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The Role of IGF-1 in Mammalian Follicular Development
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Abstract: During the estrous cycle of mammals, a large number of follicles are recruited. Typically,
only one follicle is selected for dominance and ovulation in monotocous (single-offspring) species per
cycle, while only a few follicles are selected for dominance in polytocous (multiple-offspring)
species. The vast majority of the remaining follicles undergo atresia. In recent years, significant
progress has been made in research focusing on follicular dominance selection, although the underlying
mechanisms have not yet been fully elucidated. Insulin-like growth factor 1 (IGF-1) has been
demonstrated to play a crucial role in follicular development. This review summarizes the roles and
mechanisms of IGF-1 in mammalian follicular development, focusing on its involvement in dominant
follicle selection, promotion of follicular growth and development, inhibition of granulosa cell
apoptosis, and maintenance of normal reproductive performance in female mammals.
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5 & # 4 K W F -1 (insulin-like growth factor 1,
IGF-1) , s i A KR 99 3R CL 76 2 Fh 1 S D E 1Y
W R 2 AR, AT AR e B R AL,
A3 455 I 4 B9 0 B TS O 9 AR L B B S T e A
1 £ 20 60 52 R AR A TGF -1 4 S 55 4
W/ H 43 WAME T 43, U R AR P AR R R T 26
[ 2 A o S 2 B A, S R O i SR AR M B bk
PRSI ORI T EA R R
N W T Cln &R o8 — H e — 0 T BB ) AT 4 o B
HIGF-155 1% 5, 5 B up i £ i i > S 0P 564 4%
TR T 8] FE 5T T 40 A A YT 0 GE B IGF-1 3%
ik, R 3 E P 45 1% & (anti-miillerian hormone,
AMH) M — ¥ (estradiol , E,) /K F K B3 0 %05, >0 B
Ny 3R L Tl R NS o (g Y LR UN IR
FALERE RV IGF-1FEM L3 W B0 & & i A
FH R, B 78 k8 78 B 7 R B AR 5l R
PR AL BT (0 SRS

1 IGF-1#ii&
1.1 IGF-1K4E¥4HE

IGF-1 3 — Fh 5 1 15 3 40 7 25t R LAY R
IGF-1 H — A9k [y 70 B PR A, A 344
T @AW . IGF-1 14 F i J2 7. 649 ku'"' .
N IGF-1 B F48 12 5k Je k1 /NG IGF -1
FEHEA T 104 o fk 1 A1) IGF-1 3
TEESSY R F. IGF-1/ 7TMESER, Hph
B FZ A K F T 454 #H A 2 (insulin-like growth
factor-binding protein 2, IGFBP2) fl ik & 2 #£ 4 K
F 45 4 5 M 3 (insulin-like growth factor-binding
protein 3, IGFBP3) Xf i &5 & # 4 & A 7 (insulin-
like growth factors, IGFs) i 1 I 45 & 2k /E T, i H:
AR BIHER S TGFs A N [F) A2 5 #9304 1, an IGFBP2
Fpe B 2R £ K7 45 4 & A5 (insulin-like
growth factor-binding protein 5, IGFBP5) , B 5
IGF-1 /MM m TR S REAKEF 12 4&
(insulin-like growth factor 1 receptor, IGF-1R) , J&
TG PEIEl . K2 98% M IGF-1 5B RFEAK

KN F 4 & &F M &K % (insulin-like growth factor-
binding protein family, IGFBPs) 45 4 . IGFBP3 Kk
WAPTE,ESIGE-1 L 1 1 EL B 25 & L B4 & 80%
M IGFs, MR AT LM RS ZREAKE 7455
# M1 1 (insulin-like growth factor-binding protein 1,
IGFBPL) YA
1.2 IGF-1W4BEHA

IGF-1 3 ZOR P T HFNE , 38 3 N 73 i 55 53 b
A ST AEH FHARAS., IGF-1 2AEKME
B L= S SR S € 2 NS 2 S 34
FI A3, R R P AR TGF -1, B i 3 4 B i A=
KO BT B R o 0 LA A AR R AR . IGF-1
() 7= A A2 A K I K (growth hormone, GH) Y $1 i
GH J2& IGF-1 /Y 3 B9 55 5, A1 IE J2 G 32 22 7™
Lok R GH Y B H0GE i 1 s 1] AL 2
PG IGF-1 il B R AR A KM EASH
A KO R S IR = BT S S 1L 0l B R
W, #B AT B IGF -1 By = A= 2 L. 9 &% R KF A
P B B R AR PRI s SR R 1K VB 3R
KT A i A IR A (R L R RS AN A
KW AFRBE W IGF-1 Y AE " rFEfF 5 &
W IGF-1 78 & #io k7= vp B H2AE T, A W98k
52, IGF -1 AT A k5 7= A7 5 5 IE B 22 O sl 8 G o 2
Ja 5 — JE B T Rg A AR K R B R AT I
K IGF-1KF B AR T 7 H O 18 AR 0 T
ZRE G L & W TE IGF-1 Al 4E 574K ) 1E % R 5 &
K A K ST 5 B R 2 1 R 38 4 A 25 T AT AL
2 m HOR AR 9 IGE -1 K-

