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NS BTSRRI R T EFF %
SREFNHTLR
REIE R TAK EDLRT TEH fRiA

("BRIGAE S 52 TR AE B BR A SRR 58, 2RI 519000; 28T RS2 2465, 177 999078;
SETERNIER T ERAE AR TN 510515)

WE 8 AR TR 48k (mesenchymal stem/stromal cells, MSCs) /& TR W JU-F BT A 2047
BEF. MSCsT I B A AR RARIG A ARIN Y 38, 18 3 5 o ik An P ik AR S AUH] M 4F T kR
P S E e B A MSCsHE A aafieig 57 /5 o, LAY ER Ak KR #A4T T 72304, 5
WO T8 37 A F oithkm. Kmbkm. BATHRRABLLERYG, SRR L A
2 A1 5 4@ Je(medicinal signaling cells). LB K 25 50 BB 22 B 25 ob F 47 F S 3R UAR I A1)
ARl MSCsit v b B & LIk B & LA F= % & 1L ft o9 % 48T 4 Je(pluripotent stem cells,
PSCs)4= i i T 4m L (embryonic stem cells, ESCs)#=i%5 514 % 4&F 4m /i (induced pluripotent stem cells,
iPSCs) 718 AL 3K AF, Afn EHLT Hr 4 4E 5. iPSCsdy Ak 20 e 18 12 R L& A2 3K AF, T 5 4 A1k
FlJRMSCs. #8HZ F, ESCsBA R K49 % ekt TF ZRRBREFEIZEEN, CRGFEER
#2 248 05T A8 9% G 69 ARAR B L R VLR A 1000, % SR T IR LK, £ @A BPSCsEMSCsa 149 T
AR A BT EMSCs g R BRIk £, E .5 8 A ESCs kR #9MSCs(ESC-MSCs) 49 7, #t &, ) i %
JFRIPSCsk 7 #9MSCs(iPSC-MSCs) 49 4F 4L, § £ A PSCsk BMSCsh AR ELFF K 5 s RAEAIRAE A
FIRAE.

KRR ZRe TN WRIGTAHA, [R]85 T4 (A 7R s R AR, T2 iR

Progress in Process Development and Quality Assessment
of Human Pluripotent Stem Cell-Derived Mesenchymal Stromal Cells
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Abstract MSCs (mesenchymal stem/stromal cells) are present in nearly all tissues and organs of the body.
They can be isolated from diverse somatic sources, expanded in vitro, and function primarily by modulating immunity
and promoting regeneration through paracrine signaling and small extracellular vesicles, rather than by their stemness.

As a form of cell-based therapy, MSCs have been extensively investigated in animal studies and clinical trials for the
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treatment of a wide range of autoimmune, inflammatory, degenerative diseases, as well as tissue injuries. MSCs have
been proposed to be redefined as “medicinal signaling cells”, reflecting their primary mechanism of action through
paracrine signaling and immunomodulation. Notably, the Center of Drug Evaluation, NMPA (National Medical Prod-
ucts Administration) has recently proposed adopting the simplified nomenclature “mesenchymal cells”. MSCs can also
be continuously derived from PSCs (pluripotent stem cells), which possess unlimited proliferative and differentiation
capacities, such as human ESCs (embryonic stem cells) and iPSCs (induced pluripotent stem cells). iPSCs, gener-
ated through the epigenetic reprogramming of somatic cells, enable the production of autologous MSCs. In contrast,
ESCs exhibit bona fide pluripotency and are free from the need for genetic manipulation or induced reprogramming,
thereby avoiding the residual somatic epigenetic memory possibly present in reprogrammed cells. Based on existing
literatures, this article provides a comprehensive overview of the differentiation pathways from PSCs to MSCs and the
quality evaluation system for the derived MSCs. It focuses on elucidating the research progress of ESC-MSCs (ESC-
derived MSCs), while also covering the characteristics of iPSC-MSCs (iPSC-derived MSCs). The objective is to pro-

vide guidance for the standardized development and clinical translation of PSC-derived MSCs.

Keywords

cells; process; quality

AR, R 77 il G 2 8] 78 5T /2
Y1 g (mesenchymal stem/stromal cells, MSCs)#iff 5
RFEIRIHE . MSCs PR H: A 2 1 775 R 14 P AR 1 3ER
TERBH T B 5 . RAEFGRAT MR DL KA
ZURER B0 06T, SN AIm KRB 5T b B H
JIZIT M. MSCs S A 4E4B Rt 70 An T LT P
BHL M E R, T HEA BRI a2
oA RE 1 U HAE B R 725 ). AT LLRIE T
Z FE S MSCs I N KA 4 21 (somatic tissue, ST),
1 4 %8 (bone marrow, BM). fi i (adipose, AD)
Jiff i (umbilical cord, UC). =f(amnion membrane,
AM) 1 & (dental pulp, DP)%%, AT LB A 2%
Z e T4 HE (pluripotent stem cells, PSCs) 7141 >k
(PSC-MSCs), Wik fia+ 4l (embryonic stem cells,
ESCs)%r b ) MSCs(ESC-MSCs) 1 A 215 51 £ g
T4l id(induced pluripotent stem cells, iPSCs)Z7 4 K
MSCs(iPSC-MSCs)2,

P BRI R 8 v E M 5 AT & Clinical Trials
B W (https://clinicaltrials.gov/)4 i1, £EILH 1 600
ZAMSCsZ W) IEAETT Tt lm RS, K of
133K MSCsZ#p3k b hifthitl (R 1, Mg A2 20264 1
). EPHE, EHRMSCsAH T 20254E 1 7 2H 1E
AP LTI, 556 60RFKMSCshiy 5 52 24 i I B A 1
Jai(National Medical Products Administration, NMPA)
FLAE N 5T 181 24 (investigational new drug, IND),
1202 AN 50 H 2 NI RIS B B, i 55 (1) 95 05

pluripotent stem cells; embryonic stem cells; mesenchymal stem cells; mesenchymal stromal

it 40F (B 1, R E 20265 17 ). WG /A K
E , 9% %8 (knee osteoarthritis, KOA). S
W 38 25 T R R R S FE I ROIE A2 1 = KIB 9T 7
Ao (EAFE RN, TR INDAAE R I R 5
& 1518 FH iPSC-MSCsif 97 KOARI T H |, LA ST
F ESC-MSCs % Al 97 S B M Hi1E 0 (acute
graft-versus-host disease, aGVHD). =\ PEI 38 457
HAE TR 2 E L 2 A AR A 2 kv
BRI ) T H

H 17 K 2 A TR I AR 36 B B 1 MSCs il 551 &
F ST-MSCs, XA 4l /& PSC-MSCs. 4R, ikl
SURVE . R 777 22 7 S BT R IE 1) ST-
MSCs A4 P I7 R I — € 2 7 '8, K H PSC-MSCs
AT T R B AR — FhE 7E S BE . ESCsok
BT NEEG R B 25 55 7RI R FEAE (blas-
tocyst), HH I P9 40 BRE 4 B 5 AR R Ah o 3 i ok 1
ESCsRECRFF IR UG A R, B B3R B AITE
AN TCBR G BA (P98 e, I 0T 70 AR & 2 TR Ui 1)
KA, A4 MSCs; ML T, MAFHEARL 413K
HUIST-MSCs KI5 A R, Jit 2 2= AFF, i 7s 220 &F
AL R AT 973 AR i A 200, 3 sk PR 3Ry LI AR 8L
5 R BRAR o 1PSCs F B A 200 Ff 368 3ok 3 0L o 4 2 T K
it FH & ESCsHI A R, Hoa b 04 i (R4
MSCs), i H Tt 4, A s kA
DRI 2H ZAR 25 1 0 B A [) 17 40 G % HE 5 222, ESCs ]
A RIRMIZ HEME, T iPSCs H A 2 ffg i i 28 2 F 3K



