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Abstract

BACKGROUND: As an emerging treatment method, stem cell therapy is expected to improve the ovarian environment, delays the aging of ovarian granulosa
cells, and brings new hope to older pregnant women.

OBJECTIVE: To review the mechanism and research progress of stem cells against ovarian granulosa cell senescence.

METHODS: CNKI and PubMed databases were retrieved for articles on stem cell therapy for ovarian granulosa cell senescence. Chinese and English search
terms were “stem cells, ovary granulosa cells, aging.” Finally, 67 articles were included for analysis.
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RESULTS AND CONCLUSION: (1) This review summarizes five mechanisms of ovarian granulosa cell senescence: DNA damage and decreased repair capacity,
oxidative stress, impaired mitochondrial function, inflammatory response, and changes in hormone levels. (2) This article summarizes five main mechanisms
of stem cells in the treatment of ovarian granulosa cell senescence: promoting proliferation and inhibiting apoptosis, differentiation potential and regeneration
ability, secreting factors, anti-oxidation, anti-inflammatory response, and immune regulation. (3) At present, there are various types of stem cells that can
cooperate to treat ovarian granulosa cell senescence through a variety of ways, and stem cell therapy has broad prospects in restoring female fertility.

Key words: stem cell; ovarian granulosa cell; aging; mechanism; oxidative stress; inhibition of apoptosis; cytokine; antioxidant; anti-inflammatory response

Funding: Yunnan Provincial Science and Technology Plan Major Science and Technology Project, No. 2018ZF007 (to PXH); Yunnan Provincial Key Project, No.
202101AS070039 (to RGP); 920 Hospital of Joint Logistics Support Force of Chinese PLA, No. 2020YGD12 (to RGP)
How to cite this article: LIN MY, ZHAO XL, GAO J, ZHAO J, RUAN GP. Action mechanism and progress of stem cells against ovarian granulosa cell senescence.

Zhongguo Zuzhi Gongcheng Yanjiu. 2025;29(25):5414-5421.

0 5|= Introduction

PERLMAFTRAREZGATH, S H @
A 7 o B e RAR Th Bb 2 ) 0 KR B iAds M, ok A A
REMTHREMAGHBRERL IR, RPALL
AP, kMO ETRAEISHFHETE, 35 5258
ik T, A£50-51 F#HANEFY, XikHd@ilsF S
ARG E A P F Ao 6 3 K PTR A TP L R T
TG EFIPaK TR YA X, TAHEMAE P EHA
mpne R, LA G R b A T R
BEETEZNAE, THRAINAARRANKT AN L4044
&ERFE—ZINFEA, AV aEEAAEf AT G
H. BHEFIPEFE@MICEIAGFRRT Y, T mieis T 5
FRA, RFmiedn i &REHF % @ anss s,
WINA RGBT LR MR L OF LR F N, AL
Bt Fmie sy H R B mie ) B A, REI LR,
BENEB MR LN RE., ERGERY, EH A%
AR AT T 9P LWk R e AL A BT tm e is 7 90 £
Rk 4m 3% 2 69 AR R AU BB R R

1 ERFNA55E Data and methods

1.1 BRBRIR

111 kA wE—HHiTek.

1.1.2 A& X#KETFR LAk E EAS & BT Se B 2 2013 5 1
H £2023 F 12 /|, RN L HAE L aK.

1.1.3 #k#4EE FE% WA= PubMed 445 & .

1.1.4 #¥&i8 2h “Fale, Bamie, X2 AR “stem
cells, granulosa cells, aging” %A1k 4 & L& FE LA %39,
JE P [E 40 W F2 PubMed $438 BE 3474 & .

115 ¥R XRER HRRE. Fik,

1.1.6 #& 5wk L PubMed 635 & 4 ), & F ok JLIE 1.
117 #kLeks PR EFIPEIK P LLHK 1825
%, PubMed %38 B 3% LSk 716 5.

1.2 AU HEBRAR

1.2.1 AAAFE OB ETF@mitis s L9k min s 2
R LA QAT mftdn iy £ 94 e % £ A4 6948
* Lk, O R IP LBk tm I 2 Fa b 69 A48 K K ;

@ £ FF fafiens 97 97 LBk % 2 PR At R 64 A48 & Sk,

O Sk i AR R A KT RS & 6 LK.

122 #ArfE OLHRARARKME. S ML
Lik; QF L MBEANMMEAFR: HuhlA8 ) K+ o 4840069
Lk, RBICE AN AR F o) Lk A 28, QMR 7
H 5 it 3 ik A K,

#1 stem cells [Title/Abstract]

#2 mesenchymal stem cells [Title/Abstract]

#3 induced pluripotentiary stem cells [Title/Abstract]
#4 embryonic stem cells [Title/Abstract]

#5 stem cells therapy [Title/Abstract]

#6 #1 OR #2 OR #3 OR #4 OR #5

#7 ovarian granulosa cells [Title/Abstract]

#8 ovarian granulosa cells aging [Title/Abstract]
#9 ovarian follicle senescence [Title/Abstract]
#10 #7 OR #8 OR #9

#11 aging mechanism [Title/Abstract]

#12 cellular senescence [Title/Abstract]

#13 oxidative stress [Title/Abstract]

#14 inflammation [Title/Abstract]

#15 DNA damage [Title/Abstract]

#16 apoptosis [Title/Abstract]

#17 #11 OR #12 OR #13 OR #14 OR #15 OR #16
#18 #6 AND #10 AND #17

1 | PubMed IR & 5KEG

123 HERK ISR NMaE—H TR EE
3 k2541 8, P Lk 1825 %, 3L Lak
716 &, @i LEAE . HEHITWT R, 2589
A akdgan, HERAR A M E. TE MR RIIERT
FEHTR, N 67 B AT AR Lk 4RiE . ke
& AFEILE 2.

