 21st century medical care, promoting rational clinical trials, supporting continued innovation by

government agencies, and reforming the regulatory process. The content related to regenerative medicine is
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described in Section 3033-3036 of the Act. As described in Section 3033 of the “Accelerated Approval for
Regenerative Medicine Advanced Therapies”, the Regenerative Medicine Advanced Therapies (RMAT)
designation, which enables accelerated approval of HCT/Ps, including PSC-derived products, was stipulated.
The requirements for RMAT are as follows: 1) the product is intended to be a regenerative therapy; 2) the
product is intended to treat, correct, repair, or cure a serious or life-threatening disease or condition; or 3)
preliminary clinical results indicate that the product has the potential to address an unmet medical need for such
diseases or conditions. Priority review or accelerated approval may be applied if the RMAT designation is
granted after submitting an IND application. Priority review is a program that reduces the review period from
the usual 10 months to approximately 6 months (Food and Drug Administration Modernization Act of 1997,
1997). In addition, accelerated approval is a program under which marketing authorization of a drug may be
granted for a serious or fatal disease if a well-controlled clinical trial demonstrates efficacy for a surrogate
endpoint or for an endpoint other than survival or irreversible conditions (Code of Federal Regulation under
Title 21, 21 CFR). Products designated as RMAT are eligible for consultations regarding the
surrogate/intermediate endpoint for Accelerated Approval. Further clinical trials are required to confirm the
efficacy of the product. Approval for the product is revoked if the FDA determines that the efficacy of the
product is inadequate, based on the results of post-marketing surveillance reports. In contrast, if the FDA
determines that the product is effective, the obligation for post-marketing surveillance ends.

HCT/Ps classified as medical devices are eligible for humanitarian device exemption (HDE) under the
humanitarian use device (HUD) designation program. An HUD is defined as a medical device that is beneficial
to the patient in the treatment or diagnosis of a disease or condition that affects or develops in 4,000 or fewer
people per year in the US, for which no other effective devices are available. An HUD is designated by the
Office of Orphan Product Development of the FDA. Once an HDE is granted to an HUD-designated medical
device, efficacy data may be substituted to explain its probable benefit during the regulatory review process.
Therefore, it is not necessary to submit the results of clinical studies that scientifically demonstrate the efficacy
of the device. However, it should be noted that medical devices approved under an HDE must be approved by
the Institutional Review Board (IRB) prior to use at medical institutions (Code of Federal Regulation under

Title 21).
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Guidelines for evaluating efficacy, safety, and quality

In the US, although no specific guidance for PSC-derived CTPs with clinical application has been issued by
regulatory bodies, several guidelines for HCT/Ps are available. ESCs and iPSCs can be the raw materials for
allogeneic PSC-derived CTPs. As virus clearance during the manufacturing process of CTPs is impossible, the
eligibility of the donor is very important particularly in the case of allogeneic products. In the “Eligibility
Determination for Donors of Human Cells, Tissues, and Cellular and Tissue-Based Products (HCT/Ps)”
(FDA/CBER, 2007) (Table 1. #2), information on donor eligibility testing and communicable disease agents
are described in 21 CFR Part 1271.3(r) (Code of Federal Regulation under Title 21). As with general
pharmaceuticals, the efficacy, safety, and quality of CTPs is verified during preclinical studies; however, the
intrinsic material composition and putative MOAs differ from those of small-molecule drugs,
biopharmaceuticals, and medical devices. Therefore, the traditional approach using in preclinical toxicity testing
is often inappropriate for evaluating the safety of CTPs. With CTPs, it is necessary to consider the impacts of
biologically active substances secreted from cells and contamination with tumorigenic cells, including
transformed cells and undifferentiated cells. In addition, if there is a possibility that non-cellular components
and/or impurities originating during the manufacturing process are present in CTPs, their toxicity should be
evaluated. The Preclinical Assessment of Investigational Cellular and Gene Therapy Products is issued by the
CBER and OCTGT, and it provides information about the design of preclinical studies for HCT/Ps (e.g., animal
species selection, proof-of-concept studies, and toxicology studies) (Table 1. #5) (FDA/CBER, 2013). The
evaluation of CTPs is influenced by product origin, such as donor and tissue sources, level of manipulation,
stage of differentiation at the time of administration, cellular heterogeneity, and batch variability. In addition,
the characteristics of CTPs, such as engraftment at the site of administration or migration to other sites, can be
affected by the surrounding microenvironment because they have unique complexities because of the dynamic
nature of living cells. This also affects teratoma/tumor formation due to the residual undifferentiated PSCs and
a range of different transformed cell types arising as a result of genetic variations, which is a concern for PSC-
derived products. Therefore, the quality and efficacy can affect the fate of the product after administration,
including its distribution, differentiation, integration, and tumorigenicity, and should be verified in preclinical
studies. “The Considerations for the Design of Early-Phase Clinical Trials of Cellular and Gene Therapy
Products” (FDA/CBER, 2015) (Table 1. #6) states that an early phase clinical trial design should include

58



164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

dosimetry, a feasibility assessment, and an activity assessment. The objectives of early phase trials are to assess
the risks of the trial and protect the subjects. In particular, the priority of first in-human trials in to evaluate
safety, which includes an assessment of the nature and frequency of potential adverse effects and an estimation
of their relationship to the dosage (Code of Federal Regulation under Title 21). Potency assays are required
for biological products and CGT applications are also described in the document “Potency Tests for Cellular
and Gene Therapy Products” (FDA/CBER, 2011) (Table 1. #3). However, the manufacturing process of
HCT/Ps has a significant impact on efficacy, safety, and quality. The manufacture of 351 HCT/Ps as biologics
and medical devices requires compliance with current Good Manufacturing Practice (¢cGMP) and the current
quality system regulation (QSR), respectively, as well as the current Good Tissue Practice (¢cGTP) (Code of
Federal Regulation under Title 21, 21 CFR). These documents provide good practices for standard operating
procedures (SOPs), process validation, and instrument calibration/validation to maintain a sterile manufacturing
environment. A unique aspect of the cGTP is that it is based on preventing the spread of infectious diseases, as
the products are human cells and tissues. To help better understand the relevant guidelines, a Q&A style

guidance document has been published (Table 1. #8) (FDA/CBER, 2022a).