2304 k-
R IR EHHIMSCHY)
Table 1 MSC drugs approved for sale worldwide
P WA B AR i RIE i & fLHE/vPe] HEPRES S
i [#) ik
Num- Trade name/ Cell source Indication Country/region Manufac- Date of Current status Refer-
ber nonproprietary of approval turer approval ence
names
1 Queen-cell” Autologous  Subcutaneous soft tissue/con- Republic of Anterogen 2010 Marketed [4]
adipose tissue nective tissue defects Korea Co., Ltd.
2 Cellgram- Autologous  Myocardial improvement after ~ Republic of Pharmicell ~ 2011 Marketed [5]
AMI” bone marrow acute myocardial infarction Korea Co., Ltd.
3 Cartistem” Alloge- Degenerative knee cartilage Republic of Medipost 2012 Marketed [6]
neic umbilical defects Korea Co., Ltd.
cord blood
4 Cupistem® Autologous  Crohn’s disease with complex Republic of Anterogen 2012 Marketed [7]
adipose tissue perianal fistulas Korea Co., Ltd.
5 Prochymal® Allogeneic Pediatric acute graft-versus-host Canada Osiris Thera- 2012 Marketed [8]
(remestemcel-  bone marrow  disease peautics
L) Mesoblast
6 NeuroNata-R®  Autologous ~ Amyotrophic lateral sclerosis Republic of Corestem 2014 Marketed [9]
bone marrow Korea Inc.
7 TEMCELL® Allogeneic Acute graft-versus-host disease  Japan JCR Pharma- 2015 Marketed [10]
HS Injection bone marrow ceutics Co.,
Ltd.
8 Stempeucel” Allogeneic Severe limb ischemia caused by India Stempeutics 2017 Conditional mar- [11]
bone marrow thromboangiitis obliterans Research keting authoriza-
Pvt. Ltd. tion
9 Stemirac® Autologous  Neurological dysfunction caused Japan Nipro Cor- 2018 Conditional [12]
bone marrow by traumatic spinal cord injury poration marketing autho-
rization (time-
limited)
10 Alofisel” (dar-  Allogeneic Crohn’s disease with complex European TiGenix N.V. 2018 Marketing [13]
vadstrocel) adipose tissue perianal fistulas Union authorization
withdrawn on
December 13,
2024
Japan Takeda Phar- 2021 Conditionally [14]
maceutical approved
Co., Ltd.
11 AKUUGO" Allogeneic Chronic motor paralysis caused  Japan SanBio Co., 2024 Conditional [15]
Suspension bone marrow by traumatic brain injury Ltd. marketing autho-
for Intracra- rization (time-
nial Implantation limited)
(vandefitemcel,
SB623)
12 Ryoncil” Allogeneic SR-aGVHD (steroid-refractory ~ United States ~ Mesoblast, 2024 Marketed [16]
(remestemcel-  bone marrow  acute graft-versus-host disease) Inc.
L-rknd) in pediatric patients aged 2
months and older
13 Ruobosheng®  Alloge- Acute graft-versus-host disease ~ China Bosheng 2025 Conditionally [17]
(Amimestrocel neic umbilical with predominant gastrointes- Excellent approved
Injection) cord tissue tinal involvement, refractory Biotechnol-

to hormone therapy, in patients ogy (Beijing)
aged 14 and older Co., Ltd.
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Proctology

Anal fistula—

s

Endocrinology

Diabetes mellitus and its complications —

Hematology

Graft-versus-host disease —

s

Orthopedics

Non-traumatic osteonecrosis of the femoral head —

Meniscal tear —

1
1

Knee osteoarthritis —

|15

Pulmonology

Autoimmune pulmonary alveolar proteinosis —
Severe pneumonia —

Chronic obstructive pulmonary disease —

1
1
T

Acute respiratory distress syndrome —

|13

Interstitial lung disease —

s

Idiopathic pulmonary fibrosis —

|6

Rheumatology and immunology

Systemic lupus erythematosus —
Ankylosing spondylitis —
Lupus nephritis —

Systemic sclerosis —

Rheumatoid arthritis —

1

1
I
I
I

Gastroenterology

Liver cirrhosis —

Colitis —
Proctitis —

Inflammatory bowel disease —

1
1
s

Liver failure —

| 7

Cardiology

Coronary artery disease with low ejection fraction —

Chronic heart failure —

1
1

Ischemic stroke —

Dermatology

Localized scleroderma —|
Psoriasis —

Atopic dermatitis —

1
L1
1

Neurology

Traumatic spinal cord injury —

Spontaneous supratentorial intracerebral hemorrhage —
Multiple sclerosis —

Amyotrophic lateral sclerosis —

Alzheimer’s disease—

1
1
1
1
1

Gynecology

Postmenopausal syndrome/menopausal syndrome —
Postmenopausal osteoporosis —
Premature ovarian insufficiency —

Intrauterine adhesions/Asherman’s syndrome —

1
1
1
1

Others

Periodontitis —
Senile sarcopenia/age-related sarcopenia —
Burn and pressure ulcer wounds

Second-degree burns —

P
1

_:Il

1

(EEATALN
1012 M B F

AR

0 5 10 15 20

The number of MSC projects approved for IND (investigational new drug) clinical trials by listed disease indication

Bl SRAERR M
Fig.1 MSC projects appr

PRI T 7T 85 B Sk 11 R A 4 i 1 3R 00 158 4%
RPERAR . H e
ESC-MSCsTE 57 N H AT G B AT 5 = 1) 2 Atk 5
SR, X —
H Al X PSC-MSCslifi AR Fi Al PR 75 1) 25

5iPSC-MSCstt 4%

SR 1o 75 SR R BRAIE R,

g IR RIRIEAIMSCI B

oved as INDs to enter clinical trials

AL, AR SCHAE GRANZ T7 ) R k. H& T ESC-
, MSCs[1) 76 75 1E R G YT R 2 T iPSC-MSCs, 483
R HETESC-MSCsHIH A PUIR . ifid PubMed#ll
CNKIHHE L Fe NMPAZS B 7 s HEAT R .
R BT 28R, NP MSCsHIFEIR . T s 5 2
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. HAN, BT HATMSCsHIR MMk R Z 5T
ST-MSCs, A 3K F A ZHESCs[AIMSCs A [ 42
F150 6 T 2R BT MSCs i B IFIMA &, A PSCs
L HAT A0 BT R 5 Im R AR (225 1 dls

MSCsHIEHETT LUB I 2 19744 . 41, 2
H Friedenstein®5 R} 5 LA /N BB i S2 B LY
FR) — Tl 2T A A0 L e 20 AT A il R . B S
TE19914F, 3 E JLHT P fif K (Case Western Reserve
University) ] Caplan [4] B\ E TR B B 4 7>
B X S A, I TR A 44 0 <TA) 78 5 A
(mesenchymal stem cells, MSCs)”

BT FUIR N, X MSCsiE SRR 4+ H
R P RSB T - EIREL, (AN [F SR % 2 [A]
AL E ST A g R, BRI . (1) &l
AE S EFRIRH : A[F ) S8 300§ MSCs IRISR IR AN
T SAFEA BTG . — SR TR 2 Ph i i i A
NP B 2 R J 4 A 209 MISCs, (HLX S5 40 i #E 7y
TR e ) EAEE R E R (2) i
JIE L — S 5T A ARMSCs R B2 I 2 ek,
RERS 7 AL R 2 BB 23 A i, i He At AE 78 A 9 &
TR BEAMb S R TR AR G I A R 2R L 62T, (3)
AW T RE RN B 1 - — SeB AU 4R H MSCsili i 43
WE S T2 5HLMEE MG, (HEARNLH]
AEFIVE B SR 57, R e EIE Y. (4) IR
I FH AN 52 M - G MSCs YT ZORIHLHI 1) 4 i3 5
BT PR L FH BT R0l B AN B E P, B2 A Sk DA
S TR AR B0 BT R R, — SRR
FIRL 2 A B BB U MSCsI & o MSCs A 1) 5
U6 E 1 Caplan™ g U8 ] “25 HI 45 5 4 i (medici-
nal signaling cells)” i 5 /EAff 1 S BIX LE 20 il At 42
TG OB BB A, o3 WA TR T S A g A AR
YiE e T, IR T AR IR T RS . A
KERFFEHEREH “MSCs™ 455 . {HsERr b, MRAHHF
WAL K AR R mlifw i, MSCsH] BEAARA
[FIATE , L35 8] 78 51 2 51 41 i (mesenchymal stromal
cells). [A]78 )51 T-4H MO FN2590(5 5 40 M 55

= b5 41} V6 97 % 2> (International Society for
Cellular Therapy, ISCT)T 20064F 15 /X & th MSCsft]
e e, IR MSCs4i 5 , X 2T %45
XFTYERFRE AR U SR R BT M B e L, (HA
NARIHZAHIMSCs R I H AR R AL T g, ISCT
FRUE I DI g e SORME “MSCs™ 5% P i,

[0 70 5T - 40 B> 5 << 7o O R T A A SR AN TR R R,
T R 8 B 35 22 1) 70 AL TBs i 1) T4
A TG E AR IR B . G 1 TR T B ARy
PERIZA0 B AFAARD . SR1T, FISCT & X2 HMSCs )%
SEARE LR, 2 FATI AR R B 8507 15 X 43 <“[R] 78 5 5=
IR S 60 <) 7 o A L, SO I R S e o
“[i) 78 Jof 266 S 40 24 A D) e o A, JRz
TR IXFIERR VRS, 4> 530 T MSCsIfi R 2L
RATEE, £ — 2 RE L2 T 4ifeia 747k

9T R AR MS CsHIT 78 A1 R F o f 2 4
R G ARAELHE R, ISCTT-20254F 40 23 4 BR4TR L
K, s RERAER, S =5 WA . RAFFIEE,
Xof MSCs ) F— T4 8 SR AR IS AT T ImIE AN, &
A T IO RRAS I MSCs SRR UE, MR E
YETEPR I DI REVPIN S 2 N E T T RAPEE
IR T MSCsIIFRAHEAE IR 78 5 1 5 40 A,
FEHERSR T <[R) 70 /5T 52 53 41 M 5 << JR) 705 4 R
A IR . A [R]85 T 4H X — Rk,
i L S G UE HE UF A AR A <P (i B R 2
M RE ST Rlr, [ 5K 24 i B B ) 240 i e O
HC A ILRR N “IA] 78 R 4, B 7ER F PR GeRR AR
T 44 70 5, ANET PP R SR AR SRR A R 24 ) T
PRI RN A B2 FRATTIA R — 3R B A4 AL 1 0
YA T . FRERT S —FME DL E BRSOk B, A
S JE SATI R A 4 5 “MSCs ™.