DL “FAmpe, Pibidnpe, g T 3 o
S ZRARIE B A RS R T > Lo A
7151 SR 41 5 2 R R S STk S— Wik, 2 EIHTYL

EQ%QSE AR HEBHIG

i % ﬁgfiﬁﬂ
Pl “stem cells, granulosa cells, 716 15 DL K iﬁl i AN = i
aging” Jyfi 2R 7E PubMed i#i | - ORI 42& N 6‘7
PR 2 T AN B O R A e | i 45 5 e 1 5
AL EETIN ki AT SRR

2 | XHTHIE R E

2 258 Results

2.1 FRRMINERZHTEKEE LE 3.

2.2 NEFTHRMRRZIWNG] PP amier —kE %
B op e, AL T E e g2 s, @it
kA B o b AUH| VB 9P B dm R R 3, FE R 9P B e iR
AKLFidARTRETZHER Y. 0 LA @RI ek
A Ao A B T 94 R T e bR, e op
BRBET R R AR, EIFRGERE T RRAFF
mMEABELEETZHA., WEBEMRRELE, B
BEJR . & @ Ji A= DNA 238 e, 3t w247 4| 97 £ 4a e o9 o
RIFHMEFTLAT TV, XTI LB @R 4 AL
Tl PEFEMRG R R AT R B TN E

| 5415



@7z PEARTEHRSR g ik
www.CITER.com Chinese Journal of Tissue Engineering Research
. = o7 Sk AN g & fi"‘;é /72"'5 IhH 2L ,J:.[IS]’
??Hﬂﬂ@ﬁgﬂ%ﬁ% i{/ﬂd}j /%ix ’%‘ﬁl gP %% 71‘4 w Jiel &471‘4’14‘ j] (1) bl

R 4141 % X Alexander Maksimov E IX

i ® BT T HS
EEE e NNy ST
7 th » UEBA GRS AR FE T4,
BIR T x40 AR R L A R RS

TR STE IR R
l 20154 . ()

IR R RS 1,
SR B AR T O SR
AR LT R S Bk b

. 20124F [

PRHEE e A T BT A A5 bt 5 T BA
T20154F 1E [ T 78 5 T4
JF TGP S B E H AR I BRI

. 20184 i

[ bR T4 5 22 (1ISSCR) R AT e, #E
' 20224, (E) KT AT AL WK
AT AL

AREHE FORS AN I 2T AR 972

@ J 19765EE 4 l
0 59 S

3 | FLEAEIIN ST HORTB) Bk ek

i B 5

1 | TENEFRBANE S "

A ik

Ha g b it % R, O SR 40 A A B 2 ok

BT O LSRN R BB AR B KT R, TTAE 55X DNA 19453
NN OL

TRERIE SE (0D HLBURL AL ORI K B R A, TR S
A 48 A AR Bl A5 1 HE B

HEAR AR AR L G SR 20 A 1) 55 3 T RE 2 i P AR A AR B I AR, A
B AR AR AL LT S5

WEOKTAL ORGSR I T A 4 SR UM, R
[ e SN

WIARG ORI M RE TT RS I o e B R AR S 1 U
%L e

ZREAZ—, THREZEIETAAA LG T FRGT

R IR H A,

2.2.1 DNA #4144 48 5 T & DNA 315 2 97 £ #ika
MR X EZIRFGHE E, I L B4 med) DNA Hi45 B
HBAR, 2 A A MGG, AmSE @Rk AR
2 B 9p Bt o Fe B 2m 0L ) 4538 K i sk DNA 3545
HER LRI A ETA. RINEA XS RBAH A 2
wEMRESS. R A, MEREK, BBRRE
49 i, DNA 345 36 /u, H DNA 15 5 & & BRCAL % % &
W B 3% 7% DNA $i45 38 e Aats SAKF AR S 9P £ X2 A
% W g e gh it Az b, DNA 45 6915 B A4 £ &
BTG, WAk AR TS E DNA #1415, vAZ DNA 4544
R RAR, AR mieh it rw, £E5 LK @mieAT. Bk,
%47 DNA 4 % 2 M #2325 DNA 15 H 46 2 3t 2 90 £ Bk
AR ) R —,

222 BALEBK BACL MR EBAL R G s —
AR B BiE b B F A e B R G2 1) 4R T
FHN, 2K AERMEHRE™, Brmpah FAEGAR
oy A e A E M B AR I T 4B R B BT R A St
B, XEAMAMTLSE MRS . & B A2 DNA &
AR, FEIP R FAC R e E, FALT
JolE. & @ R A B BALRG . KB AN, A
JL T 9P R m e e A AR A . R AR A
BT AR B He M, BT 0w LR R
PTG BRIR T ASOE M RO A T AR, SRR A T,

5416 |

BERRIA LKA ERL TR, AT 84T 59
JRE B, P mAEIF RN AR S A A w .
B AR, BACRL A %8 i % A iR 12T BT R Rk e
AT, Plie: RAGAAERG@IOIEL. ZaRFH
B0, KA R0 T ML A E R ) IR e
5@ Y, $A0F iS5 BA0 R H 5K 6 4
FR. AstEaeS4, P ERE LA L8 Ak
i A v BRRREAL A, SR A SLEE. i
RACHEE . BBk ki A B A E B AL R
G, XEIRBAT G T VLE R B E ), (2AE AL
PG A R AR BT A G TR ARTR, AR A
EH BB ARE Y, —F SR M T AL R
AT, R2E4 T BT I L9 m A0 T8
EX e gl )

*2 | ST IEIPETRAMATESiES
o REET  EH

=%
SCHR

HeR R T Nrf2 ) Keapl B, R AZRRUGEEIZE]  [19]
AW, LR EEE R R, M T P

B KT o 3% Nrf2 [ 7] 3 i S A ) A T

T, AU A O SBUR 4R

NF-kB 55 NF-kB 5% Bid VEEEL, BENANMAZ, (2ot SO T ek, [20]

