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Research progress on quality control analysis methods for
stem cell products’

YANG Ying, RAO Chun—ming**

(JOINN Pharmaceutical Quality Research and Testing (Beijing) Co., Ltd., Beijing 102605, China)

Abstract: Stem cells have varying degrees of proliferation, self-renewal, and differentiation potential, and can
be applied in regenerative medicine and the treatment of various diseases. To ensure safety and effectiveness
of stem cell products, it is important to establish quality control methods and standards. Herein, we review the
regulations and guidelines for stem cell products, and provide an overview of the detection assays on the basic
biological characteristics, microbiological safety, biological safety, biological effectiveness and other conventional
testing methods and quality research methods for stem cells. We further describe the quality research methods for
genetically modified stem cell products, functional cells derived from stem cells, and extracellular vesicles, etc.
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PL “stem cell” 1 Ry Se41n], 8 2 2 BRYE clinicaltrials.
gov TV T 40 L3607 i AR50 D7 58 13 021 it
Giit AW R IUE 1942 5, #2024 4F 12 A
i, F FE 3L 159 100+ 4 i 245 9 i [ 5K 24 i M 7 A
J&) (NMPA ) 3238 T B 2595 B i (investigational new
drug application, IND ) H i, H o 117 1 38 1Ifs IR 2R
Yo EBR L AETARMI25 ) 20 2R, 2025 45 1 A
2 H R EE ST AR T 25 i — ORI FEFR TSI
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EFr EC & 1T 24T 400 i B A DG 48 7
FH T 46 5 40 Ml PR R 1T, 3228 Hy 58 1 R e [
FEST FHE Ry T 40 BT & 15 LG 2 2008
i [ B 40 M i 58 P 2 Cinternational stem cell
forum, ISSCR ) il 5€ 9 € T 48 L Il PR e fL. 46 7 ), LA
K 2009 4 [H Fr 1 4 i 41 21 (international stem cell
forum , ISCF ) 1 7 19 C AR T 20 i At 2 42 1
F ), A T ARG R AR ST B0 T 56l IS S
B 24 il FE R (FDA ) O 24 it 4 2 sy (EMA ),
TS T AR 2H 2 (WHO ). 24 i {3 W9 [ s P 308 2H 21
(ICH ). [ Pr 40 LA 55 Bl25 (ISSCR ) Al P 1 4
Jil 20 23 (ISCF ) 25 AILAS XoF 20 A Ji b4 Ak 1) Jo o 428
il e A AT 5 B o A2 ) 25 0 — 2 1 O S 1A
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Tab.1 International guidelines and standards of stem cells
KATHLRE Rsgaill AT [
( publishing agency ) ( guiding principle ) (release time )
ICH CAPIHAR 1L S B 5 R T2 7 A WA 7 2 2 46 i 9 200 M 6 S5 9 43 A= TR AIE ) [Guidance 1998
on Quality of Biotechnological/Biological Products: Derivation and Characterization of Cell Substrates Used for
Production of Biotechnological/Biological Products ( 63 FR 50244, September 21, 1998 ) |
FDA FDA o e 5UFE B RS 9 AR TR TEH 25 H1 i CIND ) By RS R (CMC) fi5 BRI 2 2008
HZEAR [Guidance for FDA Reviewers and Sponsors. Content and Review of Chemistry, Manufacturing, and Control
( CMC ) Information for Human Somatic Cell Therapy Investigational New Drug Applications ( INDs ) |
FDA CAT L 36 P < 40 B RN 2 IR 7 7 8 (9 R ) ( Guidance for Industry; Potency Tests for Cellular and Gene 2011
Therapy Products )
EMA (RT T4z it L4 )( Reflection Paper on Stem Cell-based Medicinal Products ) 2011
FDA CNPRGN AR 4 2R A0 A 2 207 55 O 25 412 15 ) ( Deviation Reporting for Human Cells, Tissues, and Cellular 2017
and Tissue—based Products Regulated Solely Under Section 361 of the Public Health Service Act and 21CFR Part
1271)
FDA (NI A7 23 25 Wil (INDs ) 194k il 3 Az il ( CMC) {5 L ) [Chemistry, Manufacturing, and Control 2020
( CMC ) Information for Human Gene Therapy Investigational New Drug Applications (INDs ) |
ISSCR T 4n s FiG R 1k 35 55 )( Guidelines for Stem Cell Research and Clinical Translation ) 2021
FDA CH T A AR DR YR TT L S 2 U R ) il A= 72 B IR RN S DA L) 2% 1 ) ( Considerations for the Use 2024

of Human and Animal-Derived Materials in the Manufacture of Cellular and Gene Therapy and Tissue—Engineered