1 PSCs[EIMSCs I T Z 812
H 19984EThomson 2] AU i ¥k & 7. ESCs 12006

- Yamanaka 4] B\ P2 g5 X 4RGETPSCs K, BHEFATE
TP R 2 Rl PSCs [l MSCs i [ 0 A R A, 32 %2
BFE RIS S ML T s, K
R AR 53 AT AN B T AN A 2 BUR & B B 1 E [R) 434k
1%, PLAAE =4k (three-dimension, 3D)2%1F 1 ESCs
FIMSCs LI BB AR IR L2
1.1 5FSEMfERE

20054, WFFLE H UGEL K ESCs 5 /N B HE
VR (1) OPOJRE ot 40 ff L 15 7%, D15 3 3K ESCs
KIS 2 Be (B B AT R4 . 220t 40 dILIEFR )T,
SrIE1 3 CD73 4 i, K LB T 6 25 & 1
a-MEM(alpha-minimum essential medium)3% 772
PIGRE IR 1~208 , BRI 2m 2 B B R A AR TS
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FFEMSCs 2 R AVRAE, B per . s AR lE
=R
1.2 “paEEpkiEx

Olivierds P49 2011 AEFE H 1 — R AV A1) 77 2
I TT % o %712 M ESCs #7844k H A\ T HkHL
H ARSI 4 LR (B PR N Raclures), 4 B T 19
BRI E AT A 2 oAk, Bl S O B R YT
BRI 1) AT AE 20 MO RE 4, JFAfA JIMSCsP . SR 1M,
H T N Bk iz 1 S WL B 7 25 L IR e A AN A2, 1%
TR R EAR . i, AR PR Z ol
FER PR TR 515 S, LSEBls 3. R
HIMSCsE [ 753 o
1.3 ERFEESUE

IR 44 (embryoid bodies, EBs)/& i1 PSCsTEAR 4
RAETE B = 4EBOR G, R BAU IR iR & &
YA B AR A . Brown s BIRIE T M ESCs4:
EBs/M L MSCs {7572, BT EBs A #4077 7E A
(7] 73 AL ) 1 B P, A1 75 X 3k MSCshrid
Y1 (W CD73M1 CD105) ¥ 4m k470 3%k , I 2 IRAEAR
PRSI FIR AL — I MSCs. A EE SR,
Kimbrel 55 P4 ESCsTE i (1] EBs 5t 734k Jy B I 45 4
Jf (hemangioblast), %4 J5 £ MSCs}5 77 & ik — 5 7>
HMSCs. AL, WusE PR ESCsEAT T % 8 A
FLBZ AR (vitronectin-coated plates), 7£ E8(Essential 8)
FR R B p G 3% , WS ¥ BSCsARES A/, B
B 975 dUAE AEBs; FRKEBsH 7 2[R 8 AU AR -
9714 d, 55 WEBs PG H RO AR AE — Fh & 55 9%
B SIR, BITEUMSCREANIR, Blidn 4 iz S
FE A4 4 Bl (immunity- and matrix-regulatory cells,
IMRCs).
1.4 ZREESHE

H IR JZ (mesoderm) 2 =R JE 2 —, H5AMEJE (ec-
toderm)FH A 1 2 (endoderm) 3[Rl 4 il 7 AL G o 4532
WA T A5 520 T RN 2374 57 1 SB431542
I It BH T 4R RF 22 B A % A AR K IR~ (transforming
growth factor-B, TGF-P){5 5 32 PSCsiiiz, ffi
B AL MSCsP*, 20104F |, Vodyanik5: 00
ESCs 51 It J=1 3411 OPO4H il I3 7%, AR5
73 B8 2 BB OPOZIE,, 5 FH 4T 4EAm i A K PR
2(fibroblast growth factor 2, FGF2)AbHE NS EELNffl, iz J5
SRAG 5 1) 70 DT BT R GH L I SE 7%, AT A4 T ik —
Ao IMSCse AR —IRAE AR K EEREE

HIESCs[fIMSCs 7€ [a] AL 18 .
15 ZMZIEMRS X

A IB NI (neural crest cells, NCCs)s&HHESNH)
FEA M Z aetigu, RA B a4, s phs
JCA R AR AN Z AL 7T . NCCsITE B
TR Z B A R, HRERE2SEURE
KRB, &7 GSK3BHIHIF] . TGF-BHil 5 F1k%
B 5 21 A 2 1531 2 5 77 2 (chemiically defined
medium, CDM) A f# PSCs 704 i NCCs; NCCsTE &
EGFAI FGF2f) COM Al g g 4 1id 101X, e &4
GSK3BHIHIF] . TGF-BHIHI IR /5 5k 5 21 R
CDMH R 325 3 BRMS Cs™
1.6 ZMEPEETWE

EXG . NRAANKR MR B, 24
—RRRIR I AR B , FRO M A IR E AL 40 (neu-
romesodermal progenitors, NMPs). X841 i 5 {7 T
JiR 4% X 4501 B M 4K /2 (caudal lateral epiblast, CLE)
FIAHAR 45 25 80001 %% (node-streak border, NSB),
KL SRY #1445 [K 7~ 2(SRY-box transcription fac-
tor 2, SOX2)MBrachyuryt . NMPsHHIE 1% 7]
VRIS = K 7 HOX H A X R (HOX1~13), HAT XA
ST RE, BEREAE R MPA BESE 5 i 42, tHRE
SRS IR R R IRRHZY, AR . e A
LA Wang%5 ¥ 20194F 4 3& , A 1487 F Wntlizh
7 CHIR99021, 4 bFGF A TGF-B11%5 5 A PSCslH]
NMPs 7 b, iZ4LE 7] 1 SOX23K ik, 8 G 20 i 52
AR AN 5 4~5 dJE, 2 PR adE N Odv s 1 B 1
RZF MM FAE 7 &4 R E R e TH TBX6(T-
box transcription factor 6), R4l 555l o R =41
Ml BESS, AR B IR RSO s IR . T ifiE
# MesenCult™-ACF Plusk; 373, 4k42855% 2~3 )
Ja , WML KA B E AR, I B BRI A
HeAH A AR, H 2 %558 1\ 9 MSCs (75 Bl NMP-
MSCs). #H%F BM-MSCs, NMP-MSCs7E & A 4P
0 25 I B 8 ) S R v M
1.7 ZiF RS E

BEFR RSN G B B BRI E A= . S
IR, 40 i KA S — IR, T BO# TN )=
AN AN ; J5 3k — oo B JE A 46 A
Fe. ZKEHRTREMBNTE, WIRIINREKE
PR R ETR 2, AL R E v — 2B e B
TR Z R IR EINETRZ M. BB 72
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JiG B MSCs 1) F2 ZE R 2 — 1, AHIT 75 [ BA A1 145
FoN, B F 4(bone morphogenetic protein 4,
BMP4) A5 5 N ESCs H #2316 8 DL 77 2 4 i
TR A0 B 1647, Ik B2 A i 2 I3 £ 97 A
HR]iE— 25 43 N MSCs(#ir 44 N T-MSCs).  T-MSCs
FIL WA IMSCshrid, HE& = R )k
WA ThAE ™., 5 BM-MSCsHItL, T-MSCs%3 i A
KPR 4 R 7 4l A 25 -6(interleukin-6, 1L-6).
C-X-CH: 7 #atb AT Ei & 10(C-X-C motif chemokine
ligand 10, CXCL10; X FRIP-10)LA K C-CE: 7 #afb A
FHL A 2(C-C motif chemokine ligand 2, CCL2; X.Fx
MCP-1), H1EIFN-yHIB T RIAH = 7K 1) G e 410
il P52 7 P AE TR A 1 (programmed death-ligand 1,
PD-L1; XFRCD274), 1E/)N 52 P 45 W 96 Fh 22 Ik 1k
TR AVRE S5 1 B G2 P R0 98 PRSI S B M AL v 1)
78 HY R IR T R S, T-MSCsTR A #E — AN TG 3
VI E HAL 22 43 56 A 8 8 7R 4k & rh sk A3 17,
20204120254, T-MSCstE A5t 14 #7265 (IND) 43 51
10 38 E i 2 0 B B 3R (Food and Drug Ad-
ministration, FDA)A1 4 [ENMPAfL#E, H T2 K PEnE
A I PR AR o

1.8 =HGD)EH T EEENSHRESC-MSCsfifEk

IR T (R4 EBsTE B MSCs /M) R IR+ —
4k (two-dimension, 2D)FF A MEER R . Otsujiss 1T
20 144F B 4Rl T 3DMER BT 2 A K5 7% ESCs 1 7
o M T I AL AL AR D e MR R S
ESCSTERTFIRA TAE MBS 1Y, ollk T 207+
B % T LI 4 B A B R Rl G B A AR 1 A A L
IFREAE R 60 IESAL A R e 4ERFESCsI 2 fig
PEEN, %k RERAEEE, AL RE, & TR
PESCs PR % .

