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WE  F AP E )62 (premature ovarian insufficiency, POI)BLAE X ARYP £ F- 3 (prema-
ture ovarian failure, POF), & —#F 5 209 A bk, & LT40F5 VA Fég4ott., H4F 5297 £ 94t
F40% AT AL, 3ok A RS E R KA, RRXOPALFEAF., B AT TE7POIY
IER I, BAEHR M. TSR LR E NI FH RIS 69— T3 0976 77 POLE 77
ik, HARA T AR FRAPOI MR, T@mIesy ik Reaisrintk, 4541k, B TPOLS
I7 89 TR ARG T 4B R 2 1) R T 48 (mesenchymal stem cells, MSCs), 24 20k €47 2] 16 R AT F= 6
JRAR RS, S48 TAZ Au T 0008 57 R 9B T A R 9P £ o fe A B EPOI Ko A 7 ST 498 A8
Wik, %A E A2 B EAPOIM A RILK, £ 518 £ R EF) R IR MSCsA T 76 77 POLEY 16 K L
R RBE A=, OIEFHRR . Fra kR, B RRALZ kR AMSCsiB i Me] . ¥e@ sy
Ja R, AR E KRR MSCsxd 7 £ 2 04K a9 bAR. b, 758438 T AR B R 97 £443R
S EIFI R @R, et RFRAGEMMA R X RG TR, LiRifT 580 T2FKTFa
LAY POLE 77 AR % A9 SRR A HC I 8, HHaR e T M kX 8 LA A e o K.
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The Current Status and Prospects of Mesenchymal Stem Cells
in Targeted Therapy for Premature Ovarian Insufficiency
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("Huayan Stem Cell Technology (Shaanxi) Co., LTD, Xi’an 710068, China; *The Affiliated Hospital of Northwest University,
Xi’an Angel Obstetrics and Gynecology Hospital, Xi’an 710060, China)

Abstract POI (premature ovarian insufficiency), also previously known as POF (premature ovarian fail-
ure), is a complex endocrine disease, which is common in women under 40 years old. Its characteristic is that the
ovarian function stops before the age of 40, which has a greater impact on the female’s physiology and psychology,
and the biggest influence is to lead to infertility. At present, the methods that can be used to treat POI are limited,
and the effect is often not good. Stem cell transplantation is a new method for the treatment of POI studied by schol-
ars at home and abroad in recent years. Especially for female with POI in need of reprodution, stem cell therapy is
the ultimate choice. To date, the most mature stem cell therapy for POI therapy is MSCs (mesenchymal stem cells),
and its efficacy has been confirmed by preclinical and clinical studies. Tissue engineering and stem cell therapy

strategies have become promising methods to restore ovarian function and improve the quality of life of female

Wk H #: 2024-05-31 252 H #i: 2024-07-23
*EEIEH . Tel: 15829758111, E-mail: drliugiang@hotmail.com
Received: May 31, 2024 Accepted: July 23, 2024

*Corresponding author. Tel: +86-15829758111, E-mail: drliugiang@hotmail.com



1568 k-

with POI. This review aims to comprehensively review the research status of POI, focusing on the progress and
development prospect of MSCs from different sources for clinical application to treat POI, which includes efficacy
of MSCs derived from bone marrow, umbilical cord, adipose and menstrual blood after minimally invasive targeted
therapy, and the comparison of ovarian function recovery between different sources of MSCs. Additionally, this pa-
per discusses the development of biomaterials and scaffolds that mimic the natural ovarian microenvironment and
support the growth and maturation of ovarian cells and follicles. Furthermore, the review highlights the challenges

and ethical considerations associated with tissue engineering and stem cell-based therapies for POI, and proposes

potential solutions to address these issues.
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premature ovarian insufficiency; ovarian reserve function; premature ovarian failure; mesen-
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LR ON L T BE AN 4 (premature ovarian insuf-
ficiency, POT)BEAE Xk N #L 5.5 (premature ovarian
failure, POF)", fe 8 i WA 22 A AL FE 3 M50 , {H
[ BF SO — P A B o0 WA o i LT 405 DA
NP, R AN 0.9%~3.0%, T RIGERY . Bl
KX 255 KPR Bl 2085 Lot Rk AE POT AT g
P£40.01%, 304 H0.1%, 405 1%, POILLYN 1 fE
PRGN, FE40Z HIOP DRt RA& LW, 5
POIH I 53 PN AR AS Dy O S A 4% Dy e kiR (di-
minished ovarian reserve, DOR)F1 5 51 5. % (premature
ovarian failure, POF)®, DORZ #& t T~ U1 BE4H A i) £
=R (BB E R R, SN S D) RRROR BT 51
AEE 1T, J640%5 LUT BIFER BRI, # HEA Bt
T #) I (anti-Miillerian hormone, AMH) 7K [%
i (2 UPILIHE (follicle-stimulating hormone, FSH)
JKP T i K BN S 52 ORI 1124 (antral follicle count,
AFC)Jk /b ; 1 POFIRFIE &2 2o Pk 402 LU H 3 A
2. FSH>40 U/LAUERGE AT B, IFHEAT A
FEE FRMEEGR IR, &2 POIRIZARI B AN 1T,
POIERF- AL 2 1 10% 1 E N 1, SR I s 4k
FERAR /N, (EA A AR JR . AR E3R B A 42 TR 25
IRPOLFIHF FEBAR, H s [ 38 AN [RI YR A 1) 78 Jo T2
J{g(mesenchymal stem cells, MSCs)F 17397 PO I
PR FH 3k Jee ) g Jei s, B B ik UR . ey SR U
HE 105 S 5 Ko 8 1 SR Y5 ) MSCsal i )« #08 m) F% A8
TBIT Ja BIRCR, LARAS [FRIE FRIMS Cs it 51 S D RE Tk
SRR