Medical Products )
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Tab.2 Guidelines of stem cells in China

bz b=y RATLE]
(No.) ( guiding principle ) (release time )
1 CAIEIRYT = S FoE ST A AR TS 55 (3847 )) ( Guiding Principles for Research and Evaluation of Cell Therapy Products 2017.12
(Trial ))
2 CHRIEYNIAYT I S 252 o S AR SR (3847 ) ) [Guiding Principles for Pharmaceutical Research and Evaluation 2022.05
of Immune Cell Therapy Products ( Trial ) ]
3 CIRANEPRBME R 5025458 5PN ARSE T 5 (3847 ) ) [Guiding Principles for Pharmaceutical Research and Evaluation 2022.05
of In Vitro Gene Modification Syslems( Trial ) ]
4 CANFET U™ 5 252258 S50 B R HE S50 (33847 )) [Guiding Principles for Pharmaceutical Research and Evaluation of 2023.04
Human Stem Cell Products ( Trial ) |
5 CAIRMETA0ME BEATT AR AR M PRI A5 5 W (3847 ) [Technical Guidelines for Clinical Trials of Human — 2023.06
Stem Cells and Their Derived Cell Therapy Products ( Trial ) |
6 CAIET M= SR RAFIE 5 A8 S F U )( Guidelines for Non Clinical Research Techniques of Human Stem Cell Products ) 2024.01
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% 24 i R AT AF B9 N U8 4 il 7™ o AL EE A
AR T 20 MY (adult stem cells, ASCs ). A+ 41 g
( embryonic stem cells, ESCs ) J2 %5 £ 68 T 4l g
(induced pluripotent stem cells, iPSCs )3 K 2K, =
% 2023 4 CDE %A (1 CNUR 407 i 25 22 AT 58
SN HEORTE T CiAT ) TF R T4 i 14 52
AR ] R DR G S 38 S A T 4 A A SR 1Y
Fra i, A BL OB R S AN, AR
ARG P 2 T AR A A W 2 R A R A
PE R 2R A A WA RO B At A 25T
SR U8 e 127 3 i 1) R T=2 1L R |
P IR 45 22 AR
2.1 FEARAEY R
211 B @R E BB AR T A IE A,
anial 78 5 1 40 il ( mesenchymal stem cells, MSCs ) 5
YiFRIE , ESCs 5 iPSCs BA M BIAYTE A, IR 5
W HA R AR AE SR H AT A0 R A M
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F BRI B AR 5 2 50 F T, 14 A G — R
W gl A BUR T B AR Al e AR S 2 1T Lk
JE) 7 10 Z— , A W ARIE R TR USRI AR 43
BT iPSCs &, 38 13 % 240 BAZ R T 285 20 40 5 2 etk
B, VE RSB B B R AT FR 5 B st
B R IS 1 ) PR AR B P
2.1.2 %R R STR 20 BUFi A DNA & IE M
AR (DNA barcoding ) F1Hx (B 1AK% R A1 754 T 40 HfL 4
5llo STR 43 B AT i 737 21> STR FER A, v] LI
iy b T 200 2 75 A 58 S5 e B 58 ST e g 2
ZA AR ELAG 5l R R G IR A, 25 SR v
H W, Paul Hebert 15 7618 56 DNA SIS H AR R H
AW YRNAE E h IZEARJE I — BebR i DNA 7
G A bRig ok SEBLIGE AER RN [ Sh Ik ARl % 2
R IR ST B LR AR COT LR 4, e (o A A 7Y
S3HT R DA 20 %) 2 (o A8k H A8, s e ik
G RIS A S AR VA A M 5 A R M ) G A