IGF-13 i 5 IGF-1R &5 & R #/EH . Hi55
i B WO I T IGF-1 5 40 i & T IGF-1R 14 45
B WO W IR B UL -3 9§ (phosphatidylinositol 3-
kinase, PI3K)/# H # [ B (protein kinase b, AKT)
AN A M S T M (extracellular signal-regulated
kinases, ERK) /22 %4 J5 i b & 1 #% B (mitogen-
activated protein kinase, MAPK) {5 5 i ¥ , 3 4 40
A R R B O 0 R R M A L SR IGE -1
IGF-1R ) mRNA FIH A 7E A& A LU 3R 3k
B 1 TR o IGF-1 M IGF-1R (1 mRNA &
T o P 055 PR 10 A B8 4 B Y 3R 3K KT A R H: At
A ZUH 8, X % B IGF-1 1 IGF-1R 76 M # 4 5 &
Girh R 4E A EEMIEM . IGFs IGFBPs #1 IGFBP
AL R A 0 IGF R 5t .
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Fig. 1 Expression patterns of IGF-1 and its receptor (IGF-1R) at the mRNA and protein levels in major human tissues

(Image from The Human Protein Atlas website: https://www. proteinatlas. org)
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IGFLXF Z Fp sh ¥ 9 F i BR ¥ & 75 3F & H 22,
e /IN BRI R BRLA Yk 2 B9 360 RS R B0 36 L /0N i B 9 oh
IGF-1 mRNA K& Jf ¥ 59 43 A 78 0K 240 f o, i 78
WA B BRI A A S B P IGF-1 mRNA 4
Hh o A A S ST B 3 RN B T L A SR 40 A, 7
S I BE R RS A A AR D RGR AR — 2R L
P40 BP9 P IGF-1 mRNA AR /b 5l & 46 0 A 2] |, 78 8
A SR 240 i vl G AS 3 BRI R K A5 )
Az K B IR R B B v B K A R 8 IGF-1R 1Y
mRNA, H K00 i 4 K % 5 IGF-1R mRNA
4 28 38 7K M L IBURE 40 5 0 T 7R AR Y TG -
IR 5 IGF-1 A0 E.AE HIR T 99 F B AR50 2, K )
)52 IGF -1 mRNA 57 i 73 15 7 B 24 09 0 1) BE )2
TR 240 R 5 ST B 0 % R 0 A P . R 1k A
B I3, IGF-1R mRNA 76 IGE-1 mRNA 2 11

FIB G 1 — B M KSR R ik . IGF-1R mRNA 7
5228 4 AR ORE A40 Jf e , R RE SR B T A R4 A v
R0 A 21 B 9 5 A48 i A0 O 40 B =2 1] 1) 4 A
HAERESHE T IGF-1 £k . IGF-1R mRNA 1 7£ 5
F 3k Spicer A5 R IT & B, B B K B i A B
W B IGF-1 & i B m TN b i
5 Yuan SV 58 B 2R 0 0K 09 M K HE Y
IGF-1 mRNA ik, O if H 42 8/ IGF-1 mRNA
() 2 15 /> o Han %587 0F 55 00F 52, W 05 B IGF-1
e P B B R LG W B TGF -1 7K S 8% 1Y B 5%
TE Wt 473 IF 5 6 58 K 5 FE 4 SE W) b b L IGF-1 mRNA
SE LTS5 O I JURE S RN E b 6 T S i O i
(14 O B 240 i 0 ORE 20 B b, SR T L IGF-1 8 | A T
252 a0 A E SO b, I IGF-1 76 i 7L 3l
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3 IGF-1&EMBEZTHHER
3.1 S5ENMBLEE

R B Wy B B e S AR v, R — S B
KT I AR LE AR A RO . e A S B g R 2 B
0 AR K A i 22 B e R AR A R AR R B 3
KX g o AR BRI R RO B K
HH ) I A O 9 1) 455 5 AR A T HG Al B 9 (DA JR B9 9 )
(1 AR R %, X BRI Sy B I AR 2T

