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Chemistry, manufacturing, and controls regulatory considerations
for human pluripotent stem cell-derived cellular products
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Abstract: In recent years, the number of clinical trials of stem cell products has increased, and the research
and development technology and evaluation system have developed rapidly. Human pluripotent stem cell (hPSC)-
derived cellular products are in the phase I/Il stage of clinical trials. Related products include hPSC-derived
neurons, retinal pigment epithelial cells, pancreatic beta cells, etc. They are generally used for the repair and
replacement of functional cells related to degenerative diseases and genetic diseases via local transplantation. So
far, no similar products have been officially approved on market. As hPSC possesses multi-directional differentia-
tion potential and the ability to form teratoma in vivo, compared with other stem cell products, hPSC-derived
cellular products have relatively higher risk of tumorigenicity, longer differentiation induction cycle, more complex
production process, together with the rapidly updating quality characterization methods, which pose challenges to
the scientific evaluation of their human applications. Based on the problems in the recent review and communica-
tion of clinical trial applications of stem cell products, and with reference to the relevant technical guidelines, this
paper proposes the chemistry, manufacturing, and controls review considerations on the manufacturing process and
quality study of hPSC-derived cellular products. We hope to improve the communications between developers and
regulators.
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AR R, 40 B 25 W BRI R R e R 3 A AS W 345
Rk . H AT IEFETT R i AR BT 72 1 40 B it 6
FE R PE T AR R T 41 g (human embryonic stem cell,
hESC) A1 N5 % e T4 (human induced pluripotent
stem cell, hiPSC) 40 L™ i, th B 45 B A 414U 7 1k
Ir A RE J7 K BAR T 40 i, B hESC AT hiPSC ¥ )&
T ANZ T 410 (human pluripotent stem cell, hPSC)
PR e WK 2 N I B B (Buropean Medicines
Agency, EMA) H 2009 4 & 4 2Lt #E T Holoclar %5 H
PR 0 6 9T T R Il PR ATE 7E B BT, 2010 4E,
B B3 B > hESC R YA F1 /b 5% JB 5t /i 44 4 Jig 7= i JT 46 1
Wi R 58, I T 2019 4E A AR 1 0 BB 0 B3 1)
BAEYT R 20145, HASERE T & #1 A 1K hiPSC 2K
AL I € 2 R 4 A LR T B AR MR Y TR,
IF 2017 FJEAT T F B 7% AR hiPSC 48 g 1) 2 HE
2018~2019 4, hiPSC K Y ¥] B 28 4 1 40 i (natural
killer cell, NK) £ 3 [5] £ 2 i 5 B & 3 /5 (The Food
and Drug Administration, FDA) [/ & 32 A AR5,
T A L A B VR ST, AR R AR ST B AR et T
hiPSC A5 ) #h 28 Bl 44 40 i 55 TF J& Il PR i BR ). k2
2020 4 2 A, 1E clinicaltrials. gov ™ ¥5 7] 2% ] ¥ 63 4
hESC KRS AN 97 A~ hiPSC A (1 41 i 7™ iy I AE B 2 28
e U PRI 9T, 2 BOM 67 8 A% 0 5 W 55 .
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I PRARES: o AL 45 hPSC K IR 4H i 7= it i ik S fr 5
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1 AEREBRSTFN—REE
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1998 4, Thomson %511 g X fE A4 4N 57 T hESC, I
WE B H 2% 1) 3 AN JZ 404k I g 775 2006 4F, Takahashi
FURIL T AN K 15 5/ BRUSAT 4E 40 P S B2
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BABERNZ Mg e &k B REHTRE 1, N RS
FE R A R B A A SRR A T AR R SR RS

HG b, & U URIE T4t 2 A i
hRe2n it Re /g, vl H T 2 s i 40 i & A6 9T, B
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A& B AR, HLAS [R5 4 e 1 22 S K, T
SEIE A= T2 R EhsiE . IR LSRRI T4
JL 14 B B8 7 v T RS T A M, A AE AR SR VR AR E MR AN
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AR TR T A H R B kg S8 T Wi 4% hPSC &

