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WE AR T/ 4a . (mesenchymal stem/stromal cells, MSCs) B B4 % Fh A& 4 F 451, R A
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&, B IMSCst 16 RiXIe 4L 2 E3E K, B AT 2 A1 000% R ls KX &2 TR ELFTE, 12
ZHMSCsTF LR 22 . RETEVAR L EAET G E @I h ¥ R A @ s R, § 234716 R
ARG AT AR, BB, & 22 R IE R AT 0 53R 5 AR . 2530 ) AR B AR G R e A AT R,
%, BRERLOH+ S AMSCsH M ES £, 20254018, + B E R 25 & WBE 19 5 @ ik 4 F i
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B, REBIFT —2aR R, 2R3 2 A K 216 RAF R E RIS, 2498 B 2 B ATx
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Abstract

clinical research. Their immune-regulating and regenerative capabilities are widely utilized in clinical cell therapies

MSCs, with their diverse biological properties, have become a focal point in both basic and

and studies. Over the past decade, clinical trials involving MSCs have surged dramatically, with over 1 000 trials
either completed or ongoing. However, developing MSCs into safe, effective, quality-controlled, and process-stable
living cell therapies remains challenging, necessitating preclinical drugability evaluations. Concurrently, preclini-
cal pharmacological studies, pharmacokinetic research, and non-clinical safety assessments must be conducted. To
date, more than a dozen MSC-based drugs have been approved globally. In January 2025, NMPA (National Medical
Products Administration) conditionally approved umbilical cord-derived MSCs through expedited review and ap-
proval procedures, marking the country’s entry into the commercialization phase of MSC therapies. Despite these
achievements, the number of approved drugs remains disproportionately low compared with the volume of clinical
trials. This imbalance primarily stems from incomplete understanding of MSC mechanisms, leading to imprecise
patient stratification in trials and suboptimal outcomes across multiple studies. In the future, more research efforts
are required in areas such as mechanism exploration, PK-PD studies, and large-scale preparation technology devel-
opment. With emerging knowledge and methodologies, the development of MSC extracellular vesicles, genetically
modified MSCs, and composite products combining cells with biomaterials has gained significant attention. Fur-
thermore, exploratory studies on clinical efficacy-related biomarkers and combination therapies are advancing the

development of mesenchymal stem/stromal cell-based drugs, paving the way for their broader application in treat-

ing patients.
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AR TR, 5 AT el DA 8] 78 5T 40 Al 0
iRIE, RENESMESECHH i 250 R A /R S0 18] 78 5
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MSCsllfii R 3& RAE M f5e BT 1B AH S0 200, S
i i E g PO R B AT R GER 2 R T
W, IR A RGPTR R 2 R IEREAGIE
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Fig.1 Mechanisms of immunomodulation by MSCs
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als.gov). HAFLDELRESANEHLSR, LT
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304 BE T REM, OB BE AT GE. T
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Table 1 The approved MSCs products worldwide
A T 4 &P YLALRR e 5 K2 ]
Compay Product name Indicaton MSCs source Countries and dates of approval
Bosheng Excellence Amimestrocel aGvHD Umbilical cord China NMPA/2025
Mesoblast Ryoncil (remestemcel-L) aGvHD (children) Bone marrow USA FDA/2024
SanBio Akuugo (Vandefitemcel) Traumatic brain injury ~ Bone marrow Japan PMDA/2024
Stempeutics Stempeucel Critical limb ischemia Bone marrow India DCGI/2020
Nipro Stemirac Spinal cord injury Bone marrow Japan PMDA/2018
(autologous)
Takeda Alofisel Complex perianal fistu-  Adipose EMA/2018
las in CD
CellTech Pharmed Mesestrocell Osteoarthritis Bone marrow Iran FDA/2018
(autologous)
JCR Temcell (remestemcel-L) aGVHD Bone marrow Japan PMDA/2015
CorestemChemon NeuroNATA-R (lenzumestrocel) Amyotrophic lateral Bone marrow Korea MFDS/2014
sclerosis (autologous)
Osiris Prochymal (remestemcel-L) aGVHD (children) Bone marrow Canada & New Zealand/2012
Medipost Cartistem Knee OA Umbilical cord Korea MFDS/2012
blood
Anterogen Cupistem Crohn’s fistula Adipose Korea MFDS/2012
(autologous)
Pharmicell Cellgram Acute myocardial Bone marrow Korea MFDS/2011

infarction

(autologous)

