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[ Abstract]  Ovarian follicle expansion is an important part of their growth and development into dominant
follicles, and is regulated by a variety of molecules and signals, including follicular cavity formation, follicular fluid
accumulation, and granulosa cell proliferation. Polycystic ovary syndrome (PCOS) is the most common reproductive
endocrine disease in women, and patients mainly present with increased preantral follicles and polycystic ovarian
lesions caused by inadequate ovarian follicle expansion. This review summarizes recent research developments

concerning the physiological process of ovarian follicle expansion and the related regulatory factors and mechanisms.
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We also consider the possible factors restricting ovarian follicle expansion in patients with PCOS, to provide a

theoretical basis for follicular dysplasia, ovulation disorders and other diseases caused by abnormal ovarian follicle

expansion.

[ Keywords])

ovarian follicle expansion; follicular cavity formation; follicular fluid accumulation; granulosa

cell proliferation; polycystic ovary syndrome

Conflicts of Interest: The authors declare no conflict of interest.

B 6 0 1 il 2L 30 O 1 AR AR B D R B
IR TR AL AR AR &
B2 RN N - - PP & ( hypothalamic-pituitary-
ovarian, HPO) i P 2 i ML 09 3h A5 98 450, o
W 5K I A A80% B Y B LA PR R B i
BRI FURL 20 e 35 5 A B BE oAk, AL
YR AR 5 1 5 | IR 6LV AR 2R LA B B 3 1A
FrAnf g g O F IR AR K RS SR K £
A& AR TIURL AN L 1 58 b T A R RS R B A I
BIFFE 0N 4. o 7 B 9 i B MR 5Kk B SR
AR KB IS FEARZEAL, N 43 05 S 7E 8 35 R 4™
sk b E B R B AR R BRIk A, o
YO PN Ry BB G B %of O 36 4 5 ek R O 4 O S A
TERY  BRIA B R RAY i A £ T i 5 BoHE
YR B RN 0 IR 0 oM DL R HE D R A
Phi 22 B2 U 8L 25 A 11F ( polyceystic ovary syndrome,
PCOS) , H 5 A4 5l N 43 Wb AR i 20 g 38 AL A7
S I AR SCER AT AR T Bk A 32 A
B BARSCAR 5 W45, iR 7 BRI 9 5k 52 B fir
FERY PR R T R SR B A
1SRy ke
1.1 IEREREEE

P 5 P B2 DRI R B = BRI i B
HEFRAR, 02 OW I AR AT XAl P i R 4 T o 2
RE 100 43 K TS 2 SR 240 i 2 A 4 8 I IR
S PR 240 B 5 B9 240 1 3z i Y A O i
BN, B X LE AR Ik R 5 T 2 I
W R AR IR W H OB 0 6 FL N e i A, /i
YRR T Wt A2 R TR B /0N 52 B 9 7
PRPERREER BPE T 2R 5K, SR EP 15 LUE
B RIS R B, S I O I B I 1 UKL 40 i
/RS KA ER o Ak Ja PR T X S AR L g T
F )RR 5 I s T Y B AL O T ) Ok
YRR 4 T LB DNA AR B AR LS

B XA B B K8 i & 11 (aquaporin,
AQP) 4 FERTRIATMEAR L . 72 AQP 4 HE PN Bk
AN, SEAR BRI ECR BB, B IR AQP 4 T RES
BRI IR

YRV Jl 1 BG4 IR 6] 5 B 96 )k 75 R R A OE
FHOG 33X i PR A ORE 40 7™ A 1Y) kit TE BE
IR REAN SRR E T Cx37 IS 5 L
LB, B ) 3 2 (follicle-stimulating hormone,
FSH) - 1A% & ( mTOR ) -C Ry 44 K ( natriuretic
peptide C-type , NPPC.) 15 “5- 5l 98 2 B 30 2 1) T B
UKL Z 10 38 5, 02 1 BRI s 2 m ., TRl e T
G 2 B O U0 I T o e e b T A R e
ATP A2 AT BRI Y AR R L A
S FR ORI AT 5T W], Rl X T A S R T
FRRIKRENS 25 P AR U A R BRI o5 L
X7 B R Al A U I Bk B E A
BLR W H ORI I L RO U R
NAT AR E B A 1 R B A A | K ) T B
R B A S HE S B E B
L2 BiEmMRR

