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[Abstract] Human umbilical cord mesenchymal stem cells (hUC-MSCs) have shown
significant potential in the field of neural injury repair due to their high proliferation capacity, low
immunogenicity and easy accessibility. It has been demonstrated that hUC-MSCs can effectively
attenuate neural functional damage through multiple pathways, such as promoting neural
differentiation, exerting paracrine effects and regulating the immune microenvironment. This article
aims to review the latest research progress and potential mechanisms of hUC-MSCs in the treatment
of neurological diseases, and to prospect their future clinical application prospects, providing new

LR

ideas for the development of neural regenerative medicine.
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WMARLESERR 6 TR ¥ 4G B AR, SN A LG 2 PR 434 1Y)
HoAh FRI0 AR 22 R U TE IS U B A, S RS R . AT (A
FE T 418 Chuman umbilical cord mesenchymal stem cells,
hUC-MSCs) BES TEHRT & 25 T 4k S I HE A1 73 44 1 22 i 4t
KB, B 5 oy G TR AL AR, BLAE 2 AL AFIY 38 5 A R BF

DOI: 10.3877/cma.j.issn.2095-1221.2025.06.007
HE 4 W H: 2022 450 b A A ZORE BT R (8 R R RS
(H20222406041)
B HLA7: 067000 A4, YTk 24 AR 4 I 2 o PR I I e 1 v P9 R
IBEEE JkE e, Email: zzhangzhihua@163.com

Ttk B, hUC-MSCs B4 53t 22 b o Hix 4 22 28 4 45495 0 )
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1 hUC-MSCs ik

hUC-MSCs B M 3 4= JL i i 11 42 38 [ e (Wharton's
Jelly) w7y BS 15 5 () —Fh 2 BE T-4000, #0421 1kEe 7 P,
hUC-MSCs H #5146 1 4 150/ 3R IUAE B B B 92 ot 14 1K 25 A
I, TR A T A 1 A ) EE BT e 5 . hUC-MISCs
i w294 CD73. CD90. CD105 LA M2 CD13 Z54k M A 5% 43
T M A AP ABC Chuman leukocyte antigen-ABC,
HLA-ABC) %5 F EHLMAEMNE Gk [ Ko+ EKKRE
K. ZEMMASFIL CD34. CD45. CD31 i if T4 iy
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A9 BB 5T R R T 4T, L A 2 3 A S 6 40 i
P41 ®; hUC-MSCs ] LA WA L85 Py % A= K IRl (vascular
endothelial growth factor, VEGF). AT 4l jg £ & K 7. 41 i
/1% -10 Cinterleukin-10, 1L-10) %5 Kl J& A s, 1 4% o 32
SR, JEE M A A I 45 44k B0

hUC-MSCs 7E ¥ J7 # 28 & Gt 3 i if B — 8 1 5%
43 w3 T HL ) MY, hUC-MSCs (1 5% 43 Wk 7 A 4k 300 76 3%
A% A Ji 22 b AR ) 1 PR TR T, 481 U M A 28 TR TR T
(brain-derived neurotrophic factor, BDNF ). Jif & 2 FE 4 K A
F -1 Cinsulin-like growth factor-1, IGF-1) LA J i 48 & 95 &
K -3 (neurotrophin-3, NT-3) £, i 4 [K] 7 X 41 Jiid 3% 48 45 i
HEVEF, B8 Uk 2 52 453 400 i 0 98 1, 3 i HE 2 1 AT 2B s ik 5%
R VLI TR T . 2R #4014 (spinal cord injury, SCI)
HENMEPERY B RME 28 B 22 BB IR, hUC-MSCs #2
FEATY REAENR PR b5 R S5 35 I 28U, hUC-MSCs 1T LT #%
BTG I IEALTE, (LTI Re R . E BN J 55 5 WA
FH 5 R R 715 e 22 Tl o 40 (009 1, VR 2 A, 38 Il 5% 1
PRAT, 5 T PO IR It 200 PR F 189 5 AN 23 Ak, B TH AP TS TS E A
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hUC-MSCs 7E V&I # 48 52 Gt < o I A7 7 S 2 i 15 AL
#il, Zhao % ™) F 5t 45 B i, hUC-MSCs il 6045 T 201
B 4 i KAl T 20 MAE N RO A I 5, 51 5 B Rt i A
et JAE ARPIR A F AR A SAEAPIRZS . £ hUC-MSCs #2
T &, R T4 & v Cinterferon-gamma, IEN-y) 1 i 83 2K 8
A -7 o (tumor necrosis factor-alpha, TNF-a) [ 3 i /K1 _E
T WO B B 5T R WO I RSP  RT B R B A B
TR R R, 25 R R . A, IR R IR T
S BS540 1L-10 A 1L-4 F) 73, [ I 44) 1IL-10 TNF-a £
1L-8 &5 98 JE PRl - (AR B, JRRAER 8 JE S RE 1 A=, AT I B 28
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2 hUC-MSCs 5iR1HE RERRAI LR
2.1 hUC-MSCs F {51 mifixidifs (traumatic brain injury,
TBD

