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Abstract

derived from human umbilical cord with the capacity of self-renewal, multi-directional differentiation and immune

hUC-MSCs (human umbilical cord mesenchymal stem cells) are a class of multipotent stem cells

regulation. Compared with other stem cells, hUC-MSCs are advantageous in easy acquisition, isolation, cultivation,
and low immunogenicity and tumorigenicity after in vivo implantation. Accordingly, hUC-MSCs have become one
of the most important stem cell sources in cell therapy and regenerative medicine. However, in vitro cultured hUC-
MSCs are prone to undergo senescence, gradually lose rapid proliferation and multipotency, thereby limiting their
clinical application. Here this review focused on the recent progress on the mechanisms underlying the senescence
of hUC-MSCs and the corresponding strategies to delay the senescence of hUC-MSCs for a brief summarization
and discussion.
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AR 0 A R E3 A2 DL B 25 R A FF S MSCs Y
[ B A 7T b o

FHE T HAD R BT 40 i, hUC-MSCs@& M
A LR 4 B R IN, B oo R AR DL TR N2
GAREL. oy BEgR. §IGRIAi e B At
hUC-MSCs BT it )L, 7T LATESRA LI oL~
R 8 R TR, I B S EE ) 8L A e
Y 8 A AL EOR A AL B hUC-MSCs
A L FE R AT Bl g, H il T AR T
KRk F BAH LA E A 44 1/11(major histocom-
patibility complex I/II, MHC I/I1)&% [ 1 2 A 1% fe )%
JEME . SR EY, hUC-MSCsTER N B F AN 2>
S SO R &R S, EAL, hUC-MSCs AT BLIE N
HEM R, ERHEEIHERGTHN T
PRFPE g% 7)) I HLRERTE 32 0% R G R I fiif 52 1,
hUC-MSCsAM AT PAAS T B FBEHT, i8] DAAERE &
FAE T A R — a2 AR A A A, e A A
B 2 RO P A, 3 6T A4 ) N A 2 SURN 2
BHATHBE . hUC-MSCs4H i B A 5 & i 4% A
S FEYE DGR T RAEL A S R DR .
B 18 A A ARG A e 4, hUC-MSCsid i) BLiE
I A B 5 3 WA IR AR A Wk 22 B AE DA YEIR T,
FAEKR T g7, bR 7R =, 5
SGIBUN; P/ 31 I AN X UN T 310 e s /PR A P
TR AR BT 5SS A R BE, AT A& B 4545 4H
A, S5EG0RT ML, hUC-MSCsH] DL 2 B 5K
o P25 ol PR PRI

H T, hUC-MSCs®] LA 1697 & AP, £ 2
& T HAG MRS E S hUC-MSCsIf1iG T N 2
KEIE, (1) AL hUC-MSCs i LLSE [A1 04k s
SE MR A A IR AL TR P, (2) i
77 hUC-MSCsRJ LA o2 4 (U T4H i . B AN
T )5E ; BT LAE S BRI e 26 R A%
AT R T Fd T 7 (25 -10(interleukin-10,
IL-10)H1 9412 -4(interleukin- 4, IL-4)JIR4% R 9E . 1%
B 38 I N B AR A B T ZUEE 1Y, (3) 554k
% hUC-MSCsidik 73 W AT i 4% 731, 4nff1 o ¥ R4t i
A K [KF (keratinocyte growth factor, KGF). 4k
KK T (hepatocyte growth factor, HGF)Fl HAth 41 i
KRt AE D, (4) U AEH : hUC-MSCsHf
LA 2 9 BB T 1 % -1B(interleukin-1pB, TL-1B)+
98 R AL K] F -a(tumor necrosis factor-o, TNF-o) Al

H A% -8(interleukin-8, T1L-8)F¥) 3k, Jaki/b 48 iE F 4K
AR SR N Kl o N e ) Y 14 X By i
hUC-MSCs 1] DL b il 0 21 2 £ A1 5% F0 20 e 97 1 LA
K HGFFIH A 2310 70 W R AE LA A& 1, T
DLIEE I 5 A DG AF 5 d e A g I A SR 4 T
AelS), ZE |, hUC-MSCs & NN MG J7 Fl A s
b E B T AR R TR