2 BEBARR
2.1 R

H 19954 LAZARUS% P11 Yok MSCstE Ay i 4
RaZiE N AT R, Hiteskc g +24
AHMLIETT 77 i IR AT 2 1 I AL Ptk vtE BT (R 1)

Horbr, FTVR T IR AT PRI 4 1 KU Car-
tisteme & [ 2 W J5) 4 A 1 4 B3R e A [F) e 2k [
MSCs;= it ; HAH FAFHAER) Akuugorg 28k E A
FERME M IMSCs ™ i, FH T~ 288 G040 1 v 453 473 = 2
(I8 3 D RelEns ; BPEEHEE I F TI6 97 ™ B R AR G
I ] Stempeucel /& — F IR A 2 ML 58 MSCs
HMIIETT 77 i o

T TR A 3 ] R R B i DX R R AR
FITEHE A, IMSCsAHT K E - S % .

% [ 2 I MSCsll R il In i 2 M E %, Hig
AAHEHE T — 27 i Ryoncil. Ryoncil /& Mesoblast
25 A WSO ) — R R Ao e A4 REM S Cs ™ fim, 7E— T 22
Hl BEALS X RE P TIORA I PR 058 H B4, 346 55260
46 I 708 (R % GVHD B, 4 MSCsiA
I7 J5 AR BRI B 2 T A R [FF A SE A 2% fi# (durable

complete response, DCR): 417577 4135% vs %l 55
H30%)]. (HXTEZEIATHZo0 R, JLEEH
HhBAR 22 fi# (overall response, OR)ZRHL = (40 iR Ty
H 64% vs 2 F N4 23%). LT, Mesoblast/A & I
J& T H—mZ s, BE L TG R 5 (MSB-
GVHDO01)™* !, #4551 544 ¥t 52 11 ) L#E GvHD &
28R IEME RS [y sh B HE(E AR EL , MSCsiR YT
HARAT T G (AR YT 4170.4% vs I S 3 E(E
45%). (E LRI 4SS R Ea L, 2 B RN TR
AVa il (B B RIS BT I R . CMCHAED)
SERDIRTIN ) @145 ), S5 E FDA(Food and Drug Ad-
ministration) iz & 7E 20244F 12 H #it#E T Ryoncil T
1697 JL#aGvHD,

K FEHE PR fE— MISCs = il Alofisel(darvadstrocel)
AT Cfm]_ETHYFmT . Alofisel f2 [F) i S 44 I 5 41
MR, F T ARG s /R R TG Bl v B R A
FEFNENE. BT — DU IR Rl
ADMIRE-CD(24 & ZZfif %« MMIIRTT 2 51.5% vs%
TR 35.6%; 525 2 fif 3 . ARG T 41 56.3% vsit
5120 38.6%)°, F-20164E7ERR B 4252 i Hiid, 1
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I24F, F20184ER ML BT . FERCH I —TRENL 228
71567 BRI 95 ADMIRE-CD ITHA T, R K g ik 3 32 2L
ITRRE S5 (MR MR YT 2H 48.76% vs T FI4H.
46.32%), N._ETTVFRTEFA A Takeda A 7] (23K, T
20244 121, Wk 2 ilE 1 Alofisel 7EBR 2 1) 1
DRI

2.2 EMEARIREE (Clinical Trials.gov)

AR 245 i A2, {H4E Clinical Trials.gov I
HEMIERIRIE ENA D o TEBAIHIT4E(1995—2004
), A AL MG RS . A 20054EFF 46,
FRAE M B O G 2058 AN 14F (2005—2014
RN, BAEEM R CIER 100N A A=A
FE(2015—20244F )k BB, G rHEM G AR RS £ O
1000250, {HF—FEM2, 2020573 MHIm R
25 1 0 i DR R X — A 602 T I PR
2 F T e 25 51 RS 0 il B L6 77 (12) o
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—
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100 [~
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oS O O
I I

