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[#BZE] [BIFEH T 40 ( mesenchymal stem cells, MSCs) /&=—2& BA H 3% & il F1 £ 16] 4346 BE 1 10 RUAR T 40 ifd .
MSCs AT 43608 ERE LRSS Z R R L R AE AR SUN RS T R G R AT 5, (EAF: BE 20
i 52 4 R B HE n DA B AT R A MISCs AN 1Y i P T s 3 [ A0, DT e I — e R B B BRI T MSCs 1911 PR FH
9 1A MSCs BIAT RN 60 B RO, A7 6 ST MSCs B RBLIF T HRAELE MSCs 3EZ Y M, AL
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Research progress in epigenetics of senescence of mesenchymal stem cells
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[ Abstract]  Mesenchymal stem cells ( MSCs) are adult stem cells with self-replication and multi-directional
differentiation abilities. MSCs can differentiate into various human tissues such as bone, cartilage, and muscle, and thus
have broad clinical application prospects in the endogenous repair of human tissues. However, increased cell replication and
aging mean that MSCs inevitably face the problem of senescence, which affects and limits their clinical application. To allow
MSCs to be applied more effectively in basic and clinical research, it is necessary to study the mechanisms responsible for
their senescence and develop strategies to prevent its occurrence. This report highlights the role of epigenetics in MSC
senescence.
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B B R CF BE S HAb A 4L MSCs BA i
1) A FREHRE T | 2 ) o A e S e g ek
MR TFAZUEE B BRAR A Rk U, H i T MSCs
FEIG PRI, FH s ZEAAR AN 1S | DT AS RT3k A 1 1 i
1 B 5 () 0, T — s R L BRI T AR I PR Y
JZ R, MSCs 5 ML 2 5 2, AR S0
AR5 MSCs 3 22 AH JC 1) F W a5t 15 16 1 J T A% Bt
FEHATERIR , TRVT T B AL B X MSCs 3 & 1 5%
i, LASH A 4 I 04 S Al A 8 I DR g FH 24— b
B,

1 Hpa=E

R R A M AE AT AR e TE Sl A B
& IS [RIHERS , A0 A 5 5 o0 AL BE ) B A PR IT RE 18
BRI R, MR EEIR BT 1965 4FH
LYK Hayflick” 7815 72 WLALZF 2 41 il i 72
B, B A E A A SR I, 280 A FR B 4
RIS 257 5 3 B 35 97 PR 8 A A 28— AR
Vi IERIRAY 2 o5 s I NITTB7: NEI B 1 i N BN |
I P A5 R A H T 200 i 3 5 B T 1 B R B R Sy
Hayflick B PR, 4 40 i &2 il vk £k 2135 Hayflick % B
J& AN R 2 AR O, B 2l i R 3l IR T At
T-'7' . Hayflick % BR 8 % BH 1k I % 40 i 19 JC BR
HrE .

O 1 e 2 %) A L % By A B 3G R
G, 40 TR 265 8 R R st b i 4 A Rk
Jo AR 200 B S A R A S A s e A B R A AL
e (1) 20 B S 7K 5 R B BRSNS AR AR
UHE 5 (2) A N A PRI (3) AH I N R TR
(4) 2 e 8 5ok 3 o, 200 A AR BRI, B AR
TR IR K (5) 4 A AR 375 1 DD R s, W)
Fria I e FEAK, w2 M2 Ir A 4 it [ 2 A
(A4RF 1, MSCs A > 20 M % — b, [5] 4 18 1ifs 5 22 1)
M, TR AT BRI MSCs B0, ML
IR EIG PR N FH 0 55 2 b o, 507 I R L R 2o 2 v
MSCs H#its AN 14 15 35 . SR B T A7 7E Hayflick
PR, BEA A AL AR B 22, MSCs A ] s 4 1) THD
ek 2 1) L, A HG AR ) 27 D R T B 28 2R 0 PR
Tl AR

M e 2 F A R I RE IR, 2 —1
MG A HERE . H T 20 i 2 P A 5T
F A T b 5 s A U SRR AR A . DNA
51473 . Wnt/ B-catenin 18 FH0IE  SIRT Z 58 H M %

WE AL s S 1w o AR TR B NS AL 1T
AR MSCs = HIALH]