BT Ji A F) B 968 10 92 L R B SR SR
HR oI IR R, NS AR PR R MR pP
SR R BECR B W R B2 4R AL
iR oA ¥ ( cystic fibrosis transmembrane
regulator, CFTR)&%@E#@?%‘@%EW:O X
T RES I HE BRI 9k, I8 5 il B B B 96 PR 5
PR OIRE A M AR AT A 58 4 1 e ke SCReVE I
CFTR J&—Fal i 1 (CI) @i EH , BA 55
THIK 43 5 78 40 B o W6 AN B Gz B AR
CFTR $mc7e JURE 240 e 15 L, (45 TR 40 i 1 12
FEPERGN, C1” \HCO,™ LA KK 43 - A O fis, i
PR BRI RAR R BRI BRI & 7 | PR
20 R AR D KRG S R R B G B
PEAEFITS O I 5 o 45 38 35 M 55 R % | Ak
UREAE SR IERT RO RTCR T < 1<) B | i 1 8



P P AR R 2 2Rk 2025 4FE 3 45 35 %% 3 Chin J Comp Med, March 2025, Vol. 35,No. 3 139

SR IFFEIN Dy UL 20 B T ) A 5% 0 B 3
HT 2L 1 SO S B i T M O T S IR B
BERBRE  XEHEW AT IR IR AT s AL 2
JEBIWTFE AR B T BRI W AR B B T T
FRTIE SR « DA B YT R 25 B SRR i ] R A PR
BB R LA K DNA 233 iR 5 15 JRFRAIG, R ITX
Loyl fEA I T 44 SN IR AT B 0 T, BT O
WAL s 76 50 5 b iR SR A A R A 1Y
LI, BB K 7 S 25 b DR 2 D B
TR A RARBE T B IR B R
AQP AT REPHE DML IR A AE R , Iy AQP 8 YK
PE LR AR R, T AQP 3 41 il B 9 ¥ AR
2, PR IR B AR, U I A a2 B I Rk
YN N SE

25 LRk B O U T iR A T4
PR |5 1~ 2 g O L A SR B B Bl ok IR, UK
T FE A B 5k S IR i AR R R T s
s, SEBR b BRI IR B AR R O BRI
I sk S BEOK S Ty, BEAE BRI U Y 1
Z B S AW 5k, S ORI ARG O, B i
BEARHE, FUA 21 DIV A B BT R AR i 3] 2
BERANE DL T, A T LLHESR DRt B9 s 9 5k
DY INONTAS - DUE: A7 IPOR CETP S 1
1.3 DFit A B 4 e 3 5

YR K 5 UKL 200 i AR A DDA OG ., 7R B
LS5 EE B B, 0K 2 i IR A2 S 5707 ORI
PAFA 2250 B RE ST . AE—DALF I, WOk
AN AE = 2 91 I B Bt 33 52 1l 1 5 (k100
175) R L& H AN W% 22, 25 J0URE 20 it 1 78
I AE) — 5 TR E 2 A 2% P TR IR R 2 IR
$5 FSH 324K e %5 4K 4 5 & (luteinizing hormone ,
LH) AR5 k632 R 5 R R 45, St —
AARFEORY TR BFFEIACK UL AN H 1 5
JE 55 B9 A o K O e R 3R R 2 [ O AN A
TR S PR E AT UL A L 1 & ) — O T
5 2 380 290 i J) 300 S5 A S R DR g I 42 TR g 52 31 Py
PRGN, o5 — O T, TE A A b ORI TR Y
TGRS 2 Bl 2 2R 854 B iE L
il o DRI GG T A TR A R T, Z )
A9 sKITBEAS K AT BE N UKL A0 T 5 DR, A
X I OB 20 B 04 T, (H R S sk i B
PRBLI H HT R A 2027 DR 0k 40 i 52

] B PR A | O e B 3R AT LAz B AN [A] £
o RTURL AN M 52 1 K FE AR G AR B AR B A
SCHR PR A SO FEBEE

2 IEy KB EEREN S

YR 5K 52 Z2 B K1 S AR 5 1A (]
1 fr7R ) A 4% FSHLH | JB & 2 A A4 K - (insulin-
like growth factor, IGF) 3% 7 4= K [H ¥ (epidermal
growth factor, EGF) LA M A2 P B i B B &
( gonadotropin releasing hormone, GnRH) {5 51
%
2.1 FSH.LH E#E5Ria K