2 RFE) 7 B4R RYim R R A

hUC-MSCsH# 18 1 5 7] 7340 FH 43 WA v 14 [R5,
BTz N T 2 AL IR TT (R D). ARIEZIR
IR FEE S N LA TTTH

hUC-MSCsE i 75 56 AN B 1 G5 5 4t 7 T
HAMEENS, I eaE RAERAL TN 2 5 .
hUC-MSCsiti i 73 WA A e e 4l K] 572 22 Wil 3
# [ 1(chitinase-3-like protein 1, CHI3L1), )i T4 A
WFAFERAT TR 7504k, JET R SR AU 320
(acute graft versus-host disease, AGVH)JEIR ", hUC-
MSCs#Fi# A& (hUC-MSCs exosomes, hUC-MSCs Exo)
[FRELE R GV BERIE (systemic lupus erythemato-
sus, SLE)HRIEHT R AN G R 5 ER U7, Bt e 1
Sox9(SRY-related HMG-box gene 9)F1#5 b A4 K K1
B1(transforming growth factor-p1, TGF-B1)H 58K IE
A LM #E hUC-MSCs I R T R, FRAR 20 I
AR DA SRR B IR AK KT, TR 256
J7MEMR) B AR DSR2 b, hUC-MSCsili id 52 7]
GG CL R o3 WS T TR X e R G R AR AR

7R WAESE T hUC-MSCSTEVRIT M4 R G5
PR E ST 2. MSCsHA 2 m - igae, nIHh S
I3 AR T I 57 248 R /)N e Joia 4, e i gk 2> 288
DRI F PRI, 0 P 22 0 I B R AR i B B
AR Z T DRE 120 B T B A WM& g
AESl , hUC-MSCsid i] LLE I 55 73 WAL i) B4 R 3
FRZE 2P, BT AR A RGN K R R R AR
BAER . FEF IR HE BRI (Alzheimer’s disease, AD)
N hUC-MSCs 73 i B HGFIE 1 i &
BEIRAL P taud [, O35 P 48 JoR 2T A 20 25 P 6 45 4
Pk, Il S cMet-AKT-GSK3B{5E 58 E i itk
ADF Ty P28 T R ] BB, AT AD /) BRI
FAALAZEE S . WM, hUC-MSCs L /&2
I FH T G045 1 i 2 0 i ERE B, [ A A D RefS
P e F o ER.
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Table 1 Clinical applications and therapeutic mechanisms of hUC-MSCs and hUC-MSC Exo
IS ESit I A 2 WEIRTT B EEPEN
Application type  Clinical application Potential mechanisms of action References
hUC-MSCs Heart failure Differentiation into cardiomyocytes and improvement of vascular [27]
function through paracrine effects and anti-fibrosis
hUC-MSCs Intervertebral disc related diseases Differentiation into chondrocytes [18]
hUC-MSCs Alzheimer’s disease Differentiation into neurons and reversal of microglia phenotype [22]
hUC-MSCs Hypoxic ischemic encephalopathy Differentiation into neurons and secretion of nerve growth factor [7]
hUC-MSCs Liver fibrosis Differentiation into hepatocytes and secretion of HGF to restore the [28-29]
function of hepatocytes
hUC-MSCs Spinal cord injury Differentiation into nerve cells and suppression of inflammatory [30]
responses
hUC-MSCs Chronic kidney disease Differentiation into renal cells and secretion of HGF to restore cel- [31]
lular autophagy
hUC-MSCs Acute graft-versus-host disease Suppression of immunity [16]
hUC-MSCs Exo Colorectal cancer Induction of anti-tumor response [32]
hUC-MSCs Exo Systemic lupus erythematosus Suppression of immunity [17]
hUC-MSCs Exo Acute liver failure Suppression of immunity [25]
hUC-MSCs Exo Autoimmune dry eye Suppression of immunity [33]
hUC-MSCs Exo Chronic obstructive pulmonary disease ~ Suppression of the inflammatory response [34]
hUC-MSCs Exo Acute kidney injury Suppression of p38/MAPK and promotion of cell proliferation [35]
hUC-MSCs Exo Nerve injury-induced pain Suppression of immunity [36]
hUC-MSCs Exo Spinal cord injury Suppression of immunity [37]
hUC-MSCs Exo Skin photodamage and aging Suppression of oxidative stress/promotion of autophagy [38]

