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Research advances in regulating mechanisms of mammalian ovarian folliculogenesis

ZHANG Yan, ZHANG Hua"
State Key Laboratory of Agrobiotechnology, College of Biological Sciences, China Agricultural University, Beijing 100193, China

Abstract: Ovary, the female gonad in mammals, is a heterogeneous organ consisting of oocytes and various types of somatic cells.
The functions of ovary is not only governing the health of individual female by regulating endocrine status, but also determining the
production of mature oocytes which allow the continuation of species. As the fundamental unit of female reproduction, ovarian follicle
consists of germline oocyte and follicle somatic cells, and the folliculogenesis is an accurate and orderly process of internal coordination
and external regulation in mammals. The gonadotropin-dependent stage of follicle development, from early antral follicle to ovulation,
directly regulates the reproductive cycles of the female, has been extensively investigated. Recently, increased lines of evidence
show that the fine tuned early folliculogenesis plays a pivotal role in the maintenance of female reproductive lifespan. Further exploration
of the mechanism of follicular development could lead to a more comprehensive understanding about how females maintain their proper
reproductive lifespan in mammals, which may provide the possibility to design new therapeutic approaches against female reproductive
ageing in future. With the advances of technologies and methods, especially the widespread application of genetically modified
animals and novel microscopic technology, the research on regulating mechanisms of in vivo follicular development, especially the
early stage development of follicles, has made great progress. In this review, we summarized the regulating mechanisms of in vivo
folliculogenesis around the key developmental events under physiological conditions, with a focus on the research progress of the early
development of follicles in recent years.
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Fig. 1. The signal pathway and key factors of follicular development in the ovary. 4: In mammalian ovary, only a small proportion of

dormant primordial follicles are recruited to growing follicle pool through the process of activation. Several signaling pathways and

transcription factors have been shown to play a functional role in controlling follicle activation. B: The TGF-f superfamily especially

GDF9 in oocyte plays a central role in the early development of follicles from primary to secondary follicles. C: The follicles enter to

gonadotropin-dependent stage in cyclic recruitment. With increases in circulating follicle-stimulating hormone (FSH), a cohort of sec-

ondary follicles grow into antral follicles. D: Among this cohort, leading follicles emerge as dominant and form largest preovulatory

follicles by secreting high levels of sexual hormones and key factors.
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Table 1. The phenotype of folliculogensis related gene defects mouse models

Gene name Phenotype Reference
Rptor Defects in primordial follicle activation o
Kitl Reduced germ cells and defects in primordial follicle activation n
pTEN Global follicular activation and early follicular depletion eo)
p27 Premature activation of the primordial follicle pool and follicle depletion 0
Foxo3a Global follicular activation and early follicular depletion ey
Cdc42 Defects in primordial follicle activation 4]
Gdf9 Folliculogenesis arrest at the one-layer follicle stage B
Ggpp Folliculogenesis arrest at the one-layer follicle stage B3
Mtor Defects in follicular development and GC showed some characteristics of immature Sertoli cells B4
Furin Early secondary follicles increased, mature follicles decreased B3]
Drpl Defects in primary and secondary follicles development (03]
Miga (Migal/2) Defects in luteinization and steroidogenesis (ool
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IR R SR T R, U R AR SO n e 2 R
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G ULEPE I LB P BEAN R T T v, UK
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B2 AR ZEAUE 5 RRAL 36 = N B, 9
EYH M N — RYIE T O ECE S, R
A DL W) 20 1 A% P R AT ) B 3 R L £ 4 1 ) 5
s U7,

YU S ECM fE BRI R & it 5 HE R EH.
JR UG GRS Je AR ORIE R O S E BT X A
AT RE A PR Dy 8 o 6 Jot A 550 AH BL T B o XAR B ),
A B R AR K BRI — RO TR R A A T,
KT 2 HEGPELEEAE (polycystic ovarian syndrome, PCOS)
BT T RN, FL O L R J5 X A 1 1 5 LR R
HASTEEGIN ™, SR 7 00 ST AR T R8-S 0 A
T BEARAL ELRAH G

BEAh,  BP S [A] 78 5T T 40 ff (mesenchymal stem
cell, MSC) X T-4EFF 51 LA AR PR 55, Y2 5 S AN
G R AR RSN AT IR MSC
203U N B A2 K T ¥ (vascular endothelial growth
factor, VEGF). J# & 2 Ff £ K [ 7 -1 (insulin-like
growth factor 1, IGF-1) Al 40 e 4= K [ -1~ (hepatocyte
growth factor, HGF) %5 4= K [K 1+, X L&A1 0] PLIK
AR AR ATE T Y, IR, UPE MSC i
ST REXHEST R BN LR A — 2 R ER, MSC
Ak T R R BRI AR R IR I R B
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XL TR T WF 5T O0 S A L A S
HE MR

4 RE

AR, R G W IR 10 1 AE B A ) H 25 R
H, FEIFEMEI S, FEAODS. BE
THEZRBA RATH (R EAZ2AE IR TR 2D
BN, #2016 4, EREFRKEF, 4H 15%~
20% RAERZF, RE B, HA2 1% KE itk
HTEREESHAH, 5%~10% K& 2tk T
PCOS FEAF . WM B A G AT )50
B 5 R A RE B DA