Recommendations to the FDA by the Cellular, Tissue, and Gene Therapies Advisory Committee

The Cellular, Tissue, and Gene Therapies Advisory Committee (CTGTAC) is an advisory committee of the
FDA, and its expert members review and evaluate data on the efficacy, safety, and appropriate use of human
cells, tissues, and other materials for regenerative medicine. The results of their discussions are then used as
recommendations for the FDA. Cellular therapies derived from human ESCs were discussed at the CTGTAC
Meeting #45 in 2008, and they then mainly summarized the study designs that avoid adverse events that are
mainly attributable to the teratoma-forming potential of ESCs (Table 1. #4) (FDA Cellular, Tissue, and Gene
Therapies Advisory Committee, 2008). To manufacture human ESC-derived CTPs, it is important to
minimize the number of undifferentiated human ESCs. Tests used to detect unacceptable amounts of
undifferentiated human ESCs and other cellular impurities are required to evaluate the quality of human ESC-
derived CTPs. In addition, the selection of animal species and models, cell dose, and site of administration
(niche) should be considered during preclinical studies to assess the potential for tumorigenesis and

inappropriate differentiation at nontarget sites. These factors significantly affect the efficacy and safety of the
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product, as they are involved in cell engraftment, differentiation, and migration. These requirements also apply
to clinical studies. Clinical trials using human ESC-derived CTPs should be conducted in patients with the target
disease. In clinical trials, non-invasive techniques, such as imaging and blood markers should be used to detect
potential adverse events, including the formation of teratomas and other tumors. However, key parameters for
clinical trials must be carefully chosen because early signs of adverse events may be undetectable. Appropriate
study designs should be established based on scientific evidence.

Although the opinion of the CTGTAC with respect to human ESC-derived CTPs could be applicable to
iPSC-derived CTPs, as far as we know, no CTGTAC meeting discussions have focused on iPSC-derived CTPs.
Different from ESC, iPSC can be generated by the reprogramming of somatic cells and clinically used for
autologous transplantation. Additional discussions about the clinical application of iPSC-derived products are

expected.

Standardization of relevant technologies in the US

Section 3036 of the 215t Century Cures Act “Standards for Regenerative Medicine and Regenerative
Advanced Therapies,” states that efforts shall be made to formulate the definition of terminology and standards
to support the development, evaluation, and review of regenerative medicine therapies/advanced regenerative
therapies, including product manufacturing processes and controls. This formulation is based on regulations
made through public processes with the National Institute of Standards and Technology (NIST). The Standards
Coordinating Body (SCB) is a new consortium established under the leadership of the Science and Technology
Committee for the Alliance for Regenerative Medicine (ARM). The SCB, in partnership with the NIST and
FDA, contributes to international standardization activities in cooperation with industry associations. For
example, the members of SCB, as well as groups such as FDA and standards committee members from various
countries, join in the International Organization for Standardization (ISO) Technical Committee (TC) 276,
which is discussed below.

The policy states that the preferential usage of standards, which are internationally harmonized and
consistent with US law, increases the availability of reviews and leads to a shortened time-to-market period. For
the purpose of facilitating the development and assessment of regenerative medicine therapy products, the
FDA’s CBER has recently issued a draft guidance document on the use of voluntary consensus standards for
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regenerative medicine therapies (Table 1. #9) (FDA/CBER, 2022b). This guideline describes the requirements
that need to be met in the process of developing voluntary consensus standards, with respect to how standards

are recognized and how they will be reviewed for recognition.

The European Union
Product classification

In the EU, CTPs, including PSC-derived products, are handled as ATMPs, which require regulatory approval
(The European Parliament and the Council of the European Union, 2007). ATMPs are human medicines
based on genes, tissues, or cells that offer groundbreaking new opportunities for the treatment of diseases and
injuries. ATMPs can be classified into three main types: gene therapy medicines, somatic-cell therapy medicines,
and tissue-engineered medicines. The classification of somatic-cell therapy medicines and tissue-engineered
medicines is based on the principle of the primary mode of action. Namely, the expected functions of somatic-
cell therapy medicines and tissue-engineered medicines are “pharmacological, immunological, or metabolic”
and “structural or physical”, respectively (Table 1. #12) (European Medicines Agency (a); EMA/CAT, 2011).
In scientific recommendations of EMA, retinal pigment epithelial cells derived from iPSCs were classified as
tissue-engineered products (European Medicines Agency, 2014). For the handling of ATMPs in the United
Kingdom (UK), which has left the EU, please refer to the guidance which is described by Cell and Gene Therapy

Catapult (Cell and Gene Therapy Catapult, 2021).

Clinical trials in the EU

The Clinical Trials Regulation (The European Parliament and the Council of the European Union,
2014) was established in place of the Clinical Trials Directive (The European Parliament and the Council
of the European Union, 2001a) to protect the right, safety, dignity, and well-being of subjects in clinical trials,
and it applies to all clinical trials that involve the use of medicinal products for humans in the EU. The aim of
the Clinical Trials Regulation is to harmonize the processes for assessing and supervising clinical trials. To date,
the evaluation, authorization, and supervision of clinical trials are the responsibilities of EU Member States and
European Economic Area countries (The European Parliament and the Council of the European Union,

2001a). Manufacturers of medicinal products for human use had to submit clinical trial applications separately
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to the national competent authorities and ethics committees in each country to run a clinical trial. Therefore,
even if the same clinical trial applications are submitted to different member countries, the conclusions may
differ from country to country. To obtain approval to conduct a clinical trial in up to 30 EU/EEA countries, the
Clinical Trials Regulation, which entered into application on 31 January 2022, allows manufacturers to
simultaneously submit online applications using the same documentation via the Clinical Trials Information
System (CTIS) (European Medicines Agency (b)). When applying for multinational trials, all concerned
Member States of the EU share any considerations and coordinately review the application of Part I, while each
Member States assesses the application of Part IT with respect to its own territory (The European Parliament
and the Council of the European Union, 2014). The reporting Member State and each Member States
concerned then notify the manufacturers of their conclusion via CTIS. ATMPs, including PSC-derived products,
are reviewed for regulatory approval by the European Medicines Agency (EMA); however, the EMA has no
authority over clinical trials. The EMA is responsible for maintaining CTIS, and the European Commission
(EC) oversees the implementation of the Clinical Trials Regulation (European Medicines Agency, 2022).
As in the US, clinical trials/research must be conducted in accordance with ICH GCP guidelines, regardless
of whether they are non-commercial or commercial. Considerations relating to clinical trial designs and the
quality of investigational ATMPs (iIATMP) are stated in the GCP for ATMPs developed in the EU (Table 1. #16)
(European Commission, 2019). When conducting clinical studies on ATMPs, an Investigational Medicinal
Product Dossier (IMPD) should be prepared. The IMPD is a summary of the investigational drug and describes
the drug substance (DS), drug product (DP), device, etc., using the European Directorate for the Quality of
Medicines & Health Care (EDQM) standard terms. The DS is defined as the processed starting material used in
manufacturing and is associated with information on the name, the type of modality, and the mode of action.
The DS provides most of the information on ATMPs. The DP provides information about the route of
administration, the sterility, and the dilution of the ATMPs. For a particular investigational ATMP (iATMP), the
starting material, active substance, and final product may be closely related or nearly identical. If possible,
active, intermediate, and final products should be identified. The IMPD should also describe the process
validation performed and summarize the key points relevant to the understanding of the selected product

development approach (Centre for Advanced Medical Products, 2019).
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Exception systems for the use of ATMPs

For ATMPs to be marketed in the EU, their efficacy, safety, and quality need to be scientifically evaluated for
approval review, which is performed by the EMA under the delegation of the EC. The Committee for Medicinal
Products for Human Use (CHMP) is responsible for the regulatory review of drugs and medical devices within
the EMA; however, as the evaluation of ATMPs is more specialized and involves multidisciplinary perspectives
compared to that for conventional drugs and medical devices, the Committee for Advanced Therapies (CAT)
was organized as an advisory body for the CHMP. An approval review is conducted by the CHMP based on the
evaluation of efficacy, safety, and quality from the CAT. The EC then makes an approval decision based on an
evaluation letter prepared by the CHMP. To resolve these requirements, evaluate ATMPs within the EU, and
prompt their marketing, the efficacy, safety, and quality of ATMPs are evaluated directly by the CAT. Even
ATMPs that are to be distributed in only one member country must be evaluated by the CAT and reviewed by
the CHMP.