hUC-MSCs X it 13 7 i th A7 2 25 )36 )7 1
o hUC-MSCsit i {ie 2 fH 20 P A= A 00 s FH-440 e
AT RAS S SR FFH P A /N B ARY
B rmiR-455-3pfhUC-MSCs Exo AJ DL I 2 ity
FE AL, FEARARIER T K-, St it A gk Ry 4=
FaZs . hUC-MSCsid 7] i id 41 Notch(5 5% 5
1Y % Stat1/Stat3(signal transducer and activator of tran-
scription 1/3 )it i A 2R 467 R 2503 S8 AT T 2 o el 45 4%
KK DI RER LT 4, I IEEHME R R,

hUC-MSCsids )iz N -T2 Fh At 1V
T JENZLHE R (type 1 diabetes mellitus, T2DM)/N i 1,
hUC-MSCsifi it i PI3K/AKT(phosphatidylinositol
3 kinase/protein kinase B){5 5 il % A 2 [ {1 I 4%
KA, DR TR PRI S B — MR S O, it Ah,
hUC-MSCsifiidf 43 i HGF I # 4 K A A0 1774
(advanced oxidation protein products, AOPP)*} HK-2
A B W E AR IR YT 8 B IEW (chronic
kidney disease, CKD)IJDJRERY . HAlT, BTN R IE
7EF FHhUC-MSCsHThUC-MSCs Exokf JE L6575, U
PR RGEERIE O, IR R S 5 R G 4

HEAT IR ARG IT B I, Herh— 28 2 58 B DI a TR I
PRARES (K 2). ik, 2T hUC-MSCsHI T4l in
I7 ] RE2 ORI AR SRV B 22 Bl 1 — i VR T 5K
1298

3 BFEERRTHARRE
3.1 FfeEZRERTHARNEE

HAT, H AR AE hUC-MSCslifi R 15 H &
e E L 36 AN E 45 2 A B 5ORFE 520
BRI, A TR RIS B AP B . hUC-
MSCsTE NI PRI ML YE 7 (1 B ZERIE, 765 e )
REFIPLAF AL E 2 A R IEEZAEA . SRIMhUC-
MSCsfE Ay 3 AR AL PR 20 i 1) [F] BT, fF S & B L7 =
SEVRIT I RIBR I . hUC-MSCsTEARANT 1 I 5 5
2, FEOLZET R PR A AN 2 8 44k RE B4
DRI, 4 i 3 2 2 il 4 hUC-MS CsTE B AE FZH 43 T
TR BRSNS R ) R R R —

2 i % 22 2 20 R 5 P 5% A ) RLIOIR A
& Ja I — RS 2R AN MUIRAS , BLFE ThRe Fl & il g
AR, B2 FEAIMUIG A 1T b HAERZ R E
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Table 2 Clinical trials of hUC-MSCs and hUC-MSCs Exo

