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FUHE T — R REN , G5 CHRRTT ™= MR SN EARRE BN (847 ))(2017.12), (AR
TR h 25 B SN RAR TS TR (iR17))(2023.04 ), { ATR T 407 I RIFSR A SN )
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Special Column for Quality Research and Evaluation of Stem Cell Products

[Editor’s Note]

Stem cells are a class of primitive, undifferentiated cells characterized by their capacity for self-renewal,
intrinsic homing capability, low immunogenicity, multipotent differentiation potential, and the ability to regenerate
various tissues and organs. These unique biological properties make them a promising therapeutic tool for numerous
intractable and severe human diseases. Over the years, the significant global attention has been directed toward
advancing stem cells research and clinical translation, with the publication of a series of guidelines to facilitate their
clinical application. In 2008, the International Society for Stem Cell Research (ISSCR) published the Guidelines for
the Clinical Translation of Stem Cells. In 2009, the International Stem Cell Forum (ISCF) released the Guidelines for
the Derivation and Distribution of Human Embryonic Stem Cell Lines, which provided foundational standards for the
translational development of stem cell-based therapies. Subsequently, regulatory agencies, including the U.S. Food
and Drug Administration (FDA), the European Medicines Agency (EMA), the World Health Organization (WHO), the
International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH), ISSCR,
and ISCF, have developed technical specification and updated technical guidelines. These guidelines encompass
quality control from the procurement of raw materials to the final product, as well as preclinical and clinical studies.
As of October 23, 2024, a keyword search for “stem cell” on ClinicalTrials.gov identified 13 021 globally registered
clinical trials focused on stem cell-based therapies, including 1 942 studies with published results. To date, over
20 stem cell-based pharmaceutical products have been approved for market worldwide. Stem cell therapy has thus
emerged as a critical focus in international biomedical research, driving innovation and advancing the frontiers of
regenerative medicine.

In our country, the National Health and Family Planning Commission and the China Food and Drug
Administration jointly issued the Administrative Measures for Stem Cell Clinical Research (Trial) on July 20, 2015.
Shortly thereafter, on July 31, 2015, the two agencies collaboratively formulated the Guidelines for Quality Control
of Stem Cell Preparations and Preclinical Research (Trial) to ensure the safety and efficacy of stem cell therapies.
In recent years, the Center for Drug Evaluation (CDE) of the National Medical Products Administration (NMPA) has
released a series of relevant technical guidelines, including: Technical Guidelines for Research and Evaluation of
Cell Therapy Products (Trial) (December 2017), Technical Guidelines for Pharmaceutical Research and Evaluation of
Human Stem Cell Products (Trial) (April 2023), and Technical Guidelines for Nonclinical Research of Human Stem
Cell Products (Trial) (January 2024). As of the end of December 2024, a total of 159 stem cell pharmaceutical products
have submitted IND applications to the NMPA. Among these, 72 products have been granted clinical trial approval
by default. The indications for these therapies include pulmonary fibrosis, knee osteoarthritis, bone fractures, liver
cirrhosis, acute—on—chronic liver failure, stroke, rheumatoid arthritis, diabetic foot ulcers, Crohn’s disease, and others.
Crohn’s disease, and others. On January 2nd, 2025, China’s first stem cell therapy drug, Amy Metotrexate Injection
(trade name: Ruibo Sheng), was approved for marketing, marking a new stage in China’s stem cell therapy field.

Compared with other pharmaceuticals, stem cells possess self-renewal and multipotent differentiation
capabilities. As a result, stem cell products exhibit diverse cell types, with the cells themselves capable of in vivo
survival, proliferation, differentiation, and intercellular interactions. As living, sterile injectable medicines, stem cell
products are exposed to significant variability in aspects such as cell source, type, expansion, genetic modification, and
induced differentiation during production. This inherent heterogeneity and instability result in relatively short usage