In the EU, the PRIME program supports the development of drugs for unmet medical needs. PRIME is
designed to enhance networking and promote early meetings with developers of promising drugs, with the aim
of strengthening support for the development of drugs to treat currently unmet medical needs. This program is
expected to optimize the development plan, accelerate the evaluation of new drugs, and make them more readily
available to patients. The eligibility of ATMPs for PRIME is determined according to the extent to which they
can be applied to unmet medical needs, their expected efficacy, and their improvement over existing treatments
and methods. In addition to the data on clinical activity, a summary of all available safety data obtained in non-
clinical and clinical settings should also be provided (Table 1. #14) (EMA/CHMP, 2015). ATMPs that qualify
for PRIME may be eligible for accelerated assessment with a shorter review period at the time of regulatory
approval (European Medicines Agency (c)). In addition, ATMPs are exempt from review by the EMA if there
are no other approved drugs for particular conditions with high unmet medical needs, and the product is
produced non-repetitively at a single hospital within the same member country for a specific patient population
(The European Parliament and the Council of the European Union, 2007). This type of approval is called
“Hospital Exemption”; however, even products eligible for the Hospital Exemption must be reviewed and
approved for manufacturing, quality, and pharmacovigilance by the agency in the country of production and
distribution and be produced in good manufacturing practice (GMP)-authorized sites. A recommendations and
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position paper for the use of Hospital Exemptions is issued from ARM (which involves 350+ members
worldwide and 70+ members across 15 European countries) and the European Association for Bioindustries,
respectively (Alliance for Regenerative Medicine, 2020; European Association for Bioindustries, 2020).
The “Specials” Exemption is another system of exceptional use for specific patients (The European
Parliament and the Council of the European Union, 2001b; Medicines and Healthcare products
Regulatory Agency, 2014). The Hospital Exemption is only applicable to ATMPs, whereas the “Specials”
Exemption covers all medical products including ATMPs (Mahalatchimy and Faulkner). The Specials
products are produced in compliance with the GMP by manufacturers granted by the Licensing Authority and
their use is not limited to hospitals. The Specials products can be prescribed by doctors or dentists,
supplementary prescribers (such as an appropriately qualified nurse or pharmacist), and others, and this differs
from market authorization (Medicines and Healthcare products Regulatory Agency, 2014). As a Hospital
Exemption is granted for ATMPs with no demonstrated safety and efficacy performance in some EU countries,
there may be concerns about the safety and efficacy of the product, which may not have been confirmed
(Cuende et al., 2022). A warning against the use of unproven cell therapies were issued by the EMA in 2020
(EMAJ/CAT, 2020). Therefore, although Hospital Exemptions and Specials humanely provide patients with

opportunities to access ATMPs, these systems should not be used to just avoid the high costs of a clinical trial.

Guidelines for quality, safety, and efficacy evaluation

In addition to the general guidelines for human cell-based medicinal products, a reflection paper on specific
aspects related to marketing authorization applications for stem cell-based medicinal products has been issued
by the EU (Table 1. #10 and #12) (EMA/CHMP, 2008a; EMA/CAT, 2011). The points to consider for quality
(including manufacturing) as well as non-clinical and clinical studies are described in this reflection paper. In
particular, the tumorigenicity of undifferentiated PSCs is mentioned in the sections on “Quality Considerations”
and “Non-Clinical Considerations”. In addition, information on the in vivo fate of ATMPs in clinical settings is
included in the section on ‘“Pharmacokinetics”, which encourages the development and validation of new, non-
invasive methods for tracking cells during clinical trials. On the assumption that ATMPs become part of the
patient’s body, unlike conventional drugs and medical devices, EU regulations focus on follow-up and risk

management to determine the efficacy of ATMPs and their associated adverse effects. Therefore, the applicant
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is required to provide details about follow-up and post-marketing surveillance, in addition to risk management
plan. The “Guideline on safety and efficacy follow-up and risk management of advanced therapy medicinal
products” issued in the EMA provides details for the post-marketing follow-up and risk management of ATMPs
(Table 1. #11) (EMA/CHMP, 2008b).

For ATMPs derived from human cells and tissues, it is necessary to comply with Directive 2004/23/EC (The
European Parliament and the Council of the European Union, 2004) with respect to donors and processes
such as cell preparation/processing, storage, and transfer. In addition, the guidelines on GMP for ATMPs were
established to regulate the manufacturing and quality control specific to ATMPs in the EU (Table 1. #15)
(European Commission, 2017). In accordance with the GMP, the WHO and ISO have also produced
international guidance, the Technical Report Series 1044 - 56" report of the WHO Expert Committee on
Specifications for Pharmaceutical Preparation (World Health Organization, 2022a), and ISO/IEC
17025:2017 - General requirements for the competence of testing and calibration laboratories

(International Organization for Standardization, 2017), respectively.

Japan
Product classification in Japan

Under The Act on Securing Quality, Efficacy and Safety of Products Including Pharmaceuticals and
Medical Devices (Pharmaceuticals and Medical Devices Act, PMD Act), which regulates products intended
for marketing, cell-processed products and products for gene therapy are collectively referred to as “regenerative
medical products”, which is a product type that is independent from that of drugs and medical devices. Products
composed of living human or animal cells are classified as regenerative medical products in accordance with
the presence or absence of cell processing and non-homologous use. Unlike in the US and the EU (and UK),
the genetic modification of cells is considered to be a type of cell processing; therefore, genetically engineered
cells for ex vivo gene therapy; for example, CAR T-cell products are classified as cell-processed products in
Japan and not as products for gene therapy. PSC-derived products are also classified into cell-processed products.
Under The Act for the Safety of Regenerative Medicine (RM Safety Act or ASRM), which is applied to
regenerative/cellular therapies conducted as medical practice solely under the discretion of medical practitioners

or as non-commercial clinical research, human or animal cells that are cultured or otherwise processed and are

65



360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

not classified as regenerative medical products under the PMD Act are called “specified processed cells”.