] 434 DR 5 P D RE 4 B, I R 08 4k 57 4 R Ak T KR 0E O
AR B BE (n 5 S A0 A2 D | A T RE 4 IR S, AT A 3L
T2 BE 24 I R B AR AR 7 O T R AR A R
ANFIFNIG PR 56, SKIRAS [R5 A AR FE A AN )
(1) 200 L 2 o 22 5 K, R L (1) RV S5 AN [R] . hPSC Sk
PR R S I PR FH 25 3878 T FL B E 1 R PR X
B 3 35 v T FL A T A = T N AE SCHIE AT 100,

hPSC KI5 41 g 7= i (1) A2 77 1250 F0 i & 4 il A7 78
B M . TEAFE T2 5, AN [RS8 1 40 i Az 7=
JAK A AN —, 185 hESC 5 hiPSC & % 2 & 75 £ H i
(), SR FH 200 0 26 2 7= 4 7= i TR ol R A 75 0 R i 4 g
BT A 5 IR [A] LATE AR A A, H A
B[R] 2 AR AH X K, DRI 75 B B A BRI B G AN AR P
WA H s . SR B R GH i ) 45 hiPSC AT B 1A
FELST, AN [E) AN 4 1) 40 P 2 20 7 R 0 AN S 5 2 A BE 70 22
SRR, [ 58 A2 7= T2 S 00 41 i fr s 1 3% 1 8
IR, SRR B AL 7 T2 2 $0a T s 5 5K Bk
%o TEYNNE IR AL RLE RS 7 TH, X T AR TG T, &
& B R HEF RS, ik e R A E N
NS A 25 4 R g AT DR OE M o AR 7R O A T
[, BT hPSC SR I 40 M 7 it A B SR B 2 6, AR
2 66T 4 B 11 %6 5 ADRS PR I 98 6 A 2 & 98 ) 25 4
W, AH T e 4H i 55 5 M = AN 2 AR B, &
AW ST T AR T VA CARR HEAL . R R A
I, T4 2% R =M #2877 XEARF, ASF P 5
V) I PAC A FH 1) 22 A P UGt LB K 22 57 o
1.2 HEFN—REE

2003 4F, T E 25 0 R R AT T R GH L6 9T i 5T
A 7R =B RE SE MDY . 2015 4, /5T P
A2 g 1 T 20 Bl PR 70 8 B2 I ) A48
Jif ) 550 A o) B s PR BT AT 76 48 5 S UL, %o 40 P
PRAJE F0 A5 & 42 34T 7 HE02. 20174512 A, B
£ 24 i B B R A T AR YR T P T A S
VRN E AT TR, FEH T M 25 M R R
Bk EBR L, FDA MUARG N A0 20 23 1 U 4 1
Y YR EMA A0 AT 1 2H 23 F0 48 il 45 4 (Directive
2004/23/BCY S N A M i) i A= P2 32 it 7 235 . 2005 45,
[ B 40 B A7 Mk B AR A 41 i 3% 72 A B ) HY
B, Z SR T AR R TR R SR L TS
RAETERG TR S S R, JEAE T RESHEAT U,
ST S 25 ST TR T HR RS .
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AT SR A 2 BRI 0 A BOR L 1) A T A B (0 —
FROA S R 95 sk 0 SRR M B 0 45 25 R, $R IR AR
T ZWAR CREARE ) B B3R TR
A A A A e PR T B S . X T 5 A& hiPSC 211 ifd