2 RMEFEE

P R 45 2 A5 70 AN i B TR 9 18 4% L
TR B R AR TRy T AR AR, SR
WEAB B, DNA 12 [H] 25 0 08 G (0 AR 25 1y A=
B FECERYUBR S Rk . AR SEIE SR
WAL P45 55 Z2 P AP0 | A B S PR 5 S
iR A A OGP SR A A i AT e 3 e
J7 AR SE [ 323K . DNA B BE Ak 4188 (& i ek
Hifih RNA,
2.1 DNA RELEN

DNA WA M 7E B AZ AR Wy rh o2+ 4 i Ui
SIS, 2L B Py ik DR 3R Gk A 4 1) R
LI, DNA HUEEMLR 1575 DNA YA 5 i
(DNA methyltransferase, DNMT) i 5~ | 7 5L K 4H
CpG ZAXTT IR W M mANE 5 5t for HeA 45 & — 4 H
LA, P b A R IR T SR AR
DNA P A3 21 ] S T R RE DR e 58 ) DT 130722
A T EE

Farahzadi %' 3 of BA HU L VE Y L-A B
A0 ¥ G W5 8] 38 BT T 40 M ( adipose tissue-derived
mesenchymal stem cells, ADMSCs) , 2% 42 & 8 hTERT
JA BT IX CpG & By HV BRSSP
KV BEAR, i Rl 15 P38, e 280 ADMSCs %
LR AR, PN hTERT Ji5 37 X H AL
REAZ AL E ADMSCs %8, B i TAEATSE v siphor i
T PR A RGN (1A AT DL RE 28 40 Jf s 22 i 2 DR 0T A
AE 7T 0 Ut B AH G A 1% HY ek 23 i i ADMSCs 3
%, Kornicka %715 1 DNA FF R 5L B2 41 i 571) 5-
AIMIAF (5-AZA) &b B ADMSCs, I3 i ELISA &
HEPEAL DNA HORARIRE, 25 58 & 31 DNA H 364k oK
SF-H I AT, 3= FLWE it PH 1 % € 4 e i 1
B/ L 5-AZA REAT M H] ADMSCs 32, {H
HARBLHIA R ifE— A58, Oh %' J@ i DNA H
LR R RN A 77) RG108 Ak B -8 18] 78 57 T 41 /g
(bone marrow-derived stem cells, BMSCs) , 25 3 & #i
YU & A v 0 00 5% SR B (telomerase reverse
transcriptase, TERT ) | il £F 4 41 }fg 4 & [ ¥ ( basic
fibroblast growth factor, bFGF) | Ifil & Y B A= & A+
(vascular endothelial growth factor, VEGF) JZ Ifil. & '&
5K (angiotensin, ANG ) & 3K B8, 11y 5 & A0 AL 5%
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JSVEE 4 A Yk 58 A8 JE A (ataxia telangiectasia-
mutated gene, ATM ) .p21 & p53 FikFFEK, H B-2F
SFUBET 1 % (0 BH 1 40 i 80t e =2 020 5 DR b 15
RG108 i@ Xf TERT Ji5 3l X 3 14 2 H 3 AL A1 A
i 3 FR LA T TERT 235 (Y 410 1, 48 22 oy Ao Jo 4 3
B NIRRT A 3, Al 5-AZA/ A
RIS HIZG TR ST 8 X ADMSCs HYSZ, 45
R ZFRG RES U W A AIC DNA TR iy 5- YKL ffg i
WEAKF, TT7E—E R L AELE MSCs &

25 AT 2 AT O R PR i R K P-4 i R
BEINH MSCs FEEHIERE ; [, 0 2 B A G AL A Y
AL RE A SE 52 £ 28 100 e MSCs 1
2.2 HEAEBH

HE AR —MTE TR ORNG S DNA 254
ARBBE £ 11 5T, T RS 2 TR AR = TR 5 R ik
2,5 DNA St[al2H lirz/ Megst . Jefhod i
BAAZMRE L, B — MRS . — D 8
(4 FZ0 88 H2A (H2B  H3 Fil H4 194 W
ANBAARZE L) s K BEZY S 200 A BEEEXT I DNA L&
— AR T A H, KN 147 BEEXT 9 DNA #
LET 0 8 ARSI . FERZL 8 AR ZIAI I <
2959 60 Bl HE X Y < He Sk " DNA Y H
TEAERF e (AR 25 M RRE T T R AR 2AE ], AR
FUE R A8 TEAHSC B O/ F T A W AL | 21t A
NEIR AL S ok F R — A W R B R e, H
Hh ZHEE R R RE A Bt 2 B AR E BB A 5 =X Jd
W RAEAER A TR R IL ARG RSk 5L b T 2 Mk
BERRAL MR AFIR 1L 2 R AL S ADP BXME B AL A5 1 1
HAB s, 3881 RE U8 50 R 15 A 572 i 4t
R 568, il ik Z R T XA K
PR IIRE

