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Table 1 Transcription factors involved in primordial follicle formation.
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Figure 1 The mechanisms of mammalian follicular oocyte development. (a) In mammals, the activation of primordial follicles is regulated by the
canonical mMTORCI1-KITL-KIT-PI3K/AKT pathway, along with other microenvironmental factors. (b) Once activated, the primary follicle establishes
the communication between the oocyte and granulosa cells (GCs)through the Oo-mvi and TZPs. The oocyte and GCs of growing follicle synchronized
development, initiating the rapid follicular growth phase. During this stage, GCs undergo extensive proliferation, and the volume of oocyte experiences
a significant increase. (c) Subsequently, the follicles enter the hormone-dependent phase. After cyclic recruitment, an antral follicle progresses to
undergoing maturation under the influence of the LH surge. The LH signal is received by mural granulosa cells, which transmit the signal to the oocyte
through the NPPC-NPR2 system. This signaling cascade results in the resumption of meiosis I. The maturated oocyte is then released from the follicle,
contributing to fertility

VA bR E R T RIURLANML . BREE AR 5 R
PR BN SRS 2 [A) 52 A TR AR AR T, X SE AR AR
FHIL[RI ) 3 SR B s . BILR r 0fy  YEL 7 B B
B J5t r 8 25 8] A MR LA, AR BRI A &
B AEAE SR TR, T EL A B A e A
P RAEEE L.

2.3 JRISYRTREE T SRk

JEIR IR EAE R I, K2R ARIR, 2555
JREREEE RS LI TTRAE T RE ST, SR —Le R AE
AMIAEIE UG SRR . (AR, TEmFLshY)
A SRR AR A AT B, X R X L8

TR SE DI RE AR A DA B Z AL S A
KE. OB A RSR[5
TP BB A B . BT A 1 O SR
BB F QAR AR — Dk, T L B A4 IR B A
O T U AR AT, SRR AT

s S T IMIE TR AR S AL O, A F R AR
%ﬁi;};%ﬂ&%].

O HAERIBFFE A A S RIBEREEOR, TRA
B8 T PRI . s e g T R A
225, Mork 4 NI RINuAFE N BT R I, s
£ S5 o5 A4 2 B 96 B ORE 4 i A AS [ A D DDA
K. HARTIE, S50 A% ORI I Hh 3 B e ) 78

4319



M4 Z b B 2025598 F70% L2558

JRAMM TR, XEE IR A A S T, S shi
BRI AEFRE T, 55 U UR U A T AORE 4
TSI 1 A i R R A e B 4N, S S B Y 7 LR B
HLRERIR, IFAE A A B P 2 s 1. A i 58
i YR D E AR 45 /0N BRUBRC U1 A 290 it R i R, 40 e,
UERH S — % B e 75 B 000 shs AR, i — ik oy
T PEMEE, AR B G i,
PO TTER T A A s R R IR B R, M —
052 00 BT 9 R il L S A 0 A A T

BRI FE UE— 28R T PR O B TE AL B 22 52
LB B LIPSO R AN A, R BURG  BR R
MMEEIARFE A LT FECT W IR SR, gH—
P UR A YR TPk & B ARG AR T AN, X Se N i s
LA TSRS, FEAE AR S ST G AR ki
) 5545048 2 75 O ARG OB 0 R AF DG, 30k 6 40 i £ ok i
TR 240 B A 2 I 0 APRHRIRAS . MG BUMLIRI A 5 2 1,
S — U BRI A I B I RE A N FEAS S, T
JEAMIAS 5 B (UK TL-KIT{E 53 1)), sz 3,
RVl e 2 S84 T KITL, 85— PR BRI ATS fE H R 30
L2, 58 0 B0 I AR S T A A T 2 {5 538
% — T Uk 40 i mTORC 1-KITL- 5P F: 4 KIT-PI3K 2%
553 A