BT, ABIBN T 20184E #5371 3D 41
NAE20 dP ELHEE5E N ESCs it Bk B 4% 71k il ESC-
MSCsTER I 71 434 7 1R M T 2DES Rk R,
3DIG RIS AEA I AL ARBERAE I RTIE T, A )
AP AT 67%, BE IR I FE R FEK 50%, Hi5TR
JA AR R I — -, S RS T A 4 R A B
3R ESC-MSCsHlER A A J A MSCs R A, LK I
o B R 1 3 B e ) S A PR PO TEARTI AT RO
ESC-MSCsif 3k 7] A R e ik T8 v g1 il i B4
AR AE N R 2 R PR ARE AR B, FF S Fp i ik
R B0 HAE /N R aGVHDAR Y g i 431 11 471 i

% E2(prostaglandin E2, PGE2) 2 i 51/ 7514 T4H i
(regulatory T cells, Tregs) 44 A& 4% G % 18 5 LB, 1F
L] 5 BM-MSCsAHLME T Z A% 2509,

HATE H A, 3DFE IR K 1) MSCs itk 2l
RE 3G 5 N FEAE T-MSCsHBER M o Bk R 2wt
FEFR M, AN FSRIEMSCs iR J5 15 T B H B R 1) 5%
UATETE . TR REIRALUEE ThRg. i, Bhang
45 BTIIE S 5 ISR Y5 1 MS Cs BBk AE /) B A4 ke
PR A AR T B AN M R, AmosEE PERIE AD-
MSCsfERisEnt FiAM s LT (extracellular matrix,
ECM)AH I 73 28 AT ik AR K PR 720, I 1
JRIF 107 ) A 32 . Kouroupis & PIME R G4k
Rt — AR, 3DE IR AU AT I 38 MSCsIR T AT,
IRReFR T H T A A =3 ), $27R 3DHIE - & H 2
A KMSCs ™= i R T E 7. SR, A
R AEAS FI A0 2 [R) ) L2 Ra et . Hbim A2 v .
KA 2 A PERTIG PRIT 2C56IE 55 5 TH e BB IR N IR A
Jt, AR HIG IR F 4k .

BRI RV M7 R B ot
FL W], ST-MSCs5 PSC-MSCsH¥ R E & Bk 5 , ¥
AJLE R SR A I R AEE 20 10 d; HALR R ZE A
DR T K /5 20 AT 26 5 3G B v PR B A, 48 gk N
PRHRFEIRES, TN 52 5 KA. 2R {lth, ESCs
TUBRLE I 25 A T IR AT 4E RS 1t is 4 d, HIhREAR W,
WY 3z 4 000, BIRSE RN, HA& Bk AR I 4
2 AL IS T R e KR IS i, 0 TR O™ T )
FERMRIR I & . R, BE T BROR A4 5 410 A i 1% 28
WS AT BB SR A VA BT, KR PR AR 4 B YR T 7
(VI FRAS 5 45 M
1.9 FRISHEENMEIEERS TS

PSCsfi] MSCs 7 0B 1%, A I T 12400458 A
PSCsitt 2451k (lineage specification) %52 7] 40
M TR & v = Qsadt . R SRR IR 4 A
BEPki IS, RIAKAE T PSCstRAM & 7140k A MSCs
FIRTATHE , FRPE L TS T ISCTR M E =R 4
AR B 1) O 3 SR B340 0RO vk DRI AR ol S o ]
FREEN THkik, SEEAE SR, EURE
GMP(Good Manufacturing Practice) Vi 2K , # T
WA 132 B . AHELZ T, SRR iR R
NCCsiZ. NMPsiE A7 232 04 B ks 40 o B
/Ny PR A, KR E TR E KB 1 AL,
T IK B A M v BE 8 1 R T R Ak, RS T
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ARG RN,

itk R 5 FIZ AL, B o —
BRI IREA SR AL T OB S . 3DEIRMIR A R IF
FEMALTE RERAT, TR A A EME R TETHRTTF
JEIEE MSCstfEk il 7 = iR FER A LA T 4ERFIRAR
IRSAETERIE 10 d, FHFUBL I P01 A5 o 4
i Tk ZZPSC-MSCs L ZFF R B0 T M 2 —

b, AR BEAERESEE., TZHE
R RIMIREAWE ) AR EER (R2), N
CMC(chemical, manufacturing and control)f, i & £},
AR PSC-MSCsfhill # T Z R BER AT« (1) To3h
MR AR G SRR & (2) B E sk
775 (3) ADBIF AV R NZRY I, (4) R ERiES
PREACTEAT R o ] WL, AHE T 45 4 2D B T
21, SRR E IR (1) 3D B AR T B AR
Y25 ) A2 75 3K, BRI A A e 2L 7 Mk Ak i
M T2

2 PSCsEIMSCsMLHIBREIFNMF &R
AR IR R 2R PSC-MSCs T i 45 35 Bl , oo
ETHE - ETENREFNER, LT
7 it A A i TR TR DT R B . AR AR R A
c¢GMP(current Good Manufacturing Practice) iy, X
JERAREEAT 7™M 0 XURS: VP A 55 st 42 1, T R
HRANER . SCJEARL R A A N FE R A DI AR T H 1Y)
AR 2 AR VR, DL A2 7™ i B 2 A o e
Ko MR 20 0 245 W o) 2 AN [RJ B BROAN [ o 428 ) 5K
FATRE PSCslil MSCs 7L I B & 1A 14 5 70 9 PSCs

Ji B VAN FIPSC-MSCs it £ VAN 5 # 73 EAT /28
2.1 PSCsHIBRZEIFMN

H 19984 ESCs £ LK , Ik PRZL ESCs 1 i & v
WMhsE AW R A e . R4S 2T, A
A W ESCs i & VPO Sk o 40 M 4550 . e
Wz et . ZReE RIS SCBETR bR, AT
DRBE AT A Th B A I PR SL T B 2241tk 5 Rtk
AR SRR AE RS, BN B 5K T 20204 3L [F] il i
TR0 BAARAE . He T, AR PSCsif
FE IR IT T EA(R3).
2.1.1 %5 PSCsw] Rl —A 5 EMZ RS
WU R bR iC AT X 7. Ho, o2 4
W1 AR B AL 4G POUZE #4488 558 4% % K1 1(POU
domain, class 5, transcription factor 1, POUSF1;
FROCT4). SOX2FINANOG, 4 i3 1 1) £ GE 1
Fric P45 ieg HE P 5 - 1-60(tumor rejection an-
tigen-1-60, TRA-1-60) 8 HE /% 4T 5 -1-8 1 (tumor
rejection antigen-1-81, TRA-1-81). i Brir = MG
Pl -3(stage-specific embryonic antigen-3, SSEA-3)
DL o BE R S 14 IR G Pt S5 -4 (stage-specific embryonic
antigen-4, SSEA-4). X EEFRICH IR S A I 2 25 )
PSCsH# FH 7 50 I 2040 B A % 2 %8 5 PSCs
H 7. EARE R, SSEA-1R/NRZRET
M )& AR B, (HAER LI PSCsH A RIE,
MAEH KA G 2T IR RIS .
212 @HEZEME PSCsEKHIRFRIEFEHZH
AR BAEARE R, AT e R AR B AL R 9%,
WA TEEAE SR A (W 37 3 40 A AN A R T RS AR

£2 TRESIEZE = HPSC-MSCsRIDFIES T LRI
Table 2 Core characteristics and industrial prospects of PSC-MSCs produced through different differentiation pathways

Jiik Pexi JR PR A Tolk Ak )
Methods Advantages Limitations Industrial potential
Co-culture Simulates developmental processes Contains xenogeneic cells, unfavorable Low

for GMP manufacturing

Cell sorting Simple operation

Embryoid body method Clear developmental basis
Mesoderm route High efficiency, good controllability
Neural crest route

NMP route

Clear developmental basis, high efficiency
Unique developmental origin

Trophoblast route
munomodulation

3D spheroid system Easy to scale up, with reduced costs

Unique developmental origin, prominent im-

Highly subjective, poor reproducibility Low

High heterogeneity Medium
Multiple steps High
A large body of literature High

Limited literature To be determined

Ongoing clinical trials High
High requirements for process standard- ~ Very high

ization
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Table 3 Quality standards for PSCs
mH SRERIE S PRk
Item Sub-item Standard requirements
Cell passage <60 passages

Cell viability
Cell identification

Stemness properties

Pluripotency testing

Microbiological safety
testing

Cell morphology

Genetic identification

Karyotype analysis

Positive markers

Pluripotency/stemness markers
Negative markers

Alkaline phosphatase activity
Teratoma formation ability

Multilineage differentiation
potential

Cell survival rate: =90% before freezing, =60% after thawing

Colony-like growth, clear colony edges, high nuclear-to-cytoplasmic ratio, uni-
form morphology, and tight cell-to-cell contact within colonies

