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Abstract

Ovarian dysfunction poses serious threats to female reproductive health. Mesenchymal stem cell-

IR

NESIA: SR, KRE, BIEE, TREE. W55 IES N AR 50 SRS P AR S RS ], I R S 2
R, 2025, 15(10): 2095-2102. DOI: 10.12677/acm.2025.15102988


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.15102988
https://doi.org/10.12677/acm.2025.15102988
https://www.hanspub.org/

&

|

&

%

derived exosomes (MSC-Exos), as novel cell-free therapeutic agents, regulate ovarian microenviron-
ment through bioactive cargo delivery. This narrative review systematically elaborates the mecha-
nisms of MSC-Exos in improving primary ovarian insufficiency, polycystic ovary syndrome and
chemotherapy-induced ovarian damage via anti-inflammatory, immunomodulatory, antioxidant,
regenerative repair, and apoptosis-inhibiting effects, and discusses the challenges and future direc-
tions for clinical translation.
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1. 518

P S TH BE RS AH SR AU Lo AR B e 21, X HE S O AR, O T
DRITSZI , WA 55 PR OP B D) BE A4 (POI) 2 ZEBP S LG/ (PCOS) KAy 7 AT BN S 56 2 Fh 2R . 4
I R 32 B = B AR ARV T T PR B AR R, BIX S A7 78T R IR @
S ECEAR A3 UM S D) RE S5 ) R . T4k, [A] 78 o 1 48 B >R 1) 40k 44 (Mesenchymal Stem Cell-Derived
Exosomes, MSC-Exos){F iy —Ffi#i X 1 L 40 Ml v o7 s, PR AR A S ik o e 1k A R AT I AR A 28 1
FE AR L 2R AT R B H ) R BT 5t MSC-Exos 4 —25H MSC 23 /N S8, HAT Mk (1 A8 4 2 e 1k
2 DIRe VR TT I8 71, TAE 2Nk iR T 70 Hh i I L sl 1) 2 FH T 5%, 0 90 S5 AR DR 374 FH B e AH 4 7
ArE LIS mIRNAL B A STy, TR ON SRS, (Rt RIE R E « IHIBOR g0 T SR %
hiE S E AN, T U0 S ThRE . ASCBTE RGi4EIE MSC-Exos 7 P SR B Hh (/R AL 5 BB i 9t
HERE, R IE PRA A TS BB 5 K R 7 b AT R B, DA AR DGR R TR T T HR B R %

2. MSC-Exos B4 15514 SRPHLEH
2.1. =Y

MSC-Exos /& HH MSC 73 (1) — SR JE DRI T, EAR—AAE 40~160 nm Z[A], IXFhgoK gy 454 fd H e
B0 I, AR A SEELTVZ A AR [L] HOR IR R E54, & F 8 A WiEYE > 1, fFE DNALRNA,
BRI B AE[2], XL+ nl DLEE AR 20 B 5 7% B2 AR gi e, RS2 AR DhReFI4T 9, W MSC-
Exos I ) miRNAs F1H At 4E4u5 RNA 7] DU 4 FL R R IE, 50 52 44 20 il (1) A= #9530 [3] . MSC-EXos
RE4E A AN 2 AR L AR LAEE S5 5, LIS S0 R R 45 5 1 A o L 3R T 20— J o .41 i 2 TG A2 4K

MSC-Exos i£Z 5/ S A MIALE R HUEIR R ZEREEEYFLR, ARG, T, &
B A A, MEEA . PUAT . RIFECAS B S B 3 & 07 e 2IEH [4] [5].

2.2. RIF1ERANEI

2.2.1. ShubikiE T B e R 4s LUK BIRIAER
MSC-Exos Jiid T 1 JE 1 e i B Rl _E 8 SR 10l ] PR 0 DAIBURS SORE S B o 5 I 8 B ¢
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(AD)FH IR 58 i 7s A N 107 4 231R) 78 57 20 B KU S M b A4 (ASC-Exos) A S & B AIG AD B JIR I 38 v &b
FRIEAM LA T mRNA 7K°F, 1 1L-4. 1L-23. 1L31 Fl TNF-a [6]. ASC-Exos i i ik 48 i 3 i1l [ 1
(ROCK1 H1 PTEN)#IIHH| LPS 5 5 B R AEFRIX M RIETTRAE I [7]. £ SPE B 100 AL b, TS N ey
(1) 7 5 44 A Y5 () A6 4 (NUCMSC-Exos) ¥ 2 98D 1 3245 5 I P 40 B T AR K, FRAR T R R R
MRIE; B> T — 22 R AR T HEaf R 7R3k, FEHIH] TR 7B AME 55 S TR BOE T
3 HIBEIRAL, XML SR 1 5 AN T T AH 5K [8]