REAERTSE 2 BT 4 25 118 1 4 ) 2 21 2 1 P
5 Wt 2 5 MSCs 3 & A 560 Bt 2, Xu
SFPU R R IAE RAL AR BMSCs H R 2R H
e
methyltransferase 1, CARM1) 5 H3R17 H Ak K
B W SR 25 A 3 32 1K 2 (discoidin domain receptor
2,DDR2) Jia s 1 X3k B %45 5 5 R WA S 40 AR
Lo, e 2R b DDR2 ki), @ik DDR2 J&
FTLLH 55 AR R A T BRTRE /1 ; CARMI fiE
g 7E 5L A% AR 40 B b p S HY Ak H3R17, 410
CARM1 4 3 1 2H 8 1K 24 e WY 2 Ak T DL i
DDR2 £ ik JF T B4 i 3% & ; i % 35 CARMI 5

1 ( coactivator-associated  arginine

DDR2 7] DL SESZ R LA AN ) 52, %5 3
TEAN R Y 200 B 1% 5% J6 39 v CARMI 4 5 19 H3R17
FH A X B 1) 70 0 4 B 2 & = A AN RIPE
B EARDLHIAL A F5 o — 5% . Huang 261 18
H3K9 2 F 54k iff ( KDM3A #il KDM4C) £ BMSCs
TR R A o S T S 2R L5 NCAPD2 FlI
NCAPG2 15 5 Y& 0 it 8 41 5 41 ] KDM3A/KDM4C
5 NCAPD2 A 5| 258 20 () DNA 5475 5= i, A\ Jon
JEAI 200 Jf 5% 5% 5 T 3 635 KDM3A/KDM4C 5 NCAPD2
AT DA R S e £ SR T4, fFF DNA 54475 52 Ak,
W7 REA 4E 2% 5% U 55 MSCs ¥ % . Hu 252 BF9E &
PEE % BMSCs ' NAPIL2 7 [ % 3k B4 hn, i
NAPIL2 ik 5 H3K14 Z WAk K 5 B 5 67 A
Xy E—EWF 5T & B, NAPIL2 3@ i 845 H3K14 &
ik NF-xB 38 B% 8 4% 5 22 A ¢ 3¢ B 3% 5K 4R if
BMSCs F#, A2l id WNTI0A i 5 K RUE &
TSV L IE) T AR A 2, 45 Rk B WNT10A id
it Wt/ 5538 B T4 8 11 25 ARG HDACS 1R
1k, #1753 HDACS M5 5407, HEm4n i N P53 19 4,
Ak 7K S, DT G 40 B g Y 55 4, Wang
SRR TR MSC BRI i 2 TR 4 65— Fh 24 26 11 2
R ) ) KAT7 ik B H, KAT7 2K {6 REWZ (i
H3K14 1 L BEAE KT IF 5l p15 INK4b 5% 5%,
AT SIE 28 A i 4

SR, H AT OC T 48 r B i oY AR
TP AR AR K 2 kAR T, A AR A
AU B AR ML B R i A 5 53 B AR
AR, AR T2 5E
2.3 dEZRA5 RNA

E4R S RNA ( noncoding RNA, ncRNA ) 2 $§ A~
St B BT RNA, ARSI 4 R 240 RNA 3
J&FAES S RNA, dE 4 RNA 4035 4% & RNA
(ribosomal RNA, rRNA) %% . RNA ( transfer RNA,
tRNA) . #%/)y RNA ('small nuclear RNA |, snRNA ) FIfi{
/N RNA ( microRNA , miRNA ) %5 dE 465 RNA (1%
WAL AE M ALEE B AN RNA 20 F (/N4 RNAs 8
siRNA) A P RNA 73+ (microRNAs ) 47 5 (19
PG, AT RNA H IR Ak BB 52 72 7 il
RIS A E T R PR B m®A 3R R il
METTL3 o] LAfie i MSCs %% , i i %35 METTL3 M
A LIE—E R E i MSCs w8 i — st &
PEZ MSCs 1 MIS12 B9 mRNA 5 & B W FEAIC, iX
ST Z m®A B S 2 MISI2 mRNA f J& 4%
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JE e e e, W 4 i g T I i B
METTL3 AEAZ3H 1 m®A &1 34 i MIS12 ¥4 A i