Bh5 PR 2020 ARRR (PR N R AN E 250 ) 647
213 ZUMEIEYE A AN R S A i R BE A
ARG ] (PDT ) 20 B B A% A e 6 PR T 25 B 1T
Mo AMARTE 5 T A ARV A s 1 st 1) 30 2o
Bkt AT, AR A By 5 Y ol AO/PT YLk, [ 3h
A AN BT o 40 390 ] R P i X 4 A
PRI, D ehric vk e (CanmAb i ), % 40 A J&
S5 BTRA20ATAS [ 40 e st A 240 4 A o
214 EWAREY) A IR T AR S nT 6 4 i 2
B ZRetE 5 R VLORME AN/ SR REHEAT RAE,
KA & A0 B R 0 0 2 an i s A R | R 1 S B
i ( western blot, WB ), Sy 2¢ 645, a4l AR &
BT A, WB R T A
FA P o, BRuE D G PIAGHI 240 b i 2 FE i )
TENL. FET AR T4 S 70 ) A W i b i W A7 AE 25
S, W EBR MSCs b1 K MSCs )52 24 CD105, CD73
H1 CD90 F3A M, CD45 . CD34 8% CD11b, CD79a 1§,
CD19 HLA-DR kB 11 1 i 20 B i) 2 T e s
¥} CD34 . CD133 H1 CDO [ 14, CD38 B 14 7'; A
JIE T 40 g % ik SSEA-3 . SSEA-4 . TRA-1-60, TRA-
1-81 . Thyl &6 ™, 3R ks Z5 4 DLt =X 40 i AR A
WA 32, R AR S B bR e, HoA R PRk 9 4y
JEA T AN S PR T o

IEAN AR 24N K B S T 4 b s 4

BT R, ARG EHARTE & IS P

A=W 7 T ELAT B R B O34, T D B 1 R A
KK MBS R EAE A T 5T o AR 1
Y AFARTT 20 S T, 5 ANy S M
BORE SRR SR R R, AR TR A o1 A
AT RS M R EE R . RS O A 2R R R
Yol F T %8 AR T AR (04T R AR S
Bl = B 5, 40 Thyl 78 ESCs FUSET 4E 40 i 2223k
1M 5, AR G RN BSR4 B A T R B P B
BT 20 BB T I PR AR R 0 YR T A R A X
DA L ik 75 % B v SE M A i R AR B . CA ISR
LKW RHE A B HAR LB T iPSCs 5 ESCs 41
J 1) G A R S R AR AR ), 40 iPSCs 1 R THI AR AR )
CD147.F2(CD98 ), ATIB3( CD298 ) il TFR1( CD71)",
ESCs £ Mifr7E Y ERBB4 . GTT1 #1 ZDHHC13!",
W — LI R RE A AT IR . Ak, &
T TR R T R AR R, s A L
AR B BRE AR 8 DAB2 45 11
22 AR e

TR A A A e A ARSI A 5 T A
MEANFEREA /AR SR EERE Rk
G A FANEUR EE R FAGAE . VR H 2020 4F i H A€
N BRI ) 24 ML ) T A7 10 TR G 2 1 ARG 00 41 R TR
EEM PR B A A A P N B R, R R A A A
A 4 P A 15 PN B 2 AE PR A I, S SR AR A v A mT
B A0 S SRS gL o XoF T FH 2 T e o 78 S5 5 28R
BAFHY T M, W 785 7% P s R AR 1] 42 2
78 1 RS o

AL it B 4 e 790 4 S A AR FH
PRI 7%, 4 PCR 7 kA T T TR R A F1 S i A
A, R [RIEFEF 24 BB 5 i A ARSI, I 2Rkt
FEIIZE S 5 1T mT R H B A T LS Sl e b B %