GnRH "] R K533 FSH #I LH, B 1& S
SIMEARKE T R EEMEEOBER, 5SHAET
UKL | PN S0 B L %) 52 AR 2855 - 005 28 L 1Y)
Mt R PR AL (adenylyl cyclase, AC) /3 i 11 R
(eyclic adenosine monophosphate, cAMP ) /2 3%
fitf A ( protein kinase A, PKA) 5 Sl g
AW I, TE FSHR  FSHPB i [ R 53k ) o 44 /]
S N BE N LH & T, B SRR N
YRR 32 B, AN RESE N v i S e AR, L B
REEG B, FEOP i & B 2 2 b FSH
XFT R 1 Oy ko G A ] A AR . FSH
S ERZARE RS T EAEER R G
HEH o V-S4 = #RE 4K (stimulatory G
protein o subunit-guanosine triphosphate complex,
aGs-GTP) , BJA 5 HAN & HAC 12 ff ATP
P cAMP TR PKA (R4 8 1 BRR AL, 033K
UKL ML 2253 ST FE DI ™ AR 2 L P
FSH X UKL 240 Jifd 4 58 K B 960 9% 14 70 s 2 A A
HAERT . F38b, FSH 34wl J1 35 RURL 40 K i R
Ak ME B ER, FSH 5 0P U W A E
(estradiol , £2) i 1:f B [ 4 FH 3] 38 FURE 40 e 7= A=
FSHR , 3455 k7 20 i X5 FSH A9 S50 ME | 412 1 50kr
il R 1= BN e IR A SOk || W SR
FKW],FSH AT LGl 3 B2 Je HAZ 4K 98 NPPC/4A
RKZ A (natriuretic peptide receptor, NPR) 2 fif) 3
5 RIS OR I R B /NS IRy ik, FSH
WRENS 8 i 5 3 WKL A0 I P e AL AE RN 7 -
(transforming growth factor-B, TGF-B) #1KA5 5 M
HUR e SMAD 211, _E38 NPPC iy sk, i
SOIRBRIL A FRHEIIE Y K S LAR Y



140 P PR B 2R 25 A5 2025 4E 3 A5 35 45 3 W1 Chin J Comp Med, March 2025, Vol. 35,No. 3

JIRAF R IR B /2R 1 R/ 2 11 B A

AC/cAMP/PKA
B S U 41 i
| Wit 5 i g Mural granulosa cells
B 340 o) 3 ¢ Whnt signal pathway
FSH Hippof 7 il i
Hippo 5K 940 S
. LRI
l ls'g"a' pathway Follicular fluid
ALK o &5 ZERE
[X-F-B KT
TGF-B IGF
l l L 5 BE4
QOocyte

smapgp  wikmea 8

SMAD proteins F#3—Hf}
Wk RNk PI3K
NPR2 NPPC

Gty
Follicle

TEFEIMEY A AR P LH FSH 30T AC/cAMP/PKA {5538, RISOWUR: 40 B A 22 70 SR 2 O AR A, AR BRI 93K . TR, LH
AR EGE FYZRAA 15 T IR 5K s FSH it 1l R IGF 1Y3RIALIS PI3K {55 i, S E UKL A M 5 . FSHL s i E2 134
NPPC/NPR2 (21K, (R HESERTIMEA/NEIIIEY 5K, FSH WRERSFEME TCF-B S L il SMAD 2K H, 1 NPPC fy3&ik , {2 51 i
Pk, A FSH SR HE Wt {55 0] Hippo 155, 0K AN MK 2 AR MR A i, T AE 0 B 5k

B 1 GREd ska = E R L
Note. During the process of ovarian follicular expansion, LH and FSH activate the AC/cAMP/PKA signaling pathway, stimulating the
mitosis of granulosa cells and the production of follicular fluid, thereby promoting ovarian follicular expansion. Meanwhile, LH induces the
expansion of the follicular cavity by stimulating the expression of EGF. FSH activates the PI3K signaling pathway by stimulating the
expression of IGF, promoting the proliferation of granulosa cells. FSH also upregulates the expression of NPPC/NPR2 through E2,
promoting the expansion of preantral and small antral follicles. FSH can also promote the expression of NPPC by upregulating TGF-B and its
downstream SMAD proteins, thereby promoting ovarian follicular expansion. Additionally, FSH promotes ovarian follicular expansion by
increasing the number of granulosa cells and promoting estrogen production through promoting Wnt signaling and inhibiting Hippo signaling.

Figure 1 Main regulatory mechanisms of ovarian follicular expansion
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Note. PCOS patients have an increased GnRH pulse frequency, leading to excessive LH secretion and reduced FSH levels, which impede
normal ovarian follicular expansion. In PCOS, the expression of key glycolytic enzymes in granulosa cells, such as HK, LDH, and PKM, is
decreased, inhibiting granulosa cell proliferation and thus limiting ovarian follicular expansion. Moreover, CFTR is low-expressed in PCOS
granulosa cells, affecting their function, reducing follicular fluid accumulation, and causing reproductive hormone disorders. The over-
secretion of AMH in PCOS patients halts ovarian follicular expansion, and an increased ratio of GDF-9/BMP-15 may serve as a new
biomarker for PCOS.

Figure 2 Factors associated with limited ovarian follicular expansion in patients with PCOS
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