Nrf2 il Nrf2

bk B SURSIERRL, [N 2 5 4 A= A7 i
MAPK {55 ERK. ZETEERIBROE, IR A TRISOE R [21]
pliila INK, p38 B, SEEALRIMAE 5 MR R, SN
£ Je MAPK SR TR, ] 51 S0k 240 1 5
T
PI3K-AKT  PI3K. Akt 5L PISK-AKT {5 S a1 B T A Ar i, X2y [22]
{5 i % FERR T AT E R, SRR 4 Nrf2, BB O

SUBTR AR A5, AL RESEGZIE T, O
FOURL A U384 5 52 45

AMPK {5 544 1) R M B AF R IR KT [23]
P o AMPK 83T X 240 L IS PR R e SR R T4
AT, BN T A RO R T SRR I
PESATHOE AMPK, 15 RPN AR AR, T2
240 ) A RLAA PR B (A AR IR S

AMPK i@ % AMPK

HIF-1a i HIF-1a o R PR HIF-1a @ B8 A SR PR B, 28 [24)
% RLAR BT S R G0 7 2 P EOS B L R

HER, TGN SR A D e 7 R
ik Nrf2 R T E2 MG T 2, NF-kB 9H4IR T kB, MAPK 922 2 JRUE L R
FIREE, ERK LR / 75 2 B R AT, INK D C-lun ORI A,  PISK A
JRBEALEE 3- B, Akt iR 4R B, AMPK IR EFERIRIE I & FAE, HIF-1a
RAIE AT 1o,

223 SKEARI AT MAFHERIP LBk e Kb
PR IR BT EG, AT AR P Uk 4m iR R ¥ 09 F AL
Hl., KRR S AR IROTEARL, AHERETA.
WILEAMNIE RS F R ., ER LT EREIR G 2K
VL SRR R ER R, MR Hrh &Rk g P,
KALRZ WL G R A 5 T, BB AL 4G
FEREP G EH A m ) KRR T RS HA
A0 RL 438 Jm e 4 0L ) BRI 09 TRAS ., B0k 4l AR 69 &
A he. B R ¥ MR EART 25 & AR DNA 69
REF R AR T, d—FFrhamieRat,. 55
HERBATEHR Y. IPEF w2 TE gt
FRMERFFIFREAERIRFF, LFomeip i
L 4m AL BN B R Fm SR AR OB T By AT ok DL T AL



PEEATERE @2

Chinese Journal of Tissue Engineering Research  www.CITER.com

Fo U Bk, fRERFARI AL R AT IP £ Bk i eg
JREARDEEHAN AT Z,

224 RIERF  KIERFLAAIRKT ST 4R A SR A4
O eGP AP R L, T8 AT B KRR E R e
M XS AB M, R EEERREATI R —E7F]
FAL, Blhedf B M R . EARREZ it P
S E IR A G M) KERE, &@IRNE 6. IR
LB T o F KRS R AKTA G, XAIRAARA KR
2P mpp R RSB EB M kRl E2EA,
RE. AVMKRAORETTHEELE R ERMEGE A, KE
HESFHEIG— TSt mieRE, FREEH—FY
KR, MREWEIRD, B AR KRR ik %
204E Y, miRXE, AL ESLEA,
PP oA K e B F (4ol & 6. @ mieiE 1.
S100); #ALEF (4o é @i~k 8. FAz Mot &g 1);
MR A A KB T E B KR RO AP Rk e
FlFAREBAER, MAESFHEK, PEARF K E
W, FHRIPEFEMOKLEAANERLAELE., KER
MLEE T A F R B R A T3 e, el A AR,
ik E Az B Rk, @it g2 L Hkmie T
KRG R TR —FF 12 m L% 69 R

225 BMEKPEIN KHAERZGELATHRENEZ
Wi M ERTG T, deldE. PR E k).
MARA RS FRFE@RAERFL TN EIZRAER
F, M E IR AT A I L AL I A P R AR K A
M. BE A oM 3 m, MR R KR RS T, i
TR B s, B3RS EwsaE Y, Stminikmin
R RAR, AR E TR EZ AT @mIe kL, 9P
AR E 5 I AR E AR 6 4 RO 4 iR 6 3 7A
o, B E I ARRE A FRAEMRAT, A
o] ik F 38 9T 28 3E A B BA LA T 09 KoK ) AR
9P Rk ey A E BYL Bk, IRl E KRR RS
H il R MR ERL T, BT, BMEKFH
TG EB R L A GELELLNME LR,
MERLIATY WA ETE, @R EFFTX, L%
B SR ) 4R e O R A e L6 T R Ae A .

2.3 FARNINETHMBRERZIMNEIRARER T
Ja®—kEA RIS @ oL aeaF ey mie, 6
WA S mIeRA, A4 G mItKE YR,
A RRAF R B R A tm e B, d5 PR fa Rk R AR -k
AR RR, TR Famlon AT amie. RART @i
Fo S R85 T, T @Rk g TFEF IERS,
w0 B At B mAR T s e T 2R H RN
Ry, RETFREMST @it tett, Eaokahf
P HS ST AR TR ARRIKEILE
A M RAF O mie, HoLB e R TRERE T a e,
T SR ER G mie . Fais k2 e SR
FaAedith 7 @ R IEEEAER, CH TSRS ZH
AR, RutAEBEA, S, TaleFr e’ z2AF
REMEIRIFET, T@iRhRIEF A S G obikie
849 45 AE VA BAR S I3 R AT T fe JR L HUR R AL B & 24