TBI & XM EE R G — i WL A%, Sk i 2 2
G102 AL FE A P A5 0 S I G 7 i R 7 98 e R R
(RIS, A7) 0 Je R DA 280 B g PR g 5 7™ o I 18
BOAAERVER A 3t AR . hUC-MSCs K L4728 1 Ah ik
PR RLRE I 2 FHLEDG T TBI, B 54 MR R SE R 7 i
SIA 6 5 [ 15 AR D05 58 A N R R A e T B,
O 2 AL A 1 W e O o) 4t B 9 AR B O, Rk R T ok
A M3 A= 5 i 28 JORE , 3 1T el 2D B A5 5 e 8 T R R Uk
stizshThfe U, shi & U HE, 4 hUC-MSCs 1R IT G,
TBI K B 1 6 2 i A9 o3, HAR SR BN 40 1 5 X #)
BDNF ZZ fAE KA 7Rk B, B4R TR N, 1t
4k, Zhu % "3 1 hUC-MSCs # f8 Bk & £ 9 TR A kL 3
[RMEAM  JE R L ER S 2590 A B 25 22 Fob T B AR TH 22 B VR 9T R
. Liu 2 PV ra R, %M 3D FTENEAR K BDNF H134 (1

hUC-MSCs J5 1% ) 4 it & (BMExos) 5 1 JE & [ 1 52 BBl
S A, RS589, 3D T B R 25 (1 1 52 SR B% /BMEXos
(3D-CC-BMEX0s) J7 V1] LA K Bl TBI BB i 4 2232 )
IREATAFI T RE VRS, 1] LA I TBI JG A8 i 22 X 2% 11
I, BN 2 AR 4 S Al B A RS F 2 . hUC-MSCs
53E A 10 R R I T 40 B 72 R-B-SPH ik 32 28 vh 3L 3%, T {2
TR G GE PP T 5k S 5 2 BDNF 433, )T 45 4H
PR AR PP R AR IR — SRR AE R 42 TBI I
REPE #2245 52 11 OB, DA DR 40 i & AT VR R B 1 5
1%#E. hUC-MSCs FMMATE 7 AT LS o2 Th g, /b i K
Jifr, Yk TBI S5 5% . Zhang 25 1 i 95 3 B, M4 1)
YN TBI S AN At T, PSR AE T4 5 =,
A0 IA P SO T IR T R 5K ) B 1 RIS 5 5 0 HE e VS B
U W& ARE [ 2E3 12 2R (PINKL/Parkin) JEEE /T 1)
TBI JG&hifk E k. SRTM, 2411 T hUC-MSCs 677 TBI 1)
W IR Z A5 PR S 36 PR AL, 761 PR L m (1 22 A pE AN
A 85 1 AR A 38 70 43 B A SR T TR 40 0 OB HL K
AR R R B8 2 — 2B VRAG R SGAIE . Wang 25 2 T 5% 45 SRAIE
52, hUC-MSCs F 18 it TBI J isbil & IR Th g, hUC-
MSCs R A8 AT e TBI e 3 o fIIE 7 77 ik

2.2 hUC-MSCs A1 5l % & I 14 % J% Chypoxic ischemic
encephalopathy, HIE)