MSC-exos 4k & HBEAZH M 1) S R 5 HE 77, eSS I T 40 B AIVEAG, B S RE R (1= 4,
TR R I N o AEASAE Y TE 199 (GVHD) B R i, MSC-Exos il i #7711 FoxP3+iA 51 T 40,
B T S IEIE ], B T JORE B, 4 MSC-Exos 4bFE i, AR e Treg 40 M Lu ) 7w, 41
[ CDA*/CD8* i) EL 51| LA A MM i Ji o 1) B R FRAIG, DA Rl aGVHD K BRASE AL i G 928 4 i 1) W0
FHAE SR II[9]. £ GVHD /INRAT Thl b R, AR BIE M R 78 5 140 e (hPMSC) 15 97 38
it CD73 890 7 Thi WHEH ) IL-10 /KFHFEAE T TNF-a /KF, R GVHD /N BRI S %% 1R
10252 H0H AP 4R T2, hPMSC ifiliid CD73/ADO 42 7E Thl. TNF-a+A1 IL-10+40 i rh 48 55 Nrf2
Fik, I Fyn ik, A W hPMSCs ifiid CD73/ADO/Fyn/Nrf2 %ilif5 538 % 70 S HE A1 4] Th 46005
I 2 1L-10 AT TNF-o (17335, AT GVHD /s BRI 2H 2345475 [10] -

MSC-Exos @it BB EIE R RIE, BERPUAM NG S5 R, b A0 RO 4 i i £
Fo £ MSC-exos % N JZ Jik e 2T 4t 20 i S8 A0 St 78 Hh K I SIRTL ()N - 22 4 kAL p53 ikl ] 1
b, 95 ps3 N p2l MR, FFRHIE4EME I, SEAEEZ, T MSC-Exos 5% | IX 815 S5
[ RS, MSC-Exos 1] RLFHWT -t FUHEEF BRI P R 3 0 A0 40 B s M S (ROS) AR BB [11] . 7E IR
HNIAAKT R O SIS (TC) (A 58 Hh R IAE AR S ORI i A4 Ab 3 TCs 5 50 REZHAR EL, 30 GPX1.
CCND1. PCNA. CYP11A1 Al HSD3B1 5 = mRNA FIZE (5 &35 L &% TNFR1 A1 BAX [ H ik mRNA
ME AR RIE, RN AR TG INPTA R 3858 R 2 [ i [12] 0 N 2F M58 E) 70 5 40 i (hAMSC) fiE
NBERZELZ/DNREN, RIABIEG /R GCs FSHR 1 SOD2 Hisa bR KR A T 5, GCs FNEL T 40 g 11
TR, PSS 2] 1 B B [13] [14].

2.2.2. hibthEEEE . BERISPATR/ER

MSC-Exos @i I BT ALK [f1 315 MSC-Exos A& L2 ML 9 57 40 M (8 4, 398 58 i 65 A= 1, [
38 Ao % A I A AE R T VR S A BT e 4 RS R R TR A I o MRLZBE M 1B) 78 5 T 41 it (ol factory mu-
cosa mesenchymal stem cells, OM-MSCs) KU #h il {4 i i CCK-8 H4%H Skin A IR S5, Wb Hh R B 3
P& T+ N A 00787 A B 4 PR PR 8 G B ) RO R T PR [4], U85t e 8 R T A% &/ M A 485 1 £ A K DR A 48
DR~ /] LSO Bl 2 AR i, (Rt I T AT %, A B TAHZVB A . FE0E IR 2 it B AR L AE
PO, JRERLH MSC-Exos on th R UF I Ar4ifbae /), @i b A gERRRE, SEm ARk
FFAERE Sy, FIRS3G5R T M AR, s 74 DA [15]. MAMBRREBUT] microRNA (miR-132 F1 miR-
146a) b8 {2 (L A2 R R R IE R N K 1A B 4t o P 8 Vi 1k R L T s, 3R IR A b A e i 5 3et
miR-132 F miR-146a & L H A I8 A4 iAE I [7]. hUCMSC-Exos AT DAL HE B /N 4R B8 4 I/ A il A
e Klotho M KA R E 7 (PAEBECRY 70 77) LA N B AR A SR B, SRR
hUCMSC-Exos 7] PLei I/R-AKI FF s B /N 40 g & 52 F0 F£E [8]. MSC-Exos 8 Hill ek A& L AT B
FECH R ARG 25, FE AN IAAAR B S R m A0 R e, i A SR SR N, R sh K [16] .