AR sy kst I R mie R % AR B F,
T & [ 3 06 5T AU R R R

23.1 ARuEIEIA. pHIAT  Faiis T 90 AR R R
F 8 — AT A R A B K iR e 3 A . )
BT R GEHBE MK ETRA R, Fapfiatk
B F A= g o B F 5 T AR 397 00k am 69 38 78, R
HAKNSE, N EFamiedis, Rtk
RARG o Rk Y, HIFIP WA miee) e RAE. FU
1 gz R T T T i T B, TR 2R & 9P
LB MR E N e g EEN, AT FGERL
BEME, I, ZoBMETE AR a0 R E A
RS BLILES 3— 4B / & & % 5% B(phosphoinositide 3-kinase/
protein kinase B, PI3K/AKT) 12 5 4% 518 AT 9P £ Hika
mineg3gsh, RE T I LTk mILeyE S, WANG & Y
J 5 o)~ g e AR S AR 18] 77 T fm e 64 38 78 5 )
HAT, NdmRB T EL ) TFa@lef TEATMNEFREK
R A8 LR fm e fe g o) Rodn 69 3% ) 4%
i b G e R E . BRI R KRS,
RS TIP LB mIee3g7h. SR, F @il
AR BT IRAR, A B TR IP £k R w42,
TR oh 8 0 IR B A 2. AL S Y2 RS T fm i kR
M Z BB F 0P £ F R K BARA, 2 REARE T
R ASARACH T U B E LA A —BR e ik, T 9P
EWAmin ey AT, ERINEI T IR T I8N T e oAb
AR T PI3K/AKY/ v $L3h 40 E ta E & ¥ & & (mammalian
target of rapamycin, mTOR) 4h89:40E, 74| T 99 £ ke 2m
JoR AT, 5 bR AR 18] AR T 40 it i 4
TAE AR A AR LB dm e e o he . CHEN & 9 )
B 1) A T e ge ARG R R T e A b B B
IFHAh 6 Ir £ am R dk3E A, I AE AT @iy
xR 9P E WA e LA — S A, I Rk e
A6 % Ao B T ) B F AR, ELAPS 8 AR T 4w e
IR EZ LA TR AGZTEMREAR @R, 21
Brik, Famieteh —Frar L egis 7 FE, @it eatip E
AL I e 3 I R B LR %, TEFERIP £ R
e A E AT fe, HEE T IP E A dm R0 R R AR,
RO R4 BRI T A B SR,

232 LB RARAR D F@RT R S AR 8
mp kA P b dep E Wk mit, T e G Bk it
B, HBFISE S RAE A miesfahts, 12
HIPEFE W BAER L, UEFIPLEEFTER
HEk. ELRMAR T, AFEEFKE T 4R i A K TA
AEF ST mianieh Bt mie ™, KRR
FT i ET A mIeT mit 2 P LIEER. ISR L
B, $AZhF@mzHERLEFRRAAE, HH2
ARG IEA G AT e Lo A IP £k . ZHANG
F W K RAERS T e Ao ik 3 % T afie 97 L0 4w
fod3e i, B A DT A R, X S R A
AL 4m L 0 4% M AR g kiR FE AR, 22
% BRI HF 8 e R 9P L . 4R EPTIR,
T 20 064 AL AF AL T a8 oAb A B AR e R, R

| 5417



@7 TPEEATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

I B fm L 69 S B AR AR, (2R E St — F AR AR
F e LR T A A B A A

233 kR F Fap T oukmie B . bk Fa sk
EAFAMFWRY R, XL TTRTIPEMIRE, %5
90 B e sk A Aesh b, x4 5T 90 LK IR 2 AL ARARAE
B, MBEZHAKBT. ARAERBAF. A %E@mEE
K EF. ARHRRE IR A R E F AT AT B
fegat, mEl AT, Hoh TS LN EREmp ™, —
RGN Tl R PEFRRRAGARET, BT
e T LRI £k min P R B A A KR F 109 R &,
I 3 3% T Wk A A T e e A . BT e KR FAE
A —FRLBIP WA A KoLy mie B F, L ERg
W F am e T TS 3o K B 238 12,

T fm A R RSP BLARAE A e B g T T B, B
PFAE S R MR, BeB AR 90 L e
A, L@t k. ARG, 5Fmpls
e e W E—RARR Y, AR R AR T @itk
TR AN BEARRE SR B OP £ Wk R g 3EE, AL AT,
K 4% JE 45 #5 RNA HCPS AR 18] 70 T 4w i sk R o0 b4k
bt Rk, T — PRI LKA Y. BFR AL,
A7 18] Zo T am e o e b S AR T 38 3R L K B F & ‘e
JaN~Z& 10 69 RGA, HE K B F AP BRI B T a foF ik
Ty B ERA, FBIPARE B R T min R s RiE B
Fp 48] 2 I B T An ARt FAKER A R GG VE R, o 8 i A7) A%
H-F kB @ R iR E A ey RN, Rk b, F
28 it R R 4G m A VR IE L2 9P R R L AR
FBAER , A ARAE, AFE R R T e e kR ok
AR AGAR A% 69 Tk sl L B AR IPAE R, AR B e iE
mies g, WHBEmEAT, KA LT mIe P £
B B & 09 e R An it

= F Rk, FaA T mitkRemieR F. sk
Ao m 0 05 SR ¥ T A8 AR SR e R A A5
5K ARG . SR e I B ARIRYE, *FiA T 9P
$ W A0 B ARRRAE A
234 REMN REAAE T a2 97 £ Wk IR 2k
— BRI, T eI B AL R 4o 2 B AL AL
B, STVAFR@mIEN e A b ke B, A BT
AR P LBk G A 6 BAL B, AR AP P LA e
FEweuthtopae ™, g2z, BNIHRSH
R T fm A i L BALE R L Z P R m iR R,
DAI % PO AR 18] LR T mfe A5 A5 5] 9 £ 5 % K Rk
NE, AR AR Tyt s N EEKEFA
i it PI3K/AKT/MTOR 42 5 i@ B4 4K, T 97 £ Bk 4m L 49 &
R, BRLE A4, BV I EFEmie AT, 5k
—RAR P, AR T et ip £ A RxE D REH
WEAER, ¥ TIHERLmeyIgAE, AN T a
fasikb ey 23 A A KR F ¥, it K B F Fmield R AT
pmle A KA TSR ERESTHRMEAKRRA T, Hifm
oA K B F Ao mbobk AR AT 4 g i K R T B A R AR A Ak
914+ £ 8 SIRT1/FOXO1 i@ %4, £ 2 Z 34| 7 Ak i ™,
M 3L T 9P A 0 R % A2, XA )E