Rt I PR X 36 B B TR IT WL EE PN
Disease type Phases of clinical trials Potential mechanisms of action References
Acute-on-chronic liver failure i Differentiation into hepatocytes and secretion of HGF [41]
Hereditary spinocerebellar ataxia % Differentiation into neurons and secretion of cytokines [40]
Acute respiratory distress syndrome  I/II Immune regulation and tissue repair [44]
in COVID-19
Multiple sclerosis I Differentiation into neurons and secretion of cytokines [45]
Psoriasis I Immune regulation [46]
Autism spectrum disorder I Immune regulation and suppression of the inflammatory response ~ [47]
T2MD I/ Immune regulation and suppression of the inflammatory response ~ [48]
Rheumatoid arthritis a1 Suppression of immunity [49]
Immune non-responders with AIDS  1I Immune regulation [50]
Poor healing after uterine injury I Immune regulation and suppression of the inflammatory response ~ [51]
Peripheral arterial disease I Suppression of immunity [52]
Cerebral palsy I Differentiation into neurons and secretion of cytokines [53]

BE 7 DL ST AA ok B e 5 1) o S Pk 38 5550 BF 7
W], hUC-MSCs 3% & B A X 5l T HL 40 i 5 &
(RIREYE . B A5 20 B 1 AN W7 4% X, 32 ZhUC-MSCs
FSE R RS 22 10 20 A0 e i 25 55, HL TR) 78 5T 48
A M4 ECD73. CD9ORMICD105 A 2 0, itk
4, hUC-MSCs 3 22 R fiE 0 5 A A0 40 M 3 2 11
ek, RN RE R FIhUC-MSCs - Fifi 3 5 fig 77 1)
R AL I 5 2 A 52 B-2F- LA 7 i (senescence-associated
B-galactosidase, SA-B-gal)iif M [ 34 fin 45 i 7Y 4 ffd %2
ZHFERS 4 B 5 22 AN SR T HS 4 B S A5 v 1 B
%, WRIAE AT B 73 W55 73U I 42 - Wb 41 i [R]
K 5 M I T 4 AR RH ZH 2R B A 108, 3 P I R A R
REEZ A RS W1 (senescence-associated secretory
phenotype, SASP). $7 [(JSASP /3 ilh IRl 1~ L4 A= K
W MR, AR R R AN AR T 4R
% (8§, 10 (A &R-6(interleukin-6, IL-6). IL-8F/1 £f
T R IS P04 F-1(plasminogen activator inhibi-
tor-1, PAI-1)™, —J51fi, SASPIE 4 5% 2 4 >k
TR A, R B A R R L R e B A A
M s hfe. 55— 771, SASPIE 7 WA % 41 A K]
T AR M JORE, 43 WA 2 55 22 4 i X 1175 = A 6] IE
WAL, B SR I S R RN 5 A R Y
E%[GO]O

3.2 BB 7R R T 4R E BIALE

32,1 MR R AR T@pzEa#nEE  hUC-
MSCsHE 2 B A H Y0 5E 2 10— se 3k ) HRA

FEAFE BB AR AR RS R )
755 DNATR 18 B s 7715 5 3B 38 2 (stress-
induced premature senescence, SIPS), LA it 4
T B0 A AR A 15 i 1 2 Y 5 3 (replicative
senescence, RS).