windows and present challenges in ensuring consistent quality. Consequently, quality control for stem cell products is
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more complicated, necessitating the development of novel, rapid, and effective testing methodologies and technologies.
To tackle these challenges, we applied for and undertook part of the CGT (Cell and Gene Therapy) research project
funded by the Beijing Municipal Science and Technology Commission. The project, titled Key Technologies for Quality
Control and Service Platform Construction for Genetically Modified Immune Cells and Gene Therapy Drugs, includes
the development of innovative testing methods for stem cell products. These advancements lay a foundation for
enterprises to conduct testing required for clinical research applications or new drug approvals for stem cell products.
To embrace the forthcoming boom in stem cell product research, we have organized a team of stem cell product
quality analysis experts to author several specialized articles. These contributions form a three—part series titled
Special Column on Quality Research and Evaluation of Stem Cell Products. The series covers novel techniques and
methods for quality control and testing of stem cell products, as well as the establishment of quality systems for stem
cell testing laboratories. This issue features four articles, including: “Research Progress on Quality Control Analysis
Methods for Stem Cell Products” “Biological Activity Methods Development of Mesenchymal Stem Cell Products”
“Establishment of RT-qPCR Method for Telomerase Catalytic Subunits of Mesenchymal Stem Cells” and “The
Construction of AAV Vector-HPV16-HPV18-HPyV Pseudoviruses and Application in the Examination of Human—
derived Viruses in Stem Cells”. We hope the insights shared in this column will serve valuable opinions for relevant

enterprises and research institutions, accelerating the clinical research and industrialization of stem cell products.

[Invited Column Editor-in—chief: RAO Chun-ming, PANG Lin]
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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., Lid., 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.

Keywords: stem cells products; quality control; quality standards; analytical methods; safety; biological effectiveness
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JiE, B E 4L 159 0T 40 B 25 4y 1e) [ 5K 24 o B B
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2 B, REERTHMIET A G —SOKEEFESR
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Hir LCHET EATHMR™BHEXIER
AFHRSTHAKRERYA, FEHEZEMEKNE
XET. FIHABE /R T 40 M 5 35 5 T & 2008
4ty H b T 40 i 3 5% B & (international stem cell
forum, ISSCR ) 1 % i € T 40 Hd It PR %% L 5 7 ), LA
% 2009 4 H Br T 40 M 40 2 (intemnational stem cell
forum, ISCF ) il 52 A9 A\ BE B T 40 Mo 282 P2 4 B 98
), AT s KRBT ST B T A, HERE
B 25 58 2R (FDA ), BRI 24 & 8 31 /R (EMA),
5 A (WHO ). 25 & VE A 89 B B b I R
(ICH ), & Fx T 48 M 8% 5% thr = (ISSCR ) A1 [ For T 40
JfL 41 21 (ISCF ) 5§ HL 4 XF T 46 M J5 61 B i i & 42
) < e PR T Y 5 B 4 ) S o — 2B Wl E SR T
Y, EFrEZXT T4 H B E AR B X HLTE
W 1,

®1 BERETHEMMAXEERAE
Tab.1 International guidelines and standards of stem cells
RAHH #EFEN il
( publishing agency ) ( guiding principle ) (release time )
ICH CEMBEAR £ G ERIER: AT EPEWBA / E W2 H & 0 40105 5 507 4 R AT Y [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 2 5 M BT 46 8 : AR SERIATF BT ST #7 25 B3 i (IND ) f4b 2 s Fndsh] (CMC) R BRI E 2008
F4534& [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 A7k 457 - 40 A A B 38 97 7= 5 B9 3% ) W3R ) ( Guidance for Industry; Potency Tests for Cellular and Gene 2011
Therapy Products )
EMA T Tz E 54 Y Reflection Paper on Stem Cell-based Medicinal Products ) 2011
FDA AR 4R R A B4 AR 7= 5 B IR 22 3R & ) ( 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 SRR RIFEF 25 5 35 (INDs ) b2 | 3 Ffr#E 8 (CMC) f5 8 Y [Chemistry, Manufacturing, and Control 2020
( CMC ) Information for Human Gene Therapy Investigational New Drug Applications ( INDs ) ]
ISSCR { TPt Fil % L 155 Y( Guidelines for Stem Cell Research and Clinical Translation ) 2021
FDA (AT RMAERRIT L RAR TR G EF AR IRH B A% 1B ) ( 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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TR 7 H 31 BRFRAL R R T (THRFFIER 255 % iF4.0 (CDE ) §H X 4477 7™ & F T4 &
il K RATBT s R EN G247 ), MR T A HATEEIGT = RSN 6 T — 25 EN, )
ITRReENERN, EJL4F BRAMEEEERR K2

F2 RETHARMBXESEN
Tab.2 Guidelines of stem cells in China

s BREL
(No.)