TransplantaV

Regulatory
compliance

Expansion, differentiation
and purification

hPSC banking

SN
. \’ ;"/’ \'.. Egg

77, AT AR A 32K N2 G TR 2 B T DT
BEHIBEFE T, AR ST ™ B ST D s B IS 2
51 40 75 G R b A0 A5 S BRI 40 i FR R T SR 4, A
KRG HAE R, 29 18%~36% M4 ML R AFAEH R %
SE AT HLISY, DR e it 2 2H 23 B PR /E SR L T8 AR
Al AR A N ASG At S A BR RV B, ST AT B W R 4
(7 Fof Sl A0 A 77 o R T 0 A R o 4 L 2 531
() 77 ¥ AL G AZ A A3 A | [R) ARSI L A A KRR T A
(short tandem repeat, STR) 555, H A [E br_ AUz # 40
J CRAFHILAL, T 5% [ gt RS 3% 5% W) OR K o 0 (American
Type Culture Collection)- 4 [E Tl 4= 4 S 48 i 3458 H o
(German Collection of Microorganisms and Cell Cultures
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Figure 1 The lifecycle management of human pluripotent stem cell (hPSC)-derived cellular products. The lifecycle chain involves multiple

steps of hPSC manufacture, including isolation of raw materials, in vitro reprogramming, hPSC line establishment, hPSC expansion, differ-

entiation, cell banking, storage, and transplantation. Each step should be performed according to standard operation procedures under the

supervision of regional drug administration
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F A M AR IR

BARIT R TC WL TR R A R G 97 L2080 R, R
ZHe T AR H T EAERETE = A0 MR B A i b 2k o 1
HATRE TR LG TR 2 A A A T BRUVE S AT 4 24 i A
N AT 4L 20 M, 48 A 3% 7% & 57 £ 4% Matrigel . Geltrex il
Vitronectin 55 . 75 5 5 (13 55 b, 805 18 R i ok
Ui, A ek 57 2 A0 MBS B (40 Matrigel) Sk B T/ B
i3 4 B, TT RE 1N BRUEDW B S AN R 1, R B AW AE
BT M A 22 A U, 7 o6 HL T R o B I B AR
AU T Rk G 5 FH B0 4 RV (18 5 2 4 B, i 7
A8, I 3 S A 2R 5 4 TR o) 4 T S5 40 il K T
2T & EIN L .

T4, A LE A8 D7 T, 6T LT VR 0 2 44
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SR FH G L3758 23 B A 1) 17 B Ak AT 48 i 5%
F=, 0] BER D IR A3 51N XU -
2.3 HREEFTZ

ARG PR B 6 FH 4 B 75 76 4 & (24 b 28 7 i B 5
FERTED B9 254 T A= X T 2 Be T 4 B 2 Ak T R
TYH = i, AR T2 AN R A A B (2B B
A4 40 J B B Hh 8] 234 B BRI 28 R A B Br) 4
i IR HE A 2 ORI PR . X 2R A I 4t
TE A 38 11 [R] IS 0 A7 428 1) AN Pk — 28 4 A U Oy
b, R 40 B AR P T I B — o B R B 2 A,
A 7R I R AR I R G VR AT AR I a8 A% AR E T L AR IR B
AR B TT R 175 G R E

FEIG PR 20 22 BE T 40 i 55 97 7 T8I, 40 . 5. B 40 O
AN A3 A B ) 25 B T 202 4E 37 hPSC T MRS 1) 9%
BT I T B I AR R A v R S S B ) e
W, 3 00 AT BE 5 B0 M % AR R b K & e R I A
PRV A () RE S o i 0 40 B %5 B2 e R TR I 0 e
RSN, REHRFWPSC KRS . £,
NEXTAEAR A R 9T, 5 4 53 A hPSC Bl AR I
HILE AR . hPSC A MRAEK I (B H) #5351
RIEPR RAR, T AR 58 T B 4 B ) PR A K RT R
T 80 B I e T M T AL T B BT Y. PR b
R B 47 5 hPSC 4H i 35 577 1 B[] AR ARARIR, I AE
0 A3 TR TR E Ja SN R A7 . TR AR 2
KAB T S5 KN 5E 3P A 05 4 it 5t Jo s e I e K 5% R I
(BRI 34 H, S R R S 3120,

H hPSC A2 45 K50 10 T2 FR AR AR B iR £ 1 40
AT B A 1 3% % ik o o 4 R R ) s TR I 1]

