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In wvitro follicle activation as a strategy for assisted reproduction
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Abstract: Premature ovarian insufficiency ( POl) refers to ovarian dysfunction in women before the age of 40
years, and its pathological basis is the depletion or difficult activation of primordial follicle. POI patients have a low
natural conception rate and poor effect of ovulation induction therapy. At present, there is no effective method to re-
store ovarian function. In vitro activation (IVA) for follicles refers to surgical removal of part of the ovarian tissue,
followed by drug or physical intervention in vitro, to activate the patient’s remaining follicles. Finally, the tissue is
rafted back to the same ovary so that it can develop to the stage of responding to ovulation induction. In conjunction
with the above procedure, ovulation induction can obtain mature follicles for in vitro fertilization and embryo trans-
fer. IVA technology is an innovative therapeutic option for POI, and provides a new direction for the treatment of
POI patients. This article summarizes the principle of IVA, related signaling pathways and drug targets in each

pathway, and reviews the application and optimization of IVA protocols in POI patients, so as to provide a basis for
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the diagnosis and treatment of patients with POIL.
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1 PTEN/PI3K/Akt i# %5 mTOR if ¥ 7E 5P E0E F HI1E FAHLE
Fig 1 Mechanisms of PTEN/PI3K/ Akt pathway and mTOR pathway in follicular activation

1.2.3 Hippo B 8% 5 IVA 13 72 b 19 AL A A1 38 .
Hippo 3l % 5 # B /N 3 58 AH 5C | 32038 34 1Y
ok B T R T B SR B R AR B R R AL
SNSRI T | I FR A Hippo 18 %,

BLARA 55 (N2 12078 ) K6 B2 Rho GTP i
(Rho GTP-ases) HY{ M, #5105 |2 L3 & 11 240 fif 1
I E Y G-HLEE H ( G-actin) BH5 R F-IL3h &
M (F-actin) & , FEAK T LATS1/2 ##  (large tumor
suppressor kinase 1/2) I 8§ R ft. 7K F-, LATS1/2 1)
P B A H, X yes-#H & HE I ( yes-associated
protein, YAP) [ 2 1L Uk 55, YAP 119 1% P 39 5
F-WLE & A w] DL o AR A2 S YAP, i ik
JE ) YAP H ML # ZA% N, 5 VGLLA (vestigial
like family member 4) 5& 4 V£ 25 5 5 S5 3 5 AH OC 25
¥4 3 ( transcriptional enhanced associate domain,
TEAD) , M\ Tfi i VGLLA-TEAD ¥ %% 5% 1 1 % )
YAP-TEAD (95 % 30 i ; Wi YAP 5 H b 5% 5%
ERIVERERUR G LR S L Y (I N P e oK
PR T ek g n 2

7 MUBEAR TR (lysophosphatidic acid, LPA) Fl1#H %
JiE- 1% ( sphingosine-1-phosphate , SIP) FlESWmE
A LATS1/2 14 3 14 Rl 5C 1] Hippo 38 6 149 2
AET? . IRME S B AL R S 5 R ) O &
AR SIP A LATS1/2 7544 I A A2 38 519 34
e A AR

% &3 Hippo 8 F& X HLARAE HT A9 Uk | i L
AR T OISR R R R AR R B S A R R
7] Hippo B AEZ5H IVA J7 58, DR HARA R HE |
ARG SR B T T T T PR AR A Ak
WG SF LRI B 2 PR 2 A 1 O TE

B 5L Bz BT B Ak B8 B8 IR 55 IR ) 1Y B R
U0 B 8 s ] BR 4 £ i BRI iy 47 ok 5 ik — 2P
KEH O IVA IR B b u i BRHEAL B B 45 5
TR 5 1 B R 7 AR SR AR I RCR | [A] I
PR R E A 5 AR A R T Bl BRI Ak Y
N3 WA R | 3 BB RS X R 45 32 TVA 1Y BRI 5 Ak
WA RHE X — o BT I HE IR iy R PR
H# . KT Hippo i H/E FMLEI S 0L 2