MSC-Exos 83t 2 Fi L #0540 B 1, 4l 2 X T 5P SL50RL4H i (Ovarian Granulosa Cells, OGC).
TEXT NOA /)it hUCMSC-Exos Jig, R £ Al 2R /K- F BV 52 2 B 09 B0 BB 15 2 503, Ik BB Ml
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FEAR N ARSI I HE A0 PTEN 22 A1 40 B T 1088 71, W) hUCMSC-Exos #] LLiE i #i] PTEN
FIERARIPINE D RE, MBI AL 3% miR-21-5p KA 40 JH T2 [17]

MSC-Exos & & miR-21 (P T-4>F). let-7 g« miR-1246. miR-381 F1 miR-100, %% miRNA 14l
YijE, miR-21 AU & St 1 /N U B 2R B A MOAE SRS TS J0, B A0 ) p38 MAPK
FIP R PI(ER) AN I R 1 N, ZEAMBAA ] miR-21 M FITAL I 5, X LeAR P #E, LRI A Y
B A miR-21. JEE ER RBORINH] p38 MAPK 15 54% 5 LIRS B 40 M0 5 52 B4 S 4n i T
[18].

3. MSC-Exos RIIEK BT

3.1. [EFERTFHARIMHESER L MEINEINEEAR £ (Primary Ovarian Insufficiency, POl &
BIBREEThEE

POl J2 482 7E 40 5 2 i PR G 55 Py BV FE 35 B D) BE R A5 1T 5 80U BR S T Rk 2k, MSC-Exos TEVRYT
POl J5Tii R T BRI 11, 54 hUCMSC-Exos Ji (1) POI /INER [ UF B 3 AR S B KT A IRy S 2
FIPETIEF R, A FEs Bt B34, hUCMSC-Exos 83T i Hippo 8 1] st B &5 1 g Fl
¥, MOCHEM) Hippo i@ s> TN, X GCs 8 5H MIAR A F 4% 2 3 i [19] . F AR5 S GCs
JET RGP B P 1 2 B IR AN K 25[14], hUCMSC-Exos A& POI /N B SY b () 51 S MR A T g, {2
HEOP A BB, IEIE AL 36 AN A miR-17-5P M| SIRT7 FiA kK% ROS F 2, miR-17-5P ilid
#I] SIRT7 K4 PARPL. yH2AX Fl XRCC6, FHI#MMER miR-17-5P &I Fii##ids mRNA SIRT7 7
hUCMSC R I A7 FHfE e BRI [20]. 35440/ RNA (MiR)-21-5p ()8 B 5] 78 J51 T 20 g SR 5 1) &b i A
(MiR-21-Exos)%f [ & %% 1t POI HIRF 4 & I miR-21-Exos @it MSX1 /5 (%) Notch 15 5B & {23 IFN-y
755 1N O ELAORLIR 4 L (KGN 4 ) 38 G AR & i, RO 4B g4 12, BT WL miR-21-Exos 7E H &
G POI /)N ERBEZY v (R /R T B FE K O SR 250, sk P9 2 WA DI RE AT I B, - 400 o) 4 J 9 10 98 RE [21]

3.2. B 7t RTFLABaSMIME TR LE 2 BIRELZ S AE(Polycystic Ovary Syndrome, PCOS) &K
SRE A

PCOS & — i ULIK P9 0 WA SRR, 5 T BURZE , A8 MEARE SOE 1 DA 9 /2 O 55 Th e b iy 1) 3 22
Ko OF ARSI RAE, WAL BRI J0E, v REE B GCs 1A HARAS 53 PCOS AH 5 1) 57 Ui
K, PCOS M GCs I tH BH 5k (1) 4 I S S AN S8 A0 LU BT, 19 5 BH S sk 2>, I T2 38 Jn[22] - hUCMSC-
Exos CVAIE ] HA w2k T & B8 /7, hUCMSC-Exos AT RHT K K7 IL-10 [k, [FIHmEE 4 K7
TNF-a Al IFN-y [15R3E, S8 A $00 ) 40 a8 1 A 2k 22 B 4 S /F B . hUCMSC-Exos Ji i 12 45 PR GC
TR AL 1B FI p65 /K- RAMH] NF-«B {7 516 %, p6b HIRZF: A2 240, B hUCMSC-Exos ifiid
1 NF-xB {5 58 B 2% PCOS 2 HIRURLAN L R AE[23], PSSR ORI I /-3 IR A, AT 22 #% PCOS