Commercial clinical trials and non-commercial clinical studies

As described above, in Japan, the law applicable to CTPs with manufacturing/marketing authorization or
commercial clinical trials for the purpose of obtaining manufacturing/marketing authorization differs from that
applicable to medical practices using specified processed cells (namely, CTPs without manufacturing/marketing
authorization) solely at the discretion of the medical practitioners or to non-commercial clinical studies on
specified processed cells. Commercial clinical trials are regulated by the PMD Act and must be conducted in
compliance with the GCP. If an application for marketing authorization is submitted, it is reviewed by the
Pharmaceuticals and Medical Devices Agency (PMDA) and the Ministry of Health, Labour and Welfare
(MHLW). In contrast, medical practices using specified processed cells based solely on physicians’ discretion
and non-commercial clinical studies on specified processed cells are out of the scope of the PMD Act, and do
not need to meet the data quality assurance-related requirements of the GCP. However, they must comply with
the same ethics-related requirements as the GCP under the regulations of the RM Safety Act. Medical practices
using specified processed cells have three classes in terms of the risk not conducting an appropriate safety
assessment. Medical practices using PSC-derived specified processed cells are classified into “Class 1
Regenerative Medicine,” which are deemed the most difficult to assess for safety. Although the MHLW may
provide opinions about the plans for non-commercial clinical studies on PSC-derived specified processed cells
under the RM Safety Act, the reviews are not conducted by the PMDA but by institutional committees called
Specified Accredited Committees for Regenerative Medicine. The RM Safety Act also provides the standards

for institutions and cell processing facilities to ensure the safety of regenerative medicine and cell therapy.

Manufacturing/marketing authorization in Japan

In the process of manufacturing/marketing authorization for regenerative medical products, there is a
conditional and term-limited approval system that allows for early patients’ access, in addition to the regular
approval system. Based on the application data, PMDA and MHLW (not a pharmaceutical company) determine
whether a term-limited approval system is applied to the regenerative medical product. In a case in which data
about the efficacy, safety, and quality of CTPs are fully demonstrated, the CTPs can be approved via the regular
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approval system. In the conditional and term-limited approval system, the MHLW may grant approval with
necessary conditions that ensure its proper use and a term limit not exceeding seven years, if the following
criteria are met: 1) The regenerative medical product pertaining to the application is not homogeneous; 2) The
product is presumed to have the efficacy pertaining to the application; 3) The product is presumed to have value
for use as a regenerative medical product because it does not have a significantly harmful effect in comparison
with the efficacy, effectiveness or performance pertaining to the application. For regenerative medical products
granted conditional and term-limited approval, it is necessary to plan and conduct a post-marketing study to
verify the efficacy and safety and to re-submit the application to obtain official approval within seven years;
this process differs from that of the regular approval system in Japan. Although any regenerative medical
products granted conditional and term-limited approval are covered by public medical insurance, the data need
to be evaluated for all patients using the product in question. It should be noted that it is impossible to conduct
a randomized controlled study after marketing. Therefore, MHLW encourages that post-marketing data be
consolidated in a nation-wide database called National Regenerative Medicine Database (NRMD), which was
established by PMDA and has been operated by the Japanese Society for Regenerative Medicine (Okada et al.,

2018), to be evaluated with the cooperation of relevant academic societies (MHLW/PFSB/ELD, 2017).

Guidelines for quality, safety, and efficacy evaluation

In Japan, various notifications have been issued on CTPs, and their general descriptions are similar to the
guidelines used in the US and the EU. To make it easier for developers, the MHLW has issued five guideline
documents that describe the basic technical requirements for ensuring the quality and safety of CTP for each
type of starting cell. Three of the five documents specialize in PSC-derived CTPs (Table 1. #17-19)
(MHLW/PFSB, 2012a-c; Hayakawa et al., 2015a-c). These three guidelines have a common basic content,
although the allogeneic guidelines emphasize HLA typing and viral and bacterial infections associated with
allogeneic PSCs. Understanding the genetic background of the donor is important when establishing allogeneic
iPSC lines and may become much clearer when there is an understood hPSC-based product type. The difference
between the guidelines for allogeneic iPSCs and ESCs is that, as ESCs are generated from the inner cell mass
of a blastocyst, the guideline for ESCs describe ethical considerations, eligibility of the person or medical
institution that collects the cells, and the validity of the method used to prepare fertilized embryos. It is also
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necessary to understand the genetic background when establishing ESC lines, but this applies to male and female
donors for producing in vitro fertilized embryos. Recently, for products whose clinical application or marketing
are anticipated, evaluation guidelines have been issued as monographs based on the characteristics of the
products, which are designed to encourage product developers and regulatory reviewers to share points to
consider for discussions. (Table 1. #20, #21, #23, #25 and #27) (MHLW/PFSB/ELD/OMDE, 2013;
MHLW/PFSB/ELD/OMDE, 2014; MHLW/PSEHB/MDED, 2016a; MHLW/PSEHB/MDED, 2021;
MHLW/PSEHB/MDED, 2023).

As a ministerial ordinance on the standards for manufacturing and quality controls of regenerative medical
products, the Good gene, Cellular, and Tissue-based products manufacturing Practice (GCTP) ordinance was
issued (MHLW, 2014). The GCTP ordinance primarily considers structural facilities, manufacturing controls,
and quality control. Quality risk management, verification, and product quality review have been stipulated in
the GCTP, but not in the GMP. In general, validation is defined as an action of proving and documenting that
any process, procedure or method actually and consistently leads to the expected results (World Health
Organization, 2022). Validation is required for the manufacturing of pharmaceutical products; however, it is
difficult to identify factors causing variations in cell preparation. In this case, the achievement of expected
quality should be verified for each production batch by reviewing the written procedures, protocols, records,
and reports, which be documented. This is called verification. In Japan, non-commercial clinical studies and
medical practices conducted under the RM Safety Act also need to be compliant with the similar GCTP for the
manufacturing and quality controls of specified processed cells.

A variety of biological materials can be used to manufacture regenerative medical products. In Japan, the
Standards for Biological Raw Materials was established in 2003 (MHLW, 2018), which apply to biological raw
materials derived from animals and human used for manufacturing of CTPs as well as to pharmaceutical
products. With respect to the terminology used for materials employed in manufacturing in the EU, raw
materials are considered to be the materials used during the manufacture of the active substance (e.g. culture
media, growth factors) and they are not intended to form part of the active substance for ATMP (The European
Parliament and the Council of the European Union, 2001b). The materials forming an integral part of the
active substances are considered to be “starting materials”. The positioning of a starting material varies

depending on the nature of the product. In the United State Pharmacopeia, raw materials are defined as all
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materials used in the manufacture of cell and gene therapy products (such as cells, tissues, matrices, media, and
buffers), whereas ancillary materials are a subset of raw materials that come in contact with the cell or tissue
product, but they are not intended to be part of the final product. Therefore, the terminology used to describe
materials for CTP manufacturing is confusing because of the inconsistent classification, naming, and labeling
of intended use between regions (Solomon et al., 2016). Biological manufacturing-related materials are
considered potential hazards (risk factors) in the following two cases: 1) when biological manufacturing-related
materials are present or remain in the final product in a significant amount that may cause undesirable health
problems in patients and 2) when there is a possibility (including a theoretical possibility) that biological
manufacturing-related materials may be contaminated with viruses or prions that may cause undesirable health
problems in patients administered the final products. On the other hand, products that are already approved as
pharmaceuticals or additives listed in Japanese official standards such as the Japanese Pharmacopoeia and the
Standards for Biological Raw Materials, and fractionated plasma products derived from domestic blood donors
and their equivalents are generally not considered hazards and are not subject to evaluation unless the approved
dosage is exceeded. The Standards for Biological Raw Materials require a great deal of information, including
donor screening, viral safety test results, and donor traceability, which are linked to issues with infectious agents.
However, in many cases, manufacturers of raw materials are often unable to provide full information about their
quality because some raw materials are used only for research purposes. In addition, the appropriate information
may not have been gathered for existing batches, or it is too difficult and costly to establish and the raw material
manufacturer has no commercial inducement. For example, their main income may be derived from supplying
their product for other purposes, such as research or food production; in this respect, hydrolysates used in culture
media are the by-product of dairy-based foods. To improve such issues associated with biological raw materials,
it may be beneficial to implement the following: 1) collaboration with the raw material producer to establish a
type of "master drug file" for the material, 2) review the necessity for additional product or raw material testing
regimes based on a description of the manufacturing process and raw materials, and their origins, and 3) conduct
a site inspection of the raw material producer.