5418 |

B T 3 RATTAE A & 97 £ 84 aa o A6 A RGR AR,
A T 0B AT R 52 90 £ Uk dm 69 B 8, T
b R oy 0 AR A KB F AT B 18 P S AT T B ISR
BEAAR K, R Iyl g rE e B T, A RIEE ]
oy R iAe.,
235 WEERNALEIRT AEIETAmLELiTeE
b, KRR LR EHE, SE @R A BAL R A i
TR A, Tl uktgin X BT a2 mien e K E
FR, VAERRYP £k mineh Rk 2 P, AR K
VR A BT B9 B e I R, R £k
mILegie e . RIR ARG FFRERL AL LLE S
stomf R R N Bk, MR EME MR, T
4 B AL vk SR G E LR Sh AL, ARIAT R A
Gty T, R R AR X SOE A ARG A SE LR P R W kL dm
Jo 4 % . DENG & P2 | AR 18 R T e fadn 4] 7 97
W me) A=A RERL, FT@lts 2 BERTw
WEmRF & @iei& 10, BRI REF af) gLk R
6 fodnE N EAKEFRKFILENS, RX@LETE B
e 6. @ miei& 1B K-F R FEHEAK, Mmdphl T X
JEB L, REIPE Bk m I IRIE. B — AR R P AR
18 TR T R R AN R B B R I KA, AR
i 18] 2R T dm ek R oh sk kB i A H1A4Z B F kB 43 T ad K,
WRRTHAR Fam@inE 10 694, WH TIRELRF
MR ILE F afeFHE v 09 RE, AdmKET LM
Frbmft e KaE. KIER L 69 80E A 90 LWk 40 0K % 6 —
INEBHEAE, A FHMIEA L AR T, Inik A,
T bm 57 i VT A SRR K JE R AL, P& 9P U 4 Ak
R, dtmAitg R tfe,

3 AT wfe TR 297 L HA @ e e Huh] B AR R
ik, B4 AT mieiiip £k mie R 2 s B .

3 REE5REE Summary and prospects

3.1 B ATEZIUSIHARNABMAEENR—E £iz40
BOHRY, CEAFSFHEMBERETHR, w:dids)
PRI AR RIS, FANIRR T T @7 i e bl =4
F R, BT T T VAR 2B E I £ 8kt 3% 264
Az, R R aeey RS e B, AT miedip Emk
MR L RAET T2 E ki A, didxF e
TRRR . REAE S XIRE, HZARNGE—F R
Fels R R RAET EEAE, HIREAYW, KEAMR N
AR T 4y Matrigel X R T A it T e 3G 78, 7
B HAT, TR LSO mle R TIRE I L6 84k
O, Fae g EHEmeR LR P ENEE
KWHH, 12bmst—riik., GRERRFT @G, &
3T mie sk et R F PAE 2l — P Fa st ™,
HHF SR B A AT g A ARG 18 T 4 5 AR
6Bk am eI A, BT 4m 39 ReAE AT Uk 40 6L 44 OB
TR Pk, AR ARG £E 18] R T 4 e 64 2R 45 F 5 8 )
AFEFmp, TRLF@ptytEeix®g2™, Br6
AV R AADE K iE, T afesT iR T S B AS AL,
M & A, KSR R R R LT RE AT B A A



PEERTERAR @72

Chinese Journal of Tissue Engineering Research  www.CITER.com

gk

%3 | THRRATT =2 PR TR AL HI R Tt iR

TR 657 4 Bl B30

NGRS AL TR0 5 L P B T (2 120, a1,

R4 T A AT PISK/AKT/mTOR BRI A, 4l 49, 52]
frzst, IIBRARIL L EE, BT T UL
LR AT S RO D AT -

BTN S5 IR, RO ORI (42, 51)
P S LA 5 AT
SR AL 5 T

FELAT PRERAT AN RETIGARSE SO [45-46]

iy T AMMLE 3 R PSSR AN £ P
. KRN AHR % S 2 T
SRR, AL N B
% S VB R

BRI 50 AR AN, R ORI, 4 (44, 53]

TR RIEEAATHLE D E R BRI T
I AR 4TI T B A7 65 P S
/N BB R A T >

oNRIET FTRGRRIREIAL M SR AINE S, R 2 (40]

FNBTAL (SR AIR M P B R, OB e

o SR PIBK/AK {5 8 B (L 9
L2 4

NZMFA AL MTFANBALR 2 4 A e AL SRR (54

[ SE, B L

MBS ARRREATTIE, W0 T ERIRNR R (5]

T IRELa (5 SIS 5 0 B0 0 T

SRBEE NGRS TN AN B (LR, 9 (20, 4a,
PURANN S EIHI S 10505, SEESH WM. Bk 48, se-
SUSRAIRIOIT: . (U, TIAME AR, SR 59]
e SRR, RO TR T
EYE AR

NSNS T M A (TR 4D (52, 68,
FRSMILHIH TR0 £ PSR BB, BT, 4930 60-63]

A, S PISK/AKL IBERAEHERURL [T PURIE

7 P S8 B b LR S VL
FeE: PIBKONBEARENLEE 3- Wi, AKT Jyik (135 B, mTOR Jyili 7L & ir s
FHEA.

(it QAL
‘v
e
SWRF I,
K&
Y
N Hg - o o o ERAT

PSR ABEE

w L

O
FHAkE v PRI 6
xi) " ) 3 o, ..
s @ HTE, e IR T
o o
t ﬁ{tm‘a\ /iﬁﬁ
REET

NAHEMN

4 | FRRATT DR R AR E ROLHIE

b A R E R . b, B8 KA SFFRARIE
B AR IS, e R R AR R s Bk S R,

AREE B —F ik A Ae s RAF R 09424, MRAR AR A=
SAMEg R, IREETFamie T Rt —F L&,

3.2 {FEGERANEFARITR XFididxdTmie
G I 0 B LE A B R B R T, BT T Tt ik
B, RILT Faleis i e auE], B89% % B okar
9P LBk am ey AR, L FEAT I LR R S AR

Fomfis T AV R B @ e A, ZIAT TR
ERG AT AT EEA T A .