YNSRI BB AR IR R L RAL N 40 ¥ 2 HTE 4,
H & o FSH ZKF & T 40 TULY, 90 8 F. 5
S Il ik =TT DA RO IR SRVEL, B TR A
R = AR KO, PR AR G B B AR T AR R YT
RO FAR R T 0 S R O S )5
GHONIE VR IE S, EEXX AL, TVA BB
BTAE, R I R A MEOE R SR A O,
FoAE K A wT e BRI B, B S AT R
I8 N 52 ¥ (in vitro fertilization, IVF) 4b¥ ., H A7,
IVA 3= %52 ) 5806 O 6 380075 38 1% i ks 41 g
mTORC1-KITL- §F BE4H ffy -KIT-PI3K” 15 5 i@ B% 1
7%, 0 PTEN #1511 (bpV). PIBK #0711 (740Y-P).
mTORC1 HH0E 77 BEIE L (phosphatidic acid, PA) 1
W ZE Y R S B e 2 T DUAE AR AR b EE N BR O
LBl O SRR Lo MR O L B BT AT 0T 4R BV
XL G I R GG IR T LU — PR E, IR K
HIIOEF . tbAh, I PR 72 B O SR T A M LA
560 O SR RV ) B A0 B HL AT L 0T DA 32k O L P 9K
TRIAE K B0 O Y R A B A P R 45 & N 4T
FLEEAR, AT DA R 46 ORI s SR S e, A B
NAERWIRIT BOR B R EAEENL, Bl
IVA CRRIBEAR, BAEIRT e & 2 WGt AT I8
e FAR BRI BT 08, bR S 7 &
IR TT IRE . BT LA 4 v 9 sk 28 38 i 46 IR VR B
T RN T 0 TI6 9T U9 S RS2 i o Gk

PCOS & —Fi BRI, HEA 2 Fop i RAE
(3P Py A3 AR, L o R N B A AR 11 80% .
PCOS A& — M A5 RS 050w, ARt —F G
A 4 B RO N 40 AR89 . Rotterdam i
7 (2003) A& H BT HEFE) PCOS 2 brdE, & FH%E
Wi B LA =/NMIEPRRAEH A = 12V HE R RS
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e R B A= A v R AR ILAE 5 7B P A T S s 2 ZE B B
JE 2 (polycystic ovarian morphology, PCOM) *., H
i, PCOS WA MmALEI M AEHE, HEMIA N —
Tl Jo igi At A S5 R 3R 10 22 BRI = i . PCOS Wl
IREFAEELEE - AETADIRERERS (AZE, IEGRAHICR
WS ) AR R AL (R, B i FRARDT « L g 0% PR
2 RUE PR 1O ML e B DR 3R ) 0 B9 00 R IR
(FEREFIMAL, ARG TR, SRR E
), B S DAL 52 PCOS 1% R R Z 50,
AN LR R AR IRE A R = A B AR AR R
(luteinizing hormone, LH) I&%5£1 7] SEHEGI AL H
PEfiG. BT - FEAA - MERR (OF 5L ) il S it
FIHARH L R 55 P Bk, PCOS HIiRyT
JHEREAT LA R - (1) B T BN - # ik - 5
S (FPERR B ORIE Y, S5 A IR P, (e
FisE P, R B O SR L Y A B AR TR BT,
(2) B B A, AT AT R R e 2 T i -
T - O B (AT 7 A e L e TR P
i 5 ) O AL 1 25 ) BT PCOS
KIATE, WfEE A Bmfsig K, Kitkxt T PCOS i
PR ERIR NI TR PR T S 7338 9] LS FE )

UbAh, BEEITHAR, BERFMELITHIENER
s, LHEMEFmARIER, #1542 5447
AR RAN TS e e e ok s O B4k R AE 27 O B
&, SR T: 2O MEAH AR5 ot B 1) 75 SRt H 2352 7
IR R RR O, 7R AR A TS TR IR T ORI R
BINLRIERER, FFAFE T HERt A 70T K B ot i
AETEROR, MR R E A LA A7 dr B B0R T
UET

WAk, BEE & MR . EEEm, &£
Mg £ . CRISPR/Cas9 Ji [ 4 8 7 AR B e 73 8 %
BB BRI, X R R B I fR 4 & T s
(ORI -F A wei o 2 T DA D O
Cre 570064k & Bim bR /N BRAHSE &, e e PEAR1C N
B DA R 3 7 0T BRI 4 L IR K B i is AT B ER AN
X AN () 1 S i P S B L R HEAT #R N, AN T B A S
GRS AN E R R B R R, IF HAT
DUIE B G V8 Y B0 B SRIE R K B i, 92
18K A B T I P S5 AN A A ) s B R B T ik T
Zhang % A (2018) I FH 5141 /il RNA-seq 73 BT 78 T
NIRRT o 4 o 25 A 2 531 O Y P 9 5 4 R R
LT 0 P 2 7 2 W R DR AR AAE DA U R B0 A 2
XF ORI N A 0 R S T TR RIR, IR E
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