4 ) IGF & 4t 38 i IGFBPs iy & 1 i A
(pregnancy-associated plasma protein-a, PAPP-A)
T PR A5 BCHE 5 3 1, I 78 e RN 5 — R BLAR Y B
S A AR D S R HE  E ER R i B A R 2 R
(luteinizing hormone receptor, LHR) & k™ ; T 1) o
U0 AR 2 i S R B R BRI AT 2 R A T T
RO HJE R A IGF RGEME—— DX Il 512
i 25 A5 U 00 (9 AL A2 B 3 38 3 (follicle-
stimulating hormone, FSH) il & fi£ 5 ¥ # & 2 &
(follicle-stimulating hormone receptor, FSHR) fi& i#
IGFBPs % [1 i (4 % ik , IGFBPs % [1 i 7] L F# fi%
IGFBPs A1l i 357 25 25 89 IGF 340, U7 5 79 IGF 1Y
it AL 200 i X6 e P U R A R AT i 2 B v
AR WG R DI 3R FSH %5 S 19 JURL 240 i 7>
LT EIGF-1 Z AT . Beg 55 W58 3%
B, 2 B d R ORI i B R IGF -1 R R A B A H
A 2 TR 4 I, AEL SR OB TP A U R IGF -1 vk
R B . Ginther %55 & 8L, 45 1 (14 55— 09960 73 5
IGF -1 n] DUl He At gk 22 % 75 9 HE B0, o3 126 —
B TS R A R R A L N R K T
B HeRE . SR, IGFBP-3 7 5t 1) & 1 42 5 K iy o
0L, e B KA 9 AR A5 TS T R B Y 4
2 A R A B I O HE B Y 58 o 5 R K
B A A R BE I h IGF-1 7K - 19 A 6] DL & H
IGF -1 545 — 85 = R0 A K OFHEOR 9150,
B VAR IGF -1 J2 51 2 U1 9 1 A48 g 22 1 17 5| & B i
AL PRI R R H T,
3.2 RHEMEEKEE

Walters 55 %8 T #F 58 IGF-1 78 F W4 15 B0 i
BB RN R A R ELAR RN B9 A B AT ORI
A7 R A1 85 % JF U8 s W (1 mg-mL ) SO ik 2
(10 ng-mL ") B IGF-1 Ab 1, 25 S &% BLER I T & vk
JE B BRI A K R R, OF HIGF -1 Ry s 1
U7 B o 53 Ah, RO Y IGFBP2 78 e 5% il B %

IKOF- AR AT /NER L . IGF-1 34 T W Fp K/
B 3 WOk 41 it ESR2 . FSHR A1 CYP19al B mRNA
Fak, S K/NEE I H A FSHR ) mRNA Bk 4h o
IGF-1 & 3% £ 5 1 MUK 40 g b HSD-38.CYP11A1
M CYPI9ATL [l mRNA k597 b ok IGF-1 3
T T T T R B A T A 7 A FL A S TR A S
Hh /N TR B 9 R A0 i o g 7 A

FLAE 1996 4F |, Baker S g 9% T IGF-1 @ bR
BB A g 2 A 45 R R B, R B O L AT DL IE
WRE A/NRR R ED, AT LU A E P
T A B T R 9, F B 3 ke T A5 i A S T N
O I B B, O HLBA A O U B v R A . ISR
R W IGF-1E I & B o B b 2 0 i 2 iy 4/
Mo IGF-1miBR 5 FSH @bk REEIE AT LY
FRARL . BFSE K B IGF-1 BE8 18 In FSH ) 3
KUY AR IGF-1 AT B FE & FSH 8 3R 56 h K 5%
() K BRUORE 20 B LHR Y 2635, T B IGF -1
W JG % S LHR mRNA ik,