A case-by-case approach is required to develop CTPs, resulting in no uniform standards and many
uncertainties. With this background, the PMDA has introduced the current approach to quality control, non-
clinical safety evaluation, and points to consider in clinical studies (Table 1. #22) (MHLW/PSEHB/MDED,
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2016b) based on its experience in face-to-face consultation and review concerning CTPs with characteristics
that are significantly different from those of pharmaceuticals and medical devices.

Transformed cells and residual undifferentiated PSCs as product impurities are potential tumorigenic hazards
specific for CTPs. A guideline has been issued that propose representative examples of testing methods for
detecting undifferentiated PSCs and transformed cells intermingled with human CTPs as well as points to
consider when selecting testing methods for evaluating the quality and safety of particular human CTPs (Table
1. #24) (MHLW/PSEHB/MDED, 2019). In this guidance document, it is noteworthy that the section of
tumorigenicity-related tests for human ESC/iPSC-based products is separated into three parts, which depends
on the purpose of testing for CTPs; 1) quality control of cell substrates, 2) quality control of intermediate/final
products during manufacturing processes, and 3) non-clinical safety assessment of final products. On the other
hand, another guidance document provides several points to consider for the tumorigenicity assessment of
unlicensed PSC-derived processed cells in non-commercial clinical studies, which are regulated by the RM
Safety Act (Table 1. #26) (MHLW/HPB/RDD, 2021). This document states that to provide patients with
therapies using PSC-derived processed cells as safely and rapidly as possible, it is necessary to collect and
accumulate scientific data in non-commercial clinical studies for future development of regenerative medicine
and cell therapy; particularly those that accumulate data on the genomic instability of products and the technical

issues associated with testing methods.

Global technical standardization and regulatory harmonization/convergence
Regulations for CTPs have not yet been harmonized. Discussions on standardization and regulatory
harmonization/convergence are ongoing in various consortia involving members from industry, academia, and

regulations [Fig. 1]. The following is an overview of the scope and efforts of representative consortia.

Standardization of PSCs as raw materials for CTPs
The International Stem Cell Initiative

In the 2000s, human PSCs were new and their properties were not yet fully understood. In addition, the
results reported by laboratories often differed. Recognizing these challenges, researchers organized the first

meeting of the International Stem Cell Forum (ISCF; later renamed the International Stem Cell Foundation) in
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Paris in 2003  (https://www.timeshighereducation.com/news/12-nations-unite-to-advance-stem-cell-
research/178156.article). Twenty-two countries participated in the Forum, including the US, the UK, France,
Germany, and Japan, and proposed the launch of a project for collecting and comparing PSCs from around the
world, with the aim of determining the common characteristics of human PSCs. Funded by the ISCF, the
International Stem Cell Initiative (ISCI) was initiated in the autumn of 2003 with the goal of sharing knowledge
about the characteristics of human PSCs and stimulating the development of their applications (Andrews et al.,
2005). To date, the ISCI has compared the expression of undifferentiated and differentiated markers in the
undifferentiated state and in the embryoid state of a number of human PSC lines (ISCI-1) (International Stem
Cell Initiative, 2007), examined their profile of genomic variation by long-term in vitro culture (ISCI-2)
(International Stem Cell Initiative Consortium, 2010; Narva, et al., 2010), and evaluated the performances
of methods to measure pluripotency and differentiation potential of human PSCs (ISCI-3) (International Stem
Cell Initiative, 2018). In addition, the ISCT Steering Committee has recently published a collective perspective
on the current understanding of the genetic and epigenetic variations that occur in human PSCs (Andrews, et

al., 2022).

The International Stem Cell Banking Initiative

Based on the results of the ISCI-1 activities, the International Stem Cell Banking Initiative (ISCBI,
www.iscbi.org) was launched in 2007, which consists of researchers from stem cell banks from 28 countries
around the world, including the US, France, Germany, Japan, and others, with the UK Stem Cell Bank as its
core. The ISCBI supports the international technical standardization of PSCs through discussions on cell line
procurement, cell banking systems, optimization of storage methods, advanced aseptic processing, and quality
control systems, including virus testing (International Stem Cell Banking Initiative). Reports and results from
ISCBI activities have been published in papers and other media (International Stem Cell Banking Initiative,

2009; Crook et al., 2010; Andrews et al., 2015; Stacey & Healy 2021; Kim et al., 2022).

Pluripotent Stem Cell Standards Initiative Task Force on the International Society for Stem Cell Research
The International Society for Stem Cell Research (ISSCR) is a non-profit stem cell research society that holds

a forum for sharing information on PSCs in collaboration with stem cell societies in various countries. The
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Pluripotent Stem Cell Standards Initiative Task Force of the ISSCR summarizes information on the quality of
PSCs that is recommended when submitting papers to scientific journals, based on the evaluation of cell line
characteristics. The project has drafted a guidance document for basic and genomic characterization of PSCs,
identifying undifferentiated stem cells, assaying pluripotency, and stem cell-based model systems, which will

be finalized and published in the first half of 2023 (International Society for Stem Cell Research).

The Global Alliance for iPSC Therapies

The Global Alliance for iPSC Therapies (GAiT) is an international consortium of interested partners some of
which are resource centers that facilitates the therapeutic use of immunogenetically matched and clinical-grade
iPSCs for the benefit of patients worldwide. The scope of GAIT is to achieve a consensus on donor selection,
screening criteria, manufacturing, and quality parameters, and to gain agreement on the quality standards with
regulators. In addition, GAIT is involved in the development of an external quality assurance scheme for iPSC

lines intended for clinical use (Sullivan et al., 2020).

Human Pluripotent Stem Cell Registry

The Human Pluripotent Stem Cell Registry (hPSCreg) is an international resource that registers and collects
the standard properties of hPSC lines (Mah et al., 2020). The hPSCreg platform was established to provide a
database for clinical studies involving PSC-derived products (Kobold et al., 2020); the database acts a
regulatory tool of the EC and ensures that all iPSC lines used in EC-funded research are ethically sourced and

available for public research.