B T 4 M i A ™ v SR 4 S A R R A4 e 35
Jo 5 AT B AR A S MR B R, DA R e A i R v
IS TG e , DRI &1 50093 B PR 1 42 i Rk o,
e, FEOR MRS IR 1 S 9O f PCR
TrikaE . PRAME /R A1 M IR M S iR RN Ry
25 LA AINIE B PR A I i, TR EL A SRR L B
T T, FLE SR ARG, H RS B A A
1) Sh WA AL 5 5 BE AN B B4 o s B b, T E
— Y5, SR PCR B AN -2 B ™ i 2 A5 17
FEAMNIER A P R SRS A, A E T A
7 i i A A R RT e L HE Y L HUS R, (R A% R
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FHARFR T HA RGBT LA, AT (next
generation sequencing, NGS ) F{ AR5 ik 2 F oy ik kb
B, LA S IR R S R N R s, (B LG PCR
BB, NGS B WAE AL, BIEEE 1 aT UG
AT YT A W RE , JCIHRAR A RE . BFSE R
FH NGS H AT LA 2 i 77545 i Hh 3536 477 119 2 5
P REAZ IR LA BORT ) A At/ 75 11, H NGS iR L
B A s e B SR AR X RS Y
R A A BOR MR, B AT TR T
BB, R NGS 45 A 0 FH 1 448 it ] b 119 22 4 M A
AT A 9T TAE
2.3 YRR e

T ANMEIRTT = i 1 2 VTR R (25
I PRI 56 3 2 A BRI ) ( GLP ), 32 B2 2 Bl 14 Al
FOE M. H I8 2020 4F R AN RRT [ 2 8 )
TR G P B R AL, $RBRUS 7E B TR B A
it Aor I PEAS I T — 2 AR TR T 40 =
() IR T o E S B0 PR AN B AT R T 0% 1
B, AT (] s Jr A AN 50 5 12 A -5 S098 R OG 1Y)
A= IR R R an 20 B A A PR RO TR
HEFENE  SBEUREM S DI B (AR AR (558
B OGS B ) R AT EOE M R T S
BB A5 114 55 T, (] 2 40 1 200 O e Ak 1 1T
PR XFF ESCs A1 iPSCs 3 Y8 1 1 40 I 437 A= 7=
IR S S 27 i 1) SR RSO A I

H AT, 58 A MSCs “ARE0R” s BA “5580%
PE” AEASHERR X O A AE M i s e /R 1
WF9E s AR 2 A8 1 7 5 40 5 g 4 it =22 [ A7 AR A2
FAAEAEHT, MSCs W EAEMIMER . TEMERRZAZ,
MSCs TE 8175 6 A F 8 P8 72 5 1 & 1 58 B0 1)
FEBBEIAEE T, MSCs 3 33 7305 41 i R -7 2 4
iR e o R e A K e Sk S E R (SRR I S I
AERpF B 0 OAEE s 7E MR IO SR, MSCs T
15 IR 20 M RN AR B LA 1 B oy B E T, T 53
i gRE iz Je RN A% UL DRI, 0 X R 28 g L
AL VEVEFT, N MSCs BT LIG 7 W62 e, an o] 1
Hi MSCs ZE I AW FH A%t e i) S 44 L 30 75 25 B i
PRIGIT BRI T RIRA ST TAE , @ BUR ¥ T4
1 18 2H 2O 5 I AGE WRE P AN TR] , 15 A R A
B AW ) et o

T A AEAR S MG S AR haT RE Ak A AR B
(R 240 A, BV ST 2k , A0 4 =1 00 4 L 5 A kT

AL HREL

BLor Ak, B AEAR DY Bl b EA A ST, IE 5 TR S
A I AR ARG A AT VAR ORI I A 2 e 2
BLRAEAEIE B A T4 e i, T RE 2 AR H
BRI ZH G ) JXUSG: L T DINA A AN B 45, vl R 4
FERB DT 7 A T A FTA
24 AYrEARE