JIg 103 1) 78 5 4t L (AMSCs) 73 W4 2 5 1 5 AR A S e IR 4B L EX 1, AMSC-Exos 1] LA (AR 2L,
MGEDN LB, JRPEm PCOS KRB AE B /1. AMSC-Exos JH ¥ miR-21-5p # 2% PCOS K
PP RAM ] B 4 5 (736 R 2 fZik, TGS IRSUAKT 8 E 3 i FAEfCi5, AMSC-Exos 7£4%
MIRNA #5522 T BE LS R REAEHR TS RNA 420K 203 PCOS A B K4 i 2 BE B i b 1) /B F [24] -

B 1) 70 0 40 BT A= 1R M i A (BMSC-Exos) 1697 2t PCOS AU Hr ) BN SRS, BN safA Ik &
TR RZ NG 71, 2B PCOS Sl HE R 1543 B # . BMSC-Exos 1697 & kD> 7 PCOS 52 [ 5 5
AT T, IA BN S0 LA KT, R T HAERAE PCOS 53 141 i T i 1E A - BMSC-Exos
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YT PCOS MRS R K A R AR A5 IE AN S A s v IR A, SRBIELAE Y PCOS L A KLU 5 T
ARG HXP CD31 M — N R EATAERE PCOS 51 A LA S 1R Ak 5 THI 17 77, 1IFSE BMSC-
Exos fE % PCOS I Ui S0 S F 5ma J5 T R Ol 3 o B 9 7 A2 240 L 23 B AT 52 [25] o

3.3. [EFERTAMSMLE AT RBELT 5 BRI E SR

IT 250 2 T ER LR IR Bk AMEANEL, MSC-Exos 3 i HATH T AP A A BT RE
Rets 76— B F2 R B ARY ON 8 2 A yT 29 M B EIAE . hUCMSC-Exos  RI LA 7E 44 41 A4 A 9% 428 It 41
(Cisplatiny 75 3 (1) 51 S5 H50RL 4H B 7 T2 A RO B, ORI ONSETIRE, YR I7 S5 A AT 51 kS 1Y) 51 53 050K 44
(OGC)JHT-#H2% POl, hUCMSC-Exos 74~ 4t 41175 5 1) OGC A [y A 78 o R B hUCMSC-Exos 1
T iR AR, Bel-2 Al caspase-3 IR IAHE i, T Bax, caspase-3 fil PARP [JZiAH T i LR
OGC, ®] i, \UCMSC-Exos TEMAAMAT {4 OGC %2 40175 T 145453, ] F TR SM s RLE 97 4k 257 V15
S OGC 4N IHT-[26]. LI HI YN S ST MSC-Exos J&, /NG BENS 4E 7B 15 4 1(4~5 KA W), MmigEHt
H ) IR M E K (AMH) S Bt IR TE B35 2 5, SoR b7 s i i wiss, 1097 mr i s is
Jr el LUl T ATP 454 & %45 & A (ATP-binding cassette transporter) ()i & 25 kR UN S Ih e I m b &
77, TR T2 MR R AT I B W R A E R [27]

BMSC-Exos # 48 AT DA Pk B KRR R AR FAL A, 140 91 S50 32 (POF) K BRI e FH 32 OV B i, 39
E —EE(E2)F1 AMH 7KF, R85 135 o B BRI R (FSH) AN 344 AR i 3R (LH) 7K . BMSC-Exos il i i
1% miR-144-5p TR FRRERE i (CTX) AR HE ¥ KGR R SLIEV P18, mT DL L R332 1 CTX i)
GCs H1 LA /> GC 8T, miR-144-5p 7 BMSC 1 [p)id i B s Xt CTX 75 5 1) POF K iR U I REM
TR, HogaE/E A Sl E PTEN 944 GC UM T4 %, 24 miR-144-5p #AmdIT, 30 HAH I 2%
H[28].