B P A )35 M4 (reactive oxygen species,
ROS) 5 Ht8 B RN, BT A PR s PR AL
il B hUC-MSCsf&ARRE 3G I, 44N ROS
B AW AR B0k S BRI ) 77 A 3TN DNA
I AT, B8 DNA R RGN 25 B P O, A
T A BRUTEBR AR SG LR (1) 3RL 1, ROSTE(S 5% &
Tk R R R DA ) B AT R I B AN ]
e, SRR s DR SETE ., £
FAL NS R RGPV TE 2R T (heat
shock proteins, HSPs)!“FI% K| 21 4 i 2-#H S [ 1
2(nuclear factor rythroid 2-related factor 2, NRF2)Z
HiRE A E 2, M 2 g4, HSPshT
URIES TR RIPER , #E B2 88 A iR 2
DUIRTS IEH Dhe, BN 32408 A 1z =1 b
AE SR, DOkBERZmEa K H . — 7,
NRFsit 10 J5 g )& pl, KAEpTE /e i
HET A ROSHIE &4 5 55— J7 1, NRFsXAH G
P A AT 5 18 2% 1 U 75T AT LY ROS o 240 ffd 1 45
7. 2 HSPsHINRF2LJEZ 41, ROSHE % | 2 fifl
() ot SR AR TC A IR TR B, 58 M0 40 i A
g3, T B = 2
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AREADGE RE E WAL 2, 1 HAEA S 2
322 A O R R ¥ 35 LB A . L AITROS
Th e A2 ful R A S E LA 2 — , ZekiiR/E I ROS
1) EERYR, R N 2 sh S 7 2 FEROS
(A R, T 5 B AR A ANl 22 1T 2
MSCsZK I H B R AR & 38 AT 2k A4 73 2Lk, {2
Bt AR ROSHY ™A, JEINJE 7 R HIMSCs ) 5
o DRI, SRR BN 7 2 R BMSCs /b A
BRI, HEEE MSCs 2 2 1 5 ik R Bk B
UL R SRR R 955 22 10 1 hUC-MSCs R B HY - 2 55 2
FHIE, W e S 2R AT e 8 Ao U0, BREBEIE 2 5
i B A 1 2503 DA O & ROSEI= M =48, mf
REIR I OB 2R AR 2 7 T B R AR T RE R RG , F:3K
ROSHFELRE R G IR 1971, I T A2 i3 20 i 3 22 A
FH OGP B R AR

M FTAIE S/ hUC-MSCs K B85 7= 1 #2 H , 4H
MO AR, HGEARNS, 40 M A AE R TRl 72
HIESE o % R AT AT e T 7 184 5 6 PR 3R TR 7K P93
it 7 R 9 2 TR AR AL DA A i s K B IR AR o B s
25 R H 2> il DNA#RA) , #ETT 5142 hUC-MSCs
HAARFE, A& FHhUC-MSCsi#E N3 Z A K
PFHPIRASCT . WFFER M, SR/ Q A E)FEE, A
FEZ/PD IR (20~24 17 i ) ERAT I MSCs {73 H S b il
FIE R 52 RN v LA P G e, I EL 2 14 5 22 0
GrALRE 113245 7, RIS AE MSCsAz K F I, i f g
F B Y MS Cs th 23 3% 28 H 73 Ak B 77 720, T i A% il £
MSCsH i eIk i % 38 5 H I G AN oAb e 00
3.2.2  BEaR iR AT ik eg AR X A3 5 %
T S L PR A R A i TR S T A R S B T
G A FHL W DNA S il JE 2ok SEIL R, 4 & A e L
AR, BARAM A E D R E AR
5 B (cyclin-dependent kinase, CDK). 4 Jifd i 3
AR A TSI 3] X1 7 DA S A0 P Bk 4 i e ik 9
11 25 A (retinoblastoma protein, RB)JL[FA] 17, &
15 518 7 8 T PRI CDKIE P B i CDK A0 il 8+
IR i3t 2 g 2 el

FEhUC-MSCsE i 2, ROSI L2 551
p38/22 L5 iE AL B H I (mitoge nactivated protein
kinase, MAPK){& 5 il & 4t 7 1 0% , b1 i p53.
p2 1 p 1655 44t i i 39 G 42 P67 (0 (& 1) p21
I p16 A% AR S8k fi ) 20 ff J& 1 2 1 -CDK R &4
TN 2E RBEFELBUE , B0 1 RBI#E I [ 2 E2F

R B % SR AT ) 4 e TR U7 AIE SR, p21 s
p 162745 2 ifd Ji 39 47 i 2 PR e 3 0 | CDK 12k
FEUC-MSCs -2 522 1 R AT, ok B 4L g )
W R 22 U 1) hUC-MSCs B T~ 2R 4445 473 4 3 ROS
S P AN b I TR e BitE = A TR S I ERCD I &
IEH I hUC-MSCsH L, R [ 4E 4R 14 o 22
AR hUC-MSCsH p1 6H1 p2755 53K V- B E T o Bk
B2 A, AEK B IR UR B JR P 42 15 ) hUC-MSCsHe
WA 2 p53 LA L plets A AEAE AR T2 104
ISP AR XS T =70