HIE A% 095 #H A5 3 P - ol Sl e o 5 50 14 7 285
PEAR GRS AN B 2, 3 51 g A R R R . R
R AR R A B =R, X e R — 2 e
o 8 R AR i AL, B R B R M A G RIAE T B FE R TS o6
T hUC-MSCs # # 6 J7 1 i 452475 1 248 S AT F A E 28 Uy
T BB, 2R 52 4 WA, (H 35 am DA S o DU LA AL i)
AR o 35— Pl 88 i A A A i B A 5 B AR
21 S T I B8k &2, Hermans 25 P B 9% & 7%, hUC-MSCs
B#&iTRae ), il B NG 4 )E, eNkg 2 aEEF
CXCL10 B8 5], #% i L # B H M P45 05 1) X dek . 3x — 3
T2, hUC-MSCs 1] g ™= A= #1128 70 734k, FEEUAR TR £ 52 451 11
M, 5 ) L ) R 4 M s ST BT BB R, Bh T2 ThRE I
%5 . Donega 25 * i 5t # 7k CXCL10 7£ hUC-MSCs [ 45t
PiALE R L R P SR EEE . 59— FhHL & MSCs 1145
WAE R, Jiang 2 PV AF AR B, hUC-MSCs H % 7> WA EE 241 A
F-4H)u bRl T- (stem cell factor, SCF) &4 22 Fh 4 i bRl 114 g
X EE AN R AR A IR (RS S AL A I, BEE 2 5740
S E AN 8 F A0 5 10], HEON PR A0 B B2 it Db BRI 8 95 5
¥, hUC-MSCs 44 ¥ BDNF, 7 £ (530 5 16 & 4545 5 R
.. ST HEET & S8 HIE Bk L&)
B PR RS 5 1T S A% Co ML B, i ) e R X T
SEMNThAE 2 B B AN T I R R 2 AN DN A O
Rk H I, A PRI R L AR 5 H B (cysteine
aspartate-specific protease, caspase) I i 51 37 7 & 1% 0 F8
t, JUHJE caspase-3, T A2 TR AR T A AT 2 B L
2 USRI K W], hUC-MSCs B AT ik i & ol T (g
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TESER ™4 hUC-MSCs ## 48 f5 , K I caspase-3 2 [ 114
JE/KSF i, Cotten % P 38 2 31 hUC-MSCs At LT
JHT-IE N B 40 itk B8 2 (B-cell lymphoma 2, Bcl-2) fi13%
ik, FEAM I R T3 [ Bel-2 A1 56 X & 1 (Bcl-2-associated
X protein, Bax) fIFRiA. iXUE4E LM, hUC-MSCs BeiEH])
il HIE K BRI A0 B i) R 2, BRAIATE SR AR RN b il PR A3 % . 7E
— 5 1 MG AR R 46, F B hUC-MSCs {E HIE #i 4 )L 1
WIEIT 50, W 7 45 5 878 hUC-MSCs $irE e 32 1 KT, A 1
BT R P AR TR AR AL hUC-MSCs A & (1)
Thae, SR 40 55 HAE HIE WG RS YT K R F , 308 17 S Ak e
A N R RN T

2.3 hUC-MSCs Fli4: A5 (Parkinson's disease, PD)

PD &M E MM A KRG, HAr S HEmE b2
5 % kS (dupminergic, DA) #1403k, ix S 308
ARG B IR E . hUC-MSCs #4878 = i PD Jy i JiE B
H— 8 17 R FLih ) 0 4R FIAL A 5 4 A, = ZE T Ak
AEAELL TR 26/ B IR SCREH . BE )5 H) hUC-MSCs
AT DAHRIR SZ AL, B 2 P R T, A 8 R G0 I T A G i
HRIPFRES . XL NT-3, BDNF 2554 PR PR 1, A DU AR I
A, RYIEPLR MBI TAE W CR3 2 T 28 M 2 1)
DA MG, 223 3 TRACEE I N 5 7] 78 B 40 i {2 3 SH-
SY5Y PD ZH 8 4, 3X RI 55 12 20 0 o AL T P 5 IR 114 484
A%, v LARIIS 23 WA VE 2 F T PD 3697 1 40 I R 7 F0 AR
K K7 B, hUC-MSCs il it Z EHLH i & s e 1
A 2N A A JE T 2R 1 N A 2 AT B B (A DG P O B S R AT
BT A R A SRR B, R, X S0 ik B B ARz
PR TC IV 77, ety BIEEUE 010 9 T 5 (1) DA Re 4
TC. RS B4 i 8% 8] hUC-MSCs TE{AS AT 7316y DA #
FRZE TG, JTRE 2 W 22 P B CRAE FH B R, AN RSB 1897
IRk, BDNF f&1iff) hUC-MSCs fiT£ [¥) DA ¥ £ 75 it
43 1 77 BDNF- % 2 2 U8 52 & B (tropomyosin receptor
kinase B, TrkB) - ff [R B LEE 3- A (phosphatidylinositol3-
kinase, PI3K) / & 1M B (protein kinase B, AKT) {55
% AN FAAR T B 1 60- Toll #3244 4/ B 73 4L R 7 88 (5 5
A @IS R RPN JORE L PD K BB 40 i i
SHIXHM EFE 1T . hUC-MSCs 7E % 5 DA #i & Juit B4
P RV Y, FF 5 hUC-MSCs 7E PD 41l #4007
TR IR A o I AMEAATE S T 1R T, 0 B2 7L
7 PD B35 i RSB, /NI 20 AR R 15 5 T R AR B
50, i hUC-MSCs R 1l 3 Fft 88 56 24081, I BRI i
AT R 5 R T (1 A2 B 7E PD B 1) R oS il 81 412
98 A B T 7K P FF e, 4 TNF-a 1 IFN-y 2. Zhang 25 B9 1)
— TR 75, 4% hUC-MSCs #M i i 5t 31 6- ¥4 5: 2 iz
SO EE AR R BUSIRL f, R BA A R4 oG SN () DA #if
28 TOAN/IN B S A BRI, 15 5 IR - SCIRAE 2 U R Si
A5 3 M N B BR AT BT Ak . 1252 56 0 3 i B microRNA
W7 A0 B G 1S I E— 2P 1 8 hUC-MSCs 7k i A iR
ITITE AR o IXLERIF T 45 K B, hUC-MSCs ¥ 455 1 57