hUCMSC-Exos % FH T~ H ik Ik Ml 175 5 110 O S5 552 /8 BRURT KGN 40 A R A 7 & B hUCMISC-Exxos {2 33
POI /R IR R A RIS R S, s D R0 T2, hUCMSC-Exos Ab3J5, FUR4H A
ROS 724, i BBk B 1 FI AR R I A AP R, BRAE T hRic R 1 A% H -2 FHOCH -2 (Nrf2) . &R
BRABRIEIZEE A XCT) A B H L S B 4 (GPXA) A%, Nrf2 #0147 ML385 & #1859 hUCMSC-
Exos ki 20 AL [ 520, B hUCMSC-Exos @it Nrf2/GPX4 {5 5 3@ i M 2k 38 1= 3155 1 CTX i1 50
HA BRI 0 B E 12[29]. 7E hUCMSC-Exos fi7 4 [ % 345 2 oIk RNA (hsa_circ_0002021) (1 72 H
hsa_circ_0002021 fEA& N AR POF AL I RAA 2, Ffifiid hUCMSC-Exos A #kifi% 22 KGN 41/,
BN GC IR YT, HAREI, IR S A SRR 20 i 2 AR B, R DL ZE R POF #5
R ] GC 3 HF K IR S DI RE[30]

4. PEEERE

JE MSC-Exos £ I SO $ 1 I HY EORHE 77, (B L PRFE A T3 T i 22 0B, R RATE TE 2R A T
@© L AMNBAIRHEL ] % SR R @ JHRZ LRI trials BiEH 22 5 A% @ RRINY
RS H AT T B (R Tk PUAACR)IBE A NS . B AR R S BORIET, MSC-Exos 12
JA B S T RE R I U6 T ) B B SRR

4.1. FIEZFEIRE
FI Bl MSC-Exos fIZ5 25718 . AR SR AR M ARFRAEAL . ANFISRUES SR HUTT V5 A7 2% 1 F0 M A L
RV E R R, i IE R LS B AR SO L B IR T T O
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4.2. FEfERFA

RGN ARG Z AR e, WS BURSERN, 8 5L D RS T Bediid SMB AR 5 1 (0 CD63.
Lamp2b AL EK), TR a0 O SRS RE 0, SRR T AR TR R g RIE I [31].

4.3. BT

RSP E P AMIBAR T BE 51 A G B SR PR S Ly (2 kR AL I e i XS, e TP I s 36 B Jim 8 i
PRSS, APPSR EURYE . SR bont AT AR SEIE IR .

4.4, BESFE LR

SN A HI R T AT A CMC (L7 il S hl) e, OImrrEfeEr- . AERE e . A tEl
WA HATEER AR E AN N gt — o VPR, ok i WA B AR S FL I R AR AL

5. &

171 78 5 0 L A A A A A R B 2R W 2 R VR AN 22 DHRE IR 70, SR B S 76 T 9 R
mho WITFUR LN« AR AR (M R AR SRR T SR OGRS S I A, AR DR IRAR
PrRRE T REMEM . Rk, TERSANBAREREACE SRR, AT ORAE . B, )R B F kT
My Btk — 7T, IRl 2 o im R IE K 2 4tk . B 5 2 IR RIS AT R BRI k2
() 78 5 4 L A A A SRR ST POLL PCOS MMLTT 451 1545 BN S D e FeehS P o O B 22 T B, Ot
B RATEERORE 2 A . ARLER RGE IR T MSC-Exos I8 It 2 & 2L 75 U9 SR p (1 2R,
JUHAEDE POI. PCOS K AGyy 4 7 BL45i 405 75 R It 85 v 7)o HAZ O ARBSAE T T4 a 7 i 22 4k
RAF ISR AL DL 22 VR TR RE FT 0 ARORIE B Rl R AN AR SE A2 1 . i R0 AL S I PR EE AL T 7T,
HEBNFLMIERE IR PR, LoV 2E B A R SR AT SRS

SE

[1] Kalluri, R. (2016) The Biology and Function of Exosomes in Cancer. Journal of Clinical Investigation, 126, 1208-1215.
https://doi.org/10.1172/jci81135
[2] Kahlert, C., Melo, S.A., Protopopov, A., Tang, J., Seth, S., Koch, M., et al. (2014) Identification of Double-Stranded

Genomic DNA Spanning All Chromosomes with Mutated KRAS and P53 DNA in the Serum Exosomes of Patients with
Pancreatic Cancer. Journal of Biological Chemistry, 289, 3869-3875. https://doi.org/10.1074/jbc.c113.532267

[8] Z=222, 22497, Rl (R7oJR T-40 iR PEsh s & miRNAs 2 55450 M s S BT A BE R[], A FRRl it
J&, 2021, 52(2): 151-154.