542 BLfili B2 2 Sl K

Basic and Clinical Medicine

2023.43(4)

SRASE R
v

. Rho GTPases

l

o 80 — OQ

co0©
)
G-Actin F-Actin \I LATSI/Z

@&
( ST

e = "R T IVA g2y -

T FRIRBAE T FORAM R, S FIR EAR AR | M AR R I/ (B 32 1) T 42

BRIC A S 7 (9 T 7 3R A s DR 7 40 ML I35 A0 ML A =2 ] ER B 50 T

Note; “ * 7 indicates drugs used for IVA, 1T

direct regulation, dashed line indicates potential/indirect regulation; “ 1”7

transcription factor movement between cytoplasm and nucleus

indicates activation,

“T” indicates repression, solid line indicates

marked with “ % ” indicates the direction of

[E 2 Hippo if %7 it #UE P B /E R AL
Fig 2 Hippo pathway in follicular activation

2 IVA L . BREREE SR

2.1 EHHIVA RE

WHLE IVA B RS 4l SR RIS S5 41
Sl , UP SR B S R A EA T e Z P
2.1 1 i s e T R SR EOOI R o R A
L2 R i 22 AR, R 254 b B TVA
[ bpV (HOpic) 5 740Y-P 85 ] 75 22> 37 a3
B2 B 4 R o, RS A O R (B IR R S
T40Y-P WET) DU AT ek /0 2 B B S 13 B R BR
17 A FH 2 o R R Ak B AR 25 0 A B TVA 5 7
FEEUGE L 2/3 (1 R DS SR Y, T
POT (L # FRAT W /NER L R 0 T R~ 1 ~
2mm GEAE 2 N7 DRk U G £ 41 kAT e B
AYBSIE AR ERZRTET 1 ~2 mm JEAY R RN AT L R
J )i T BER AR TEAG , ADEAL H A O S A5 1 L
2.1.2  FET Y0 FIWE R AL BRSNS « H ALY
I E A A NnE AR A PR R A RS
FEE R IVA 25970 % IR B 25 W0 5 R, 25
AbBE TVA J7 50 B2 T R A B R T 1, 75 B
FRYIEI A 1 mm 2247 BYSE 5 AR LURIE

R GKRRZ iy KA, b5 T2 A .
25 b B TVA J7 S W EE Iy (8 | 55 Bz s 40 1
MiHK 3~5 mm BIE IR R R, B = K
5~10 mmPIE T 6 8 nT DLBUS 88 KA AY
RO, MR EREEMYIE G 1 mm 4TS
) M RIRE R AT,
2.1.3  HZUNIAE RIS BERE . IR R IR AR T
WIZ BN FE w2 TR RS , Wl 2B E
P W R ECOT | DR ab T KR 4 4R - T4 3 A B
EHMWEZ T mT DA A 21 O 5 B 3 A 1
P B RS ERERTA T TR mm
FeA B B R SE A BB AR A 20~ 100 A~ IE
D5 T B e e g 24 4R A A
2.2 REMNEHERM

SR 25 W Ab B TVA T3 B2 B L R R R A
B2 d, BEEZ WK IE RS TR, 5 — TN 4L
HObE 58 R EAT AL 2L IR0 M, 25 HB A T AR R I
TR OERURE (4 T AE 5 R ROK B R RN
PR, 57K IVA 1 Z ARFEA
2.2.1 HURFARN IVA KB 57 5 %) A BRI 8] R
ARTE SR T AR IR AR R 2 P, AT DA 28—k i