FIHLARAEFITE PD B VE R —E M. Zhao 25 B9 i) —
T4 & MSCs B 677 PD ¥l PR i 56 2048 22 81, 40 i e
T2 PD B 80T V5, I B M I A S B AR A8 e 1 Rk
FRAERF IA] R4 , [F]I hUC-MSCs & #4 M VA T 1 %504 ik
TR, DA HF 70 CAIE s R IR 7 R 2 /bl e e 4k FF 12 A
Ho SR, T B AT e S K I Gt 145 A
WA ECNH I, KT S S A Rt — B IR R
DRI A 1 R AT SR A S

3 hUC-MSCs SR EERRRIX R
3.1 hUC-MSCs 1 SCI

SCI R i i B AN EUR 2, 25 R A N ARL 23 Skl
KA G, Foga 7 A RE A 1) L A B 2 7 v 1) 2 K Bk
i B, FE A% T4U T %, hUC-MSCs B R v 1B 5 %
A RE R — R AT SR F B 2R, B4R hUC- MSCs
1E SCI BEia itz FE /1 BK (R 3 BRI 2 A2 E ML I
KEAEWHA, AW RER 3A S, E5, hUC-MSCs 7]
ULy 5 22 P [N BR3P P 28 T, I SR B8 A 28 0 11 By 5 A
Al R, FHHERE SCI X IR A M TR k. Cai 45 B (i 9 2
7 hUC-MSCs 43 19 JH- 241 it A= A R e ol i A AKT/ X
SLAEER (1 O3a il 1 2 Je 41 M 8 1, AT 12 52 SCl. Xiao
2 BT (0 AR ANE TR HIE 52, hUC-MSCs 2 J5E ) 41 b 1488 5 465
iF miR-29b-3p #E N SCI ## £yt Ui B i BR B Aok 1 B (1
[ERRPIECE PIBKIAKT %, M/t & ol . Li
24 B9 (T 7t 2% W 1L-4 T i) hUC-MSCs SR ) 4 ik A
& & miR-21-5p, T J& i 1 45 F W 4l B A% 1k 22 1% SCI 5 %
i SN AN B 5T, FLAE TN JRE S S 19 [ B 9/ 401
T2, N SCI B T #AtH B ik . IR, hUC-MSCs 1] Lk 3%
SCI FITHR 8, I K [ ¥ Wang 25 B i 58 & B, 76
g 1 SCIIRTT H, BN R S5 ST FI hUC-MSCs {2 ik # 4 22
AN BT R 1 - 111 BRI 2 AN BE S R 2L, 6048 X I
B- TE B - T BHPERPZ 0 0972, BRIHRE 22 X I A B %
B R AR AE A, 2 AR SR LA 2 OO BE. Na %5 ¥ (1
T 5200 & B, hUC-MSCs B2 A8 6 97 71 SCI K BRAR B AT B
TR IR & T RACGE M IR 32 4Rk S pyrin S5 84384
O 3R, GBRRNE R P, BUGE R O,
il 22 28 J % Ak B U MREISORS 2R R 2 (B IR AL K SR
#SClo Li & " [ 5838 R B, F IL-4 0% hUC- MSCs,
B 5 SR EATHI A A, IXFh hUC-MSCs KI5 o A1 s 14 5
£ miR-21-5p, X 7F £t 48 [ W 4 e B Ak I 3% SCI i f JO0E
OB FAE R 52 U TH R B R EEAE . eSS, hUC-MSCs B
EEEA LR ANy A S Sk ELyTW NS T I RN
T2 Rl 28 T4 B A0 AN SR A BR K . Yang 25 M7 AT
TR R DL, e e Yerilb 5, — L6524 ) hUC-MSCs % &
BB SR, AR R T I 5 4 T 2 5 5 40 i, {FL A
NN G TG, AT DLW S B 5L R 440 A 18 A b | i AR
FARM AW GEAE. Ak, hUC-MSCs i RE 5 B il &
A AW O AN IR AR J B, I e oy RE S AL R A 5
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ST AE IR IR A R R g I T A . I AR ) SR R R
FESU S BB TR, 23k SCI RS . Wang 2“9 8 5%
M3, F miR-199a-3p/145-5p # 5 3 SCI KR4 e )
A AR B i) T 2 R A2 1R B A (tropomyosin receptor Kinase
A, TrkA) 72 Z AL IR A & R K IR 7 ITrkA (5 SR, &
] hUC-MSC 74 I 4 A A FT B & — PG AT (1 SCI R TT
. Wang 25 ™ )5 T MSCs #% HV4 7 SCI I FRIF 241
Meta 73 #7457, MSCs #2503 SCI 5 iz 3l o8 Al
H & A2 305, hUC-MSCs 2 fie A7 350 1 21 B SRR, 45 P4 VE B 2 B
A8 71 - Akhlaghpasand 25 ™ ff—J5BE 5 1919 12 N A 1Y
1 3R AR 56, [E)R S4& hUC- MSCs K¢ I 1) Ah i A4 85 7y
RPN 2 SCI 222 A1, IX T LT e 5 B & I AR IR
IRFITHREE A O%. HAEX 5T, RERKEG LW ISR
KHURERY 11/ TIT SR Ak