Possesses 16 human STR loci: D3S1358, vWA, FGA, D8S1179, D21S11,
D18S51, D5S818, D13S317, D16S539, THO1, TPOX, CSF1PO, D7S820, AMEL,
PentaE, PentaD

46,XX or 46,XY

SSEA-3, SSEA-4, TRA-1-60, TRA-1-81; at least 2 of these markers shall be tested,
with positive cell rate =70.0%

OCT4, NANOG, SOX2; at least 2 with positive rate =70.0%

SSEA-1 positive cell rate <10%

Positive for alkaline phosphatase staining

Capable of forming teratomas comprising representative tissues of the three germ layers
Can differentiate into precursor cells of the three germ layers under specific condi-
tions, such as ectoderm-derived neural precursors, mesoderm-derived myocardial
precursors, and endoderm-derived hepatic precursors

(1) Negative for fungi, bacteria, and mycoplasma;

(2) Negative for HIV (human immunodeficiency virus), HBV (hepatitis B virus),
HCV (hepatitis C virus), HTLV (human T-cell lymphotropic virus), EBV (Epstein-
Barr virus), HCMV (human cytomegalovirus), and Treponema pallidum

B0t FL g AL e BV AT IR . AT, R
R 2 45 VE(single nucleotide polymorphism, SNP)
ST H B E & P 41 (short tandem repeat, STR)
Rl 4= FE R 4 5 Bl 1% (optical genome mapping,
OGM). F—ARMFH AR (next-generation sequenc-
ing, NGS). i z0# 7 PCR(droplet digital PCR,
ddPCR)FFEHA, Al II4H M\ DNA“HR 4L, H-T7F
ity 384 e T R 5 s B S 1

W], ESCsTE K W8 77 v ] R KRBT
AR E M. Bilhn, HO ESCs#; 7 % 48/8. PKUI
ESCs#i 77 2 125U 5 R #F 1 % 4% 3L 7, SHEF-1
ESCsTE 5177 R I IR KA T, 221540 Gt ik
WRARIEH 8, SNP/M Tt o , KIIEE 7= 1 HT H
H9 ESCsHR W% 2 #5 NEUAZ 7 B SRR K, 12
71N I PR A A0 I 1 5 R A A g e e Ah, X SR 1E
NIHVE M £ A~ ESC R 34T STRIEI WG 70 #r, K IR
NTERA-24}, fiiff ESC R BRI = 2404 1) STR
ZAVERHME, H AR SR FFZRE™ . OGM
RN T HE K 9 48 J5 1) iPSC e 5 72, BRI
29 15% e BEAAAEAETUN A5 32 2 70 H AT, NGS
TRy [ N AR T R0 P L TR, WA T

ST B e e AR VK A B P 4 TR 2L B 4 A B T
DU, LA 2 A 2 58738 H: 0 W o0 Ao 2w ) 38 A% 7
E‘[ﬂ”u]e
2.13 Tyt % aet  THERMZEEMEZPSCs
MR AW Rs o B 5 BRI (alkaline phospha-
tase, AP)VE MEA IV A2 PR VAt 3 <1 i B H 7
5. RO HIESCsAiPSCsts) i #ik AP, et 41
EER A, T O B A TG . fEAR SR, PSCs
HAEZ Mg ee, 16— & 5% N a3 a4 v i
H 3N JZ 1 S-SR AR LI, and IR JZ 2 B A4
J V2 R o JUTL T 2 248 LR pAY YA J2 P T AR 24
LUk, 5 PSCsFE A 1] 52 BB /N BRAA P AT T e iy
Je, IX MRS 22 ) G340 R 70 RT AR PN R TG 98 T e
& PSCsZ Re MEMIIZ DAFAE . o, Wi ARYRI Y R SE 56
WG 2 REPE ) “EhrifE ”, I REAE— ERRSE P
il 73 Ak 20 D A 75 5k B PSCs A L AT g 7 R 1 T 7E
AL o
2.2 PSC-MSCsHIREIEMN

R B 7 R AT I CNIR T 40 f = b 25 i L
PR BOR T T IR (64T ) ) 4 i i 771 Jo 4 )
Jlfa R AT Feda 50 A7) (4R fava o7 7= s it
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74 PSC-MSCsHIRE TN IR
Table 4 Quality assessment parameters for PSC-MSCs

e

Evaluation category

SRR T H

Quality assessment item

FESEN TR N

Main evaluation methods and contents

Biological characteristics

analysis

Microbiological safety
testing

Biological safety evalua-
tion

Biological efficacy

Morphology

Cell viability and proliferation
Individual genetic polymorphism
or STR (short tandem repeat)
analysis

Interspecies cell contamination
Cell surface markers
Karyotype analysis

Sterility testing

Mycoplasma

Bacterial endotoxins

Human-specific viruses

Endogenous and exogenous patho-
genic factor contamination

Tumorigenicity

Abnormal immune response

Impurity/residue testing

Paracrine function evaluation

Immunomodulatory function

Morphological observation
Cell viability, population doubling time, cell cycle, etc.

Evaluate independent individual origin, purity, and possible cross-contamination

with other human cells

Isozyme analysis or species genetic polymorphism gene analysis, €.g., cyto-
chrome b gene polymorphism-based nucleic acid amplification to evaluate
species characteristics and interspecies cross-contamination

Positive markers (CD73, CD90, CD105) and negative markers (CD14, CD19,
CD34, CD45, and HLA-DR)

G-banding analysis

Detection of bacteria and fungi

Culture method/indicator cell culture method (DNA staining method)

LAL (Limulus amebocyte lysate) test, gel-clot method, photometric method, etc.
HIV, HBV, HCV, HTLYV, EBV, HCMYV, Treponema pallidum, human parvovi-
rus B19, various subtypes of HPV (human papillomavirus), HHV-6 (human
herpesvirus 6), HHV-7 (human herpesvirus 7), and other specific viruses
Detection of bovine-derived viruses, porcine-derived viruses, murine-derived
viruses, retroviruses, etc.

(1) In vivo: subcutaneous injection in nude mice; clinical administration route
test;

(2) In vitro: soft agar colony formation assay, telomerase activity detection
Detection of allogeneic immune cell proliferation/activation (e.g., total lympho-
cyte proliferation), and evaluation of pro-inflammatory cytokine (e.g., IFN-y and
TNF-a) release by activated immune cells

(1) Unintended residual cells in the product itself, such as ESCs residue, resi-
dues of other germ layer cells, etc.;

(2) Specific culture medium components, additives, or impurities remaining
from the manufacturing process, such as bovine serum albumin, trypsin, antibi-
otics, DMSO (dimethyl sulfoxide), etc.

Determine the secretion levels of various cytokines that promote tissue cell
proliferation, protect cells from apoptotic damage, and promote angiogenesis
(1) Evaluation of the ability to inhibit human lymphocyte proliferation;

(2) Evaluation of the function to inhibit pro-inflammatory lymphocyte subsets
(Thl and Th17);

(3) Evaluation of the effect on promoting the proliferation of Treg lymphocyte
subsets;

(4) Evaluation of the regulatory effect on immune cells releasing the pro-inflam-
matory cytokine TNF-a and anti-inflammatory cytokine IL-10;

(5) Detection of the function of expressing immunosuppressive molecules (e.g.,
IDO1 and PD-L1)

TG VPO AR TR 3 I (AT )T, BL K 4 & PSC-

MOBCE . BRI (55 ). FERHRRE . A

MSCsHLA#F Fidkie, ARG T PSC-MSCsfH)
KR EN, BEMN AL OYERE (YR
M A E L I B . A&
Y2 R ) RN (3R 4), WA IR T 4IRS
TGS (MRS R . IR . Thag A

I =—=1

E>OASIN

RO A2 (T o3 A BE R S8 bR B R IR)
SRBE DRI T8 [ Q49 1) T 200 P 164 5 =] e fre 2,3 300
%l (indoleamine 2,3-deoxygenase, IDO)FRIE ], i
A (TR SRR SN R N B R
) R /U PRSI AR, 5 7 PSC-MSCs|H)
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FGALHT 7T 5 B nl I SR R G4
221 WmIKEAAFE 20065EISCTE KE XL T A
FMSCsHIFRAREE RIBRELL T RRTH IR HE™)ET (1)
RMEEEE A FEPRUERE IR AR T, MSCs 2 FEE 12 1T
FRRARRM PAK; (2) RIARICHY) : MSCsFK Ik Fr
SE R AR EY (1 CD73. CDYOFI CD105), [ A
IR AP AR 1E 4 [41CD34. CD45. CD14(EX,
CD11b). CD79a(2{ CD19), L\ HLA-DR]; (3) A4+
SRR DT TERANRT A R R . R HE W
S R RS B A L B ST-MISCs ) Jo 4% 1) — B
MEEhRAE . BUJE, o A AR A 2 2 ) s I R A
T AR RN 8] 78 R T 40 f )07, — 649 473 Lk
B T T AR ECN R R R T A R S
EHRE)SET, X LepR ik B 7RG A HE 5 ST-MSCs
RO & A AN A7 2, B AR L BT A 22 4k, bA
W R R L 75 2K