Number of clinica

[\
S
I

0

1995 2000 2005

439 LA 1] “mesenchymal stem cells”F1“mes-
enchymal stromal cells”/E 4 “intervention/treatment”,
£ Clinical Trials.govi¥ % , 971 A B i 058 7 Y
VM RS (R 2) 0 LA 18] 78 Jod 40 M M ) Tl
PRI H S T DA T 70 o7 25 J5T 4 ™ 0 ) e A X
H, RWIWTFUE & R ST IR 78 o7 4 gt AT
Yo HHETKZ BuE M R R KE T 4R, f£H
25 R BTV 3T A TG, 25 R84 ) A K 531
B TG GRS, A 4TIIBHIV I AR IR 4Rk 35 T 4523 .
X AT 1 E CAtE TR GvHD AN, HoAt 370
TERIAE N EVESRTT R WLZE 4 0 R A A SR ATk
R TE) 4595 51 AEC 1 2 T R

JKF7E Clinical Trials.gov 3 M Il PR 56 1
M IX o3 A1, R M e PR 6 e 2 1O L 2R, Hk
Fe Sk [, AL 33N E R Bl e E . PP A
fPEABS4, 7E Clinical Trials.gov_ -y M A I AR 15658

2010 2015 2020 2024

Year

E2 199520245 MR AR IR I (Clinical Trials.gov)
Fig.2 Number of clinical trials registered at ClinicalTrials.gov from 1995 to 2024

2 JEMEYIEARIRIE(Clinical Trials.gov)
Table 2 Number of clinical trials registered at ClinicalTrials.gov

I AR B Vi) 78 57 T4 V¥ 78 J i 7 4

Clinical stage Mesenchymal stem cells Mesenchymal stromal cells
Early phase | 50 14

Phase I 403 148

Phase I & phase Il 479 177

Phase II 272 75

Phase II & phase 11 39 7

Phase III 66 25

Phase IV 14 5

Total 1323 451
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Table 3 Number of clinical trial applications accepted by CDE for review

T 2B i B Jigi Ji =4 Fih
Year Number of accepted cases ~ Umbilical cord ~ Bone marrow Adipose Placenta Menstrual blood Dental tissue
2018 5 2 0 1 1 0 1
2019 5 2 2 1 0 0 0
2020 5 4 1 0 0 0 0
2021 9 6 1 1 0 1 0
2022 19 17 1 1 0 0 0
2023 27 22 2 3 0 0 0
2024 19 8 4 3 3 1 0
2025 23 16 0 1 2 2 2
Total 112 77 (68.75%) 11 (9.82%) 11(9.82%)  6(5.36%) 4 (3.57%) 3 (2.68%)

Pulmonary IS 20
Joint IS ] |2
Neurological I ] ]
Liver S ] §
Intestinal I §
Skin m——— 6
GvHD m 5

Diabetes mm—— 4

SLE (systemic lupus erythematosus) s 2
Bone mmmm 2

Cardiovascular mmmm 2

Tooth mmmm 2

Reproductive mmmm 2

Number of clinical trials

E3 CDEEM LERIFRIMIGRIRLE
Fig.3 Number of clinical trials with CDE’s default approval

RRER 75 2 D RGN, AR PR SR A T
T FR M PR 75 SR 1 MV T o
2.3 FEBRRFATIEKIRE

H 201 84F S it i (B LAK , DAOGHE R “[A) 78
AR, 12420258 H 13 H)E R 2 i i B 3L R
24 it 8 PEH Oy (Center for Drug Evaluation, CDE) 352
FH 1125 MSCs/™ i (£3). 2018—20204F X Hi34F, 4F
SESZ BRI S T, 20214 G B AE KRR 0. Ji i 20
U= HIiR i 2 A0 L 20 23R 5 (68.75%) -

PACBE G “IA] 78 5 A0, H Rr 3 85Il AR
36 HE SRS BROR VP AT (1 3) 0 il AH S50 A2 W1 fi
Z [IE RUEE (2000, BLERIFIR F I LA AE . 12 PERE
FEVEING « LA EE  ALF B A BRE A T