TEALARHERAE J5 T, &0 hPSC Al |37 F 7 FE ML 7 3575
127 BT A V258 o hPSC I AL AT — M 75 2R 23 A 1 48
JH A5 7 L v B ok, B e o kB HEAT T A A AR
ANTR) K /N T B BT 75 FRD S A BT ) | 8 e R 5 3 AN [
WO TR T, 8 7 KA AT AT TR . AL
S 100 248 B FA1 ) /S A AR B A S WL 77 16 568 B Y AL B
(R BE AT RE R TH AL RE ) G T2 8. IR
hPSC 7 8 A4 B B SR FH 1 43 1 7 I TE AT, S 2
N LA BITE B, O sh P RIEVEH AT A . 78
hPSC JH AL I Rho #H2C 2E FH#H§ (Rho-associated
protein kinase, ROCK) #1711~k /> A M pE T, %1
AT 7E K B[R] A AR A2 A i N ROCK il 771 % 40 e (1)
SEMAATY AN TE T, T R TE AT REAH 7T, LA B A FH 1
G,

A R LR 4R M 7R WA B AR IR 2 R
LV A S LA R AR B A AR R AR
PR 2 SRS IR AN AR ) SR 38 B i 20 4 11012
B 2T 20 P, T R A A ) O A ) S R TR A TR,
ZIREH A1 H] 1108 B R AM . 225G FRIMEA
IS, (HERAEFERS K, HAS AR SIC I e 45 40 B A =45 T
FEVL/A B R M) S B 25 35 ] RR R 25 A PR BRI AR K T
BT S MO 2 R R AR R AR AL, R R A T, B
FRid AR E M AT RERZ BT Y i), (E T2 R,
SRS 22 A ) ) P A P AR L s T 7R R 24 P
A A o3 AT SR R R R SRR B A

X AR AE W A BRI A0 WLIE T 7 e, B VP AR
WS O BRI A R T2 R BT
st T 24 it I PR BB A7, DO 408 I IR U6 7 T
WEL T2 AT &, LI L2248, IR ] REde
e AN [EHE ™ it 1) Jo B ) — B o PR X 390 1) 75 o0
A 7 T2 R A R i 5T At TR — B T R IR B
Flo VUL TG 70 A = FE R H B2 A/ N 41 A
eI MR D 55 9% Ja R A 1 I A2, FF 01 o A 7= i 78
g, UG R AR TG LB X Gy . i TR AR 2 i
FEAR I A ™ o, 2 0T F2 4 i A b BRAR AR IR B 89T 72,
W 5 A AR R B B 77 B 1) B 8 0, 23 B A PR 36 L G B
R G A L TR /B0 It 1 AR A, DL R 1 R A e A
DRI R A%, B 4 o) oot ) PR A% I 1) B SR A AR IR 5 8,
VT N AE I i B0 A 7 o R o) 20 i A B B
HEAT AR, DU & B BB B 1) 0 A8 e bR ) R IA 55
Qb F 2 1RAS, FEMR AR T 200 FE A e A0 B 2H Ak 4
DRE 73 A7 ) & BRIN1A) i o 8 ] DLUAE 20 i 43 25 )5 1
SR, XA AR S v BE Y e A AR A DhRe (o
G308 7 R0 A0 M TR 7 o e v ) S R b R AT RS,
PRI i 1 51 2 155 B 225K
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)75 25777 T, 448 B ) 70 A P A R R,
FH 2L T A (dimethyl sulfoxide, DMSO) 8% 7 MV Ak 1 ¥4
AR WE T X DMSO BV A7 W1 K 5 A %
IEAT PR B A, R T B IR P ) BT
APEPEAL . FEHIF AL T7 BT, RIS DMSO B AT fR
RO AT VRAL, ELRE A AR OE T I R A R AR e 1
VR R E T S5, T3] ERE O Y ) 1 4R R AN P A AR 25
tH T DMSO B A — & Fl B AE A, B4Rk 08k b AL 46
DMSO 78 & (I 785008, 6T BB 1 4 i 77
AV E KA 7 DMSO I & .