Z M KM bR EYCD105. CD73H/1CD90 2
ISCTEHRA I E I MSCs B IR 45 8 brifl, =2 NAARZH 2
KR MSCsHT LA B EEARRRAE . J8T, X Lehr )
F B T %58 MSCsH “& 0, £ MSCsH 41 i &
PR, AR S 3 R v AN JE DA 7e 43 I i L &
R EW R R T 0, R, Rk — D a S
I B8 22 VP A0 43 1 R AE LA 2R S8 3T A I PR B2 FH 1)
GAPERA R TS, HAE 201345, ISCTRI A

MSCs 1) J5 £ 45 fill f4 5 A g N 0] B 28 1 15 D e
S WAIEME A PEAL U 20194F, ISCTHE— 2 BT
T MSCsIhReE S, FEHEFE I N 34~ 4 >k e
“MSCs” [ NI B, (1) 40 AR ZURIE AR : 58
ST B SRR IR S, v BESRYR . B 20 SR IR
Ji s 2H 2SR YR (1) MSCs, 1T 43 3] ] 5 4 BM-MSCs.
AD-MSCsHIUC-MSCs; (2) 40 H 4Pk f e 4 - B
B PR B SRR P9 B SR T A R, O
AT AR ) 70 J5T Tt M, 75 D) 7 1% 2 24 i 408 g ) 78
JRAESRANM; (3) ThREPEAT I (AR R : HERT A — &
FI T e AR R AIE W MSCs @ o, X 28 g 1 IF 3k
MSCs 138 58 X, T2 5T 50 W8 77 K770 4o
TRV BT AR I R RS , AEAS 2 3L 4 ek
IF1) &% 45 2 20004k 1A T R B0 3 I B VR A P R T A
FAFIThREVEA, A Bh T 38k G0 il T ARIETR I 11 7T B 5
i ) A AN ) SE BRI 8O BAEE , 42T+ MSCsff 7t
L FH (R, R R B VRN AR AELL .

b & % MSCs iR J7 HLEIE 78 AR, 2025
S R AT R RSObR v BUFE 1H bR v BOSE A o T
KEF(FRS). B, AR 1 “brifEg 7 2% 1+
IRt B A AR R << I G ) S R A
KRHET FIRTEARTCIEA X 7 MSCs 5 HiAth 5 1
FIT2n i, MITRAHG T MSCsHIVAIT 1E FIAS 2 A # T
T-YH R, R A WA T e RN e R i M . 3L

5 ISCTXRTMSCsm{EFmEXLIRFIBRANEEZEERIILE

Table 5 Key differences between the original and revised ISCT minimal criteria for MSCs

WiH IF R bRTHE(200645)
Item Original criteria (2006)

BRbRE(20254F)
Revised criteria (2025)

Growth morphology Not specified

=95% positive for CD73, CD90, and
CD105;

<2% positive for CD34, CD45, CD11b (or
CD14), CD19 (or CD79a), and HLA-DR

Cell marker expression

In vitro differentiation Capable of osteogenic, adipogenic, and

potential chondrogenic differentiation in vitro
Tissue origin Not required

Functionality Not required

Not required

(1) MSCs must be defined by both positive and negative markers;

(2) The flow cytometry threshold (cell percentage) for defining a marker
as positive or negative should be detailed in the methodology section;

(3) Flow cytometry results (percentage of positive cells) for each positive
and negative marker should be reported;

(4) Positive markers used to define MSCs must be reported. Reliable
examples include CD73%, CD90", and CD1057; if other markers are used,
they should also be reported;

(5) Negative markers used to define MSCs must be reported (must in-
clude CD45"); if other tissue-specific markers are used, they should also
be reported

Not required

Tissue origin of MSCs must be described (any tissue can serve as a start-
ing material)

Cell biological properties and potency must be evaluated
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R, BhR SRk T R A 5T S e 1 S R ]
T, BRI 2 T AR R TR B e I R ) R
HERE . ISCTER—80A N, REHBTMIT
REBSRE 5 M 8 UMSCs 5 — bR &4, (R0 HBH 0
IF) 14 240 B T A A 0 (1 R IA 7K AT BRI A2 VP
W20 A ) 50 0 P A — SR R . b, BT
MSCs )3 [H A E W) R AL 52 H LUK IR R ARSNE F= Y
WS FR M R, F T AR H A4 o R 3 0
M AH SR Y, DASCHLEE T AR AE B FHIR,
SRR vHE B 8 7 SRV W MIS Cs R 2 2SR U5 (2 i o
HHE. B ss), MRR R IEE TR A R
ZESt o Bea, HARARUESE N X MSCsHiE 52077
(1) DB o & JE MR VP4, DUBAB CRAH M ™ i A RF
AR AR, TR A& AT U IE YT ThRe .
222 #HEER CHET, 4K ZHPSC-MSCsHIH
FiAliZ ISCTIH bR #E, ¥5CD73. CD90. CD105
YE N %5 PSC-MSCs I BH MR AR LY. HFTE
E /& CD1057E PSCs[a] MSCs /3 4k i 72 ih 22 75 4
X JE W e Ah AR X 26 i R MSCsr &4 1Y)
AL, A 2 LTE A 1 PSCs ks 774 H B A X
5y MSCs 5 HAhFT AR 4H A B, % F o, BOREZ 1)
WEFEEI N T HARBH M2 1 bR 1 4 DL B % 531 PSC-
MSCs. i, CD29/2 4 g 5 20 i 41 58 53 3 Bt 1) 5%
BT, Z54EREMSCs I EE A K45, CDS4[X
R 41 B (7] %6 B 4> F -1 (intercellular adhesion mol-
ecule-1, ICAM-1)]7E MSCs £ [fil & i &1k, JoHAE
FAE B A S R T B3 FIR Y, CD1462 5
I8 Al S A R, A MSCsIER AE L.
CD166& MSCsHIZ LR T2 —, S 54T
YRR B Fa s B8, R IX S S 0] R b H AT
KRN A LI, HIL 5] AT 8 PSC-MSCsH D g
FHOGHE S PR A B 25 A (S KT

IHAr ¥ CD34. CD45. HLA-DR.
CD14(8.CD11b)LL X CD79a(u CD19)%1 A % 5
MSCsIPER T ARCYI Y, & 7EA ZHFRE H br4h
L, AT ARAIE MSCsHEAA 147 1%, 0 R Dhe &k
FERHRRIAE . BARITS , CD34 2 4 17 4 i sl i i
T-40 bR £ ; CDASHZ A4 iEbs £, FEHT
AR L L AL 2 i 550 I 2R G VR A ; HLA-
DRIEH ANEMSCsR KL, FIHEREWINNLZ
PEAEMSCfI& G2 i 14 1) 5 SR AYRFAE; R177, MSCs
7 IFN-yE5 28 4 [ HCF , HLA-DREIE i 45 5

. CD79ase BN T Ehr EY; CD147E A%
S it 0 W A R SR IA, BRI RT T4 ) S T-
MSCs, JiH & BM-MSCs$5 7= 47) 7 5 i WL A3 af ok
TR 20 s 40,

AL, BT PSCslal MSCsiA& 4% G201k T 245
Wk, 5 FRAR R R AR 5E 2 G PSCs, HiS E
AT BEAFTEAAR YT R R B (s B8 ) R RURS: AN
1M 25 PSC-MSCs Il R B 22 4 1 48 578 7 52
. H Al AR 2 M5k (i SRR . PCRE)
K MPSCsh& ¥, HrhddPCR T R E &, w3
1102 i AS Y 14N PSCo (R, #3 PSCsT %
MARCHYI (B 1 OCT4. NANOG. SSEA-3. SSEA-
4. TRA-1-60. TRA-1-81%5) 0] T PFAk &R L4l
e PSCsI%R B /KF, DABE T+ 40 il 51 1) 22 4 14
JR A A
223 EBMARH MSCsi~ i ik B IR 4
i sl 2 XA T A B0 R, 0 A T AT
7 TR ) R A VP I AOGE N R . HR
NMPA T~ 20244F 1 H A& AT BNV T-20 B = b E I R
WA FE TR Gl AT )N, 84 G m 14 2K
U S 56 (24 T ) Je VA AL A M Ak 3 3 S a4k
TR, S AR 1 (tumorigenicity) FTEUE 4 (onco-
genicity ) SELG SR AN T-40 0 2= i B B0 T D

SO R T A M 28 77 i LB R PR 45 25 1B 45
B E R BRI , 75518 IE T 4k A=
ALY SO I RE ), RIS H 1R A A 4
MA@y AHIDNASE B2 75 e 15 T 301 iy 2
PR R R o R P TR A SR R B s P ),
Pl B AR B JE R (R BE 0, R T4 i B SRR
YTE . DUAT (b [ 24 ) = 3 A ) A PR E
BI04 L I ) % B o A o DB S 2 AR SR 3, 40
)Xo SRR A 2 AN IR PR A Yk ) AR S 56 T vk
TEHER . BT PSCsE AT B8 598 04 [ A 1L
H oA B PSC-MSCs 88 AU 18 3 4 N iy T S T-
MSCs. HfFERNIZ, AE P42 IE ) MSCs,
TEK LRI TR R, #AAE R AR . DNA
I3 B % B B A% 2R TR S5 R 251 R AR SR M R A )
LT RetE. B AT SRR SL R RE D, W]
A H R A R AR K