4 HRig SRR

hUC-MSCs &7t £ 4i { Sk L #5332 Jie , ix 49 28 T4
JiE 1) B 5 A O AN T 28T, A T IV B R R R AR AL AN 3D A=
YOFT BN SR KSR U, AR A5 S Ak T R I R A M 451
WLy A W) SBA3AR LG HIE S KAEE D 4T M
ROF FAATT A 4k U R TR T T , 4 8 B I %
S RSB I8 45 BT A 05 R 3RE I i 7 o ) PR ) 1, B3 1
&, BB R IT SNSRI B K 11, Wks MSCs £ 2k T 3% 1
R - B /K e Jie F ] S G A M O T2 R BRI RS e T, 5
P 25 2% F0C FH AT 3 ok R 4% W 7L 30 470 T 6 2R B8 A G M
e I i 4% 18 42 19, T RS B TR ik £ 5 25 % BDNF
hUC-MSCs NI A& 3 5 fi ] 281k B9, p B 2Rk, AT 7
FE EHEFE hUC-MSCs BRI a3, BLFE LR — 1
GMP 2k 7= b #EFIGH B % e i e s IR AIRZE hUC-MSCs 41k
PR R ED RNA il i e A AH OB AR 16 /b S ol
20 A PP AL S Wint/B- 3% PR i 118 i 75 i 48 R fih B
SRR B [ B T R 2 rp O B AL R I AR 6 A
FER AR T CHR TS B BE R A, A 70 BRI R e
., B 2SI AR VR TT IR I -

hUC-MSCs JA T M & i & H — & J& IR . 1 %,
hUC- MSCs 7£ 2 1 JiT 11 Iff 47 7% 2R AR VS 58 ) A 2 1 )it
Chen %5 B3 (y 1F 72 % W, # #8 J5 i) hUC-MSCs 7£ J% 48 #f 22
ZH 230 [ i B R AN L 10 %, Ho 5 R R S sk 98 5F 5%
TR BT SRR T Ak, i v B B AE L 30— 0 BRI
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A REIT R BT, Liu 25 B [ 0 00 82 B R A8 S 40 A LA 5
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T T RE 51 R A 3 2 IS, I A A 3 S Bt 28 40 A
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SRR A T WA T 4000, (LK 0 5 A MM O R s
U6 57, 40 AL M T R B T M L B 7
B PR R R # B, (R hUC-MISCs (i PR AL o 52 4
Y, S 5540 WM (A4 . BDNF) 15 EL 40 i 85
AR TTRREL B 57, oK 3k ] Al 5 B 46 A AL R S 2, JE
R 25 0 S LIS 97 2

2 % X W

1 MRS ST R, A5 TR A RN 3D AR A
Bt e A TRE S 2L MAT AL I RCR: [3]. HiE2% , 2025, 56(5):458-
465.

2 Spees JL, Lee RH, Gregory CA. Mechanisms of mesenchymal stem/
stromal cell function[J]. Stem Cell Res Ther, 2016, 7(1):125.

3 Xie Q, Liu R, Jiang J, et al. What is the impact of human umbilical
cord mesenchymal stem Cell Transplant on clinical treatment?[J]. Stem
Cell Res Ther, 2020, 11(1):519.

4 Hwang JW, Choi S, Oh W, et al. Intracerebroventricular transplantation
of human umbilical cord blood derived mesenchymal stem cells
attenuates symptoms of repetitive mild traumatic brain injury (RM
TBI)[J]. Cytotherapy, 2017, 19(5):S201.

5 Arabpour M, Saghazadeh A, Rezaei N. Anti-inflammatory and M2
macrophage polarization-promoting effect of mesenchymal stem
cell- derived exosomes[J]. Int Immunopharmacol, 2021, 97:107823.

6 Ding DC, Chang YH, Shyu WC, et al. Human umbilical cord
mesenchymal stem cells: a new era for stem cell therapy[J]. Cell
Transplant, 2015, 24(3):339-347.