T 240 Jf s RV IE R R0, o ) ke SR T B E
T2, R F R )3 & — S & 2 5 B,
LT & 78 53 B S8R AT 70 0 s A e FE d o, i IR 2R
FER AR B MR, OF HARE R FHL R — B . A
Gb, MGG AT T2 VEFP RS N R S & B
2, 1 B AR AN R AL i TR 15 9 S 38 X5 G 1
T8 e, B R AU T AR I AR 6 Pt TG AR R - 4
75 g, ARAE P S R R B AT . AT
FEAG A P2, SR R B S EER T2, DU s dn i
sl e I E Ly
3 REMREREIET
3.1 REMR

TR YE IT 77 i B SR = T K FRR B
TR e BRI 2R R AR e S 2 A L AT
hPSC SR 40 ™ &, 34 B OV 7 it ik B 1) 22 R T4
MLER) 534 T THIER X B P A LR kb 78 B RE A A AT
Wik,

3.1.1 WMEMREM et BT RITE
I AR ARG PR 1 By s [ AN E A TR Tl = T
i 3 B IR 32 1 ™ A R N ARIE, B
(1095 Yo BLFE A0 B 1 B R SRR 5 4. A sh 24
T 8D 0 AL A2 42 1) 4 B 7™ ot ol £ N PR AIE JR 3 22 4
LA 2 MR 24 bR R R T A A R I PR
0 AT 0 22 A MR 5 VR N 22 e BEIGAIE . R T A A
W5 3238 5 S B AE VIR T A B Sk 32 R 4,
T PR 7 AR TR R B R I A B SR e il &
Gt o PR SRS I 7 2 L R A R A 1 AR S i A
AU RS AN & o 225K F PR AT 7 04T N 48
L 25 7= gt R RS I TS AT B, S 24 L T R R B AIE, Ul
BRI T ke S v B 2 vk . 0T AR PR i AR o
ANPUA R i, 2% RS 2140 AR 20 J6 B AR I A T 4
YER o X T 245 it 8 B AR 6 2 () - 2 e ot 5
VE BN 24 3 R 5 R TG B RN ST R AR SR I B8 AIE TV, I R
K 22 0 BE 1 ot HR R o 8 3R AT 4 T A 9, AR m) 5 PR 2

FEE8 =7 kLA T J8 R G i
3.1.2 oFmERMSEsE  H s T4 e
I7 7 i A TR R R AR B, AH SGEE R I I FEATSCE AN W T
J&o 7= TR B RIS Z B N A o R
AR REFRIE LA AR A AL B 3 R AN ) S A
IS0 T AN B AR AR 5 AN R R [
B B RE S5 1 R R 38 T T IR 4 (stage-specific embryonic
antigen 4, SSEA4) % K A NANOG 3k [ %5 76 A [ 25 4
FE 7V N 26 2F R, HLAE hiPSC 41 g v (1) R ik & 7] g
AR LE IR € AR K R BAE A SR R R 6 T,
43 4 B o A E A AT R AR e AR RS, PRI
w0 N 3 B SR ORI GE I E P S 2 e )
Gy FhR BN, T2 T AR 4 A o 5T == 9T
FET B a8, R T R B R T AR R I IR I
MR HHT 0 AR EV I, FIERES T2 B
X B8 = T R AR E . ARSI
3 AT 38 A O A R e R RS . R T
1 LU B AR WD AE 40 M ) 43 A A DU A R 4y 2 5
FRAG DL PRI SRR G, FF AN A B B 1 A0 P
X, DLASE HA i B ] i (L I AT A 5 2R
3.1.3 FREEMESHT  hPSC RUE S A A 1 plR 1 &
PEAS G IR 2 R R Z2MEAHEET
IR, — 77 T A& hPSC 4H 38 58 A% A S o A A2 H IR
(G At Ak, 5 — T THD A 24 R R 7 B T hPSC 22X
TR BT R, JCH T T hiPSC IR A7 78 2 K & 4 F2 3
S J D] SR AR RN e £ R AR S 5 ] /T, SR E 1 700 B
hiPSC A1 hESC 2 i (i 4% 284 73t Hidfs 2 011290, A% B S
()38 43 hiPSC F1 hESC 4H ffd B A AH Bk 1 J 4 A 7 4
fiE, an12 Sk E S . Bk, AT AR hPSC i
mi, ECFE hPSC 2 B W B R F 4% 44 #5 DL 308 =
M SR A % A8 32 AR (fluorescence in situ hybridization,
FISH) AP & I 7 B A% T IR 22 75 1 B 1) B3 B2 441 i
PSR, BEAT et Rk 43 b AR DR, DAIE 43 0k R AR
/b (1) 5 B FH T 0 B ) 2% . 6T hPSC 48 A 731
Ik et I R A A ) R, A U O AR e A A
s JOR R 1) T R R R NI T, R 8 R N A F e £
FaE .