FHOC BB (12730), HeH 26 K573 (83.33%) & IR %
R o P RGN AR L F R = HE RCAE(11 ), £
ARG AR (72.73%), HALIEA EHEHG . BTR
DRUFERISE 5 A5 EE DY & MORE 9 A 90, 045 I
TREAL R 32 B A S, 2% PRI S N3 2 0 41 2
FLHIERNE, 45 8. 1X SFEHIERIAVF AT I AR IR 46 51
I A BRI AT BN =20 2 2 (70.59%) . HIE )
GvHD E AR R A 530, (HAZ e )& o E H mriE—4t
T IMS Cs 259038 BEJE

1 CDEE M E i) “Zin Rl Sid 5E 8 A
FE ELOCE MR &R, A 61U e M)
RIS . R0 o SRR WA 4. H ik
N TG R 34T 550, © 58 5% 150 (GVHD, Jif i ok
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Table 4 Number of clinical trials registered on www.chinadrugtrials.org.cn

2N = EESE ERLY THEFTE EER
Clinical stage  In progress (not yet recruiting) In progress (recruiting) In progress (completed) Completed
Phase | 5 9 8 6

Phase I/I1 3 8 2 0

Phase II 4 5 2 4

Phase III 1 3 0 1

IR, ATIELESEAT H, 38 RLE 7 5l 8 3 (5 KR
LR (R 0T AR )« TR D719 R (MR DT VR, AR A 5)
S GVHD('H BE KR -

3 RE

RAFHUR — MR, (ERALI 25 5 BE K
IR R PRAF TS AR A s L], 2 J R 2 H
AT X MSCs [1IAE F AL R RE 50 A4 BB, 5200
PRARES (1) 88 5 o R AR, 2 AN AR IR B8 45 SR AN S
T 4, XFr= A B R, AFTE— 2 L2
Rlo MSCs—Midgu 25y, YT SL58 = /N AR
(8 FR 0%, RURBLAL AR 7= J5 dn el R 7= i 4tk P8 50 ol
PR ] — BT 75 BLIR AR R I RAH R AR T

%o

Wt 4 3BT RN 7 i I R, MIS CsAH O 7= il 1
TR G NEH . o, MSCs4H i 428 16wk N
T FERHAIE FE RN PR FE I RS 3 AR RME R Y
MSCs. i +AVIPEHR G 5 S5 2 R R I E
BIFRITIE o BRZ IR R AL, i RS 04 0
7 i R R D AR 31 22 G B A H
3.1 BARER

Il PR AR TS 45 RA S U, 3= i 50 3 75 0T
MSCSIRIT 7 AT — IR FEIT K
3.1.1 PK-PDAF5L  VEHIMLEIA S 28, DL
MSCsTEM N B7 73 A7 Fldiz 1A IR 1 i 2 I Rt
B 25 A RTUH R B E N 2K . [ B MSCs#j K38 /)
¥ (pharmacokinetics, PK)H12#1% (pharmacodynam-
ics, PD)RFAE, A2 it llin R IT 20AS S T 1 SC 8 T
T o 3K A0 455 40 M s i B s DU B A (0 FF R R R 52 1Y)
PK-PDE Y[R £

FE NN R AT S PR YA 58 b, RHRIEN 53 9T H
ZMOTERA TA R S, B, AR
N ARG 7515, inQ-PCR. I sR4l A . Fayi 240 5E,
TERT I S AL FE BN W) 7R ERMSCs, %285 1L AR 20 M i

AT bRid. BEERARKHED , ImERREHEAREZ
Tk, ‘BREUESCHLSER . AT E S MR, HER AT
(5 2 o T AR R BOR 75 B S A AT bR
Y M T AR G ELAE A PO SR U R
PR URL S5 £ 40 J 2 TR bRac, XS RT FHVE AR 58 6
BA& « PET-CT. LA A5 0 W 74 50 W ik AT 2
ANER e B AT LU0 Mk AT ZE AR, PTG ER
B-F ALK H M AN SR (00O TR A5 S NG, @i AR
WG AR B AR AT A RN R o X S0 R
ERHIAR S R, E AN F B T 5, SR 2 M5
PR IUEA R Nip /s g vk = SNINE 2 7/ i e
INER TR AN N AR RIS, i PRBI 7T P 1R 7 B
INERAE— P AR FEIT K