PI3K/AKTA 5 i 1 2 40 fif 5 2 i R e i —
SROCHRE T IERE . e LN O B L R B 8L )
RE N FE, PRE RS S UN HAE KRR MR B R,
Wi PI3K/AKTYE 5 it i Hh KL 4 S B o 3 1k 10 e
. FI % i B (hyaluronic acid, HA)4K 2 28 %
FEhUC-MSCs /i , L % PIBK/AK TS 5 38 % 5 54
T ORIAE AR A FIAR SR AR A UY, D B SR 2 8 5 A
ALk TR E . A, A 4R A K
[X-¥- 2(fibroblast growth factor-2, FGF-2)tH gE %M it
P PI3K/AKTAS 5 I8 HHM i MSCs T FH{le it HL 1
B, AT 4EREMSCs ) 1L

FE A SO DNAS 26 A T, IR ERAMIR
7738 W] LB 40 B #% Rl - -xB(nuclear factor kappa-
B, NF-kB)FH IG5 5 il i, 3 1M 80 o 5 RE I
R, G5 SASPRETL R ALK 7~ 14 Fh 2 Z M R 1,
ARSI DR RAAY T €28 DN = Bl e sl A
77 AR 25 T 3 P I MSCsH] LA il
SASPHI K 141 % - 1a(interleukin-1a, TL-1o)FITL-8,
TL- 10 TL-8FK) 55 73 WAE A 3d i NF-xBA A ) /7 X7
FRYIMSCsIA e E, PR MSCsHh A
NE-kBA 175 7] LAFH W 1 #5638 MSCs )55 73 il SASP
SR FHIMSCs 3,

e 13k 41 i & R AR BA R A ) o3 A A B R
BANE N R T (mammalian target of ra-
pamycin, mTOR)[FIFEL 1 S E . mTORH]
il F Wk 2 3 BOH 2400 E AR R BLL ROS/KAF 1)
Thim, TS 84l i 2 1 &K 42 . mTORE & 14
1(mTOR complex 1, mTORC )& H Wi [ 3= £ 5
KT, EEFRFEERFM T, mTORCA] LLidd
5 ULK1(Unc-51-like kinase-1)(Ser637£1 Ser757)F!1
Atgl3(autophagy-related protein 13)(Ser258)%F & fif
B R A TS B MR Y RS R, AT AR B
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W /MR AEMI R A, A SRR EE™, SRR
B, PUIA MR B 9% 8 i 7 HlmTORAE 5 [H 5 MSCs
2B, mTORI R AT DL 2 21 i B 3l IR 0 T
li(AMP-activated kinase, AMPK){5 5 1 i#% ) 52 1 .
AMPK ] LI i 67 8] P mTORC 13k 1E [ 1 25 14 1,
TR AR IE Z A2 AE . CA W 7R B, FGF-
2138 IF AMPKAE 5 18 B N 3 2o R A4 3)) 7 2 ok o 15
MSCs[FEEM,

4 EZRFHEERT AR ERT]
#£ hUC-MSCs¥77 S LT 5638 1 B2 AT AL A2 v
TR IR SRRUC-MSCs L 5 10/R AN 22 )1 S 38 T

U 0 8 5 4 398 5 DA 400 k) 9 T T B A 8 B,
I HL 3% 22 40 B (98 Bk o] DU 2 1 48 P 24 B O 2 2%
FERFER DL, 5 iR g s R —8, 551018
FIEE 158 hUC-MSCsTE AR FME AT FE F H 30
Bl RGBT EE T T, 42
T8, SE AL SRS FISASPRS IR I Nt . B 2K
FEARKG 15 3 hUC-MSCsZE %, HHAN [FIF2 5 b sz i L
BEE BE 1 AT RS L 20 Wi MR RTVA T RAOR B, R,
BGOSR AL 2% K W RE 77155 5 (1 hUC-SMCs 3
2, FEIG R A BLRE ) LA I R R I AR R

B, HarEEA LR UM 7KL hUC-MSCs %
Z(E.