hPSC 5 Ji 98 48 B FL A 22 Mo [ 16 B8 20 1A &
W), F BRI 2 Mye, HOM4EHE BUR PR 2 et B 8
BEH, H A AS 5@ % 7E hPSC 24k J5 15 b T30
ARASC, R T 5 KRR FE P A hPSC R U5 240 i 1) i 1) B
Jo PR RS, 75 BF 9T 3 6 AR Pl R R S R A AN
S it 164 5 A7 950 S5 AT E 9, e O s o A L R A R,
ST RE 2 B B R R G 2 8RR A B, FF B R AR
Pet R A . H AT CHE % B hPSC 1 77 %4
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FEINAL /N 73 5 400 R 5 4 3 3 hPSC BT/
TP, BRI AT I 28R 0 A0 41 A7 3 10 8 R 2% A
(Chn R A IOBE 55) LAR = B b 40 0 2 S50,k
hiPSC 7 fir, 75 N5 R 7 E g 2 1 FE v 5N %2 4
PETF O (URAE 15 s DR 2 TRl b il 5 1 o 2 ) e 7
o e S TR 1 5 S 3R W T P AR B R 2 XSS (1) 7T i 44
Jt o SR, 1N 24T K (R I HHTIn 1 A1 DA 5
0 AR, o TR P A KRS - SR b, ST s BEAEDOT,
L SR A U T v A 3 W I R TR RSO3 A B
JE 70 A A% 20 #r BFISH 4%, % A 5 ik G I Ji 2 AN [+,
NP I 22 S K, S AR AR A 5 R B B A i K
B JRAT I TA) 885 SR P AN (R 6 7 3k ELAMGT I o G Ak 7>
B 7 T, VR AT RE R I o> M 4 I P A B, WS
| 24 300 ) 7 5T Ji 40 i e e AR o3 B, a2 2 ik 3 50 A4
G 34 R ST M AT S e R A% R 0, R % 500 A
TR A B 2 A R AR AR TR G R Rt
AT RO A, JF 45 6 I B N SR G R8 A% 22 Ay 44 A SE
S5 B El 5 7 7 Ao X T hPSC R IR = i, TE S
ekl AR AN G DNE A R R R 5 4=ch ¢ oal I od i)
FEFEREWRIR A A reE 8RS
Bl SR T 45 o X TR A 2 AR AR AR I, RS
BRI A AN R U 240 AT RO 4 A1 hPSC
BB B 3 AT, DA ORI AE B E AR A FRD 7 it o B T 4%
3.4 SREERZRER ARG T AR TR R A
A7 FY SRRV B AN AR B ARG IR A%, 4% 518 BRI G
77 A IR e AN Rk, AT A B E . T AR
AR IR T i R i A 2 2 05 A PR 75 5K
A2, N TARBURE B AL BOES — K. UE
Jo AR AERT, R AL 2 0 2R TR T, I
MRAE BRI 2 77 TS50 (B ¥ ) W B % 055
JEHR TR, RN DM (B AR TR
TP ER T T A B A 0 R R AT R AT T A
W E ANTEAT T . AR 287 b AR H AR 4 i i
FALAE A R T TR R A R AT HE AN A
ARH T R R A A o S TR G D % 2
TG 240 L P 25, DU ) 4 L P A SR AT 4 58, IS B Ak
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