H AT MSCs ¥ B8 1 PN 35 BALHE A 4h 556
(BB 7 T RS 06 « oo i V3 A T 45 0 31
PR N SEEGE . Lai%s SR H e I SYBR GreensE
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I 5 R B P 14 59 0 52 5 (telomeric repeat
amplification protocol, TRAP)RAG M it BTG 14, K
PLESC-MSCs4llfiil RHues9.E 15577 £ 522405, Hifi
Pty 1 1 30 25 A1 T S P AR i AR A N SR I 4
ZHEKZHMI . TanZ5:B0% 1x107NE1-MY C4H i (BN £
MYCEEFAL I ESC-MSCs )y 5 T4 LA i 2% F2
~, SEREIR, PR T BT 4E R 41 HT-10804H
ZIN B (E A0S B B3 ol SR A T g, 8 70 e B T e 7%
B LEFERS 5 1 E1-MY CALRI MRC-5(1E # 47 4
S ) 2H /N BRAE VA S S 4 B 389 R O I i g B S
IR, JER1ZKAE T E1-MY CYH i 76 #1 AR AL
TR SR FUARGE, £S5 FE FINOD/SCID
N B S T-MSCs B B T-MSCs i3k90 dJi, A
A B P Ty RE LB B 7 P B K S T-MSCs i
5 T-MSCsBk 60 dJi , BIR KB IZ R . it
41, BSCs3E [l 73 AR5 18] 78 J5 5 £ X 40 i IMRCs
FESCID/ B H AT Bl YR, 10 HRIRESCs I JE B
W R T X LERIE B, 7E BRI %A T, PSC-
MSCs H FJ8 (0,47 Mg 8 ) PRURSL AR S B AR«
224 AdhFHEMH PSC-MSCs(BLESC-MSCs /Y
%1) 5 ST-MSCsE A AR Ty R — € %
. 5 BM-MSCs#H, ESC-MSCsif 7 4f it 4
AN, ST R, R R S NG, JE Rl R
B KT A R 7 PD-L AT BEAR ZK P 4 4 1A
T IL-6 A1 IL-8, fEZR AR EMIT 1, ESC-MSCs]
CD9ORI CD105 HZRIE AT A =[] 73 AL g J1— LR
T BM-MSCs™, {HIX AN I 2 0 6e /1, Hx
IMAEIFN-yif5 5~ R I H BRIt 3% 1. 5UC-
MSCsAH L, A ESCsSE 7] 73 4 3115 17 IMRCs7E H 3
BHTRE ) BN R E L, EAAR 15N,
ST IR AT B3 5 T UC-MSCs, IX7E—E L i
TR T JEARAE M 1 B 70 R ) R
ESC-MSCs I R R 1. &
IFN-yRIU5 , IMRCs 3238 IDO1, JFAE 7 s B e
AKFEI BT 98 A7 [0 TL-1R A(interleukin-1 receptor
antagonist). LIF(leukemia inhibitory factor).
RANTES(regulated upon activation normal T cell
expressed and secreted, X FK CCL3)]FIEEE AT
[41 VEGFA (vascular endothelial growth factor A).
SDF-1a(stromal cell-derived factor-1 alpha, K
CXCL12). MIG(monokine induced by interferon-
gamma, X FX CXCL9)], [FIRFAEfk & 8P % 40

MR F- (IL-6+ IL-1B. TNF-a. GRO-a. IFN-a2.
IL-1a. IL-3F11L-8)P", 5 BM-MSCsHl AD-MSCs
FHEE, Royan H6 ESCsfiTA4: ) ESC-MSCsigfi i %
F A0 R 1R A% 41 8 (peripheral blood mononu-
clear cells, PBMCs) 385, il fig 4 Kl IFN-y
(53, [N e 2E DT R A0 B A 7 il TGF-BATIL-10
FR) 3 B0 o AR U A B ST 9 27k, BM-MISCs Al
T-MSCs#t TNF-ofill 5 T 212 i 1 i %5 it IL-6.
IL-8F1 CCL2[) 7 s 2R, IFN-yRIEHE T 1 BM-
MSCs™ IL-6. CXCL10F1 CCL2H 73 i, {HX] T-
MSCsH IR EEAE 58 A1 J5T B 73 e A 2 2 5 ma 49, 53
4k, fETFN-yi%5 5, ESC-MSCs# ik [ HLA-DR/K
KT BM-MSCs, X A g 58K 1) CIITA(class 11
major histocompatibility complex transactivator)#
B RO, KR IR IR ESC-MSCsE % 75
AT RV T T e B — B R A . RRAI IR
AR PSC-MSCst5 ST-MSCs 149 % % 5 Je
TR, 308 ot v R 2 OC B R DR R 5l e,
P R REFE, AN FRIEMSCs B h e AL -
PR ) 28 K i R s v A 182 FH 2 148 38090 A4k 30 0 ¢
R
225 ek BEA20194FISCT R ATMSCs
ARt E S, bR bRk 2 1 sl %
TFIE¥ ThREME VAN 51 T MSCs i s i il ik R Hh, BATR
IMEG R AR SR IERA L . DR E 32
SEALAE 55 3 Wb PR 23 Hr AN G B T D e I

MSCsitli i 73 2 M A W iE AL 5T (SERR N 73
WA FIRITIER, BT A E R
THREPEUT R S B IA T

MSCs 73 b 28 G135 T L PR 5~ RN A0 g A 227
(small extracellular vesicles, sEVs), ‘&4 1] {ie 2 41 Y
BEE. A, PR, MAEER. AES KA
LSS, AR EEASE A KE T, Wi
B W A KB (vascular endothelial growth factor,
VEGF). JH-41 i 4K K ¥ (hepatocyte growth factor,
HGF). mAF4Ei A=K 5§ (fibroblast growth fac-
tor, FGF). % & A4 K A7 1(insulin-like growth
factor 1, IGF-1); LA K G 5 K FIL-10+ iy R%E
[A - aufil] 22 [A] -6(tumor necrosis factor a-stimulated
gene 6, TSG-6). TGF-BIFIIDO% Y, Lotfinia% ¥
18 I K 5T R A 7 3% 73 At ESC-MSCs I 40 4., K
BLVEGF& ESC-MSCs 7 ilh 1] 35 i RIEH H 2
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—, 5%piE. MRiTE. KEEE. RERS
AR AR TR A A 0%, %0 7SR KB ESC-MSCs
HAPTE R RIS A, B HE M A iz . IGFBP2,
TGF-BIHIMCP-155, H Bt KA PEAHEL T BM-MSCs
FoNEE,

SEVsA& 40 il 3= SRR 9ok g it g by, 32 22
FLFE AN IAAA (exosomes, ELAE 40~100 nm)FIfEIE (mi-
crovesicles, B2 0.1~1.0 pm), Al #5475 H i . AR
(ITmRNA. miRNA). J&/555, /& 40 )3 {5 ) 2
BEAON, WETRR, 75 2 PP A, MSC-
sEVsIE R AT IR T7 I 7, AR VLI 2%, 7T
RE PRI A B A IRZS AN RN T A B 22 57 B 90
A, MSC-sEVs K Dy e 1A% O JE Rl E T H A A=
YiE BB B A ). H HT X T ESC-MSCs-sEVs
P E BEERAERES. KA. 2lEAFRS
YA . — TR T EN A BUR B B FUR I, A
Royan H6 ESCsfi7E 1 ESC-MSCsH T #EHLI{] SE Vs,
FORIAR 2929220 nm, H F 5 SR BRI o bt — 20 K
P, X LESEVsEIACDS1. TSG-101MICD63%5 fH 11 &
M, AN 14 B M5 & 8 E Calnexin®

MSC-sEVsid & R It B 15 1A 22 4 1
A ) AE S 1 DA R A D e 92 TR T e SR AR
143 1R 383 A% ) JoT 4 A e 7% XIS, e % o o L i
BRI, B A2 A 06 T AR T BT B4
FUIA I X MSC-sE Vs [ 58 [K] e it LA o L 8 ) g
AVATT AR . BN, WulE P2 g /K i N7 LAF 4
1L ) IR CREK A 20 RE —FE R - 2L — 1 &
TR N % 2 , Cys-Arg-Glu-Lys-Ala)f&1fi MSC-sEVs,
BEWE T EHESAREASE. EHRHSARE
S5 IIRe Sy, R b R R 45 2ORE SR 5 A g
BCE A, InPRE B AUE SR