XA OIS 77 A 1 B0 S I AN 4 B B 2B B PP A T S o e 543

BIREFAR, PRAl iy B B A AL BE AT F 1 h 952
AP TR PA 5 740Y-P 0] 4 2 4 985 7 I JE]
52 1 h' R RSV B EGF U AT A5 0% 7 it
[ 4 % 30 min N, HLRTFARN IVA RRBUE B 3
FRIR v, U F e G A T [ AR 1 55 3% X 1 Joit 1 v o
Bi BRI R FH B FAR Y IVA B RT R SE RIEA  1
R IETERIOR , 30 T LI R 5 A= A H R A DR
2.2.2 MYEALIVA J5 % il T R R FE B AN TA]
POl B # Z AR St 1 IVA #5] k
OO IR0 2oL B Ak, X R ) B SR A 3 TR 2
T A A J2 0 X L ARAS AT IVE-ET (% B O3
IEAh, FAR 8K B W JE SR (R 2 AR,
M2 42 d 19 O 3 1 4B R BETT ) UK 2 i
s SRt R A R LT 19 0 T 48, IR e A 11k
(1 IVA 77 ARG 2,

POI (IRFE S AT 1A ¢, F1 POL 35 ry i
5 E2 M AB4ERFFE IE 7 K K240 POT B E 1Y)
H AR IR A TERRZ G 1 4R XM Al H I T
HH pol BE L EA — AR )T BRI AMH
K SELE B FSH /K SF-54 58 1 ) 20 554 [y Be b o
RIS ACRREE , POL 1 9K B B 7 A= (1% 52 117 B v e 4
RFEIL, PR T BP0 A B0 A5 209 3 1 BE DRI R
FAGIARSE W BB R 5 & 1Y E2 AR, e Lk
IR SEAH A THFE AN AR T B . B e
FRAGZER , v] (6 L0 ) B E AR /N | BB E AR
TR B, 3 1 B2 AP A5 ) 3 I,
Y A IR BB D T 1000 BT B SR i ik
A FEAERPIRAS

Z e R E T IIMAE POT #EFE b /Y B M AT,
— BB oY B A AR R T B2 KSR
SE DR AT I %L (antral follicle counts, AFC) il & /™1
TER IVA SEHE X T B AR B2 K F i L 32
TRAFTE G 0 VR G B 3 % 5% O ot 1) fB A, $R A A
BRI AR B BT R N IVA 5 TR T A 4K
K E2 KRR B RIS G R AR 2 H 25
e g SRR O vk Y R R AE TS 1R
6 S VK % O 960 5 55 B 9, oA 2 R ) AR B0 3 5 40
SO0 A I AL TS T, 1% 0 T 3 T A AN R B R
W — RO & B R B, X IVA Y S 8 5
A, TR A IVA B P B AR s e L (H
XS B = WS R

BERI R IP 5 05 A5 SRR IR Y DA 25 SR AN
MG AR, v LAXT 00 7 PR AT 0, IR XS TVA
TUfE A5 B AR B W, AMH R EEH E A S ~
8 mm Y IR LA, 1L TE AMH 7K 5l 3/ 2 88 ] FE Y
PEAGFRE, R AMH 7K - 55 47] 9%/ Uk 2% B 0 (1) 5%
JEAV L o ZE K 56 (Pearson’s r=0. 34 ) " SR 7E 45
A ORI AL TR S R RIS | A DGR B T fE
SYHE LY AMH 7K F-7E POT Hij 3K 5 A1 06 &
A IR | Bt A REAE AR AR K X R B 42 ] g
W T AREE Y BN R G SRR DRI i R i Ak . X
K9] AMH FIPERY 835 & 19 AMH FHPE 4 7R R Y
BB A K, JE OF A RAFRHHL' SR AMH 7K
SELEANRRREE AR R A POT 3 22 [ A7 A K
a5t R AMH K768 A SRR AT, 75 2
Zeab R R AT 5 AN SRS E