SEMERFELE MSCs E#Y Sun 251 4 5l AE
LA B HE B BMSCs , 38 1 15 38 74 I )56 AR
WG B2 AT 08, 45 R & B 4229 4~ circRNAs &
55 MSCs AR A DG s 0 B S R4 ik, 4
GNP AE 29 NERFRIAA ciccRNAs, Hop 4 4~ -
P4,25 AT, B2 R R IR cireRNA AT RETE S
ARG MSCs & B4 2R, (B 2L AL
il = HE— 2L ST, Li S 058 R LR Al i 5
BMSCs 3% 57 J5 , Al DL i [ 18 RNA 25 H 25 Ak i
ALKBHS V486 4004 [ 15, f£47 FIP200 mRNA
52 meA“ A8 YTHDF2 41 S 0 B i, M T 41
FER 13 3 BERZ AN IE T, 340, Cai S50 W5
RILE R A RUAH LG, KSR SRS RNA ZEH Gm31629
w5 /N FRUEY) BMSCs 22 07 S 30, M 5 808 14
152 Z 4t E— T K Y-box 1 1 (YB-1) 7]
Y5 Gm31629 #H B AE H I 4E 28 o [% fif, BE AKX pl6
INK4A %% 5% M\ T 4E 2% BMSCs ¥ #%. It 4h,

microRNA XF 1# #5 MSCs 4 & i J& H 5 i 78 #4  ,
Xu 25 % B % 4F K B BMSCs 5 3% £ R fn 5
miR-31a-5p ) LA K, WP R miR-31a-5p 5
E2F2 1) 3’ UTR B4 & , A 2520 g vh g B AR OG5+
Yt ikl (SAHF) IR O T Al 8, A2EE KM
1218 miR-141-3p AT AP AR IS FL 3k 1 41 i ( stem
cells from apical papilla, SCAPs) 3458 LA} illi# SCAPs
W ARG R R ST miR-141-3p
WL NV L Yes-associated protein ( YAP) {11
il SCAPs 13 8 3 Jin 3 SCAPs 19 28 %) Fafian-
Labora %1% & 40 i K Bl BMSCs 3 U5 &b Wb 44 rfr
miR-188-3p KIKAEALHE i 4 K Bl BMSCs H* Rictor
IR, AKT WAL KPR, il BMSCs 3., J34h
F2EE K I miR-155-5p W 3d & AMPK {553 [ 1)
il MSCs ML RLIARZIAS s AN e8>

HACTAE gAY RNA 19 R 1% 845 5 MSCs
EERM YR ZE DT m°A cicRNA DL}
microRNA . T circRNA 5 microRNA 7F MSCs %7
TP AR EAE A TP e (W3R 1) .

R RWBALBMTE MSC 221 A 4

Table 1 Regulatory networks of epigenetic modifications in MSC senescence

W P S35 VR LR Fikht PSR
Researcher Type of regulation Disposal/Regulatory site Expression Results
DNA U SEA, e FBEAL KT 9 SEZE i 1 18] 76 5T+ A0 M
Farahzadi! '’ ) . Methylation levels are  Delay the  senescence of  adipose
DNA methylation  L-carnitine
down-regulated mesenchymal stem cells
) DNA I 3EAE SR HIEAL AR 9 SELGE Hi s 9] 52 5T+ A0 Ml
Katarzyn' ") - RIS Methylation levels are Delay the senescence of  adipose
DNA methylation  5-azacytidine
down-regulated mesenchymal stem cells
. " FBEAL KT 9 JIE G i ) 7 5T T A i
Oh!'®] DNA qj%ﬂ: RG108( N-Ak/E-L- €3 ) Methylation levels are  Delay the senescence of bone marrow
DNA methylation ~ RG108 N-Phthalyl-L-tryptophan
down-regulated mesenchymal stem cells
) . I BEAL KT 9 L% i s 6] 50 5 A0
AN B
Kornicka'*! DNA Ep%ﬂ: > B‘Tﬂﬁﬁ/g&)ﬂ@ Methylation levels are  Delay the  senescence of  adipose
DNA methylation  5-azacytidine/resveratrol
down-regulated mesenchymal stem cells
S E1T AL P EEAK K T et T R 58 B AN
Xul2! =~ - H3R17 Methylation levels are  Promote senescence of early bone marrow
Histone methylation
down-regulated mesenchymal stem cells
S F1T AL, LRy S R et Y] ) 58 BT AN
Xul2!] =~ T H3R17 Methylation levels are  Promote senescence of advanced bone
Histone methylation
up-regulated marrow mesenchymal stem cells
p LA K L3 AR A8 ) 5 T A
- S 1P A .
Huang . . H3K9 Methylation levels are  Promote the senescence of bone marrow
° Histone methylation
up-regulated mesenchymal stem cells
7 ik =y d N S SEGEERER TS T AN R
Hu!?! Histone acetylation H3K14 The level of acetylation ~ Delay the senescence of bone marrow
Y Y y
is down-regulated mesenchymal stem cells
HEH B HDACS/PS3 LA 13 fe kv REEIR) FE BT AN
Caol? Histone acetylation The level of acetylation ~ Promote the senescence of synovial