[4] BWnde, FHE, 5, S NGLEN IR 70 TG0 A SRR SN AR R 43 B % 8 R AR R AR [0). R B AR
59y FAYAR, 2019, 35(10): 1128-1134.

[5] GREFE, FEE, xIFE, 55 (W78 T40H R H AN R TE R A ) S Ak e [0]. HZ AR 5 E i 4hEL, 2023, 19(2):
184-188.

[6] Cho,B., Kim,J., Ha, D.and Yi, Y. (2019) Exosomes Derived from Mesenchymal Stem Cells Alleviate Atopic Dermatitis

by Suppressing Inflammation and Improving Skin Barrier Function. Cytotherapy, 21, e4.
https://doi.org/10.1016/j.jcyt.2019.04.014

[71 Heo, J.S. and Kim, S. (2022) Human Adipose Mesenchymal Stem Cells Modulate Inflammation and Angiogenesis
through Exosomes. Scientific Reports, 12, Article No. 2776.

[8] Huang, J., Cao, H., Cui, B., Ma, X., Gao, L., Yu, C., et al. (2022) Mesenchymal Stem Cells-Derived Exosomes Amelio-
rate Ischemia/Reperfusion Induced Acute Kidney Injury in a Porcine Model. Frontiers in Cell and Developmental Biol-
ogy, 10, Article 899869. https://doi.org/10.3389/fcell.2022.899869

[9] Wang, Z., Wei, H., Li, Y., Chen, W, Lin, Z,, Lai, Y., et al. (2024) Bone Marrow Mesenchymal Stem Cell-Derived
Exosomes Effectively Ameliorate the Outcomes of Rats with Acute Graft-versus-Host Disease. The FASEB Journal, 38,

DOI: 10.12677/acm.2025.15102988 2100 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102988
https://doi.org/10.1172/jci81135
https://doi.org/10.1074/jbc.c113.532267
https://doi.org/10.1016/j.jcyt.2019.04.014
https://doi.org/10.3389/fcell.2022.899869

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

e23751.

Zhang, H., Han, K., Li, H., Zhang, J., Zhao, Y., Wu, Y., et al. (2023) hPMSCS Regulate the Level of TNF-« and IL-10
in Thl Cells and Improve Hepatic Injury in a GVHD Mouse Model via CD73/ADO/Fyn/Nrf2 Axis. Inflammation, 47,
244-263. https://doi.org/10.1007/s10753-023-01907-1

Matsuoka, T., Takanashi, K., Dan, K., et al. (2021) Effects of Mesenchymal Stem Cell-Derived Exosomes on Oxidative
Stress Responses in Skin Cells. Molecular Biology Reports, 48, 4527-4535.

Yuan, C., Chen, X., Shen, C., Chen, L., Zhao, Y., Wang, X., et al. (2022) Follicular Fluid Exosomes Regulate Oxidative
Stress Resistance, Proliferation, and Steroid Synthesis in Porcine Theca Cells. Theriogenology, 194, 75-82.
https://doi.org/10.1016/j.theriogenology.2022.09.024

Liu, H., Jiang, C., La, B., Cao, M., Ning, S., Zhou, J., et al. (2021) Human Amnion-Derived Mesenchymal Stem Cells
Improved the Reproductive Function of Age-Related Diminished Ovarian Reserve in Mice through Ampk/FoxO3a Sig-
naling Pathway. Stem Cell Research & Therapy, 12, Article No. 317. https://doi.org/10.1186/s13287-021-02382-x

X, ARG, T2, 187857 T 40 B S FL A A sx B 55 5L 50 Sk 4t i 1R 428/ It e st e [0 wh B AR s A
k7, 2024, 32(3): 659-665.