ZEAR A 40 A POL i F2  AMH /K-F- | E2 7K -
5 AFC BIPFAR il B 4 1 M Sz e H 3 1 B B9 B
JE A B TE A R ARG 5 ELREXT S i
R FIM 1 AMH FSH A1 E2 2545 54 19 28
e A B R POL 1% i i BRIZ HLA, OF
R IVA (77 E R PR AR LI A
2.3 NoEENAKBRHER
2.3.1 IVA ARH{ HRT IGY7 0 a4 21 24 41t T 25
(IVIERIRES . BB TE TVA ARAT1%EZ — BTl ) HRT
IBI7 B I FSH 5 LH #2678 5K /K SF , 78 TVA
ARJFF R H A B K E (KRG 10~15 H)
Ja O &l HRT 75 A5 2 1 (0 75 P L% Hh
BEJSBCA O IVF-ET 5B,

VL J7 S o I AR 20 4R ) 22 0 ) s A5
(HRT 45395 B Ik E2 & FSH ik LH IR A ) , Wi 2y
J& , BB HLE S O BB A #E M FSH 7K
S BT EMARZE G B FSH AR 2 A T Y
1 RR AT LGRS AR ) IR 7 ) POT B35 A A AR
AMH H%#5 FSH 5 LH fAS R 520,

2.3.2 IVA RTi HRT 67 AT 6 A B T 42 /& UP i
P KT B &£ FSH Z K 1975 1k EFs, POI
B BN FSH MK AMH Al A2 5 30X L 51 i
R A ER A SE B W FSH A BB S
SEE It B R A FSH/LH (10 332 IR 55 i |
FER K LH B R & A L7 R ok o 4
JETE Y H 2 JR 3 E R ARG B T R O i 5



544 Fmih PR 2 S R

Basic and Clinical Medicine

2023.43(4)

LK O 5 IVF-ET Ry Th ' % & 5] HRT
A A B, IF B HRT WA B T 2% PO S5 1)
BRI i 2 R A & R E A
BRI M E.,

3 IVAWZIE. it FiIE5RE

IVA [ FUS 38 B 7T LIS AT Z 4865, AMH 9
AL AT RE I WL IVA J5 EFs BRI TG FL AR, AT
MFWEHMNS IVA FOR P, WA KT
[l 47 o AR B0 ot A PN R 4 A ) S T BE T
AR B [ 2H 2 A i iz i A, /0 PR e o, e S A
VBN & B RGBT S AP T
W (A 35 25 A B sk 2 PR ML A8 4% 15 e 11%) BT 6 45
KU IVA BRI R B A 1)

IVA A RPERSRMER e, BRTH#EZ IVA J5
()R AR IR 28 (13. 8% ) (R T H AR 4 IR 8 11 55 2R W
flfit(14.2%) ., R IVA E4 7 POI B34 1Y A7
Al B A I N R T 0k I PR S B A U A AT
Bz xR LE R B A R POT g 18] 1Y 5
TP, 43 HE A MR SR A A I AL/ A R 1) B B33 2, B

S Xk

(1] BRTIL, 2, o, & BRI I BEAR 2 1Y Ik K
BIrhEL R R[], hAEREm R, 2017, 52:
577-581.

[2] Golezar S, Ramezani Tehrani F, Khazaei S, et al. The
global prevalence of primary ovarian insufficiency and
early menopause: a meta-analysis[ J ]. Climacteric, 2019,
22. 403-411.

[3] Panay N, Anderson RA, Nappi RE, et al. Premature
ovarian insufficiency: an International Menopause Society
White Paper[ J]. Climacteric, 2020, 23 426-446.

[4] Fraison E, Crawford G, Casper G, et al. Pregnancy fol-
lowing diagnosis of premature ovarian insufficiency: a sys-
tematic review [ J ]. Reprod Biomed Online, 2019, 39.
467-476.

[5] Maruyama T. A woman with primary ovarian insufficiency
had two live births resulting from intrauterine insemina-
tions during 10 years of ovarian follicle monitoring[ J]. J

Obstet Gynaecol Res, 2020, 46. 2159-2163.