RAumtE

( guiding principle ) ( release time )

1 CHIRRRIT =@ R SN AR SFEW (3217 )) ( Guiding Principles for Research and Evaluation of Cell Therapy Products

(Trial ))

2 (RBEAMIETT = M EM R SN AR TS SR (347 ))[Guiding Principles for Pharmaceutical Research and Evaluation

of Inmune Cell Therapy Products ( Trial ) ]

3 (HSNERBM RO EVIR 5N B ARTE SN (347 ))[Guiding Principles for Pharmaceutical Research and Evaluation

of In Vitro Gene Modification Systems ( Trial ) ]

4 (ARTFAM™RBHGERRSIENBATE RN (347 )) [Guiding Principles for Pharmaceutical Research and Evaluation of

Human Stem Cell Products ( Trial ) ]

5  (ABRYET AR AT 4 BIGTT = &I RIR I B R 8 S RN (34T )Y [Technical Guidelines for Clinical Trials of Human

Stem Cells and Their Derived Cell Therapy Products ( Trial )]

6 - ARTHAME= G 3EWE BRI FT £ R 35 5 B W )( Guidelines for Non Clinical Research Techniques of Human Stem Cell Products )

2017.12

2022.05

2022.05

2023.04

2023.06

2024.01

T BRI AR T 40 M L 7 ST 2019 4F 8 A AR
1089 (25 R B ). 2020 4F 1 A A B9 C 25 S
HIpEE ) 12011 4F 1 A AT - R E B M
), HE MR E T B 2020 FhR(PEARIE
MEZG M) =3I EIEH R S A PR s A
FB T 2 K B B AR ) EoR AT T A AR RE o

202349 A 23 H,FWEPETHARERLEE
*WRAMFHEERESEREZR/ TEREENNABRTH
R R bn e (A e A E 2 B8 T 40 L B B R BV )
( GB/T42466-2023 ), br 5 E R E7E T HMEAREE
3 A TR %, T TSR E T AT R
MR LR BERAAEER N, WA T
M4TIEE SEAE R AR R B R T TR 8

WA, B E T RFSERIET R BLEE T HME
WA, ok A YA A RE N (AR TR
FaAEtrs ), FEEHEYEARDSEAHE
RIS FaEFR RIS RREEE g BHNE), BYIHH
MIRIT 2 A A M E B s R 5T A B4 3k I 8]
F 5 T4 M R LTS ) Ak BB E A S A S %
B i Fua HI70 & 5 BT bR (AT ) %

T 40 ™= S B B T A E A E BT, T 40 M 4
BEERER S mEN K, BT AR EEXER
FHEHRE, RSB TARMAREETERNALE,
HE R A RMERIE, 2024410 A 30 H, H &K
B % K23 kL2 2R E A T 4 R EE B R is

LEER R ¥

Journal -of

1S08472-1 IEX A0 , K 24 T 40 SR o B 4R it
MG R, B 2R T AR EEKE, T4
MO B e An SR BRI , S 3 T4 B 5 R L A
T “hEER
2 THRmRRIEH WA E