ARV TR B 240 M ™ i B AN TR A 22 g
e 7 b 5 I PRAH DG A T6 7 1 M sl T 1) £ 2
BN, FERERE S AR VR AL 04 2 B2 A 2]
FETT o ARSI 20 M Ak R 5 o Ak At L Y
SRR RN A B R X 8 4 Y VRS BE T A R
AR T ek hr e ik AR 1 S TR, St b+ 4
JL i ) 536 97 AHOC B AR W2 A R . ESCs T iPSCs
AT A 200 M 1) A 0 2 0 A S A AT AR 1 A=
AR RN, 5555434k 40 I ) EAH G ) 4R e L R A
BRI o 5381, 40 M AR 2 A AT BB A
P S B 20 M A 1) o3 A A R A | 40 i K 20 e A B I/
SERHTE B A0 ELAH AR (A0 S e s sl il ) 4
RS oAk B TR REPEAL 5
241 PN EE S MSCs W HA Bk ik
AR AR AL RE T, (8 = 2R RE T B B A
WFFHE— 25838 . 2015 45 4 6 il 350 5 o 42 ol K%
Il PRATWT 5248 T B0 (34T ) PR 30 X ] 52 5+
AL, TCR T AR R, N HEA TR AN Z RS A0 i (4n
SR T A L B R A R AR AR ) PR RE Y
R, AT EL 4 i o fh i 22 REE . R YT 4i i i
JPE RPN 2x 2018 MA 1) A AAr o Il RAFF ST B
H F Y 8] 7 J5T T 440 A A58 I Y ) PO 6 MSCs 1443
fERE T B BT AR T AR RS | BB STl g
o AR SRR IR = 50% 5 AR 4 A Y €2 T
R B R LR = 80% 5 IR 23 Ak e €6 T AL A
AR E ] = 50% . ASTRIZHZUR IR ) MSCs PR H: i
& T EARE, R A 25 AR S B A 1)
S AERE TABAFAEAA], PR 5 7T DA ST — A e
HETE T 1 MSCs 7= i, SRSE A H B 540
i 7= R ST A B R AR IR TR e, #E ST
BRI Ty I ST T A o ) B 2k, B RTRT R
A3 AARE IR R 2 A ARG I R SO ]
(AT B AN AT, IR MSCs = b id 75 ik — 2
FEI ik o TAE , LS il 38 FH 1% S bR g o

X K434k B ESCs F1 iPSCs , 270 1 A SN $DUIE i
TE B BE 77, BAE SCID BUA P E 1 s i 984 ) fiE
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242 SEEARPEFRIN BRI A0 ) T e
5 A S G2 SN 38 e AR AN K sh il g6 o
B, A AR TR % T 20 BRI R L e R ME AR B R Ry
PRACERRY B AR T AN R 45 . seah, Aok IR
f) ESCs }¢ iPSCs 7EARSMF T 73k 5 B8 2R UL A 1Y
HLA U545 F AR N 5 7T RE ™ A S e HE I RN
T TR PRI I LAY . H R, RSN T 2 4
280 B XTI £ 24 3 0 o) XA () 9 £ 240 I A
H B RE 7 A5 T L LA R St A DG 20 L DR 43 0 P 5 i)
S PN AR BT BN SR G 2 RN B L
B A, T BAE NG PR R RAF ST Hh A B AR SR 4K
I, Vi R EARSMAR MR R
243 TAnfifeseiiyEne s TR i gE
FEE S PR R I FRB AT, TR A
MAAMA | ELISA | ELISpot 255 . WMASMAIG S
D240 0 e 3 VR4 B ) Pl o ok L A R 5 ik
I G 28 35 DR 1, 4911 MISCs B8 152 BE 7 A
fE R F TNF—a Fl TL-1B K47t % T TGF-B Al IL-
107, FARAIEY T e g AR BN T2 2858 i
W EE I E R R IR, R Y e A
PR IR , MRS o a0 [ B e P 2
— R RG S Yo H B 1205 DR A B , 1S
RENEL BRI ERR ST R AR P, AF5E R
MSCs i1 51 757HE T 49 ( regulatory T cells, Tregs )
TR BL AR 240 B AR B AR S e R A 1245 R Ik
R ) MSCs Fb H- 86 K U5 i) MSCs HL A 8 5 1) f 358
PEVE R 20 s R TR A MSCs NAEAR Y25 255 | &
[vi) ot AR 8 52 17 4) KU e /) 297271