1 POIRYHEE
POIIJ3 A 3 o AL 475 38 A B . XU A 35 7L

Etth XFE R AT RAR . H Y ik R i ARG R R Y, i

WROLE, . B, HIRSERER . POIRYIE
P53 TR LA o S S S, P REI B 5% st A% Sl B 1)
FIEAER, Jetofh . FE0H 2 25T st IR 2 Ap
ELA N A2 POIRIIH A 7, 5 POIAT S5 X 4L (o Ak
PR B, gL AR IR IR DR RO 2 IR
XELERRE 2 FEPOIM R AP, T LM HPV
51 )5 KA POFIHRIE , X AT RS2 — /D W A, 3
HH190% 19 171973 R AN B BT S 4ok, BRI 3 B POIL
1) DL 5 DR T 9 7 R 1 B 1R M 99 1 0T AN
7, BURHETT Ja KA POTH XU B v T UG 7
DI (7 M B4 B ) L RGRI S AR RS, AT
PR R B VEAE R B RO T 2R &, 5 FERe
BRO, HAnEEETF AR ETAR, PER
A, e S B9 ST ve g B b 1 TR S5 R R e 3 B
POIP Y, HESCHRIRIE T 401t , £030%0 POLE & 17
EH SRR R, AR B B e 5 s H
N 2> WA, H 5 G HEPOLE 35 1778 I 1o S % o
Re sty U, HALZ MR, WA T IR R . P
JEL PR B 0 T R B VL T e P AR A T 3 B PO R A
A b, AR 50%M A B L RN 4 B 3 R A
BAZAEAMPiorfyiik, JFHAMRRE T H
SHURAFER I T B & % e om 25 K 4 POI
AR U2, SR, K2 2 PO R A P (g U2 1
T B — AR R 5 R 1K — ) P RS

2 POIMYIEARYFE

PO JLIG PR R A 4k BPE I, H47 AR 2R
MR . bR T ANEE | OO, 2R
PERRIR IR S AR SR b, BT POk o B A
o BIEF . PEACAE S Bk 2t
TR WEIRKERS . FREE . AIRES T I
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AR AE Bl A8 22 ER, Sz JF RE A 40 LB P50
RSN B AR RS20 PRI RRSG 7 L K
H RSO EEE, FE I AR XK, 5
M L P R A i, SR LR B LA R ORI R
Wi, 245K, PODK A= B Dhfg SR sz 2 T 220,

3 POIRYISHT

W RIE AR K. FSH>25 UL,
YN S £ B R (AMHAR T ). B, 124 N 1EdR
HH R e 5 T 2 Wb o 2 WO N S A B AN IR i 2 27
4> (Buropean Society of Human Reproduction and Em-
bryology, ESHRE) POIfi F il & N K FR R, B2
A4 FL IR /0 VA 228 R0 T8 B >4 J 1R 79 UCF SHK - TH
i >25 U/LP. S BER 25 R POLE A 6k Z IR Y
KA, GNE R R, RARG N, i AR

4 POIBPERAVLA LI FHHIE

R S SUEAR YR POLR B AR A . 442 m]
R FE AL POL —FhONEE/N, A I 5
— PP G/, FB 4 UM . R, K2 HSE
YUY AE L 2R b2 S 1Y), W O P B B A 43 Bt
TR ok 40 e A Bk . AR EE TS, INE A
{10 8 5 R 400 1 B 5 DX R B B ) A A, JERR G
e, LR R oy AU M ) or A0 AN 3550, ThAE 8
I I HL - R AOBE R, T AL O L N BOE ) 4 4 2R
b E P MED B FEEY], POLEE AMH TS H
PERTRE S HOP SRR = 15N O 2 AR, R
SR E G2 EAE 70, (B = 1590 Aotk
(1~ IS AMHZKSF-A 2.16 ng/mL, 1M 6 R AT< 54
G 22 1 43 328 0.42 ng/mLA10.33 ng/mL. AL, R
R A A A B GRIE, (EE I PR I AMHZK
ST, BT I H B T B AR K B IEL I POLER e

WL N T A JE 3 2 F A 28 B 22 2 A
FORERI S MERUR SR AT e 1 07 il , W 9E
H I R T RE P B N POTZ [A] {55 D) Bk &R U819,
POLE # UN S TE R FE A R, O 5L AR A7 7R bk 20 iR
TR G J B 20, FEAE T, TR OS2 2
eGP ST RE VR TT 7715 AR AE 51 EE Y B S D R
A S LA TR, AT T AR