7 Cozene BM, Russo E, Anzalone R, et al. Mitochondrial activity of
human umbilical cord mesenchymal stem cells[J]. Brain Circ, 2021,
7(1):33-36.

8 Ma L, Feng XY, Cui BL, et al. Human umbilical cord Wharton's
Jelly- derived mesenchymal stem cells differentiation into nerve-like
cells[J]. Chin Med J (Engl), 2005, 118(23):1987-1993.

9 Brown C, McKee C, Bakshi S, et al. Mesenchymal stem cells: cell
therapy and regeneration potential[J]. J Tissue Eng Regen Med, 2019,
13:1738-1755.

10  Yaghoubi Y, Movassaghpour A, Zamani M, et al. Human umbilical cord
mesenchymal stem cells derived-exosomes in diseases treatment[J].
Life Sci, 2019, 233:116733.

11 Bao CS, Li XL, Liu L, et al. Transplantation of human umbilical cord
mesenchymal stem cells promotes functional recovery after spinal cord
injury by blocking the expression of IL-7[J]. Eur Rev Med Pharmacol
Sci, 2018, 22(19):6436-6447.

12 Sun XC, Wang H, Ma X, et al. Application of human umbilical cord
mesenchymal stem cells in rat spinal cord injury model[J]. ASAIO J,
2023, 69(6):e256-e264.

13 Zhao C, Zhang L, KongW, et al. Umbilical cord-derived mesenchymal
stem cells inhibit cadherin-11 expression by fibroblast-like
synoviocytes in rheumatoid arthritis[J]. J Immunol Res, 2015,
2015:137695.



e 372 b ARG T 40 4 35 (AT R) 20254E12 A 45153 456 ) Chin J Cell Stem Cell (Electronic Edition), Dec 2025,Vol.15, No.6
14 Wang M, Yang Y, Yang D, et al. The immunomodulatory activity 27 Ji ES, Kim YM, Shin MS, et al. Treadmill exercise enhances spatial

15

16

17

18

19

20

21

22

23

24

25

26

of human umbilical cord blood-derived mesenchymal stem cells in
vitro[J]. Immunology, 2009, 126(2):220-232.

Sun X, Hao H, Han Q, et al. Human umbilical cord-derived
mesenchymal stem cells ameliorate insulin resistance by suppressing
NLRP3 inflammasome-mediated inflammation in type 2 diabetes
rats[J]. Stem Cell Res Ther, 2017, 8:241.

Feng Z, Hua S, Li W, et al. Mesenchymal stem cells protect against
TBI-induced pyroptosis in vivo and in vitro through TSG-6[J]. Cell
Commun Signal, 2022, 20:125.

Bamshad C, Habibi Roudkenar M, Abedinzade M, et al. Human
umbilical cord-derived mesenchymal stem cells-harvested
mitochondrial transplantation improved motor function in TBI
models through rescuing neuronal cells from apoptosis and alleviating
astrogliosis and microglia activation[J]. Int Immunopharmacol, 2023,
118:110106.

Shi W, Huang CJ, Xu XD, et al. Transplantation of RADA16-BDNF
peptide scaffold with human umbilical cord mesenchymal stem cells
forced with CXCR4 and activated astrocytes for repair of traumatic
brain injury[J]. Acta Biomater, 2016, 45:247-261.

Zhu W, Chen L, Wu Z, et al. Bioorthogonal DOPA-NGF activated
tissue engineering microunits for recovery from traumatic brain injury
by microenvironment regulation[J]. Acta Biomater, 2022, 150:67-82.
Liu X, Zhang J, Cheng X, et al. Integrated printed BDNF-stimulated
HUCMSCs-derived exosomes/collagen/chitosan biological scaffolds
with 3D printing technology promoted the remodelling of neural
networks after traumatic brain injury[J]. Regen Biomater, 2022,
10:rbac085.

Zhang L, Lin 'Y, Bai W, et al. Human umbilical cord mesenchymal stem
cell-derived exosome suppresses programmed cell death in traumatic
brain injury via PINK1/Parkin-mediated mitophagy[J]. CNS Neurosci
Ther, 2023, 29(8):2236-2258.

Wang S, Cheng H, Dai G, et al. Umbilical cord mesenchymal stem cell
transplantation significantly improves neurological function in patients
with sequelae of traumatic brain injury[J]. Brain Res, 2013, 1532:76-
84.

Hermans EC, Donega V, Heijnen CJ, et al. CXCL10 is a crucial
chemoattractant for efficient intranasal delivery of mesenchymal stem
cells to the neonatal hypoxic-ischemic brain[J]. Stem Cell Res Ther,
2024, 15(1):134.

Donega V, Nijboer CH, Braccioli L, et al. Intranasal administration of
human MSC for ischemic brain injury in the mouse: in vitro and in vivo
neuroregenerative functions[J]. PLoS One, 2014, 9(11):e112339.