BT T 20 b 55 1 PRAH DG B TR 16 P sl 19
(AR 200 IR TG TE & T A A W2 0 Tk R AR 4
BRI AT 2 35, 07 T F S B e 72 5 0 e P A G
PERFGY , FFHEAT T8 50 W7 VR 00 0E , A4 7= i i fe
Skt AR TR AR SRR
2.5 HAhE B H
251 CEMEACKINE LRSS, pH e AT
S NEEPEORL 505 TR BRI iR B A T
A 2020 AR C P A N R 2581 ) AHR A RLE
252 ZEFERNZRBT AT T AR Al EE S B A A T 4
It L 5] 240 e R I B L B ) A0 B B R B Y
AR5 o R AU AT AR FRFRIEF TR
X} ESCs 8 iPSCs 2 5 14 T 4 B 7™ & 5 #E 47 2% i 43

BT, A SR R R IR SR B S
253 RUEMERIGY  ARACRRE BRI H —
FEAMIEAS  STR %501 6 5 1% 40 50 TRE AR A 48 )
[F1] | e A5 A KR AR T, o f 5 et A A TR N AL
SN PP At A Re o M IR S 2 BRI R 3k R AR
2y D e N7 S A e A G UF S W i
3 FHRRF-RREARHE

GAR i w1 T D = e e 1 e 1| e
(R 2 VR R Sk B R X, T 40 o
G5 I, B HUS T — 504 A8 H a8, dn+410
R I AL T A R AR S 5 eI RE |
G REE R INRESE . T ANM ™= S e I ARG 7 &t
AN TR) B4 PRSI0 A5 23 77 A= e R O A b i, TR I o
BB T A= S LR B R ET X T 41 i
7 A TR RR VLR T 2 2020 AR SR ¢ e A R AL E
2L ) A SRR L, XS (R A 7= il AN (] A IO R
A7 B TR bR, b R AR A e 4
A5 1 — Z 50 20 i AR o, A 38 IR 40 )
(NESZRe g ) CNRFTRRT i ), TR 40
LA TT B AR Ub 2 A A bR v il R 58 BT R U5
[F1) 7 5 T4 A i 3R R ) 4%
3.0 LR A= 5 B4 S S R A

SEPUB MR A (AR AN T S o o 42 4%, %
AT DA SZ BT 440 B A v R 4, DT i L TR
SEPIR I AE T, U0 NRGI 5 RBAi ) 15 6 5 J5 120 i
16 52 5 BEA 10 P TRAIL 5 DR B i MSCs 16597 25 il
P e 25 1, 5 PRME A 4 M A7 7 i A 40 R YT
(R o, AT FE R TA YT R TR UKL , PRI 2 R PR
A 7 i P 4 o 75 T 2 B S AR 4 S S0 ) A
L RIS 2 PR = b R R, 454 2020 4
W AR N R LRI 25 8 ) =gy ARG YY
il I8 ), IS % EMA T 2021 4F 4 H & A T (5 3
PR 40 i 24 i P9 e R I R NG R 95 45 R )P0
CDE F 2021 4 12 H &A1) (& B AN BLIA YT 7= iy
R R AT H AT 5 50 (3047 )) & CDE 2022 4F- 5
HRATH CARN IR T i 258 S AT
SR AT ), iR $8 T I X TR0 3 R B i 2
AT A B B e S ER .
3.2 TR IR RELN A A ST BTN ik

IR UR A0 R FE (5 2% - R i (hESC—
RPEs ) A 367 00 BEAS MR S A5 , Unei s
P02 P R R R | Stargardt 5 ( 85 5K 25 4 1 4
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AL S B S UTE ) o B N2 E X hESC-
RPEs )5 J@ PEdEAT T R 9T, a1 i
PEHIPEAN AR 2R BY L B R 4R TR A Ty BE 40 R
T e R A5 5 AR L) B v g v o s o O ik B
AR ZR B UE A AR o T 4
3.3 TAUMRIRS MBS BT =AY

T AR ) F I A RT I8 T 2R 3R T
M R IR I e A 4 BB B
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