Zhou %R I T IGE -1 3 K 78 99 3 % & v Ak
FH B8 F e % )7 A — S8 {5 5 40, 42 1 UK 4 i 3
S IGF -1 (472 2 IGF -1 fl IGF -1R 15 50 & 48 i K
08 Y 4 L £ J) 3 2R A AT DR A O 3 Y L
KEH,IGF-1 e ¥ FSHR ) 21k 8458 T FSH 1) £
&M, FSH Al {2 ¥E IGF -1R Fl FSHR ) 235 , iX Fl 1E
5 R T B R X T B I A A K R Bk e R A
KHE B, FSH I PE 88 58 35 I T J0RL 240 i 07 7 1k
fit) 1 LHR 12635, BE B R K P& BT, THEm
WE U 3R 51 R B A AR S W A B, DA K R HE
PREl R IGF-1 6k 2 0N 2L I 25 5] 3 P 3 1 &
H 15 . Rawan %R 38 KW & (1 ng-mL ") A0
F W (100 ng-mL 1) 19 IGF -1 RE % {1 ¥F 4% Fh K/
AR U0 UK 40 i LHR mRNA B 2 1k, I Ak
HE/IN BT 360 11 R 200 6 v e s T A e e
XF O L A A B EAE A . R R IGF-1 0] |
T B 9 0K 40 i FSHR A LHR () BRIS , AW 58 A BA
W T IGF-1 1 5550 - 76 /) B BCHE o1 Ab #1 Hi
17 IGF-1 08 i 7 5, an & 2a B s, B H /N BUHRE
24 hVE ST 80 pg 1 IGF -1 76 1 5 2 Th i 5 42 14 R 3
# (pregnant mare serum gonadotropin, PMSG ) i} 7
UCTE ST 80 pg 19 IGF-1,48 h i 1 5F A &5 T A o i
# % (human chorionic gonadotropin, hCG ) #F 17 # %1
HEOW AL, 14 W, 00 i O 45 AR BN - OF 1T gk, &5
B R 78 HE AL R IGF-1 78 5l 8 2 48 5/
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B A HIE B S, S 347 HE O B0 X R 1Y 44, 90 4~ 2
3T 60. 704, 0BT B 1A m 2y 104 B 5 e B
EIE 2 TR AR N R AR (& 2b A 2e) o iR
U5 J M UE B T IGF -1 76 UP i 2 B A 0P A v 1
HEAMEM . HE—2 L, RFSE I BAER T IGF-1 %
AR SR /N BRLOP U 0 5 A AT BA & 30 AL v
IGF-1(5 ng-mL ' #1 10 ng-mL ") 5 X 18 25 A1 He %t
O 9 R R KA B R (P>>0. 05) , H & =
e BE (50 ng-mL ") IGF-1 Bf £ & 2 30 461 o9 i 2k K
(P<C0.05) (Il 3a Fi1 3b) I B AR 51 0 A7 176 2 (5] 3¢) ,

HEOP I & T T B OPRE A BT i, AR B By
I 6 K J5 1 51 90 28 R S0 A I BB 20 A ) A
R E T (B 3d) , A B3GR 46 R AH R K
(Kl 3e)o IGF-17E}5 5% i F oy i 35 {2k 17 O yfu 2 ]
B 4 B M 56 3 B STAR, CYP19al Al HSD-38 1
mRNA {335, A2 E T 17p- M B A 22 3 43
W, R T AMH B mRNA 4 % 3k 540 ] AMH 43
Wh AR HE T BB A0 i 43 WA Y BMP-15, GDF-9 il
FGF-8 ) mRNA 1y % ik , 3 & &% T LHCGR M
FSHR ) mRNA &1k . IGF-1 4B )5 , 5 X R4

TE G 5% 35 ok B b 80 38 Bk A TIGF -1 B T2 I, BCL2/BAX i mRNA H % T 5147

a U
IGF-1 IGF-1 BOHETI L
IGF-141 1 24h 1 48h 12h l
|
' |
PMSG hCG
st
HCHESE
s BaL HEFRERK HEFRER K
1 24 h 1 48 h 12h 1
|
' |
PMSG hCG
b c
i WIGF-141 m X RE4l W IGF-141 m X84l
07 P=0.010 923 « (3 2. = 100 *
80+ 6 ¥ e P=0.002 252
P=0.000 353 LA,
704 ¢ ® & 80

5 604 EROTE BRI TAL &
E] Normal eggs  Degraded eggs £ 604
2 504 3
o)
£ 401 &
mﬁ ns = 40 a
& 304 fé P=1344 42102

P=0.105 238

20

0+

IRE5P T4 Degraded eggs
BAL O F BT e IGEF-11E

IEH 0P T-5C Normal eggs

TEH B0 T4 Normal eggs  iRAL5I T4 Degraded eggs

a. IGF-1 /8 i i G A 3 /0N BRI 30 W B2 5 b, TGF -1 v 69 21 RG] JE 21 /0N BRUEVHE I 43, 1E % B -4,

AT Total eggs

S LA IR AT/ BRI B AR AR B o LS PRI SR R O A 46
a. Experimental timeline of IGF-1 intraperitoneal injection in mice; b. Comparison of the total number of oocytes ovulated,

normal oocytes, and degenerated oocytes between the IGF-1-injected group and the control group; c. Comparison of the