1SO TC276 Working Group 2

The ISO establishes international definitions, standards, and guidelines. TCs has been established for
discussing a variety of items in the ISO. Regenerative medicine is discussed in TC276: Biotechnology, which
is divided into five working groups (WG1: Terminology, WG2: Biobanking, WG3: Analytical Methods, WG4:
Bioprocessing, and WG5: Data Processing and Integration). Other relevant TCs include ISO/TC 150/SC 7 —
tissue-engineered medical products, which discusses the standardization of methods for evaluating the efficacy

of regenerative medicine products in combination with scaffolds; ISO/TC 194/SC 1 — tissue product safety,

72



556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

580

581

582

583

which discusses biological evaluation methods for the safety of medical materials and devices; and ISO/TC
198/WG9 — aseptic processing, which discusses the processes of aseptic manipulation for regenerative medicine
products.

ISO/TC 276/WQ@G2 discusses standardizations related to biobanks and bioresources, including human cells,
animal cells, plants and seeds, and bacteria. Standards of PSC stocks used in research are pursued in WG2 and
these were recently published as ISO 24603:2022 (International Organization for Standardization, 2022a).

One of the future goals of WG2 is to standardize PSC stocks for clinical use.

Standardization of technologies for CTPs
1SO: TC276 WGI/WG3/WG4

Working groups 1, 3, and 4 in ISO TC276 are related to technologies for CTPs. In WG, terminology is
defined for use as a common language among countries in relation to trade. In WG3, analytical methods for
measurements related to cells and nucleic acids are standardized. Discussions have been held on available
indicators for accurately evaluating equipment and cell counting methods that are difficult for SI-traceable
measurement, as well as the requirements and measurement techniques used to identify cells. The documents
already published include the following: “ISO 23033:2021 Biotechnology — Analytical methods — general
requirements and considerations for the testing and characterization of cellular therapeutic products,” which
describes the general approach used to determine methods for evaluating the quality of cell therapy products
and considerations for determining the checklist quality of CTPs (International Organization for
Standardization, 2021a), and “ISO 20391-1:2018 Biotechnology — cell counting —Part 1: general guidance
on cell counting methods,” which describes cell counting methods (International Organization for
Standardization, 2018). WG4 standardizes bioprocessing, and this is particularly relevant for regenerative
medicine. This WG has worked on the standardization of raw materials, transportation, equipment, and
stabilization of cell manufacturing, and the following documents have been published: ISO 21973:2020
Biotechnology — general requirements for the transportation of cells for therapeutic use; ISO/TS 23565:2021
Biotechnology — bioprocessing — general requirements and considerations for equipment systems used in the
manufacturing of cells for therapeutic use; ISO 20399:2022 Biotechnology — Ancillary materials present

during the production of cellular therapeutic products and gene therapy products (International Organization

73



584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

for Standardization, 2020;2021b;2022b)

In addition, documents associated with 18 other topics are currently being developed in ISO 276
(International Organization for Standardization). For example, “ISO/WD 18162 Biotechnology —
Biobanking — Requirements for human neural stem cells derived from pluripotent stem cells,” which is the
standard for biobanking of iPSC-derived hNSCs used for research and development in the life science field, but
not for in vivo human use, clinical use, or therapeutic purposes, and “ISO/CD 8472-1 Biotechnology — Data
interoperability for stem cell data — Part 1: Framework” and “ISO/AWI 8472-2 Biotechnology — Data
interoperability for stem cell data — Part 2: Key characteristics of stem cell data” which are standards that provide

a framework for data interoperability of stem cells that are being developed.

The Standards Coordinating Body for gene, cell and regenerative medicines and cell-based drug discovery
The Standards Coordinating Body for gene, cell and regenerative medicines and cell-based drug discovery
(SCB) is a non-profit organization, which was established in the US at an initiative of the Alliance for
Regenerative Medicine (ARM) and other regenerative medicine stakeholders and industry to promote
standardization in the nascent regenerative medicine industry. The long-term goal of the SCB is to support
efficient and effective product development and review by assisting in the development of standards available
for regulatory review and improving the cost, time, and resources for product development and approval
(Standards Coordinating Body). The SCB provides coordination to promote the development of standards
for regenerative medicine manufacture, and it continues to participate in ISO TC276 discussions, as well as

FDA (CBER) and NIST.

Global regulatory harmonization/convergence
International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use

The objectives of ICH are: 1) to ensure that patients have timely and continuous access to new pharmaceutical
products; 2) to avoid unnecessary duplication of clinical studies in humans; 3) to ensure efficient development,
registration, and manufacturing of safe, effective, and high-quality pharmaceutical products; and 4) to promote
public health by facilitating international harmonization of technical requirements that help reduce animal

testing without compromising safety and efficacy. The ICH guidelines cover all aspects of pharmaceutical

74



612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

products, including ICH Q (1-14) for quality, ICH S (1-12) for non-clinical (safety), ICH E (1-20) for clinical
(efficacy), and ICH M (1-14) for multidisciplinary evaluation. Of these guidelines, Q5A, Q5D, QSE, Q6B, and
S6, while CTPs are not officially within their scopes, are those that provide very useful information about CTP
development and manufacturing. However, it is difficult to uniformly apply them to CTPs, as in the case with
conventional medicines. At the 12th Summit of Heads of Medicines Regulatory Agencies in 2017, recognizing
the need to implement regulations that appropriately reflect the characteristics of regenerative medicine products
and their international harmonization, an agreement was made to promote international regulatory
harmonization for regenerative medicine products by utilizing existing international frameworks (WHO, ICH,

etc.). However, no global regulatory guidelines have been established for the use of CTPs to date.

World Health Organization

The World Health Organization (WHO) is an organization that was established to help countries cooperate
with each other to promote and protect the health of all people and has a role in the standardization of biologicals
via its Expert Committee on Biological Standardization (ECBS). The WHO ECBS has currently progressed
beyond well-established biologicals to cell-based medicines. With the aim of explaining WHO’s current
thinking on the regulation of cellular and gene therapy products, promoting convergence, and encouraging
member states to strengthen their regulatory systems for the regulation of cellular and gene therapy products,
WHO recently adopted the “WHO approach towards the development of a global regulatory framework for cell
and gene therapy products” (World Health Organization, 2022b). This document is not intended to be a
comprehensive overview of the regulatory requirements for cellular and gene therapy products or the different
regulatory frameworks that currently exist in different jurisdictions. The purpose of this document is to outline
some of the basic principles that are important for appropriate regulatory oversight for different types of cellular
and gene therapy products. In the future, WHO will develop more comprehensive written guidance on specific

topics relevant to the regulation of cellular and gene therapy products, as needed.

Other platforms
The International Alliance for Biological Standardization

The International Alliance for Biological Standardization (IABS) was founded in 1955 to improve the quality
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and regulation of biological products from human and animal origin in association with the WHO,
manufacturers, and regulatory bodies. The TABS consists of members in over 50 countries (International
Alliance for Biological Standardization), and meetings have taken place in 2014, 2016, 2018, and 2020.
Notably, the meeting in 2018 meeting was focused on the manufacture of human pluripotent stem cell-based
products (Abbot et al., 2018). The IABS collaborated with the WHO to publish a white paper on scientific

considerations when evaluating cell therapy products (Petricciani et al., 2017).