HIWRER TR A &K E D, N IE LT TVA 5%
RV

IVA MR B AR, BT B0 S48 1
ANRIYRE ISR Rz SR AR X B o6 it A R 3
P52 T T] ) e i i 405 P 3 400 0 R R RS AR A
50% ~90% 1% B 10 it £ 18 B RZ Wi, B At 70% (1) B
T REH L ), %5 FE E) POL B35 LT A6 38 1 B
HAEe 5 IVA T a7 9412 at | LU ok i) R 46 B9 i
VEEIR I AN A B (O 8OR R  E E e R
) 7 S8 AR 5 R R o A, 7 8 B 22 P I PR S 56 T
DABAASG , XF IVA (R RS B8R4

U IVA KSR AEAE 4 L, SR % & 3 IVA 1Y)
PRS0 A 5 07 78 1 R, 07 24 566 A9 I R S R A (L
AR, KA VA AF 55 75 200 £ 19 I PR SE 5
FIVEE 4 T PRAN 0 W5 8 B[R] st o 122 2 R 3 H
Ry POL 2 328 5 40 S B A J BRE % 8 25 B0
HOR SR Bl = F0ORS B0 A0 PE AL O 9k X ™ S RHL A T
POI A= FE GBI B0 58 R 0 b3 [n) A 31 75 49
WSS TN T i, IVA ¥4 76 POL A= 5 il B 530 &
FEH R E

[6] Vo KCT, Kawamura K. In vitro activation early follicles
from the basic science to the clinical perspectives[ J]. Int
J Mol Sei, 2021, 22; 3785.

[7] Hsueh AJW, Kawamura K. Hippo signaling disruption
and ovarian follicle activation in infertile patients [ J].
Fertil Steril, 2020, 114, 458-464.

[8] Wang W, Todorov P, Isachenko E, et al. In vitro activa-
tion of cryopreserved ovarian tissue: A single-arm meta-a-
nalysis and systematic review [ J ]. Eur J Obstet Gynecol
Reprod Biol, 2021, 258, 258-264.

[9] Zhai J, Zhang J, Zhang L, et al. Autotransplantation of
the ovarian cortex after in-vitro activation for infertility
treatment; a shortened procedure [ J].
2021, 36 2134-2147.

[10] McGee EA, Hsueh AJW. Initial and cyclic recruitment of
ovarian follicles[ J]. Endocrine Rev, 2000, 21 200-214.

Hum Reprod,

[11] Lew R. Natural history of ovarian function including as-

sessment of ovarian reserve and premature ovarian failure



XA OIS 77 A 1 B0 S I AN 4 B B 2B B PP A T S o e

545

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

[J]. Best Pract Res Clin Obstet Gynaecol, 2019, 55.
2-13.

Dewailly D, Andersen CY, Balen A, et al. The
physiology and clinical utility of anti-Mullerian hormone in
women[ J]. Hum Reprod Update, 2014, 20. 370-385.
Anderson RA, Nelson SM. Anti-Mullerian hormone in the
diagnosis and prediction of premature ovarian insufficiency
[J]. Semin Reprod Med, 2020, 38 263-269.

Gougeon A. Dynamics of follicular growth in the human: a
model from preliminary results[ J]. Hum Reprod, 1986,
1. 81-87.

Mauri D, Gazouli I, Zarkavelis G, et al. Chemotherapy
associated ovarian failure [ J |. Front Endocrinol ( Lau-
sanne) , 2020, 11; 572388.

Lawrenz B, Coughlan C, Melado L, et al. Step-down of
FSH- dosage during ovarian stimulation - basic lessons to
be learnt from a randomized controlled trial[ J ]. Front En-
docrinol ( Lausanne) , 2021, 12. 661707.