5 POIRYEITINIR
POIYE 75 I 77 T % 137 FH 5% 358 ) v o7 7 v

WEANTIGIT - BEARMERGIT S iElia T
TRt . LAY AR REREE, M
BITRFER R PAET . hma%. B
Al PR b 8 3 2 DL B AR YT (hormone re-
placement therapy, HRT). %117, B 257577,
B AT SR AR o I AEE AR, (e DAMAR A FAE 5 O 5
g AT RE . HRT B4R 2 H ATl R i 97 POIY
FE T, ABK A HRT 238 hn A2 4 20 « F
Jges s BN SRR T P T 1R XURS: o [RE, FE TR
BIT 20T, AL EE M HRTTE B R 2 pi A2 16 N
ARFLUME B R, AR T FLE 2 A2 10 A
TR ZEHABHIPONRIT TR, WE2REFRCE
R T AT B HEARE 16 7 g 11920 84
FEARANELIE (in vitro activation of primordial follicles,
IVA). AWM RS0 . T 40 B F0 AR i AT v 2K
LA SO TGN S A Y S I/ L 3R (platelet-rich
plasma, PRP)2, it 45 O LA ARS8 . N\ T OR A 2
N THRLF FERAAR B RIT A, (A2 B A R 5L
FH 1 22 P0G P 2 55 77 T PR B A7

T A% A 2 T AR E N AN EE R 2 1)
— BB IR POII T VE, Rl e Xt T 42 8 K1)
POIZc KL, 40 M7V A2 B fa IR T ik £ . 124
91k, T POLIGTT I 5 B i) 4 Mt 1) 72 o2 2
JfJ (mesenchymal stem cells, MSCs)!'*4, MSCsjiJ7T
HETE 2R G B RO CAS 2 PR AT AT R FE
HESE, APOIFEUIANZ AN B FI e Lo A B fg Je e
KT ERAE, N AEERPOLE 7y fAm &2,

6 MSCs;5TrPOIRIHLI

MSCs & N 2 RE T4, B & o uisfg
APNEBE BEWT . BT K. BRELAN B R AE AR
MR B oK. (BRSNS FRY R Ty, IF
AAMBZERM . (REBUEM. TR 8. i
T ThRe R AER R Rl R O A S 2.
Z IS TMSCsiGIT PO A AL A MR 7 H R
IR T ROR , IRNIRTT T MSCsFEAE 1 <V R4
N7, BeAh, MSCsFE A b B AT i 3 Fioks 41 g (granule
cells, GCs)M45H . M| GCsP -+ B I A %I+
S Z AR . IR RO PR ek
W DL RA4eq ., (kO SE A B AGsE +
B IR S S F ML 2020 1) . I PRATE ST
=KW, BARMSCsHHE T LAWK E H &, 2 5 - HAE
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Bl 47 RERIREE) 7T BT 4BB(MSCs)lim KA TT PO/POFEIAE ALEI(IR1E S 5 STk [13]1220)
Fig.1 The mechanisms of treating POI/POF with four kinds of MSCs from different sources (modified from the reference [13])

R, BCEINEIIRE, #E) B 220 MSCsIIT#
FGT LRI 5 T e AT RIR T I R, A R T POLEE
HOEIhREMIRE . HAWRT S ARG, RS2 MSCsif
I7 B A — 350 43 45 5% MS Cs i B8 7 42 10 IR 4k 77 AR 4 ik
SHAIT BT S 200 POF, X B £ (1) B9 5 T B8 A UL g
AR T e,

ST IR ST R, A A 22 Bl 2H 2K R 1) MSCs
HBATRE T — 22 7KV FHT #1 iR 3R E2(prostaglandin E2,
PGE2), 1fj PGE2X%f MSCsH) 424 id M 5 Th g A7
76 B L 230 PGE2E T 5 HZ A&, AMHE
2 5 22 G 9% 20 B AN 90 I SLI T, 520 LA £ R0
Sy WA T RE I BE Y I MSC's A2 5 41 A 1 Th g K
Ho PGE2%F —LE RS A sz m g 17« & fil A
Ty MSCsH 2 7 (1 AT BEPERY, w50 45 SRR W, PGE2
Al LAME 3t MSCsHIiE# , EP241 5 /) FAKFI ERK 1/2
BOEX T PGE2E S HIMSCsitfe B x E |, X &
B EP2 52 /& 1 FAK/ERKGE B f 0 vl e & — Fh
B SEmG , T LUBR T MSCs VA B0 M 184 5
MSCsF#AE G YT 18 1152,

7 MSCs$E[E1F1EGfr POIRY LIS R K
ki

JUTFA IR AT TR0 R B, MAS [F) KU 3R 15
BT 40 L4 H 2167 POL, fe 34T ) J LI
i A 5 40 A2 3 a8 1) 70 )5 T4 P (bone marrow
mesenchymal stem cells, BMMSCs)#t47 [P+, H

i, F T I PR S AR T 4 POIR) AR MSCs - 247
BMMSCs- fiif7 1] 78 i T 41} (umbilical cord mes-
enchymal stem cells, UCMSCs). ADMSCs A £ Ifil
8] 78 51 T 41 i (mesenchymal stem cells derived from
menstrual blood, MenSCs)(1), H A2 MSCsiX
PR T~ B A5 2 B S 56 = A T BT,
7.1 BFEEET4HAE(autologous bone marrow mes-
enchymal stem cells, ABMMSCs)#E[5];87