Wu, J., Chen, L., Sun, S., Li, Y. and Ran, X. (2022) Mesenchymal Stem Cell-Derived Exosomes: The Dawn of Diabetic
Wound Healing. World Journal of Diabetes, 13, 1066-1095. https://doi.org/10.4239/wjd.v13.i12.1066

Waseem, A., Haque, R., Janowski, M. and Raza, S.S. (2023) Mesenchymal Stem Cell-Derived Exosomes: Shaping the
Next Era of Stroke Treatment. Neuroprotection, 1, 99-116. https://doi.org/10.1002/nep3.30

Li, Z., Liu, Y., Tian, Y., Li, Q., Shi, W., Zhang, J., et al. (2023) Human Umbilical Cord Mesenchymal Stem Cell-Derived
Exosomes Improve Ovarian Function in Natural Aging by Inhibiting Apoptosis. International Journal of Molecular
Medicine, 52, Article No. 94. https://doi.org/10.3892/ijmm.2023.5297

Chen, J., Chen, J., Cheng, Y., Fu, Y., Zhao, H., Tang, M., et al. (2020) Mesenchymal Stem Cell-Derived Exosomes
Protect Beta Cells against Hypoxia-Induced Apoptosis via miR-21 by Alleviating ER Stress and Inhibiting P38 MAPK
Phosphorylation. Stem Cell Research & Therapy, 11, Article No. 97. https://doi.org/10.1186/s13287-020-01610-0

Li, Z., Zhang, M., Zheng, J., Tian, Y., Zhang, H., Tan, Y., et al. (2021) Human Umbilical Cord Mesenchymal Stem Cell-
Derived Exosomes Improve Ovarian Function and Proliferation of Premature Ovarian Insufficiency by Regulating the
Hippo Signaling Pathway. Frontiers in Endocrinology, 12, Article 711902. https://doi.org/10.3389/fend0.2021.711902

Ding, C., Zhu, L., Shen, H., Lu, J., Zou, Q., Huang, C., et al. (2020) Exosomal miRNA-17-5p Derived from Human
Umbilical Cord Mesenchymal Stem Cells Improves Ovarian Function in Premature Ovarian Insufficiency by Regulating
SIRT7. Stem Cells, 38, 1137-1148. https://doi.org/10.1002/stem.3204

Yang, Y., Tang, L., Xiao, Y., Huang, W., Gao, M., Xie, J., et al. (2024) miR-21-5p-Loaded Bone Mesenchymal Stem
Cell-Derived Exosomes Repair Ovarian Function in Autoimmune Premature Ovarian Insufficiency by Targeting Msx1.
Reproductive BioMedicine Online, 48, Article 103815. https://doi.org/10.1016/j.rbmo.2024.103815

Xie, Q., Hong, W, Li, Y., Ling, S., Zhou, Z., Dai, Y., et al. (2023) Chitosan Oligosaccharide Improves Ovarian Granu-
losa Cells Inflammation and Oxidative Stress in Patients with Polycystic Ovary Syndrome. Frontiers in Immunology, 14,
Acrticle 1086232. https://doi.org/10.3389/fimmu.2023.1086232

Zhao, Y., Pan, S. and Wu, X. (2022) Human Umbilical Cord Mesenchymal Stem Cell-Derived Exosomes Inhibit Ovarian
Granulosa Cells Inflammatory Response through Inhibition of NF-kB Signaling in Polycystic Ovary Syndrome. Journal
of Reproductive Immunology, 152, Article 103638. https://doi.org/10.1016/j.jri.2022.103638

Cao, M., Zhao, Y., Chen, T., Zhao, Z., Zhang, B., Yuan, C., et al. (2022) Adipose Mesenchymal Stem Cell-Derived
Exosomal MicroRNAs Ameliorate Polycystic Ovary Syndrome by Protecting against Metabolic Disturbances. Bio-
materials, 288, Article 121739. https://doi.org/10.1016/j.biomaterials.2022.121739

Teng, X., Wang, Z. and Wang, X. (2024) Enhancing Angiogenesis and Inhibiting Apoptosis: Evaluating the Therapeutic
Efficacy of Bone Marrow Mesenchymal Stem Cell-Derived Exosomes in a DHEA-Induced PCOS Mouse Model. Jour-
nal of Ovarian Research, 17, Article No. 121. https://doi.org/10.1186/s13048-024-01445-w

Sun, L., Li, D., Song, K., Wei, J., Yao, S., Li, Z., et al. (2017) Exosomes Derived from Human Umbilical Cord Mesen-
chymal Stem Cells Protect against Cisplatin-Induced Ovarian Granulosa Cell Stress and Apoptosis in Vitro. Scientific
Reports, 7, Article No. 2552. https://doi.org/10.1038/s41598-017-02786-x