FHEN, MSCsZy il ] sSEVSTERIZE 2 Gidin s (&
2 Akt 25 B EAE B P10, XianZE UOURF SR B,
MSC-sEVs&b 2 i 2 1% il 35010 JR AR i B 5 I i
YHL, AT RAR RO S T 1R T IR R A fu A, IF A
MSC-sEVsu] i it Nrf2-NF-xB15 5 i % 40141/ B
IR RAMIE . KimZ5 V2R FH #5014
5if 28 i R 1 48 5 7% [K] 7 (brain-derived neurotrophic
factor, BDNF) 1 ZE ik 243k & MSC-EVsH, Fif$MSC-
EV-NPsZ & Py i i Ge ik I i bf B, 7EAR AR Bk
FLEAR S 3% i BDNFRIA, FHEHME R
A K IG e A LRI E LB AR P i A A A o

VAN TR AT GVAEE BN T ) S S A e
M (cyclic AMP response element-binding protein,
CREB) R A T (14 £ AR 478 B4 K 5 . He s 10
RIL, MSCs7y s (1) 71 s 438 1t 328 3% miR-100-5pH)
1) A e R s Jo 2 A0 g fe e e A% R Tl P S A il
4(nicotinamide adenine dinucleotide phosphate oxidase
4, NOX4) 31k, 3t id i 5 Nox4-ROS-Nr2 4 ik
/DROSIH Az, TR A AR, T B A 4 A A
R 2 B RE 22 o o

G 2 R T T e R MSCs R ¥R 7 1F Fl i B
Bl 2 —, %I FE OB T e 5 2 MR AL 2 23l
WA EAER . A i 2R, 5ST-MSCsH
Et, PSC-MSCsid i 43 W B8 1y 7K 7 B bt 98 48 i bl 5
(41 TGF-B+ 1L-10%)AIE K K7 HGF A &R 7,
T TR - B [ 4 ) TAH A BAT A R0 N K2 fid 11 4
FEAEAY, ol 23k Tregs (9245 B, AT R 1% S 2% it
A SO0 BRI K 2 Bl A 5

— A (nitric oxide, NO) & MSCsH1l] T4HHE
T BE R B R 22— . MSCs -5 T f 1) BL R4 fik
B JORE A 358 H A2 98 PR 7 101 TEN-y AT TNF-au 1) 3l 34
Y] 5 2 s MSCs H 5 5 8 — S AL 2 & 8 (induc-
ible nitric oxide synthase, iNOS)[J#ik. iNOSIHL
fEARE R AR L NO, BE T R FE e T EH . NO
RE R o ME RO A0 1) TAH B (5 5 3 S A s A
¥ 5(signal transducer and activator of transcription 5,
Stat5)FIBEER L, A 1T BH T T20 i ¥ 3 e A 5 Il B, I
SIS TN M v AL A3 5E 1 #1119, Shahsavari
0V RIFE iPSC-MSCsH iINOS A /K F &
Z T RUEE AD-MSCsH1 BM-MSCs; 5 A& Ab P4
FbA%, 48 TNF-ofil IFN-yEC & fill 5 , iPSC-MSCsH
INOSHIRIE K- 3 T, SR HEEIT 1015 .

IDO1 /2 MSCs & ## %2 1 5 /E I 1) 5% B 4 it
WEH. REMSCsH & JLFARKIEIDOL, (HE %
PR, R FWIFNy i SHERIE,
GVHD R AR i FEH, IFN-y I RE 535 FR
BM-MSCsH IDO1FIFKIE /KT, HIDO1HIFEIEKF
EIFN-y# B 2 IE AR, $27RMSCsFEIFN-y I
(1 G 1T e )t pE 2 30

PolchertZs U8B Rk — L 7R T IFN-yi &
IDO1FIAFI T fie f 77 B g It A ik, 58 H 500 U/mL
[ TFN-y Pl BM-MSCs 1] 5 K2 0% IDO1,
235 Yk GVHDA A B A2 B, A H ARG R 42
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TEZ100%; 1 A £ AT AT A 2 SR 77 230 31 BM-
MSCsNVETT R A R

FEESC-MSCs 5 TA L35 77 (1) 9256 7, IDO il
T H I CD4"F1 CD8” T4H i 1 14 5 & 4% G 28 W 15 1
M. IDOTIERNLEIE T, E Mt IR, THFE
TG FS AT 5 I R R . Ak, IDO1HIAR T
PR R R S AT B BRI Sz i E A,
AR 175 5 TN M08 T B3 5 Tregs G £, fEESC-
MSCsiGIT /N T 2 ) S8 o B, IDO L i L
FEAE 18 3 TR ER ST %, TMifE & T4 X
JEIL /N R FEAH B (dendritic cells, DCs)i% 5 IDO1H]
FiK, FE7RNESC-MSCs{R /N BRI 48 1] BE AR T 324
S 2 R S ) AR S 1 s [ 5 SR

PD-L1, X} CD2745% B7H1, +& B73LH)#5 1
FR B B D1, £ TR G2 v 25 v 3 56 A7 ]
BER. i@l 52K PD-1454, NS aEdm
(A0 S Dy ReA ] o

AN[E] B ) MSCs ) PD-L1 Rk B A E 2 57
TEIE B TR R, £ BM-MSCsH A A6 I 21 BH &
) PD-L1FIE M FESCREGIIA B, i 4 1t 20 Jfa A
F (W TFN-y. TNF-of1IL-1B)AEW 3% i MSCsH
PD-L1f{1#i%; HrhBM-MSCs{{7E 32 3 & 75 B IFN-y
I A 2 B3 FIRIEPD-L1. #LLZ R, ESC-
MSCsHIPD-L 1Al ik 7K1 i 3% 5 T BM-MSCs, H.
Z IFN-y RIS I S2 0 35/, 27K PD-L1 e m R ik
A 85 ESC-MSCsEL S T4 i A1 B4 A ) G2 F ikl i
VAR SR

ICAM- 1AL A 40 Ji 5 B 43 7 - 1 (vascular cell
adhesion molecule-1, VCAM-1; X8 CD106):& %%
BREE KRR, 2245 980 ISR F 95 248 (%) 56
FES5IEFE UM, /N BRI AL P B2 41 i (brain micro-
vascular endothelial cells, BMECs)# 1% '] ICAM-1£1
VCAM- AR P A1 1 40 i B 25 R0 125 P9 R 3 7% 28 00
SO S T I IR S AR A

BRSP4 IR /K S R I IC AM-
1, TNF-0i5 32 i3 F il VCAM-1FI ICAM-113%
ik, 3T 2 5 B A 5 B 3 P 3 0 RN G 9 4
RIE U, EREFUER I, ESC-MSCs ] i 5 4 J7 41
i L i DL R RR TRCSE WA TR T R 7 5K,
TNF-ai/5 31 ICAM-1#1 VCAM-1%i% FiF 14, |5
FE, BM-MSCsth A3 1 55 75 WA 1 F 400 Y Bz 41 i
ICAM-1HIFRIE, /b i vk 41 i 286 PR &% 170 Fii 2 231

R, FHaE— ] R g B R SR T R R
fi# -9(matrix metalloproteinase-9, MMP-9), Ak H &
F 7K P RGP, DT il ot I i 2 e i L
B4 1. AHEL T BM-MSCs, ESC-MSCs ] & #i
HH S iR ERT A )RR, AN ok 2> B 2 4 i 2R P %
fife T0L 0 J37 e e 02 M 5, S T e AT ORI A
2 i [R) 34 B (AN ZO- D/ fe I i ez B0, 1K
— XA A FE AL A ESC-MSCsTE #4128 98 i 1 5595 (U
Z R AEAEACAE ) (VR TT N SR A 1V AE 7 1B
R AR AR

3 FitERE

ASCTRIA T MSCsIREIR T 55 5 Sk, &
G40 7 PSCslal MSCs AN [A] %42 1 4 A6 T & AR
EIPY, SR T ESC-MSCsIF ik, LU N
PSC-MSCs= i I & 5 I IR AL R4 2 28 5 .
AT R AR B ST-MSCs, PSCs[AIMSCs[#) 4
WH AR N E S, T2 A S 5 bR A AT A2 45k
WHRFER R TT . —H AR | FE R Rk |
PR R R DL O RE A2 JO0E R T 1) 60928 B
HET G ZE . A, AFHLSURIE
T WAL RFAE X MSCs A P ShRE I sZ ma pL, 47 7
RANRR

MSCsllfi R # AL THI I 1) 3 ZE Pkl 2 — 75 T H 1)
Re e M, X R S SURIEM 2 7 IR 2%
1F % 5l LA B AR AR BT B0 3R B AL TR AR 25 R R A R,
DABI™ A= i AR50 45 SR A — B g i el d
Tk SR B 4T I RN R K] 2% TR T B B R A3 AT
MSCsIV A, #3741 & 7 P i &R (inTh etk
PN B SLRA IR ) JE R TR s (R NRR
B No AR ) A sh & R R 1 CRBRGAA S50 S T
Fase ), 2% MSCsH 7 it #4 k R «nl 45 2
PE>, T HEZ) MSCs¥6 97 Md I 2L 1) 71 5% 17 Thie &
AT R . SRR, AR 23 AR U T
WA R HBEE, NS & IR RS
HARSRAL T RIS LR R . MEER RS S
1l P PR B A W B IR ) T, 2T MSCsI e #EE 977 i
HHE A AR MFFE R R .
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