Arroyo A, Kim B, Yeh J. Luteinizing hormone action in
human oocyte maturation and quality: signaling pathways,
regulation, and clinical impact[ J]. Reprod Sci, 2020,
27. 1223-1252.

Baerwald A, Pierson R. Ovarian follicular waves during
the menstrual cycle: physiologic insights into novel ap-
proaches for ovarian stimulation[ J]. Fertil Steril, 2020,
114, 443-457.

Baerwald AR, Adams GP, Pierson RA. Ovarian antral
folliculogenesis during the human menstrual cycle: a
review[ J |. Hum Reprod Update, 2012, 18 73-91.
Maidarti M, Anderson RA, Telfer EE. Crosstalk between
PTEN/PI3K/ Akt signalling and DNA damage in the oo-
cyte: implications for primordial follicle activation, oocyte
quality and ageing[ J]. Cells, 2020, 9. 200.

Masciangelo R, Hossay C, Chiti MC, et al. Role of the
PI3K and Hippo pathways in follicle activation after
grafting of human ovarian tissue[ J]. J Assist Reprod Gen-
et, 2020, 37. 101-108.

Terren C, Munaut C. Molecular basis associated with the
control of primordial follicle activation during transplanta-
tion of cryopreserved ovarian tissue [ J]. Reprod Sci,
2021, 28 1257-1266.

Ford EA, Beckett EL, Roman SD, et al. Advances in hu-
man primordial follicle activation and premature ovarian
insufficiency[ J]. Reproduction, 2020, 159 15-29.
Kawamura K, Cheng Y, Suzuki N, et al. Hippo signaling

[25]

[26]

(27]

(28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

disruption and Akt stimulation of ovarian follicles for infer-
tility treatment [ J |. Proc Natl Acad Sci U S A, 2013,
110 17474-17479.

Zhai J, Yao G, Dong I, et al. In vitro activation of folli-
cles and fresh tissue auto-transplantation in primary
ovarian insufficiency patients [ J]. J Clin Endocrinol
Metab, 2016, 101 4405-4412.

Zhang J, Yan L, Wang Y, et al. In vivo and in vitro acti-
vation of dormant primordial follicles by EGF treatment in
mouse and human[ J]. Clin Transl Med, 2020, 10. 182.
Yan H, Zhang J, Wen J, et al. CDC42 controls the acti-
vation of primordial follicles by regulating PI3K signaling
in mouse oocytes[ J |. BMC Biol, 2018, 16; 73.

Correia B, Sousa MI, Ramalho-Santos J. The mTOR path-
way in reproduction: from gonadal function to develop-
2020, 159.

mental coordination [ J ]. Reproduction,

173-188.

Condon K], Sabatini DM. Nutrient regulation of mTORC1
at a glance[ J]. J Cell Sci, 2019, 132, 222570.

Zhang T, Du X, Zhao L, et al. SIRT1 facilitates
primordial follicle recruitment independent of deacetylase
activity through directly modulating Aktl and mTOR tran-
scription[ J]. FASEB J, 2019, 33. 14703-14716.

Sun X, SuY, He Y, et al. New strategy for in vitro acti-
vation of primordial follicles with mTOR and PI3K stimu-
lators[ J ]. Cell Cycle, 2015, 14 721-731.

Ma S, Meng Z, Chen R, et al. The Hippo pathway: biol-
ogy and pathophysiology[ J]. Annu Rev Biochem, 2019,
88 577-604.

Pors SE, Harethardottir L., Olesen HO, et al. Effect of
sphingosine-1-phosphate on activation of dormant follicles
in murine and human ovarian tissue [ J ]. Mol Hum
Reprod, 2020, 26: 301-311.

Tanaka Y, Hsueh AJ, Kawamura K. Surgical approaches
of drug-free in vitro activation and laparoscopic ovarian in-
cision to treat patients with ovarian infertility [ J ]. Fertil
Steril, 2020, 114, 1355-1357.