Telomere erosion

Normal hUC-MSCs

Low immunogenicity Multiple

differentiation

Automatic homing

Self-renewal MI”W

Gene modification

DNA damage Toxic potein Mitochondrial
aggregates dysfunction
PI3K/AKT | Senescent hUC-MSCs
p53/p21/pl6 1
NF-«B 1
mTOR 1
Y
[
° °
/i‘ ° °° 0o e® oo
_eo® o .. o o
®e0 ® o090

Pro-senescence
protein antagonist

Anti-senescence

protein agonist Nano scaffold

ROS: reactive oxygeen species I
hUC-MSCs: human umbilical cord
mesenchymal stem cells

NF-kB: nuclear factor kappa-B

mTOR: mammalian target of rapamycin

PI3K/AKT: phosphatidylinositol 3 kinase/protein kinase B
repair

hUC-MSCsy&— i BA B I EH. 2 a0 A0 H A 3 5L RE ) ULRAR G B J5 Pk (0T A, Sk . 35 1442005 S I DN AR |

Nervous system

46 yoiE=
Immunodeficiency
repair

Liver repair

IR AFRE

AL A4 Th BE R RS 7T I 1T 43 PI3K/AK T p53/p21/pl6. NF-kBMImTORSE(E 5 515 ShUC-MSCsTE ¥ . R, Hi3E ¥ 8 A R IEsh .

322 TR 77 LA S K SO T IE ZEhUC-MSCs 8, MMk E A ZUE Z D)t .

oW |

hUC-MSCs are stem cells with low immunogenicity and the capacities of self-renewal, multiple differentiation and automatic homing. Telomere ero-

sion, reactive oxygen species-induced DNA damage, toxic protein aggregates and mitochondrial dysfunction can lead to senescence of hUC-MSCs via

modulation of PI3K/AKT, p53/p21/p16, NF-kB and mTOR signalings. Gene modification, anti-senescence protein agonists, pro-senescence protein

inhibitors and nano scaffolds can delay the senescence of hUC-MSCs, thereby restoring their function of tissue repair. 1: activation; |: suppression.
Bl ABFERRTHEBNRZINEREEERENTTE

Fig.1 The mechanisms underlying the senescence of hUC-MSCs and the methods to delay their senescence
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Gk -

4.1 EFEF

FEFED 2T, 008 B AE 22 hUC-MSCs 2 il 3522
FARFFILARSMYTE RS T 0 715G P 41 E 4w AR
FlmicroRNA KL P01 21 it 5 2 2 60 & P FR S 70
T T EE T e A 4 L PN R R R B A 1) SE A
2 FEAIE L DNA 3R AL R 2R 3 48 1 4 26 Wt 1%
SRRy AT O3, H R, 40 A EE g A ]
i BB IE Octd. Sox2. KIf4F c-Myc U Filt 4 57 [
TR AN M 5 2R, KR 5/ R A @, Bk
B LN Ay T 2 A R R 4 i S IR R AN VB
FIF IR . microRNAE T £ 48 R 4E4% hUC-
MSCs#Z P, %1, miR-106a. miR-106b. miR-
93, miR-25F1miR-155%% 2% FlimicroRNA ] LLid izt 11
filp51. p21 M pl6%5EAHICH I IR IA DL I SASPRIE
UMM E. ERE TR -MERERM T, miR-
25-3pFE L R AU T LA BRI AR T MSCsFET- 4L
&, F HAE LR 5 2 fE ). SR, B FEZEhUC-
MSCs %2 1) 5 1EHATAE — & Wl AR L FH Rl 2
%6, AT hUC-MSCs % 2 B2 1) SRR - th 2 IR
A2 T RE I B A A AT R T, T e A
| BRI 1X HE IR AR ) e 2 AR AR A TR SR . IR,
B Fh microRNAZE 2% hUC-MSCs¥E & IR AN &
T TURh 5 22 A0 56 B microRN AR &4 A4 Bk K 4%
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