H 20164E 74, EDESSY% ™, SHREYAZE 4,
GABR%: P )2 TANDULWADK AR5 B8 5% [ A i
T s B 9 S 1) B2 A B — 0 BN S B ik NS T
oK ABMMSCsEi 45 & & I/ I (platelet-rich
plasma, PRP)F 18 2| P i, 7547 POI/POF, £ H &1k
2 WEGRESE RS DT HER S R AP RO (R 1),
7.2 B RERAEIFE R T 4Rkt (adipose-derived mesen-
chymal stem cells, ADMSCs)#E[5];8 7

20214, MASHAY EKHIZEP & I AEB Lo P Hh
BEAT ADMSCs YN 8 N R 185 7 R K VE POF, I oAl
Hoag etk AIATHERE &tk fPEEAE S, i3
AT ON SR R FEAE . HH o 2450 R OF SEAR AR 4R )
A2, e DA g A€ A, o I B U0 S EE [ A 1
(F1). LR, IR ADMSCsiAYT 14 LA E 2
AR AT AR (FSHFRE, H&WE), W
0] B SR ) % HE RUCR T R SR 4
7.3 B{kMenSCsEL[EA7T

ZAFARDOUST# ™ F 20184 1 8 T — KA
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1 AR ERIRRY B 75 R T 4B (MSCs)lE R 4 T POI/POFHY JLEH 75 R 455
Table 1 Several strategies and outcomes of treating POI/POF with four kinds of MSCs from different sources
B2 WF7E T MSCsR A MSCs# 7 3 AW EYRE = S5k
Application Number of Source for MSCs transplantation path- Menstrual recovery/pregnancy outcome Refer-
study cases /age MSCs way ences
EDESSY, et 10 patients with ABMMSCs Laparoscopically injected Results showing return of menses (after 3 [33]
al. (2016) POF (26-33 into the ovaries months) in two patients and one ongoing preg-
years old) nancy, with one live birth (after 11 months and
delivered a healthy full term baby)
SHREYA, et  A45-year-old ABMMSCs Laparoscopic instillation of ~ After 8 weeks autologous bone marrow- [34]
al. (2018) POI patient ABMDSC in ovaries derived SC therapy(ABMDSCT), pregnancy
and delivery of a healthy 2.7 kg female baby
through assisted reproduction
GABR, etal. 30 patients with ABMMSCs Direct laparoscopic infusion ~ 86.7% POF patients improved hormone [35]
(2016) POF (18-40 years into the ovarian stroma and profile 4 weeks after treatment. 60% showed
old) atheterism into the ovarian ovulation; three patients underwent IVF; one
artery of one side spontaneous regnancy
ZAFAR- 90 patients with MenSCs Under transvaginal ultra- A total of 18 out of 80 individuals (22.5%) [36]
DOUST, et poor ovarian sonography injected into became pregnant spontaneously in the cell-
al. (2023) responder (POR) bilateral ovary treated group, as compared to 6 out of 81
(25-45 years old) individuals (7.4%) in the control group
(P=0.005)
MA- 9 patients with ADMSCs Under transvaginal ultra- Two POF patients had a return of men- [37]
SHAYEKHI, POF (20-39 years sonography/laparoscopic struation second months after the in-
etal. (2021) old) instillation of ADMSCs in tervention,which continued for 3, 5, 7 and 8
ovaries months. Two others reported menstruation
resumption at 1 month after the intervention
TANDUL- 2 patients with ABMMSCs Laparoscopic intraovarian A 26-year-old woman successfully conceived  [38]
WADKAR, POI (26 and 33 instillation of autologous naturally after 22-month post-intraovarian
et al. (2016) years old) bone marrow-derived stem ABMDSC therapy and delivered a healthy
cells (ABMDSCs) with PRP  baby of 2.7 Kgs; another 33-year-old woman
conceived spontaneously after 15-months
post-intraovarian ABMDSC mixed with PRP
therapy
ZAFAR- 15 patients with MenSCs Under transvaginal ultraso- Four of 15 patients with POR got naturally [39]
DOUST, et poor ovarian nography injected into left pregnant during 3 months after treatment.
al. (2020) responder (POR)/ ovary Altogether, 7 women had clinical pregnancy
age =35(4) (inter- that resulted in 5 live births
quartile range)
YAN, et al. 61 patients with UCMSCs UCMSCs were transplanted ~ Four successful clinical deliveries were ob- [51]
(2020) POI (a median to the patients by ultra- tained from POI patients after transplantation,
age of 30) sound-guided transvaginal and 4 babies were developed normally. Three
injection patients showed follicle development in the
injection ovary, 2 patients resumed normal
menstruation
A I VIORIE RS, R587F W5 (trial registration By e T M A BAORS TV E ST 4 (ICSTAH ) (P=0.04 41

number, TRN): IRCT20180619040147N2., @it 7=l
B 5L RS H AR MenSCs T LA 3 B SE1IK S B (poor
ovarian response, POR) Ze VE [P AE Uk A% 7= %, POR
S POIA & P S Dy RERGR , 2 FECL AR 3
BLF A . 455 MenScsZH 1 5 BE4H Ha 52 K 2 AL iR