BN AR B ARR, RSB T 41 R
BB, L A XA R 2620 T 40 g 49 R B Am o, Xt
THHTHRAIFH ENARFEERENL. B
R TR AR THR™ R EEGQFEA
BRAER T 4 B2 ( adult stem cells, ASCs ). AW T 41 i
( embryonic stem cells, ESCs ) R iF 3 £ 68 T 40 i
(induced pluripotent stem cells, iPSCs ) 3 XK, &
% 2023 4F CDE & A K AR T 4B R 25 2 B 5T
S5 AR RN (R17)) FF R T 4 7™ i 4 R
B, XA ERIFEAOR RS 3T 24 R
FRRES, GEAN LR RS A TE. T4
i E N A FEAFEEAEYFRE BEYFES
Y AEYF R 2V A YA RO R H A H AT 35
B, Rm MR TR ARl B
PRSP & BT
2.1 EAEYERE
211 MBS E9EEBHENETHRES,
4 a8 5 T 48 B ( mesenchymal stem cells, MSCs ) &
Yi#kTY , ESCs 5 iPSCs EH MMHIEE, 2 FR K
FHWMRFHRFIESE. Boi THARNESELE
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FEMKEEAAGZRBEZR AW, 6 RE %R
. A A BB EARAE MBS LA
RH T M Z— , AR HRE R AT BV AR 5
BT iPSCs BR , 8 i Xt 4l A% BT 25 431 4 8 4l AR
A, RERERITHE, BHRIER Al RS B
B¥ A RRTE S B E SR AR Bl UL
2.1.2 445 R STR 2 EE AR . DNA &M
AR (DNA barcoding ) FIY 4% R AT AT 4
Bo STR BRI ARE L 347 E4> STR HefHBE, 7T LAME
Tt b P D 40 R B AR AR 3 TS e B AT 5 L i 263
ZEARGRBBR MRS A, SR BN,
% WM. Paul Hebert B 5E18 5% DNA FIEHE A R A
B4V E P, ZBEARRF B DNA J7
FUEbric R SE B R 0 B Sk MR e,
W R SR STk COT R W, Yefa kiRl
5347 FE A 40 A S R R B B S, R dE S Bk
Gl SRR RE , WAl S R et O
Fatn O, #2020 ERR C AR A RILFEZ 3L ) 317
2.1.3 4AfIEYE PIE AU S R T A R B I
fESEEsHE] ( PDT ). 20 M J8 4 4 2o 40 B M A T 2 BV
Hro HRMITE R I U AEOR B A A B (R8T 4R A
BT, AR A A IR Bk AO/PT 575, B3l
A4 M BASGHEAT . 40 R 38 B SR A X 4 AR 3
TR, Rk e (BB A NE ), R A 40 A
BT ER A4 434 A [R) 40 B st A 40 B 3 A o
214 AYREY 40 MR E bR S Y v N 4 B 2
B ZREM B R ARSI BIHREHITRIE, ¥
R R S A A RS I 7 e 0 i R4 MR L B (3 S e B
% ( western blot, WB ), &k 655, MM A
ERToAREEEA, WB T TR E
HE R, RETOEHE TR 4 s BB A E AP 0
EfL, BETFAFTHBEEBRNEY SR EVFEE
5, 0 E PR MSCs #5 #E4 MSCs ¥ %€ & CD105, CD73
F1 CD90 FikFHYE, CD45.,CD34 5 CD11b, CD79a B
CD19.HLA-DR RiA[AH ©; 1 T4 R Eins
¥ 7 CD34.,CD133 1 CD90 FH 44, CD38 B #: ; A
J& F 40 i % 1% SSEA-3 . SSEA-4 . TRA-1-60, TRA-
1-81.Thyl %, FRFEH5HE YLLK X A HAR K
WAy E, RS ARIS, BA R E JUENEE
&L IEA T YR S AE BT

AN, BTEAR NS N R IR R T 4 AR S iR
HTHFE. BEARHAEBEARELRRSERAHEXH
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YRS B AA R EE, AT LA B R R
KKF MEHRRSFIAE EAEA# TR . MAEHRK
HEH AT R T HMREETIR , L€ AR REsm
BRFEHEMRERERS BB R T T M50
HITERHENRENRE., RECHLZMERERE
YA TR EARB T AR BA W R ERED
Brk= Fr R, 40 Thyl 7E ESCs FISLEF 4k 40 fu ¥ 35,
T B, AR I KR SR, 4 B AL THREE K B W Bt
40 Tl R e W IR T B E R A,
HERTEAEENARREREY. CAEHR
KU, RAEARHAFEARKIT iPSCs 8L ESCs 40
Jf B oAt 45 S R AR AR Y, 40 iPSCs MY R T AR B
CD147.F2(CD98 ), AT1B3( CD298 ) #1 TFR1(CD71)",
ESCs By 4554 ERBB4, GTT1 #1 ZDHHC13"%,
BRI —H T RIS R TERIE, M, HwEB
T T4apusrihd P R R EY , sk R0 AL
LB B R AR R DAB2 4 111,
22 WEYFREN