33 ZFRNBHRY XFEEMETFalkFRirLns
I A LR A R s A R R, 3Tl RREE Ty & 69
WY, BRARMARM TEMETIAEXER, 2%
BRI A 6 R T B R R — AN IR P, L P
— 3 FF S 008 5 T Fe B R RS R AL AT A
HEITE. W, XFF IR T EAARRRETITE,
12T e DA R FRIT R A IR 2EF A, TR
Rt T 4m i 57 2R 04 B IR,

3.4 ZRIVEN P LB ARty %225 Aok F 4
A TFHeAdp L ohae MR 09 T 2% 2 —, B FHRA
BRAFBEAATREENER S-S RPARTRALAE
B2E L., Ty iz A —Fr L6967 F X, FEREIP
EWrmiox ety A S HA R, T@egiER %
GG N CE RS 7 W I I NP V| W e A 1
BT B, AR LB TE, AEZ I LR
e R, B EA IR EAEE, Wi, XLF
st e T ik R Z AR AR R AT R AN B 4,
T A G RARAERS, #6495 F o 2 Yo F 4B 2 A8 49

RANE.

VEHTE: RAF AT XTHEHRIT, hEE AT LK ERLE
e, RAfSF AT, RELRTRAES.

FIERZE: LFNLIEL Y, ARAFAFLFRETLT R
HEF R

FERGREVERR: X2 — BT AHGRIRLFE, AR 4otk 24T 0
“FL-AFR MR - AE o REF 407 R, ESEIIAGEALT,
RAMAAIET L B R T RIA R 5. AT &, R ATE
FTA P REE. FTH. #N. A, 3779, k. BEEEZILK, H24
25 RF|, AV NS R T AT AR A IR,

BRAREE L 3 AT & REE 5 38 F T AR L.

HHMSE: ZXEREETEAREFPAAEERNA (Augidf
ZHENMAREHLEY (PRISMA 451 ); X3 thpa AT a2 18 4 W R 2 55 Lk
Wil RT3 RXF B AS T, XFELNRTITERRFFA,
BTN LFEF S HFIARBE T .

4 SE#k References
[1]  KIRKWOOD TB. Understanding the odd science of aging. Cell. 2005;

120(4):437-447.

[2] ~ WOOD JW. Fecundity and natural fertility in humans. Oxf Rev Reprod
Biol. 1989;11:61-109.

[3] BROEKMANS FJ, KNAUFF EA, TE VELDE ER, et al. Female reproductive
ageing: current knowledge and future trends. Trends Endocrinol Metab.
2007;18(2):58-65.

[4] LIUY, HAN M, LI X, et al. Age-related changes in the mitochondria of
human mural granulosa cells. Hum Reprod. 2017;32(12):2465-2473.

[5] QIAN Y, SHAO L, YUAN C, et al. Implication of Differential Peroxiredoxin
4 Expression with Age in Ovaries of Mouse and Human for Ovarian
Aging. Curr Mol Med. 2016;16(3):243-251.

[6] CUKURCAM S, BETZENDAHL |, MICHEL G, et al. Influence of follicular
fluid meiosis-activating sterol on aneuploidy rate and precocious
chromatid segregation in aged mouse oocytes. Hum Reprod. 2007;
22(3):815-828.

| 5419



@’

PEERTIZHR

www.CITER.com Chinese Journal of Tissue Engineering Research

= %

=g

(71

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

(25]

KOBAYASHI H, YOSHIMOTO C, MATSUBARA S, et al. Altered Energy
Metabolism, Mitochondrial Dysfunction, and Redox Imbalance
Influencing Reproductive Performance in Granulosa Cells and Oocyte
During Aging. Reprod Sci. 2024;31(4):906-916.

HOEIJMAKERS JH. DNA damage, aging, and cancer. N Engl J Med. 2009;
361(15):1475-1485.

ASHWOOD-SMITH MJ, EDWARDS RG. DNA repair by oocytes. Mol Hum
Reprod. 1996;2(1):46-51.

ZHANG D, ZHANG X, ZENG M, et al. Increased DNA damage and repair
deficiency in granulosa cells are associated with ovarian aging in rhesus
monkey. J Assist Reprod Genet. 2015;32(7):1069-1078.

JOHNSON J, KEEFE DL. Ovarian aging: breaking up is hard to fix. Sci
Transl Med. 2013;5(172):172fs5.

FEVEST, AR, A S ST/ L OR SASTR 4T DNA
3L S S A BRI 2 ()], SRRV B AR 2 ,2023(11):
126-130+139.

LIUS, JIAY, MENG S, et al. Mechanisms of and Potential Medications
for Oxidative Stress in Ovarian Granulosa Cells: A Review. Int J Mol Sci.
2023;24(11):9205.

TATONE C, AMICARELLI F. The aging ovary--the poor granulosa cells.
Fertil Steril. 2013;99(1):12-17.

OLSEN KW, CASTILLO-FERNANDEZ J, ZEDELER A, et al. A distinctive
epigenetic ageing profile in human granulosa cells. Hum Reprod.
2020;35(6):1332-1345.

SARNIAK A, LIPINSKA J, TYTMAN K, et al. Endogenous mechanisms

of reactive oxygen species (ROS) generation. Postepy Hig Med Dosw
(Online). 2016;70(0):1150-1165.

DEVINE PJ, PERREAULT SD, LUDERER U. Roles of reactive oxygen
species and antioxidants in ovarian toxicity. Biol Reprod. 2012;
86(2):27.

WANG S, ZHENG Y, LI J, et al. Single-Cell Transcriptomic Atlas of Primate
Ovarian Aging. Cell. 2020;180(3):585-600.e19.