The Cell Therapy-Tracking, Circulation, & Safety Committee, and the Health and Environmental Sciences
Institute

The Health and Environmental Sciences Institute (HESI) functions as a global platform for industry, academia,
and government to engage in scientific discussions on methods that evaluate the quality and safety. Methods to
evaluate the tumorigenicity of CTPs and analyze their biodistribution have been studied by the Cell Therapy-
TRAcking, Circulation, & Safety (CT-TRACS) Committee. In Japan, the Japan Agency for Medical Research
and Development (AMED) has been supporting a public-private partnership initiative for the multisite
evaluation study on analytical methods for non-clinical safety assessment of human-derived regenerative
medical products (MEASURE), which aims to validate methods for assessing the tumorigenicity of CTPs. The
data from the MEASURE project are shared with HESI CT-TRACS members to discuss the validity and points
to consider for the test methods. Their cooperation is expected to be helpful for the international standardization
and regulatory harmonization/convergence of test methods for CTPs in the future (Sato ef al.,, 2019;

Kamiyama et al., 2021; Watanabe et al., 2021).

Conclusion

In this paper, we introduce regulations related to PSC-derived CTPs, mainly those of the US, EU, and Japan,
and the efforts made to standardize various regulatory platforms (Fig. 1 and Table 2). In summary, PSC-derived
CTPs are currently evaluated using the general approach applied to CTPs. In the US, although the FDA’s
Advisory Committee has provided points to consider for preclinical safety testing and patient monitoring for
ESC-derived CTPs, no official guidelines have been issued and thus far, CTPs derived from stem cells are

reviewed within the framework of 351 HCT/Ps. Conversely, in the EU and especially in Japan, guidelines for
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CTPs derived from stem cells have been specifically issued, addressing tumorigenicity, one of the concerns with
PSC-derived CTPs. Refer to hESC guidelines available for the development of CTPs in the UK, the UK Stem
Cell Bank was established in 2003 to facilitate the sharing and use of quality controlled human stem cell lines
by clinical and research communities. UK documentation on the use of hESCs was published by the “Steering
Committee for the UK Stem Cell Bank and the Use of Human Embryonic Stem Cells”, which provides guidance
and assistance on best practice to those working with stem cell lines (UK Stem Cell Bank steering committee,
2010).

As described above, tumor formation of residual tumorigenic cells is a concern for the clinical application
of PSC-derived products. However, the threshold levels for residual tumorigenic cells, including
undifferentiated hiPSC, in tumor formation attributed to CTPs are ill-defined. As the properties of CTPs and the
performance of testing methods determine the threshold, the possibility of tumor formation from a single
tumorigenic cell cannot be completely excluded. In practice, a 50% Tumor Producing Dose (TPDsy) from
positive control iPSCs was reported as 132 and 631 cells under the condition that is suitable for iPSC survival
using in vivo testing with severely immunodeficient NOG mice (Kanemura et al., 2014; Yasuda et al., 2018).
Therefore, specifications for residual tumorigenic cells in CTPs should be defined as being "less than the
detection limit using the testing method” unless justified otherwise. In vivo testing would also be required to
evaluate the tumorigenicity of transplanted CTPs in the microenvironment, especially for PSC-derived products
and other types of CTPs with limited clinical experience. In such a case, the selection of animal models and
species requires scientific justification. The use of genetically immunodeficient animals and humanized animals
is recommended in the US and EU to monitor tumor formation over the long-term (Table 1. #5 and #12)
(FDA/CBER, 2013; EMA/CAT, 2011). In Japan, the use of severely immunodeficient NOG mice and NSG
mice is preferred to that of nude mice, with respect to the easy engraftment of xenogeneic cells (Table 1. #24)
(MHLW/PSEHB/MDED, 2019). Also, several in vitro tests have shown to be comparable to in vivo tests using
such severely immunodeficient mice at least in terms of the detection limit for tumorigenic cellular impurities
in intermediate or final products. The FDA Modernization Act 2.0 was finally approved in the US, and this aims
to improve the process involved in approving drugs and commits to significantly reducing the use of animals in
laboratory testing (FDA Modernization Act 2.0, 2022). Therefore, clinical trial leaders will use animal trial
alternatives instead of traditional animal modeling for drug development in nonclinical studies. In the EU, the
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document “Guideline on the principles of regulatory acceptance of 3Rs (replacement, reduction, refinement)
testing approaches” has already been issued by the EMA (EMA/CHMP/CVMP, 2012). In this context, as
critical quality attributes of PSC-derived CTPs associated with in vivo tumor formation are also gradually
revealed, in vitro testing would be more useful and reasonable for tumorigenicity evaluation, as this would
reduce the number of animals used in in vivo tumorigenicity testing in the future.

In the regulations of the three (or four including UK) ICH founding states, the risk-based approach as a
regulatory principle is more emphasized for CTP than for other drugs. Each country or region has developed its
own expedited approval process for CTPs that differs from that for conventional pharmaceuticals. Some of these
systems allow patients early access to CTPs when safety is assured, and putative efficacy is confirmed. Although
they require continuous evaluation, such as post-marketing surveillance, these programs can address the needs
of patients with diseases for which no other treatments are available and promote product development. Various
consortia have recently discussed the move toward standardization of CTPs regulation in accordance with their
respective scopes. Indeed, the US is focusing on standardization as a national policy, so the importance of
standardization is expected to increase in the future. Standardization would be beneficial for both CTP
development and regulation, which would promote their clinical application. Patients would have early access
to CTPs if standardization resolved issues related to drug lag. The ICH is responsible for the harmonization of
pharmaceutical regulations, but it has not yet actively worked towards obtaining regulatory
harmonization/convergence of CTPs. Hopefully, a consensus on regulations related to CTPs, including PSC-
derived products, will be formed through the ICH in the future. As the final products of PSC-derived CTPs are
diverse, we suggest that the commonalities and differences between the quality properties of products should
be defined, and this will require a flexible approach to issues demonstrated by scientific findings. It is necessary
to establish a system for sharing data and their accompanying interpretations and perceptions on a global scale

as data related to PSC-derived CTPs are accumulated.
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Figure legend

Figure 1 Platforms for discussions on international regulatory harmonization/convergence and technical
standardization of cell-based therapeutic products

Representative platforms/consortia related to international regulatory harmonization/convergence and technical
standardization of pluripotent stem cell-based therapeutic products are shown (open, no discussion on
international harmonization and standardization; filled, discussion on international harmonization and
standardization).

Industry: 1SO, International Organization for Standardization; ASTMi, American Society for Testing and
Materials International, BSI, British Standards Institution; SCB, Standards Coordinating Body for
Cellular/Gene and Regenerative Therapies.