Park, H., Seok, J., Cetin, E., Ghasroldasht, M.M., Liakath Ali, F., Mohammed, H., et al. (2024) Fertility Protection: A
Novel Approach Using Pretreatment with Mesenchymal Stem Cell Exosomes to Prevent Chemotherapy-Induced Ovarian
Damage in a Mouse Model. American Journal of Obstetrics and Gynecology, 231, 111.e1-111.e18.
https://doi.org/10.1016/j.aj0g.2024.02.023

Yang, M., Lin, L., Sha, C., Li, T., Zhao, D., Wei, H., et al. (2020) Bone Marrow Mesenchymal Stem Cell-Derived
Exosomal miR-144-5p Improves Rat Ovarian Function after Chemotherapy-Induced Ovarian Failure by Targeting PTEN.
Laboratory Investigation, 100, 342-352. https://doi.org/10.1038/s41374-019-0321-y

DOI: 10.12677/acm.2025.15102988 2101 Il R 125 23k i


https://doi.org/10.12677/acm.2025.15102988
https://doi.org/10.1007/s10753-023-01907-1
https://doi.org/10.1016/j.theriogenology.2022.09.024
https://doi.org/10.1186/s13287-021-02382-x
https://doi.org/10.4239/wjd.v13.i12.1066
https://doi.org/10.1002/nep3.30
https://doi.org/10.3892/ijmm.2023.5297
https://doi.org/10.1186/s13287-020-01610-0
https://doi.org/10.3389/fendo.2021.711902
https://doi.org/10.1002/stem.3204
https://doi.org/10.1016/j.rbmo.2024.103815
https://doi.org/10.3389/fimmu.2023.1086232
https://doi.org/10.1016/j.jri.2022.103638
https://doi.org/10.1016/j.biomaterials.2022.121739
https://doi.org/10.1186/s13048-024-01445-w
https://doi.org/10.1038/s41598-017-02786-x
https://doi.org/10.1016/j.ajog.2024.02.023
https://doi.org/10.1038/s41374-019-0321-y

[29] Zhou, Y., Huang, J., Zeng, L., Yang, Q., Bai, F., Mai, Q., et al. (2024) Human Mesenchymal Stem Cells Derived Exo-
somes Improve Ovarian Function in Chemotherapy-Induced Premature Ovarian Insufficiency Mice by Inhibiting Fer-
roptosis through Nrf2/GPX4 Pathway. Journal of Ovarian Research, 17, Article No. 80.
https://doi.org/10.1186/s13048-024-01403-6

[30] Yang, G., Zhang, B., Xu, M., Wu, M, Lin, J., Luo, Z., et al. (2024) Improving Granulosa Cell Function in Premature
Ovarian Failure with Umbilical Cord Mesenchymal Stromal Cell Exosome-Derived Hsa_circ_0002021. Tissue Engi-
neering and Regenerative Medicine, 21, 897-914. https://doi.org/10.1007/s13770-024-00652-2

[31] ¥r¥:4%. miRNA 697 5k M50 E D Be A 2 R F Bk ik S5 AL [EB/OLY.
https://blog.sciencenet.cn/blog-280034-1493916.html, 2025-07-16.

DOI: 10.12677/acm.2025.15102988 2102 I IR 2= =23t e


https://doi.org/10.12677/acm.2025.15102988
https://doi.org/10.1186/s13048-024-01403-6
https://doi.org/10.1007/s13770-024-00652-2
https://blog.sciencenet.cn/blog-280034-1493916.html

	间充质干细胞来源外泌体在卵巢保护中的作用与临床应用
	摘  要
	关键词
	The Role and Clinical Application of Mesenchymal Stem Cell-Derived Exosomes in Ovarian Protection
	Abstract
	Keywords
	1. 引言
	2. MSC-Exos的生物学特性与保护机制
	2.1. 生物学特性
	2.2. 保护作用机制
	2.2.1. 外泌体通过避免损伤以达到保护作用
	2.2.2. 外泌体发挥修复、再生及抑制凋亡的作用


	3. MSC-Exos的临床前研究
	3.1. 间充质干细胞外泌体改善原发性卵巢功能不全(Primary Ovarian Insufficiency, POI)患者的卵巢功能
	3.2. 间充质干细胞外泌体可减缓多囊卵巢综合征(Polycystic Ovary Syndrome, PCOS)患者的卵巢损伤
	3.3. 间充质干细胞外泌体可减轻化疗引起的卵巢损伤

	4. 挑战与展望
	4.1. 剂量学问题
	4.2. 靶向性提升
	4.3. 安全性评估
	4.4. 监管与产业化挑战

	5. 结论
	参考文献