P=0.008). 20234 ZAFARDOUST2% B3 3t — 3
A7 RBEA N G ELEE [F) A7, fhATTHE 18044 POR £t
PE 23 e 52 XU MenSCs U S P 3 565 28 AR 3 4 4
FO0ON (F1)o 4RI MenSCsIT VLRI R
M 52V, A 5| AT 2 4l . 1% 35 B MenSCsy7
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EAE 52 ICSIIVEF ) POR 22 14 72 A5 B 22 $0 0 1) Rt
SRR AN ARRG . R MenSCsHKIE T 15 W, HT
T B 9C &, B MenSCstl & B\ Jynt
A B Th e B 0 1 2 P B R A R T RICRE. R,
7E MenSCs H1 32 1 [R) PRI 4F 5 M 32 AR T e 51 5
YRR B A B (7 5 R0 R 5 )45 B AT (], 3% A
I i) 60 22 [ 4 A 82 O 503 52 4 O SR A1 1 e A L
4 W2 F 20 g K AR IR AR MenSCsFE A 117
TR AR ZOCHEEMEM . A AN IIT 35
) POF, . FH MenSCsify7 & M HA 1 & 1) & T7
ZW, B MenSCsH & TIRHL. LACEE R, Tk
B8 SRR s, B NER I H FR B R A 52 B L A
YIS Y AT BT B KB, R, MenSCs R Al
J Bt MenSCsFE 0 POTYE YT B0 1 B EARALE , X
5 LR A 08 A B AR LB VIR DG . B FLR B, M
AR A 3 B 1 MenSCs K I AC 978 11 AN N4k
Bk, HMEEARFER K, 2 5400EKKE
()38 DR R TE KT S5 25 N R B4 SR P A T ER
BT, HAKHN 2B H i MenSCs 4 HEA I AE Al g 2>
ZRIFZA, K, 5 M BESRALAE & B B s
1) E 3 Y 45 34T B 1K MenSCs L 2 i 13 3 1 5 1%k
j:%[%]o
7.4 UCMSCs#R[a);877

IR HE ) LB B 405 32 UCMSCs B 2 SRR, AT
DA 7 (AN [ 350 70 B AR A iy v 20 B H ok, LA
IPUIENE . TCBUR M R AR LIRS, (R,
UCMSCsIEAE R IR YT P01 Al 4252 (1) BMMSCs # 4K
S I s X N AR LN S HVE (S CPN X & e
DL /A B v 58 T R 1) e 4 R AR IR, XA 2
BRI 2 hUCM S Cs AN 42 %) B 535 BV £% 736 il fe o6 B 5
90% (17 N5t 7t v AR B 73 85, I ™= A 2 08 1)
i, VAT F MSCsII TSR, eI LAk
AR, SRR SHE, R DL AESNRE R, EE
B, 5SBMMSCsHIEL, HZRe1E, KW fiG
I8 R HE 2R (KN hUCMS Cs A BUI8 A7 A5 1 ] i 2H 21
ORI 0 G2 R 70 R 1A Bz 3k e 70, AL
A B TAE N POFI —MIB TE IR T IR, SRIGHIE A,
TE R 5 5 6 AL A B AL R B MSCs A B L ZL 1)
REME, 0T B0 S R R 3 A K B F AR RE W b
&b, UCMSCsx TAHME I G 78 R I H i A, ik
R B 5 T BMMSCs™*, ANME & & Bl UCMSCs
T 5 e A R 2 T 76 A S ) T ELAE 9

K, H{UCMSCsHITEIRITIT, A [T 40l (hu-
man Wharton’s jelly stem cell, hWJISC)Z @4 iIE I
A R 1 R R, Ik 3 SRR T Bax ARG /T
VHPTETS Bel-2A SURVIVINE K 223 %) FUARIEE . A
Jed R B 598 40 A 2 7 R A FH ), hUCMISCsie
AR HAh 22 B8 T 4H M BSOVE G T 40 B 1 57 J2 O
1€ N1k, UCMSCsiA 7T POI I AT 7331 18 H i
%, HAA TR @ BT G R R A

20204F, YANZE PUZE— T3 F UCMSCs# iR
J7 616 POLE & B 7T b, RIS K BB B BF
9, B35 5200 (antral follicle count, AFC). fIt % B
#J (dominant follicles, DFC) 1 s Z4 B ¥{d (mature fol-
licles, MFC) £ #3538 n . &5 BIR, 281, 2. 3
TG RS BRI I 83 73 N 31.1%(19/61)
11.8%(6/50)F1 13.3%(4/30), &N A EH HE K
EEaY, WHEAFC LT, DFCAHIMFCE =S N, P
S AMHZKF TR, SRS T 6144 A Op HTh
RE, WA 51 E A R I, 45 R B UCMSCsTE
PO I R IG YT T B AT B R AT 5t A
RO, W ENF 1 POLEH LT B R S/
I7 JEARAT RLA ORI, OF SR LR (1) 3 ORATA 52
B0 ) B A T] R I UCMS Cs#E [ V3 56 3545 56 47 1)
BB, AR Clinical Trials.gov I8, H BT 4B
11300l AR AE 5 1EAE S FIMSCsi6 97 POI/POF, H 510
N Fl UCMSCs#4 4 1697 POI/POF £ 4 (11l AR iR 56 477
FEHEAT FR1T,