N T B KA MSCs I RITT 209F e MEHA R
SN, T B ERFE I PK-PDEE R . B FMSCsAW)
I3 A B AR ) TAE, SALVADORIZEIRY 2 | XU
e % PK-PDAX ! (two-functional-compartments PK-
PD model), Ff: LA ER MUAE A, BE4T T Ui0H .. 24
JikE S MSCsJa , 40 AR G AE PR B4 72 MSCs A H
53 (¥ PGE,, PGEfE T BRSNS, ELWR 4 e 733
IL-101F N AEYDEEY R, 1% 2 VPl T 8 A=)
P& . AMAH AR SRR MSCs ) PKIE 1,
7 R AR R 2 e PDIE M o R I PR S AT AT,
BT AEDRR B IT FEAHICHIEFT, Xof 42 1] 7 it Jod
7 328 Pl 1 6 5 R LI PR Tl S50 K 5 B
3.1.2 AUAALHIE B, AR EE R
an LIPS RIS R . BARRIGIT ™5 —
FECR IR )97 (scale-out) B2 [RI e A4 4 v 7
72 i UK F N ) TR (scale-up) it H AT, MSCsZ
) JRORABE AT R 3Fh A2 gl 1) vk
W [ N2 B A A SN2

AU T — s o i AT oK s IR SR I AR Y
JORT7 2, RS ETFIEH], T 2AETE /N St
BRI R =, 578l B A, REAN TEERIIIA
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AMIR IR T, JCIETE L MR %, #hpy S35 Pk Stk ) —
oz,

VEVE QAW I N 2% 0 A TR BE A K 4T R B
TE [ e AR b, i i B IR T S A i A K it
ESRT . R R TEZR IR YE ; B2 &,
BRI AN A B V) J) 2 se A . e AR
SN 2 R S B N R AR ) A

Bt A W B 28 38 T B TR R AR 1
MSCs[F R AT R 75 . R AR AT TR LR I ¥
GTBOR, AREAS , AT DASR AL 22 40 A= KR T AR 5 a5
BRIV &4 . LAWSONZE PR 17—
FIE 50 Lywi bt AL I B 2% HH 4 48 MSCs A2 77 T
2, B pHAVAAZE S, 7 11RIGE
T 1.28x10"N S 4R (18 436%), 4HAETE F N 96.9%,
JEHAMRAL . 1 R R E 1068 77 BL R THH 3%
FE T 55 DR RFIEAS LAOR BE . IMSCsFUBLAL A 7= T
SRR T 5%,
3.2 HXEmIWFLIER
3.2.1 @mieshER EHEAEYTEES T (miRNA.
WO TS ) B2 i o FE 2 1 H A1 MSCs AR B
0 A= 4 R T (G2 T T T A R I ) R PR T R
BNy HE MSCs I R & AR T FgH 6 o7 7= i
FHEE, TC4H M40 i A B AT T 2 A . Biltn, o
P RAR RN N B RLE 5w DABC i H
MSCs ¥ =ik FE 125 25 71 =5

RUE AN TR 2 H ATt Fe i s, (B 4n i 4t
TR T R N2 AT 5 TR ERBRER 1S il R0
WJE Tr=fmIr RO, T2 REITRA R, A1
S AR 2 MR AR P R R e EOR
S, Ak, REZE— 5 S i i A BRI AT I SR
K, RIS A SR & .
322 ABMSAEMSCs  MSCsHEA A 4 5 A e
RAXIGE R AR )7, & —FhE AR R R IT
Yk A . MSCs P B #2824 s A iR me 25, F T
JIIRE ()6 T 1 AR AT DU I 3 R g, Rk AR
¥, WeR A RS RIEARRE D, AT AR
T REIR YT M LT RE S, B v LARaA iR R 7, H
T B 9697 . CRISPR-Cas9F: A f# 15 % MSCs
DRI 2 AT A A A B P R o

Fy Ak, E IR G PR 2 AR (chimeric antigen re-
ceptor, CAR)X| MSCsiEAT 3 FMEI , A 3R1FAEY)
2T 5R I CAR-MSCs™,