Jiang Z, Wang J, Sun G, et al. BDNF-modified human umbilical cord
mesenchymal stem cells-derived dopaminergic-like neurons improve
rotation behavior of Parkinson's disease rats through neuroprotection
and anti-neuroinflammation[J]. Mol Cell Neurosci, 2022, 123:103784.
Cui D, Sun D, Wang X, et al. Impaired autophagosome clearance
contributes to neuronal death in a piglet model of neonatal hypoxic-

ischemic encephalopathy[J]. Cell Death Dis, 2017, 8(7):€2919.

28

29

30

31

33

34

35

36

37

39

40

learning ability through suppressing hippocampal apoptosis in
Huntington's disease rats[J]. J Exerc Rehabil, 2015, 11(3):133-139.

Li F, Zhang K, Liu H, et al. The neuroprotective effect of mesenchymal
stem cells is mediated through inhibition of apoptosis in hypoxic
ischemic injury[J]. World J Pediatr, 2020, 16(2):193-200.

Cotten CM, Kimberley Fisher, Malcolm W, et al. A pilot phase | trial of
allogeneic umbilical cord tissue-derived mesenchymal stromal cells in
neonates with hypoxic-ischemic encephalopathy[J]. Stem Cells Transl
Med, 2023, 12(6):355-364.

Wang YL, Liu XS, Wang SS, et al. Curcumin-activated mesenchymal
stem cells derived from human umbilical cord and their effects on
MPTP-mouse model of Parkinson's disease: a new biological therapy
for Parkinson's disease[J]. Stem Cells Int, 2020, 2020:4636397.
BEEND, TR SRR PR A RS A BE I 15) 75 57 1 40 i R2 R 4
R KRR SRR 2 B & & 0] b EHAZU LR, 2014,
18(45):7285-7289.

R BRI N TR 70 5T XN RS 4 R A P D
[3]. AR 24 (B4 ), 2016, 54(10):16-20.

Zhang ZX, Zhou YJ, Gu P, et al. Exosomes derived from human
umbilical cord mesenchymal stem cells alleviate parkinson's disease
and neuronal damage through inhibition of microglia[J]. Neural Regen
Res, 2023, 18(10):2291-2300.

Zhao J, Qu K, Jia S, et al. Efficacy and efficacy-influencing factors
of stem cell transplantation on patients with parkinson's disease:
a systematic review and meta-analysis[J]. Front Neurol, 2024,
15:1329343.

Yang Y, Pang M, Chen Y'Y, et al. Human umbilical cord mesenchymal
stem cells to treat spinal cord injury in the early chronic phase: study
protocol for a prospective, multicenter, randomized, placebo-controlled,
single-blinded clinical trial[J]. Neural Regen Res, 2020, 15(8):1532-
1538.

Cai C, Li H, Tian Z, et al. HGF secreted by hUC-MSCs mitigates
neuronal apoptosis to repair the injured spinal cord via phosphorylation
of Akt/FoxO3a pathway[J]. Biochem Biophys Res Commun, 2024,
692:149321

Xiao X, Li W, Xu Z, et al. Extracellular vesicles from human umbilical
cord mesenchymal stem cells reduce lipopolysaccharide-induced spinal
cord injury neuronal apoptosis by mediating miR-29b-3p/PTEN[J].
Connect Tissue Res, 2022, 63(6):634-649.

Mi Li, Zhang T, Li P, et al. IL-4-primed human umbilical cord
mesenchymal stem cells-derived extracellular vesicles facilitate
recovery in spinal cord injury via the miR-21-5p/PDCD4-mediated
shifting of macrophage M1/M2 polarization[J]. Life Sci, 2025,
364:123441.

Wang N, Xiao Z, Zhao Y, et al. Collagen scaffold combined with
human umbilical cord-derived mesenchymal stem cells promote
functional recovery after scar resection in rats with chronic spinal cord
injury[J]. J Tissue Eng Regen Med, 2018, 12(2):e1154-e1163.

Na L, Wang S, Liu T, et al. Ultrashort wave combined with human



rh A 0 5T 40 i 2% 3 (LT RR) 20254E12 A 45 15%: 45634 Chin J Cell Stem Cell (Electronic Edition), Dec 2025,Vol.15, No.6

* 373 ¢

41

42

43

44

45

46

47

48

49

umbilical cord mesenchymal stem cell (huc-msc) transplantation
inhibits nlrp3 inflammasome and improves spinal cord injury via mk2/
ttp signalling pathway[J]. Biomed Res Int, 2020, 2020:3021750.

Li M, Zhang T, Li P, et al. IL-4-primed human umbilical cord
mesenchymal stem cells-derived extracellular vesicles facilitate
recovery in spinal cord injury via the miR-21-5p/PDCD4-mediated
shifting of macrophage M1/M2 polarization[J]. Life Sci, 2025,
364:123441.