JUHEER, WERMEAAT— B R 1 R 46 U9
SE HR, Bl Sl RAIE T, UESE TN ST
FIA7AE Y, 20124F, VOGLERZE B2i@ it I i M 8
A1 POF i35 11 5 5L rR S ER B 1) T4 - S 43381 o
BLRT, AN SN, phye N SR . B IR SR
ROVE U RN BRI PR, &5 51 84 EB 3 R g 745 B B
bR AR IR ), UESE T OP ST 4 U 7E POF %
FAETE. Rk, J8 I DA SRR AL A I R S
N FMSCsyA T POFEUS 1 B K HERE .
7.5 MSCs# [ ER R KZ LR

H §I M MSCsia 7 POTR) 5 2 LA 7 30 -
(1) MR B2 R SRAR F) V8T 5 (2) R/ ABCREL )
Fo ha gk O A RN BN S K (3) & WIIE R S 5l
T 1 P SR ) S BB O SR /A A Oy (A
2)o MSCsil i fIBEARIR SR, 7T LAKE 73 3O 710
HONEEZERE. BRI UM AR AR
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Ovarian artery o

Intraovarian

Transvaginal ultrasound-guided
targeted ovarian transplantation

i Systemic therapy ﬁ

Intravenous
injection

=/ ! \ 1
POI/POF ‘
=P

injection

Arterlal
1ntervent10n

El2 [E7ERTEMSCs)EEEHEIRTTPOV/POFRY LIS
Fig.2 Several approaches for targeted transplantation of MSCs in the treatment of POI/POF

FEREHE AN 2 . FERE R (R . 7 2K
TS . FE AN T8 25 BOR SRR OC 1) L, {H i
WG RBE T BT 2 538 #4352 7 UCMSCs I B 8
WESS, WA — Bk A2 51697 A D% 1) ™ B R AE A R
HRIEL, A, BT POIK L %A ZhUCMSCs.
BMMSCs, /b #i% % ADMSCs 2 MenSCs, fif FIMSCs
I N 1.0x107~9.0x107),

IGBOELI% P& | 24 POF &3, il i iz
BiHH 5 mmiE 4% (225 %K) 70 AT ABMMSCs# 1
Ro BT H TG e O 3, B A8 555 B i) 8]
P 17 B9 5 O G S 4E IR 45 4 mL, fHEP 51K
WK . VRS EE A, KT S AR SR A 15 B 5ol , bA
T0E G 200 it AN B0 B P R . R S A AN R AR
SO, TV S AR B ER K R 53— BN SR AR A ARk

M a U8 B 1y 3+ 6RI94 H BBV, ik i — %
(estradiol, E2)7KF-f2E ET-, FSH. LHIJA P,
AN E R RIX 2 BEEREE N TN H N A&k
o

EL SR PO 2 0o B A P A B A JE LR
EX LA B s o E R K, YF2IRIR
W50 32 50 5 R gRAH G 10 &, I3 4 1 POLHY)
FEVFN TR G5 R, WO RN M R K

WAMH. LH. FSHFIE2; % J AFCHI DFCIH% & ;
AR R R 22 ) LA SR1S I O BELE B . Bk
HONREA M E . R IGEE . IR YR E 4
t. = BICSUIVE A HE =, DA iR
2. BIEW L. SR 5%, FFDhRe R . g
UG Thae s kT TR P, T sk = MSCsy
BLOBEEgR. ME. BN 2T RRUE K R G
IR, FRRIT AP NERA 8. Fik, IR
N FH H 1] 7 MSCs [ il 2% b FE & 0622, DR A AR 48 4
PRORIR R S AT P& AR, SEBRiR T i
FE A5 ASAH [F] ),

g LT, WIS SR R RIE SRS 1
MSCsTE POLIIIG YT H Z I AH [F] 176 97 50 1324,
B fE4E K () POF 235 , MSCst B R B 4k
BT RE BRI PR3 A AN S SR T BR A 771491, W AR A |
WA IN TR, KRR N e S TR K
SR