VENUGOPAL R, JAISWAL AK. Nrfl and Nrf2 positively and c-Fos and
Fral negatively regulate the human antioxidant response element-
mediated expression of NAD(P)H:quinone oxidoreductasel gene. Proc
Natl Acad Sci U S A. 1996;93(25):14960-14965.

ZHAQ Y, PAN S, WU X. Human umbilical cord mesenchymal stem
cell-derived exosomes inhibit ovarian granulosa cells inflammatory
response through inhibition of NF-kB signaling in polycystic ovary
syndrome. J Reprod Immunol. 2022;152:103638.

SAMMAD A, LUO H, HU L, et al. Transcriptome Reveals Granulosa Cells
Coping through Redox, Inflammatory and Metabolic Mechanisms
under Acute Heat Stress. Cells. 2022;11(9):1443.

DU X, LI Q, CAO Q, et al. Integrated Analysis of miRNA-mRNA
Interaction Network in Porcine Granulosa Cells Undergoing Oxidative
Stress. Oxid Med Cell Longev. 2019;2019:1041583.

SALMINEN A, KAARNIRANTA K. AMP-activated protein kinase (AMPK)
controls the aging process via an integrated signaling network. Ageing
Res Rev. 2012;11(2):230-241.

SHIDA M, KITAJIMA'Y, NAKAMURA J, et al. Impaired mitophagy
activates mtROS/HIF-1a interplay and increases cancer aggressiveness
in gastric cancer cells under hypoxia. Int J Oncol. 2016;48(4):
1379-1390.

MIWA S, KASHYAP S, CHINI E, et al. Mitochondrial dysfunction in cell
senescence and aging. J Clin Invest. 2022;132(13):e158447.

5420 |

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

(42]

(43]

(44]

ABATE M, FESTA A, FALCO M, et al. Mitochondria as playmakers of
apoptosis, autophagy and senescence. Semin Cell Dev Biol. 2020;98:
139-153.

GUOY, GUAN T, SHAFIQ K, et al. Mitochondrial dysfunction in aging.
Ageing Res Rev. 2023;88:101955.

FRANCESCHI C, BONAFE M, VALENSIN S, et al. Inflamm-aging. An
evolutionary perspective on immunosenescence. Ann N'Y Acad Sci.
2000;908:244-254.

LI X, LI C, ZHANG W, et al. Inflammation and aging: signaling pathways
and intervention therapies. Signal Transduct Target Ther. 2023;8(1):239.
FERRUCCI L, FABBRI E. Inflammageing: chronic inflammation in ageing,
cardiovascular disease, and frailty. Nat Rev Cardiol. 2018;15(9):
505-522.

TEISSIER T, BOULANGER E, COX LS. Interconnections between
Inflammageing and Immunosenescence during Ageing. Cells. 2022;
11(3):359.

CAMAIONI A, UCCI MA, CAMPAGNOLO L, et al. The process of ovarian
aging: it is not just about oocytes and granulosa cells. J Assist Reprod
Genet. 2022;39(4):783-792.

BAYNE S, LI H, JONES ME, et al. Estrogen deficiency reversibly induces
telomere shortening in mouse granulosa cells and ovarian aging in vivo.
Protein Cell. 2011;2(4):333-346.

SHEN M, JIANG Y, GUAN Z, et al. FSH protects mouse granulosa cells
from oxidative damage by repressing mitophagy. Sci Rep. 2016;6:
38090.

JIN J. Stem Cell Treatments. JAMA. 2017;317(3):330.

ZAKRZEWSKI W, DOBRZYNSKI M, SZYMONOWICZ M, et al. Stem cells:
past, present, and future. Stem Cell Res Ther. 2019;10(1):68.

CAPLAN Al. Mesenchymal stem cells. J Orthop Res. 1991;9(5):641-650.
TAKAHASHI K, YAMANAKA S. Induction of pluripotent stem cells from
mouse embryonic and adult fibroblast cultures by defined factors. Cell.
2006;126(4):663-676.

HWANG JJ, RIM YA, NAM Y, et al. Recent Developments in Clinical
Applications of Mesenchymal Stem Cells in the Treatment of
Rheumatoid Arthritis and Osteoarthritis. Front Immunol. 2021;12:
631291.

FU X, ZHANG S, LI T, et al. Menstrual blood-derived endometrial stem
cells ameliorate the viability of ovarian granulosa cells injured by cisplatin
through activating autophagy. Reprod Toxicol. 2022;110:39-48.

WANG J, ZHAQ Y, ZHENG F, et al. Activated Human Umbilical Cord
Blood Platelet-Rich Plasma Enhances the Beneficial Effects of Human
Umbilical Cord Mesenchymal Stem Cells in Chemotherapy-Induced
POF Rats. Stem Cells Int. 2021;2021:8293699.

Al G, MENG M, GUOQ J, et al. Adipose-derived stem cells promote

the repair of chemotherapy-induced premature ovarian failure by
inhibiting granulosa cells apoptosis and senescence. Stem Cell Res Ther.
2023;14(1):75.

SEOK J, PARK HS, CETIN E, et al. The potent paracrine effect of umbilical
cord mesenchymal stem cells mediates mitochondrial quality control
to restore chemotherapy-induced damage in ovarian granulosa cells.
Biomed Pharmacother. 2024;172:116263.