A8 Y 35 R TR AB A () MSCs, BEiE B4l A\ R AR
(1) RV R0 AN 2 35 1) AR K VB ERR B . TEREAT %2
AP VPRI, 75 B a5 G SR PR A 1 AU
323 A4Fdk  MSCs M H A0 /N FE I DN H 4o %
VAT S AR CB IR )RR TR B A% 11 4 RO R A 5 T
SR ERIE . RIS, e K 40 i A 20
i 9 B L A% 1 ) S B ) B 400 B A7 N (1) A2 5 222
fR PRI . K AR AR S A AR 4 S i s 2 A
i1, AT AKX — ) R AT AT SR

IKEE I S — P I AR I B, A RE 2
RAAMPRL, iRl RIFE A ECMAE R ;
LN A A RE, WPLA. PGA. PCLFIPEGE:. /K&t
AT A BB it — AN PRI VE (1 2 1, A2 1)
VRS> T AT I KB LB RF SRR . KB T Ry
P DR ZR IR IR B IRER, S iR T AR GBI B

i k2 21 TR R ) MSCs (& L4l i 4 38
V) HEDIIPRG & A 7 i ] A RO 58 MSCs S 4
J B ) A R 0, e DA, REAR
MG AT
3.3 MAIGKRIRLE
33.1 KEHERFBAXGEMAFEY  MSCs
I R ST 2B T 5 4n i i) 7 R A oA, S R
() 5 A 6. MSCsELIY BLIE & T & i 8 1 245
i, RN TR B v I PR T R L e 45 TE R AR
B8 BE 9 AR AR R A RS 0 ) 2 A KU X — ]
A, RER S IRST SO R A S 2 S H
ZHAOZ R FH i 47 MSCsiRI7 B & i 25 ) aGVHD
(I PRI 285 F S, VAT R I R 3 I rp Tt
% FHE M 10[chemokine (C-X-C motif) ligand 10,
CXCL10)3: 48 mr, HAEHET 7 MSCs 24/NB} 5
CXCL10/K 23 T, X R B iF 4 MSCs ] G i
I H IFN-y/CXCL105 5l % R 97 %, CXCL10
sl AT /E S PEAR 18] 78 58 T 40 B Y6 9T aG VHDYT R
WIAEYIbR EY) . MSCsil T 2 Flid NE, Bt K&
(I PRAREE S A= Wb R Z, W] LU S I R 1
FAZ5, B0 B8 1697 A RhE S Atk
332 BKREAHEEHAR  UERIKRARERE
N, Al FIMSCsif 7 3 2838 RURE BUAS RT3 EA
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T AR I R IR (NCT01547091), 6344 35X %
5 % (theumatoid arthritis, RA) & #7 BENL 2 7
MSCsHt & IFN-yZH A7 MSCs4l . PR AE TR YT 1
[ Ja AR R A H AN REM. 5K
ZEREIR, T MSCsECA TEN-yIAIT I, I ARG %%
MRS F MSCsZHL) 53.3% Bk T+ 2 93.3%, H ¥
) DAS28-ESR. HAQVW 7 M #AE T8 b o35 B 5. 3
WS RRE S EZIAEAWNEA N, 8] DUy
% IIHME VR T B0 B8 2 i SR L BRI A B

4 INGE

) 78 5 /22 Jo 20 g R B A 22 B AR SR, R
RFEEREATIE RBT SRS . H AT LE Clinical Trials.gov
R I RIS EGE I 1 00050, 3& NREP S 2 Fh
YRR, Hp A O 2RE S ANIEH SR
HAVEEN, mREEE. K. HA, 5E. AL,
thESEHIX, HAT S T2 MSCs2 43R #E F 1T .
ARSI X [ 70 o T /25 ST A M PR AR A AR
P A R GRS B 00 24 i o kA 0 S B 55 7
HHATERR , N MSCsYIT R E RIS It H
HIMSCsZ5 P R FE b iR s, EeanfE AL A
BALAE T TETTR S RS 77 R Bt 2547 3,
AR BIREETF KA T T7 17 . 534k, HATMSCs
FHOR BB i, WNAE MO/ FENS . FERMEAMSCs 4
M+ R B G AT TR, TR —
FMSCsZiit R 1258, H 1)/ iz9usa — 4
TR T, 0T AT B IR G N AT IR AR,
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