8 MSCs#E[E);a 7 7E IR R A A RO XE =
AR MSCs TS 1 77 POLII G HE R I A 7 3%

MR, bl TR R DX AR 55 1, e )

ol L4534 1 201 256 MIS C s s A I8 3 e 7 7% 6 L
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fig B4, TR K (135 PR % (reactive oxygen species,
ROS)TE A 17 ON AR L I AR R B 2% & T
[H R A5 EEAE A, ROSHIE/D 1] LALRIF 5F 5L 28 ki
IR EE R AT RE, $G BT AN GTTE T B KP4
il O S R 2 AL AT AR 4 B R, MSCsFEHE S
245 OF 510 I AR ORI R IR A B AR 3] T
FUGE, fE— B BRI T 7 ROSHI AR,
SR, ROSHIL A 7 22 8] A~ 487 404 4T 18wt 2 3 1
AL N ¥ (oxidative stress, OS) ™ 5 5 5, KA I
WL GRBREYH R B AR, POTRIAEFE ThfRE T F% P71,
T ISR B, POTIR) & AR it e vl e 52 21 OS Y
WERZ M, SOBINOFFE: PR, WAH T @I OS
S ONE IR R A T, A S EONE G . BT
DL, BEAR MSCsHAE 2232 3| 2 FhIA G R 2= 1) 52, (H
HEERHNRZ —H2EO0S, B TR EIAL S
) MSCs#ii#E, FEMR T RUR 1 BRAET 2 5
MSCsHAEST R R 2= 2 — 1, T4l MSCs )2k 4t
T B AMSCsIRTT BT 2%, =& —MA R ENG
I HRBE

FRk T T AR R T B iR —
{H SABERIZ HIERT, 5 4H 2I5E 28 F 240 i, i
80% <z RAETAT, THT: RIRFE R Z KA T HIEE I 4
KW, PARKEZESRH, 45, fEPOFEE Y
S 1 a0 B B 2B B>, 4R R LRI R . HiAl
B LRI, R A BT A0 L AE AR N AT R ARAR Y,
AT REFZMTT R, AT NG T I )R i, IX 5% B 42
T 0 A 7 ZAE PO Al 0G 7 () B2 T, i
T OP R T BRI BN S, W ik
W E R A FIMSCs I VA L2 T] BRIRAIS, BIREEASE 1)
T M v] e R A — /N4 957 20 i U5 S8R AT
Ao PRI &L, A, B2 S EEIEH ©), & ff
73 MSCsHEAE Il AR B FH 52 21— LL R, 4% H
FEAE MSCsiE 51 31 51 58 7 my DLy JRox A [/, (H 75 22
LW FE P TFARL R, 50T GG 0 FIR G )
WU 1, B vE R B, G 2] 9N E ) MSCs i 7]
TAENRN LA TAR , IX ] B 2 40 35 MRz 20 Ffg i oY
BRI A (G 55 2h g 7. (EXT T 4% BMMSCsk
UL, FEIEAE AR N S 00 J6 8 5% B I TR R ) 7 17
ST BEARS 1 g o A ) JRUG: U1, 2 i A e R B
BMMSCsfE# M G 220 6 H & %0, BH KN
SO M. B AR BMMSCsRIIR T A5 POFTE
DAL ) 22 0 T 52 3 A BRI = O, ELIN PR e

AFLE ™ BE B, WK A A IE . 532
TR Tk T B LA K BMMSCs %5 42 HE /7 AR
(5t He A R IR FIMS CsU ) 7 77

BMMSCs Al ADMSCs L4 4% T POLVA T 1 1l
RIEFE, (BN JE BMMSCs & =M, B 4% 41
FE AR TR E 2 —, HAFERIUR A %L
AL BE A SRR R SEFIL S ) @ b,
Xl MSCs H 3 5 57 11 58 71 #1852 B A A4 4 0% A=
N SR 51 (s AS RO BE e W ) Y PR, R Lk
S T R MSCsAE I Rl 0y 26 1)) it b
BEARLERS G K | AR MSCs 1) 85 B A Th fig t A
TBE. MSCsH3E 287 fe 5 5 bi 46 B . DNAH
P+ R AL 57 R G P2 2R AE A OC 374, T AN [ (1)
HF 70t < L POF £ 3% v o M 4 BE AR 46 i Kot B V7%
PEBRAR 7, 3 R R A T B e T I v o il S R
G LR AR — A SR AP R 70 REAR A B Ak
JRMSCsTE I PR L F AT A7 TR 1 2 A 2, B G AL Bt
JEVIRIRITMSCs ] B 5 LA, 5 A& TE IS K 1)
POLEE H IR

9 I FR L BB B R SR AT

124 ik, R Z W5, Xf H POL ARG TT
T, TR )T B A BEAR G R R 8 1013.2425861 {1
YA ) 4 5 R AL 1 T 40 P e 205 8 o A5 4L 41
W] B AR RS AR J5 MSCsIrIi 2k % . $ BB il AR R
R —WE SR, HAT, 2@ 8B
1) 41 L FiE — L 5 T 40 YR T ORI 32 B )
A, BTN R E A A AR PR T 4 i ) i
—/NE R PR EL ), APt kLR A 2k 40 i A
AR R MR e MR A B R . R BB
SRR 2 Sl B0 1) P S A, LS AR R SRR N A%
Pl R A R R R tH BRI U R, A RS
MSCs 1454 & 16 JT POTK — R AR AT B ik (1) 26 32 7
o —TRTAL TREMBRER, RIEEA L
2 A5 MSCsF A8 Jo n] LASE I 148 B (0 A7 35 ) 7], 42
mFLp A I RIGEE T, IR AR AR
JREE A 2R B MSCs B A AEWiE e, B K
FIVEIT AR U8, SUSE UH] AR IR 8 1 S 2 3E AT
ADMSCsHEHE, B 1 MSCsTE 51 5 r (135 B i 1] |
AT IR KIS . B UCMSCsH# 1 21 iR
JE 328 b, AT A0S K AN 220 POF (8 2 R HR 5P 5L
BRI M, H AT, MSCsifyT POIF) £ Eig 12 248
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M B R R B O LA U, (HX A] e S BRI iE
FICO B 451477, SHINEE PO 325 W Joit I 46t M S 28 Bz
WA MSCs I 7 154 8 i fa 7 ax — Bl BEAR
R TEhP AL, (B RO SE K 1 4% 1 40
G, R FWRE T ONEIIEE. thAh, MAOZEE!
E T T A TR A 2 R A R B B PR AR
ehORT DULE 5 KR S )5 S 35 5 i MS CsE 4R N ) A7
T I R RN S R SR R A T ) A
FEIEN I MSCs PG T — M EHLL E.
DRI, e I 0 2 1 R B8 4E 7 MSCs IR A7 15 I
AR AR AT RE T, AR TS 2% MSCs Y
BT .