RUE X R I BTN R, T i — 2
AR R BRI AE AP A0S F . T A A S8
OIS SR, W TR A e R
AT A G St ] (s 48 B B
3 UNTAGR BEEMRR S i A KA
3.0 B RN S ANz AR B R

JRURBRIIRTR IR, LTI . RPN 0
ERBEE T, B BRI FORE . R
T RSO AR i Az, B S T 0 R 4 i
SO B BB AR TS R, RNAFIER (5 A L
N, R AR T AR AR i /NGB0 R4 i 4y
ARG UREE A I 435 R F-(oocyte secreted factors, OSFs),
WIGDF9, BMPI15HIRSPO2%, 51K J& RN A i34 5H
5004k, IWiife sk onie k 5102, X e fE Sam gAY 25l
S EEF R T RHEMONE IR, HE—S U T
YIEEL M A IR 3 2 B R A AZ O FRE,

FESREEAN Y R R BB, HA B E A
TE GBI, X —ZEFFE BT 122k 32 rh 2 e E Y,

4320

JUAE 375 B AT IR il 1 D1 20 i -5 0k 440 B ) e i,
AU 240 360 1ok 125375 B 7 S S 45 #4) (translucent zone pro-
trusion structure, TZPs)-5 JIHF 4 i [ AH 4 ). TZPsili i
[ B, WICX37HICXA3, (45 H-EE4H 5 ik
A Z ST A S S 4 T R sc #5100
CX37HICXA3TE SR BR B4R & B i BAA BAMER. ©F
FERM, BRCX374 S EONRAIM L AR, Rk
CXA3 ] 40 52 240 1] 9% 88 A A 7 i 07 0%)

JUETZPs TR B BIB9S B A TR A ER, (DY
21 g ] 4 ik e 4 A R E AR AT AR SE 2 TE . Bl
WEFE R BT —FhRe SR A O BRI e e i 454,  FRoMOREE
YL E(Oo-Mvi), "ETEINEEANML 3 W OSFs A7 )7 B¢
Joh R HEEBEVERLY. Oo-Mvitt BEZEMR, FHIETHZEM
T/ NELZE AR, T0T s/ Ny ] 0T 1 2R L OSFs, i i
5 2T i PRAORE A0 = R I O SFs AT T i {5 5
e, (R 4N A 5 R R E KPP (D). Oo-Mvi
(TR AR T BB 41 i R ADIXINZE A () (=i 3K, Ra-
dixinft R 2 HAFO0-MViIE i, FEINE K& 7 =5 Mt
B ) RE AT,

R, DRBE 20 i 7R 325 B A P U 38 2 Oo-Mviii 5
OSFsBEiL, 1M HIUAL 20 it D) 38 48 TZPs 5 PR 41 g 2 ST 14
e, X—il 5 M NEPEAXT I EE R E 2 LE
g0 AR B S, U HROSFs, TZPs. [AIGE
i 00-Mvi, #2: FEENIL K B FRef A AL 7 ) .

3.2 UHERZMNEMCER: Ao 555 5 W Bl

TEDP BRSNS AR KT, BRI REZ0 A B2 IR B,
R FRAT B 2 A RN G K R D0 OGS B S —
AU B e aet A A B R AT R P A
J7 .

A% LA ) DG B B — ORISR O3 4 BEL A VR R, i
o A2 B AR AR AN 2R (LH) S (e #10%, LHG# 1
55 G5 | & R 40 ML P o GMPZKF- T R, 1
FUGRBEZH LN cAMPZK - FEAR, 0 02 BRI 24 A
FRF, S A 0N [, LHIE 3 R 41 i
T2 B2 A K I F-(epidermal growth factor, EGF)FEA
F, BXSEIH 3 i S EGF R [ — 4 Se R ps g o 24
PR 0100 4 1 1 25 £ B AL B3 (histone deacetylase 3,
HDAC3){ELHHE Jm it i P EGFA: P - (AU 2 1
Amphiregulin, AREG)IJZRIX, XUl 2K 52
PEFRUOT. BRAh, BRI 4 RE RROR 4T 43 M6 C- R B IK,
-1t B e 0k 4 (932 RNPR2j™ A2 cGMP, i