Yang Y, Cao TT, Tian ZM, et al. Subarachnoid transplantation of
human umbilical cord mesenchymal stem cell in rodent model with
subacute incomplete spinal cord injury: preclinical safety and efficacy
study[J]. Exp Cell Res, 2020, 395(2):112184.

Wang Y, Lai X, Wu D, et al. Umbilical mesenchymal stem cell-derived
exosomes facilitate spinal cord functional recovery through the
miR-199a-3p/145-5p-mediated NGF/TrkA signaling pathway in rats[J].
Stem Cell Res Ther, 2021, 12(1):117.

Wang Y, Ding Y, Guo C. Mesenchymal stem cells for the treatment
of spinal cord injury in rat models: a systematic review and network
meta-analysis[J]. Cell Transplant, 2024, 33:09636897241262992.
Akhlaghpasand M, Tavanaei R, Hosseinpoor M, et al. Safety and
potential effects of intrathecal injection of allogeneic human umbilical
cord mesenchymal stem cell-derived exosomes in complete subacute
spinal cord injury: a first-in-human, single-arm, open-label, phase |
clinical trial[J]. Stem Cell Res Ther, 2024, 15(1):264.

Kim JY, Rhim WK, Cha SG, et al. Bolstering the secretion and
bioactivities of umbilical cord MSC-derived extracellular vesicles
with 3D culture and priming in chemically defined media[J]. Nano
Convergence, 2022, 9(1):57.

Wang P, Hu H, Li X, et al. BMP4 is insufficient to differentiate
umbilical cord mesenchymal stem cells into germ cell-like cells in
vitro[J]. Ginekologia Polska, 2023, 94(1):64-72.

Chen L, Xi H, Huang H, et al. Multiple cell transplantation based on an
intraparenchymal approach for patients with chronic phase stroke[J].
Cell Transplant, 2013, 22 Suppl 1:583-91.

Xiang J, Jiang T, Zhang W, et al. Human umbilical cord-derived

mesenchymal stem cells enhanced HK-2 cell autophagy through

X wwm, EH,REE.

M) ,2025,15 (6) : 368-373.

50

51

52

53

54

55

56

57

MicroRNA-145 by inhibiting the PIBK/AKT/mTOR signaling
pathway[J]. Exp Cell Res, 2019, 378(2):198-205.

Wei P, Jia M, Kong X, et al. Human umbilical cord-derived
mesenchymal stem cells ameliorate perioperative neurocognitive
disorder by inhibiting inflammatory responses and activating BDNF/
TrkB/CREB signaling pathway in aged mice[J]. Stem Cell Res Ther,
2023, 14(1):263.

Li K, Liu Z, Wu P, et al. Micro electrical fields induced MSC-sEVs
attenuate neuronal cell apoptosis by activating autophagy via INcRNA
MALAT1/miR-22-3p/SIRT1/AMPK axis in spinal cord injury[J]. J
Nanobiotechnology, 2023, 21(1):451.

Chen C, Xu B, Li W, et al. New perspectives on the treatment of
diabetic nephropathy: challenges and prospects of mesenchymal stem
cell therapy[J]. Eur J Pharmacol, 2025, 998:177543.

Bai Y, Du Y, Yang Y, et al. Ultrasound-targeted microbubble destruction
increases BBB permeability and promotes stem cell-induced
regeneration of stroke by downregulating MMP8[J]. Cell Transplant,
2024, 33:9636897231223293.

Liu Y, Chen J, Liang H, et al. Human umbilical cord-derived
mesenchymal stem cells not only ameliorate blood glucose but also
protect vascular endothelium from diabetic damage through a paracrine
mechanism mediated by MAPK/ERK signaling[J]. Stem Cell Res Ther,
2022, 13(1):258.

Kang H, Feng J, Peng Y, et al. Human mesenchymal stem cells derived
from adipose tissue showed a more robust effect than those from the
umbilical cord in promoting corneal graft survival by suppressing
lymphangiogenesis[J]. Stem Cell Res Ther, 2023, 14(1):328.

Pei W, Fu L, Guo W, et al. Efficacy and safety of mesenchymal stem
cell therapy for ovarian ageing in a mouse model[J]. Stem Cell Res
Ther, 2024, 15(1):96.

Krishnan I, Chan AML, Law JX, et al. Proteomic analysis of umbilical
cord mesenchymal stem cell-derived extracellular vesicles: a systematic

review[J]. Int J Mol Sci, 2024, 25(10):5340.

(i F139: 2025-02-25)
CR St BRIR IR

A 8] TSR T i 55 A 2 B Gk R 6 ALE BT R & [JIOL). Y Aemin s Faminde & (BF