KEWFLC LU, 7558 1 500 T 40 g 8t 47
S N 27 NN = W A S ) N P e
bR AT DAR 40 M R D RE MIAE VS R, T 3R1S T
(R RR 5379820 AR b AL PE (heat shock pretreat-
ment, HSP) & # 18 1 J5 OR 37 40 M 14 240732, HSP
AP LA B T, 52 % BMMSCsAE LT 3R 855
(K177 3% 2 55453t POTAT B4F IR T AR - HSPik
A LAY 58 MSCs F S e 8 5 5 ) 1%, X AT B 2 4 o
BMMSCsHIVGITIE /1. WL ELIUESE, fEVFZ
BRI 42 °CHe A IR o R BRI AT ARE K-
A PAT IS T 3R = R YT ROR B HAd PRIAL B 4 2
T s T IR B OSIR A T /] DA 40 i ik 22 ik 4%
& L R AR, IR T AR AR S s E
[AFIE", PEY VANDIZE R I, MSCsH# 18 i H 23
% (deferoxamine, DFO) AL 2 B B2 #F 1 T4 i
EE S E SNTE /=il R E iy € S S £ KA
JE£ ik #FEE 7 (low-intensity pulsed ultrasound, LIPUS)
TE 20 i # 4 iT TAR 3 MSCs, 1T RE N BGE 4 B 1
HIMSCs LA 21 B gt — R, 7M. %4
AR, N EBORIFEMSCs& LIPUS AL H# 5, A
DA i3k 22 D] 1 1R 20 36, DT P50 52 40 DN S5 R B
BB, HAR T, TUAL S I MSCs X AGST 75
TIPS 2 I L S SR B2 A AR R T RO
fptest, AR AR F BMMSCsFAE VAT POLFIHE
8%, (ORI R R A S AR BRG] 1 B8 ).
IR, #2225 (melatonin). A i€ A (L-carni-
tine). Ji % # (apigenin) FAL 3 1] 2 3 {2 #F BMMSCs
R VA B AN R vy A% 2 19290921 WANG A5 PR H
NS L L /AR L 2% BT BLAE 2 hUCMIS Cs 3 58 JF:
AT T AT FUR L, BMMSCs AT B2

2 B 1 S B8 A T DU a2k B Sk IR BE IR AL 1) 1L AR
P, I ERATAT BLE— PR R, HFBMMSCs 5
AR 2 0 2 A R % DL RIRE 1) 77 22 3 0 POLER
FIINE DR . T MSCsHITE T FUER & FEAK T
BN Z X I MSCs I AE . iR FIE /7, 1 OS
SR AR AMEBEAR AR T R B R R 2 — . it
B ERES  EUA N B B R R PR (19 40 DFO
BAEAE 2R E)RIg> OS iR B AT LUIE K NS MSCs
()5, [ DR B g 1%, ARk, BERHE
BMMSCsF& 1 1] G2 4 50 H VG 7 R I — FhA R 5%
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{55 FH 14 B A AR 001 BLG T POTE A AR 1
B 5, 5l (78 8 POTII AR R VA T $2 4t 7 3
B AR, BT AT 2 R T4 M (induced plu-
ripotent stem cells, iPSCs)) 77 7% 1] By Ik H wif i 4
KVE MSCs2Er= ik F21 F ZERR ], B IRA KB
77, R e ] DL Rk A = AR LT JE PR AR
MSCs®". R iPSCs 5V LI E MR %, 1] st
FERFR M AL 5, LA T e-My %59 HE DR (1) i
J5£ 22 T T 1S 0 SR i hE 1R XU, (EL R iPSCsik 52 B
HINREAAE R KA LY, 20164EFFFRH, A
iPSCs ] FH T 6 4 51 5L R0RAE 48 i (ovarian granu-
losa like cells, OGLCs)*™, 20204, YAMASHIRO
G UMR T —MTEANI U7 2, ARG A iPSCs,
RGN AN, B K B NN EEA . 7E
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2% TR 9T POIAUAZAE | DL J V22 Hoqth ™ B
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I 5 5 A M AR FH AL I 98 AN I e, 08
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FEAESZ AT 1) 91 5L TS AR T DL B O O ), {15
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