Academia: 1SCT, International Society for Cell & Gene Therapy; ISSCR, International Society for Stem Cell
Research; GAIT, Global Alliance for iPSC Therapies; ISCI, International Stem Cell Initiative; ISCBI,
International Stem Cell Banking Initiative; ISCF, International Stem Cell Forum/Foundation; DIA, Drug
Information Association; CASSS, California Separation Science Society.

Regulatory: FDA, Food and Drug Administration; EMA, FEuropean Medicines Agency; PMDA,
Pharmaceuticals and Medical Devices Agency; MHLW, Ministry of Health, Labour and Welfare; ICH,
International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use; IPRP,
International Pharmaceutical Regulators Programme; WHO, World Health Organization.

Others: HESI CT-TRACS, Committee for Cell Therapy-Tracking, Circulation & Safety, Health and
Environmental Sciences Institute; TABS, International Alliance for Biological Standardization; DIA, Drug
Information Association; CASSS, California Separation Science Society; RAPS, Regulatory Affairs

Professional Society; PDA, Parenteral Drug Association.
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1149 Table 1 Regulatory guidelines related to cell-based therapeutic products

Agency

Guidelines

Relevant laws and
regulations

FDA

1. Proposed approach to regulation of cellular and tissue-based products (docket number 97N-

0068).

2. Eligibility determination for donors of human cells, tissues, and cellular and tissue-based
products
(docket number 2004D-0193).
3. Potency tests for cellular and gene therapy products (docket number FDA-2008-D-0520).

4. CTGTAC. Cellular therapies derived from human embryonic stem cells: considerations for
preclinical safety testing and patient monitoring. Meeting # 45 (briefing document, not
guidance for industry).

5. Preclinical assessment of investigational cellular and gene therapy products (docket number FDA-
2012-D-1038).

6. Considerations for the design of early-phase clinical trials of cellular and gene therapy
products
(docket Number FDA-2013-D-0576).

7. Regulatory considerations for human cells, tissues, and cellular and tissue-based products:
Minimal manipulation and homologous use (docket number FDA-2017-D-6146).

8. Regulation of human cells, tissues, and cellular and tissue-based products (HCT/Ps) — Small
entity compliance guide (docket number: FDA-2022-D-0563)

9. Voluntary consensus standards recognition program for regenerative medicine therapies
(docket number: FDA-2022-D-0745)

a. Federal Food, Drug, and
Cosmetic Act

b. Public Health Service Act

c. 21% Century Cures Act
(Public Law 114-255)

d. Code of Federal
Regulations Title 21
(21CFR) Part 1271

EMA

10. Guideline on human cell-based medicinal products (EMEA/CHMP/410869/2006).
11. Guideline on safety and efficacy follow-up and risk management of advanced therapy medicinal
products (EMEA/149995/2008).
12. Reflection paper on stem cell-based medicinal products (EMA/CAT/571134/2009).
13. Guideline on the risk-based approach according to annex I, part IV of Directive 2001/83/EC
applied to Advanced Therapy Medicinal Products (EMA/CAT/CPWP/686637/2011).
14. Reflection paper on a proposal to enhance early dialogue to facilitate accelerated assessment of
priority medicines (PRIME) Draft (EMA/CHMP/57760/2015).
15. Guidelines on Good Manufacturing Practice specific to Advanced Therapy Medicinal Products
[C(2017) 7694 final].
16. Guideline on Good Clinical Practice specific to Advanced Therapy Medicinal Products
[C(2019) 7140 final].

d. REGULATION (EC) No
1394/2007 on Advanced
Therapy Medicinal
Products

e. Directive
2009/120/EC

MHLW

17. Guidelines on ensuring the quality and safety of pharmaceuticals and medical devices
derived from the processing of autologous human iPS(-like) cells. (Notifications No. 0907-4,
PFSB) (2012).

18. Guidelines on ensuring the quality and safety of pharmaceuticals and medical devices
derived from the processing of allogeneic human iPS(-like) cells. (Notifications No. 0907-5,
PFSB) (2012).

19. Guidelines on ensuring the quality and safety of pharmaceuticals and medical devices
derived from the processing of allogeneic human ES cells. (Notifications No. 0907-6, PFSB)
(2012).

20. Evaluation guidelines for autologous iPS cell-derived retinal pigment epithelial cells.
(Notification No. 0529-1, Attachment 1, PFSB/ELD/OMDE) (2013)

21. Evaluation guidelines for allogeneic iPS cell-derived retinal pigment epithelial cells.
(Notification No. 0912-2, Attachment 1, PFSB/ELD/OMDE) (2014)

22. Technical guidance for quality, non-clinical and clinical studies of regenerative medicine
products (human cell-processed products). (PSEHB/MDED Administrative Notice No. 0614043)
(2016)

23. Evaluation guidelines for articular cartilage regeneration using allogeneic iPS (like) cell-
processed products. (Notification No. 0630-1, Attachment 2, PSEHB/MDED) (2016)

24. Points to consider regarding tests to detect undifferentiated pluripotent stem
cells/transformed cells, tumorigenicity tests, and genomic stability evaluation for human
cell-based therapeutic products. (Notification No. 0627-1, PSEHB/MDED) (2019)

25. Evaluation guidelines for the treatment of (traumatic) subacute spinal cord injury using
human (allogeneic) iPS (like) cell-processed products. (Notification No. 0226-1,
PSEHB/MDED) (2021)

26. Points for certified special committees for regenerative medicine to consider when
evaluating tumorigenicity assessment in provision plans of regenerative medicine using
human pluripotent stem cells. (Notifications No. 0309-1, HPB/RDD) (2021).

27. Evaluation guidelines for the treatment of ischemia cardiomyopathy using human
(allogeneic) iPS cell-derived cardiomyocyte cell-sheet. (Notification No. 0331-15,
PSEHB/MDED) (2023)

f. Pharmaceuticals and
Medical Devices Act

g. Act on the Safety of
Regenerative Medicine

1150
1151

Bold: Document with specific descriptions about pluripotent stem cell-derived products
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1152  Table 2. Regulation of cell-based therapeutic products in the United States, the European Union

1153  [& the United Kingdom], and Japan

Us

EU [UK]

Japan

Classification of
PSC-derived CTPs

Product Type

Regulatory Authority

Compliance with GCP
in Clinical Trials

Good Practice(s) for
Quality and Manufacturing
Controls

Conditional Marketing
Authorization with
Putative Efficacy

Use of Unlicensed
Products

351 HCT/P

Biologics or Medical
Devices

FDA

Essential

c¢GMP (for biologics) or
QSR (for medical devices)

RMAT / HDE

Federal regulations prohibit
manufacturers from introducing
unapproved 351 HCT/Ps into
interstate commerce.

Advanced Therapy
Medicinal Product (ATMP)

Medicinal Products

EMA (MHRA in UK)

Essential

GMP for ATMPs

Hospital Exemption
(Article 28 of Regulation
1394/2007/EC)

Specials
(Article 5 (1) of Directive
2001/83/EC)

Cell-Processed Product

Regenerative Medical
Products

MHLW and PMDA

Essential in commercial
clinical trials

GCTP

Conditional and Term-
limited Approval

Specified Processed Cells
under the RM Safety Act
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