percentages of normal and degenerated oocytes between the IGF-1-injected group and the control group, analyzed by the chi-

square test
El2 IGF-14ERZERS/MNRAHNHEMNFRE

Fig.2 1IGF-1 treatment significantly improved ovulation number and oocyte quality in mice
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& A o R B0 b IGF -1 & el iK1
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IGF-1 0] DUl i §1 %8 J5 18 i 51 9 1 Bel-2 M1 B
A FH 8 240 M9 1 155 #F 2 1 (Bel-2 interacting mediator
of cell death, extra-long isoform, BimEL ) i [ fi# , B
1R A DR AR BUR 40 B T o B A L TGF -1 38 Ao 0T 4
Ml A A% 5 98 5 BCBE 1 R0 2 (extracellular signal-
regulated kinase 1 and 2, ERK1/2) il %% %+ BimEL

ZHOK Day 0 282K Day 2

SRR SN B
’ @ , . 0 5 10 50

,'d
0...

5 ng-mL™!

10 ng'mL-!
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400

0 2 4 6
Hifi)/d Time

=0~ 0 ng-mL-" IGF-1
5 ng-mL™" IGF-1

~*= 10 ng'mL"" IGF-1

%= 50 ng'mL~" IGF-1

BERR AL . ARG, B AL 1Y BImEL il i3 12 & -5 11§
TN - AR AR R R A RESE R B IGF -1
i O ERKL/2 58 1, A 25 % UKL 48 s BimEL
Ser65 v 42 3k % 5% JE 1) B R 1k iF 117 15§ BimEL & [
Py 3% figk , AT £ 70 SR 200 M G 32 08 T2 R K AR
KA A TP VS I TGE -1 [6) B 0T LA 1 J0RE 40 it 1 4
0 35 SR 40 B R T

24K Day 4 556K Day 6

a
100 =

TEI5 %/% Survival rate

IGF-1 #3/(ng-mL") IGF-1 dose

—_—
[33 P D [e] [
S S (=] (=] S
1 1 1 1 1

E /% Maturation rate

(=]
1

=B 0 5 10 50

IGF-1 5#/(ng-mL-") IGF-1 dose
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®
(=]
J

[oN
S
1
o
1

=
(=]
1

3]
(=]
Py

1B 1k%/% Degenerated rate

(=)
k

10 50

0 5
IGF-1 #3/(ng-mL") IGF-1 dose

a. NEHE IGF-1(0~50 ng-mL ) ALFRERHIEE 0.2 .4 .6 KA FEEEER #7100 pmo b, ES 0 RN N K IP L & F 1Y 14
BAE . o RSB AN RINHIFENG R . d~e. IGF-1AbFH 6 K A U 9 44 70 )8 2 7= A= BB 40 i B9 il R () AR k2 (e) o R[]

FRE AR 25 B (P<<0.05), N=10/10pil , 5k EE

a. Representative images of follicles treated with different concentrations of IGF-1 (0-50 ngemL ') on days 0, 2, 4, and 6. Scale

bar=100 pm. b. Changes in follicular diameter from day O to day 6 of development. c. Follicular survival rate on day 6 of culture.

d-e. Maturation rate (d) and degeneration rate (e) of oocytes derived from follicles treated with IGF-1 for 6 days after in vitro

maturation . Different letters indicate significant differences (P<Z0.05). N=10 follicles with 5 replicates

B3 AEREMNIGF-1X=4EXMINE% T2

Fig.3 Effects of different concentrations of IGF-1 on the development of three-dimensional cultured follicles'*”’
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AR R A A S 0.1 mL AR R AR
KB Xt A AR L, TR AT IR 2% 52 BE S v Ok IR
IGF-T /Y & BLF 24 55 A 800 22, HL 52 500 4 00 1
(10 ng=mL )& M 5.40+1.67 H;(20 ng-mL ") 2H
# % 7.40+41.95 H ; (40 ng-mL ') £ ik 8.40+
2.97 B DL BEgE R W IGF-1 R AL AE i 25 #E 7
1 ik 7L 20 0 ) A s HE B BB AT R
LT 2 455 1 5H T e LA A AR AR H
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Zi BTk  TGE -1 38 2o 9 42 9 v i O S5 A e 5
P& B A K LB B AR HE B ) B0 i 5 R
A R0 20 B R T 7 2 R O o L sh W IE R
ZH b KRR AR i B 4(IGF-1 %) B i &
B A ED TR . % T IGF-1 75 I 5L 3 4 5
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Fig. 4 Summary diagram of the effect of IGF-1 on follicular

development
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