is up-regulated

mesenchymal stem cells
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BE 1
W P b3R5 1 VR LR Fikht PSR
Researcher Type of regulation Disposal/Regulatory site Expression Results
ik -dE P d LRI 2% 2 Rl E] S T A
Wang!?) Histone acetylation H3K14 The level of acetylation ~ Delay the senescence of endodontic
is down-regulated mesenchymal stem cells
S A B4 L . i
- RNA HE wABIES e e
Wu A MIS12 mRNA The level of m°A is
RNA methylation d lated Promote mesenchymal stem cell senescence
own-regulate:
N . 25/\ 'iu,4 /\J:i% i P P . N
s 9SS aena 2 TP TER g m i ecorsm
Sun!?® ireRNA 29 differentially iroRNAs and g4 ) Increases the level of bone marrow
e expressed circRNAs ::-lgtllate db cichN As up mesenchymal stem cells senescence
BRI 70 T 40 M58 5 mO A B TR B AX
RNA LA RNA HUEALKP R840 A m, s gi T
Lit] RNA thii i FIP200 mRNA RNA methylation levels ~ Bone marrow mesenchymal stem cells
metytation are down-regulated enhance autophagy and reduce apoptosis of
nucleus pulposus cells through m®A
X . fedt B ER FE BT AN
. T H
Cail ) I k%jtﬁj% RggA Gm31629 GA .%?&[ Promote the senescence of bone marrow
“ong noncoding ene deletion mesenchymal stem cells
b RNA Sk B R AT
Xul?! I\Z o RNA miR-31a-5p OL ) . Promote the senescence of bone marrow
rere verexpression mesenchymal stem cells
Micro RNA miR-141-3p Over-expressi Promote the senescence of stem cells from
icro ver-expression apical papilla
S A TS AL M AT A
Fafian-Laboral ®! I\Z o RNA miR-188-3p Low-expression Delay the senescence of bone marrow
e mesenchymal stem cells
Hong ™ BUNRNA RS it A

Micro RNA

Over-expression Promote mesenchymal stem cell senescence

3 #HiEE5RE

g5 bR RWEAL A B TE A MSCs #2
AR EEEAEN . HATE T MSCs 28 53K
BRI R ML TR B, R 2 R P2
A E o S |11 5 1 U S s 0 e = o
BRI S A B B UIAH G, VF 2 3R Mgt A5 I8 4%
(1) 7 5 1 40 i 5 () R P B 1B S g 3 A Y
PR, ARt 1% I8 12 4 () 3 5 T 40 i 5 2 1Y
[F]SF PEAE A R oA BE 55 DL R g 73 1k e
TN, S 2 IREK o BT 23 Z [ A HIL R A 1
i —HEW5E . M, cireRNA YEH microRNA ) _F i
VNS 7E microRNA 35 H B85 T 45 WL
E microRNA X 8] 72 57 T 241 Jifd 5 2 A0 OC STk v
RFFTRAM G, BEMGE, BEETFRAWIRA,
FWEAL P4 MSCs % 3 1Y $l1 Bk T 20 23 1% 38 W7 49
IFo At m LAE ek R Wt % 2 A 2 B A5 4 MSCs
WAL, O MSCs B AF H T A Wiy 7 MH 4
AT BE
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