Zhang X, Han T, Yan L, et al. Resumption of ovarian
function after ovarian biopsy/scratch in patients with pre-
mature ovarian insufficiency[ J ]. Reprod Sci, 2019, 26.
207-213.

Ouni E, Bouzin C, Dolmans MM, et al. Spatiotemporal
changes in mechanical matrisome components of the
human ovary from prepuberty to menopause[ J]. Hum Re-

prod, 2020, 35: 1391-1410.



546

LR EE 4 5 IR

Basic and Clinical Medicine

2023.43(4)

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Suzuki N, Yoshioka N, Takae S, et al. Successful fertility
preservation following ovarian tissue vitrification in
patients with primary ovarian insufficiency[ J]. Hum Re-
prod, 2015, 30 608-615.

Fabregues F, Ferreri J, Calafell JM, et al. Pregnancy
after drug-free in wvitro activation of follicles and fresh
tissue autotransplantation in primary ovarian insufficiency
patient; a case report and literature review[ J ]. J Ovarian
Res, 2018, 11: 76.

Ferreri J, Fabregues F, Calafell JM, et al. Drug-free in-
vitro activation of follicles and fresh tissue autotransplanta-
tion as a therapeutic option in patients with primary
ovarian insufficiency[ J]. Reprod Biomed Online, 2020,
40, 254-260.

Kawamura K, Ishizuka B, Hsueh AJW. Drug-free in-vitro
activation of follicles for infertility treatment in poor
ovarian response patients with decreased ovarian reserve
[J]. Reprod Biomed Online, 2020, 40, 245-253.

Jiao X, Meng T, Zhai Y, et al. Ovarian reserve markers
in premature ovarian insufficiency ; within different clinical
stages and different etiologies [ J ]. Front Endocrinol ( Lau-
sanne) , 2021, 12. 601752.

von Wolff M, Roumet M, Stute P, et al. Serum anti-Mul-
lerian hormone ( AMH ) concentration has limited
prognostic value for density of primordial and primary folli-
cles, questioning it as an accurate parameter for the

ovarian reserve|[ J |. Maturitas, 2020, 134. 34-40.
Kasahara Y, Osuka S, Bayasula, et al. Very low levels of

[44]

[45]

[46]

[47]

[48]

[49]

serum anti-mullerian hormone as a possible marker for fol-
licle growth in patients with primary ovarian insufficiency
under hormone replacement therapy [ J ]. Reprod Sci,
2021, 28 31-36.

Piver P, Sallee C, Durand LM, et al. Robot-assisted lap-
aroscopic auto-graft of patchwork ovarian cortex in two
steps [ J]. J Gynecol Obstet Hum Reprod, 2020,
49. 101730.

Man L, Park L, Bodine R, et al. Co-transplantation of
human ovarian tissue with engineered endothelial cells: a
cell-based strategy combining accelerated perfusion with
direct paracrine delivery [ J ]. J Vis 2018,
135.57472.

Lim M, Thompson JG, Dunning KR. HYPOXIA AND

REPRODUCTIVE HEALTH:. Hypoxia and ovarian func-

Exp,

tion: follicle development, ovulation, oocyte maturation
[J]. Reproduction, 2021, 161; F33-F40.

Guzel Y, Bildik G, Oktem O. Sphingosine-1-phosphate
protects human ovarian follicles from apoptosis in wvitro
[J]. Eur J Obstet Gynecol Reprod Biol, 2018, 222.
19-24.

Dolmans MM, Donnez J, Cacciottola L. Fertility preserva-
tion; the challenge of freezing and transplanting ovarian
tissue[ J]. Trends Mol Med, 2021, 27 777-791.

Olesen HO, Pors SE, Jensen LB, et al. N-acetylcysteine
protects ovarian follicles from ischemia-reperfusion injury
in xenotransplanted human ovarian tissue [ J ]. Hum

Reprod, 2021, 36 429-443.