ISk

cAMP-B§1R —BEEFPDE3 ARG PE, M BH L1 5520
NCAMPK SR, ZEF5FO0ERA0IE IR Ko 24H . HA
M LHIE BT PR C-RIGH ARG 53005, A RE AR B3R AT BT
BE 20 M DRSSy S RELIT A AR, R 5 | S B 40 A A%
BCAFIHEER (1 (c)). LA 25 FIESE, C-A%H
JUR B FLAZ RN PR 20 2 K5 BB 340 v B9 B 40 i Y £ iy
LA peAl, — RGBS B, ARz RN
SUMO(small ubiquitin-like modifier)fk!'*! 2 Fk
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IARAESATEIG B 2530 A B HRER. SERAZAEN
KAFAW BT, SHCEEE, 505 (ATPOTHI £ 4 b
HEELE (polycystic ovarian syndrome, PCOS))AY &Sk
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INBRSELE = B Ff R, T K e 2 B A o A 8
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f8mTORC1-KITL-5R £ 4f i KIT-PI3K/AK T{5 it 55
YRS AL AT B 2t ok TR R AR B IR T L
AR, WKIMNE G (in vitro activation of primordial folli-
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Ovarian follicles are the essential structures that maintain female mammalian reproduction. Their development is a highly
intricate and dynamic process that spans from the embryonic stage through to old age. Throughout their development,
follicles undergo multiple stages of selection, arrest, and activation, which ensure that only the healthiest oocytes are
ovulated for successful reproduction. This complex process plays a pivotal role in maintaining the reproductive potential of
female mammals. During the embryonic stage, the formation of the primordial follicle pool occurs alongside the initiation
and arrest of oocyte meiosis, a process critical for determining the oocyte quantity that will serve as a finite reproductive
reserve throughout the female’s lifespan. Following this initial establishment, the majority of follicles enter a dormant state,
forming a quiescent pool of primordial follicles. Over the course of the lifespan, these follicles are gradually recruited and
activated in a highly regulated manner, maintaining a balance between reproductive quality and the length of reproductive
capability. Once activated, the oocytes within follicles grow rapidly. This growth involves significant metabolic and
structural changes, such as cytoplasmic and organelle enrichment, which are crucial for the development of a fully
competent oocyte capable of fertilization. These processes are tightly controlled by endocrine and paracrine signaling
pathways, which regulate the periodic cycles of arrest and activation, ultimately culminating in the development of
fertilizable oocytes. The proper regulation of these developmental processes is essential for female fertility. Disruptions in
any stage of follicular development, whether during primordial follicle formation, dormancy, activation, or oocyte growth
—can result in infertility or reproductive disorders. Over the past two decades, substantial progress has been made in
understanding the molecular and cellular mechanisms underlying follicle and oocyte development. Advances in genetically
modified animal models, high-resolution imaging techniques, and multi-omics technologies have provided valuable
insights into these mechanisms. These studies have elucidated key pathways involved in follicle activation, oocyte
maturation, and the intricate interplay of signals that regulate these processes. This review aims to summarize the latest
research findings on ovarian follicle development, with a specific focus on the developmental stages of the oocyte and the
regulatory mechanisms governing follicle activation. By exploring these advances, we highlight the critical role of oocyte
quality and follicular dynamics in maintaining female reproductive health and provide a foundation for understanding
disorders related to female infertility. Moreover, the insights gained from these studies have the potential to inform
therapeutic strategies for addressing infertility and age-related reproductive decline in females. In conclusion, the
development of ovarian follicles is a lifelong process that ensures the continuity of female reproduction. It involves
multiple intricate and highly regulated steps, from the establishment of the primordial follicle pool during embryogenesis to
the periodic recruitment and activation of dormant follicles. As our understanding of these processes continues to deepen,
further research will undoubtedly contribute to improving reproductive health and developing novel approaches to combat
infertility.
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