CHEN S, WANG Y, LIAO L, et al. Similar Repair Effects of Human
Placenta, Bone Marrow Mesenchymal Stem Cells, and Their Exosomes
for Damaged SVOG Ovarian Granulosa Cells. Stem Cells Int. 2020;
2020:8861557.



g ik PEAATERE @72
Chinese Journal of Tissue Engineering Research  www.CITER.com
[45]  PIERSON SMELA MD, KRAMME CC, FORTUNA PRJ, et al. Directed [56] QU Q, LIUL, CULY, et al. miR-126-3p containing exosomes derived from
differentiation of human iPSCs to functional ovarian granulosa-like cells human umbilical cord mesenchymal stem cells promote angiogenesis
via transcription factor overexpression. Elife. 2023;12:e83291. and attenuate ovarian granulosa cell apoptosis in a preclinical rat model
[46] ZHANGJ, LI H, WU Z, et al. Differentiation of rat iPS cells and ES of premature ovarian failure. Stem Cell Res Ther. 2022;13(1):352.
cells into granulosa cell-like cells in vitro. Acta Biochim Biophys Sin [57] GAOT, CHENY, HU M, et al. MicroRNA-22-3p in human umbilical cord
(Shanghai). 2013;45(4):289-295. mesenchymal stem cell-secreted exosomes inhibits granulosa cell
[47] SUN B, MA'Y, WANG F, et al. miR-644-5p carried by bone apoptosis by targeting KLF6 and ATF4-ATF3-CHOP pathway in POF mice.
mesenchymal stem cell-derived exosomes targets regulation of Apoptosis. 2023;28(7-8):997-1011.
p53 to inhibit ovarian granulosa cell apoptosis. Stem Cell Res Ther. [58] 1ZADI M, REZVANI ME, ALIABADI A, et al. Mesenchymal stem cells-
2019;10(1):360. derived exosomes as a promising new approach for the treatment
[48] SUN YT, CAl JH, BAO S. Overexpression of IncRNA HCP5 in human of infertility caused by polycystic ovary syndrome. Front Pharmacol.
umbilical cord mesenchymal stem cell-derived exosomes promoted the 2022;13:1021581.
proliferation and inhibited the apoptosis of ovarian granulosa cells via [59] SUNL, LI D, SONG K, et al. Exosomes derived from human umbilical
the musashi RNA-binding protein 2/oestrogen receptor alpha 1 axis. cord mesenchymal stem cells protect against cisplatin-induced
Endocr J. 2022;69(9):1117-1129. ovarian granulosa cell stress and apoptosis in vitro. Sci Rep. 2017;
[49] STAVELY R, NURGALI K. The emerging antioxidant paradigm of 7(1):2552.
mesenchymal stem cell therapy. Stem Cells Transl Med. 2020;9(9): [60] ZHANG J, YIN H, JIANG H, et al. The protective effects of human
985-1006. umbilical cord mesenchymal stem cell-derived extracellular vesicles
[50] DAI'W, YANG H, XU B, et al. Human umbilical cord-derived on cisplatin-damaged granulosa cells. Taiwan J Obstet Gynecol. 2020;
mesenchymal stem cells (hUC-MSCs) alleviate excessive autophagy 59(4):527-533.
of ovarian granular cells through VEGFA/PI3K/AKT/mTOR [61] LIN, FAN X, LIU L, et al. Therapeutic effects of human umbilical cord
pathway in premature ovarian failure rat model. J Ovarian Res. mesenchymal stem cell-derived extracellular vesicles on ovarian
2023;16(1):198. functions through the PI3K/Akt cascade in mice with premature ovarian
[S1] DINGC, ZOU Q, WANG F, et al. HGF and BFGF Secretion by Human failure. Eur J Histochem. 2023;67(3):3506.
Adipose-Derived Stem Cells Improves Ovarian Function During Natural [62] GAOT, CAOY, HU M, et al. Human Umbilical Cord Mesenchymal Stem
Aging via Activation of the SIRT1/FOXO1 Signaling Pathway. Cell Physiol Cell-Derived Extracellular Vesicles Carrying MicroRNA-29a Improves
Biochem. 2018;45(4):1316-1332. Ovarian Function of Mice with Primary Ovarian Insufficiency by
[52] DENGT, HE J, YAO Q, et al. Human Umbilical Cord Mesenchymal Stem Targeting HMG-Box Transcription Factor/Wnt/B-Catenin Signaling. Dis
Cells Improve Ovarian Function in Chemotherapy-Induced Premature Markers. 2022;2022:5045873.
Qvarian Failure Mice Through Inhibiting Apoptosis and Inflammation [63] PU X, ZHANG L, ZHANG P, et al. Human UC-MSC-derived exosomes
via a Paracrine Mechanism. Reprod Sci. 2021;28(6):1718-1732. facilitate ovarian renovation in rats with chemotherapy-induced
[53] DWININGSIH SR, DARMOSOEKARTO S, HENDARTO H, et al. Effects premature ovarian insufficiency. Front Endocrinol (Lausanne). 2023;
of bone marrow mesenchymal stem cell transplantation on tumor 14:1205901.
necrosis factor-alpha receptor 1 expression, granulosa cell apoptosis, [64] ZHOUY, ZHOU J, XU X, et al. Matrigel/Umbilical Cord-Derived
and folliculogenesis repair in endometriosis mouse models. Vet World. Mesenchymal Stem Cells Promote Granulosa Cell Proliferation and
2021;14(7):1788-1796. Ovarian Vascularization in a Mouse Model of Premature Ovarian
[54] NOORY P, NAVID S, ZANGANEH BM, et al. Human Menstrual Blood Stem Failure. Stem Cells Dev. 2021;30(15):782-796.
Cell-Derived Granulosa Cells Participate in Ovarian Follicle Formation [65] CHANG L, FAN W, PAN X, Zhu X. Stem cells to reverse aging. Chin Med J
in a Rat Model of Premature Ovarian Failure In Vivo. Cell Reprogram. (Engl). 2022;135(8):901-910.
2019;21(5):249-259. [66] LO KC, CHUANG WW, LAMB DJ. Stem cell research: the facts, the myths
[S55] LIH, ZHAO W, WANG L, et al. Human placenta-derived mesenchymal and the promises. J Urol. 2003;170(6 Pt 1):2453-2458.
stem cells inhibit apoptosis of granulosa cells induced by IRE1a [67] ZSfb R, HE4e, MEZMS, 25 . (8785 T MM 67 U S 28 1 i

pathway in autoimmune POF mice. Cell Biol Int. 2019;43(8):899-909.

BEJE AL D). o E L2V TRER 5T ,2022,26(1):141-147.

( Fi4ESwE: ZM, MZH, ZN, QY)

| 5421