THuffar= 5 A L SR arE TEkE .
HMENEERSE / AFERE FEEEEE UK
2 MM R FRE ., RNRA 2020 4R 4
ARIEMEZH ) #H T R ESE RSN AE R,
BB AR ENENER, WAL AERR
TR IR N R TE N AR, SRR A pekil vy
RERY SR ARTS GL 08 &2 ) P A S5 d A
RN T M= 5, I H BIEHRER AR
75 ) XL o

TR M 7= ity S 4 B R0 A TR IR AR
HUEAG IS 7k, 41 PCR 77 B AT JC A A 71 S SRS
7, (BRI 7RG AL 5 5 B A TR , sk %t
R R 5 AT sE M FEBURS R e b B R,

B T 4B = o A 7 o R P R TR N 4 B B
BT et R HARAMER B R T, U RFEE R
FIARRETG YL, BT SMNER 2 B T A4 H ARG i
EHEE, FERAGMIL SRR R OEE M PCR
FEE, SNSRI M YR R R
M AMNRR R B AT 7 2, TR B A R R
FHRE, i R, AR ERENRE AE
HIShPIR R R AR BRI SR MR, Fit
—% 5], KA PCR BEARKRNTHE™RTPERF
MR RA R R AR, TR T 4
P &SR P A RES M C MR, B B R
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HAFIRERA RGN o, ZARFF (next
generation sequencing, NGS) AR5 ki 2 # ikt
B, Lo SR s FIsh Mk A HE R s AR, {B EE PCR
HEEBL, NGS EEARABARMNE., RIS o] LUa i
MBS R RE, LHERARE. IRBERE
FA NGS BEARTT LU 25 i 755E 5 = R AE 1 B 4 TR
WXL R84 /v ), {B NGS IR LL
BEZR, BERKBOT KRR, SRR K
RYFMFF AR, BRTA TRNPTIR
BrBt, Bt NGS £R A T T 4 M il der 40 & 24
L/ RKBHBIIT AR,
23 AEYrERetk

T4 MR YT ™ fh B B 2 B (2 Pk
il R R B B AE ) (GLP ), E BB UM
BURME. &M 2020 SRR PR ARILAEZ ) #
Tk M SR EMBUR AR , IR ST R
RIS IE AR T v — e R _E AT T AR &
R TESNIBUR IR A BEH B BT EUR 14
et , A [3] B JF fR A S 36 T 2 A6 01 5 B0 P A SR Y
YRR, IR A K R AR R
HEBEN  SBURHEBEIMEXNED (INEEFSE
BRI SCRIAERR ) RIVKPEESE HRATHER
TR S5 AR L, 1] 438 4 T 40 B R e AL Y AT RE
#1493t F ESCs F1 iPSCs 3 I 89 T 40 Ma A7 4= 7= &
LR RS TE 28 7= i B BB M RO PEA I

H AT, %A h MSCs “ABUE” A “FHB0E
P ERHEBR O B A FERE I IR fER Y,
MR ERIEREHE THRSMEARZ MAFER
ZREO A EF , MSCs L RARMUMER . FEfRRAL,
MSCs 7ERIth A& M e = 5 R ERIEA 'Y
TE BRI R P, MSCs &t s W A AR R F a4 R
I T T HEAE R REEEZEM, AT
e R R I R BT 1 FE AR IGRSE R, MSCs i
55 MR A AR RS AR B R 7 BB R, AT 23
i R AR U0, R, T 4 M %o R 2 PR L
A AR HEAE T, B A MSCs 7T AR 77 B 25 e, fn e 7F
#r MSCs TE I PRI A =% B9 ) S 1, B T 45 2 i
RIGTFBOR I I RIEA MBI TAE, 8 ORI T 404
15 700 6 20 SR TE R e PR IS BAE AR R, AR L Bk
Bk, AR RA “femit” .

T RTE SNBSS B A s b R IER
RO, BIE T 24k , 15 IR S 0 A AL SR AR SE AR

pwiHdd

b, MR A SRR T HTHR, FE R SR
BEEMFRARSESSHTIHEEN . REsnEE
BRAEGERBHETHH™ 5, T2 HIEE B K

FEH A XS, I DNA AR, AIRAS

EERA N 7 BT At AT
24 AYPERRE

AR T A= 54 BB AR Y2 ThRE,
T BT 5 5 I R S B 1A YT T M S B B A 2
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