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Follicle-stimulating hormone regulating the proliferation of
ovine follicular granulosa cells through AKT/FOXO1 pathway
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Abstract The purpose of this study was to investigate the proliferation of ovine follicular granulosa cells (GCs)

regulated by FSH-AKT-FOXO1 pathway. After GCs were treated with difference concentrations FSH, the cells’ viability

were measured by CCK-8assays. The apoptosis and cell cyclewere were assayed by Flowcytometry. The

phosphorylation level of AKT and FOXO1 protein were detected by Western-Blot. The transcriptional profile of PCNA ,
CCnd-2 and Bcl-2 were detected by gRT-PCR. The results showed that: adding 10 ng/mL FSH in the culturemedium
significantly increased the viability of cells and inhibited apoptosis (P <C0. 05). The viability of GCs decreased
significantly after pre-treatment with the inhibitor AT7867 of AKT/FOXO1 signal pathway(P<C0.05). FSH significantly

promoted AKT phosphorylation and decreased FOXO1 phosphorylation, FSH significantly up-regulated the expressions

of CCnd-2, PCNA and Bcl-2 mRNA. In conclusion, FSH promoted the growth and proliferation of ovine follicular

granulosa cells through AKT/FOXO1 pathway.
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2(ERK1/2),

FE/IN B ML A 5 P kB, 38 i 28 FOXO1 #%
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DNA, # #1 5¢ #% 76 $8 5 5 4R 5 Mk 8 2. M
FOXO1 %54 DNA G 5 22 % AKT Bk 1EH
MR R BB AR, FOXOL & A T 40 Ml % 8 ik 5
HHR I 45 4 5] FOXO1 3ot/ (FRE) |, & #
A F R

FOXO1 J& FSH {238 % it % 4> 7, % FSH
() . FSH it PKB/AKT il #%5] &2 FOXO1
0 TR 2 15 o DT 2 5 S 0 3 D) ) A SR O Y 1
Y, NIk, FSH 4 +5 09 3 A4 K & & 1 2 86 T B
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TE ML A ¢ i — PR 5. X T FSH i
AKT/FOXOL 3 % i 4 01 16 J50k% 40 A 35 58 (1 6F 5%
REBOEE R NRFR G Y R E LD,
PRt A 56 400 40 5 B 3 GCs, x4 3 GCs FIR
[l ¥k i FSH AbBR 5 Al FH CCK-8 i 4G I 40 it 375 4
AnnexinV-FITC U & 4 AL 95 1~ A1 48 Jg J& 1 A2 4k .
Western-Blot # il p-AKT 1 p-FOXO1 & 1 i %
ik ;qPCR 43 #f PCNA ., CCnd-2 1 Bel-2 3 % ik
wAE, IR 5T FSH @18 AKT/FOXO1 {5 5#
FEXT AR E GCs TR 5/ L O 38 5 B & B0 Mk e 2
HEFE SR

1 #M#BEFRE

1.1 {34
A B SE G AR 40 R (24~ 36 Ay, (K EE 8

83 k) UL, Kl R AETR AL ] 37 C A
EROKVEWE 3 W, B S A B 37 °C Az B R K DR TR AR
W.IFT 2~3 h Nk B =, AR5 A 37 C,
VSN B R 2R O A AR B ER K YRR B L 3 g L 8 O
ST AR KA A IR K L B 3T CCOKIR R L TR .
1.2 RIetH

A2 BF Y1 1 2 FSH(Bioniche, I & X); DMEM/
F 12 85 3: 5 (Gibeo, £ ) 5 2 4 1fiL 7§ (HyClone, 3¢
ED s AW W A (Biosharp, H1[E) ;0. 45 pm PVDF
& (Millipore, 2 E) s AKT #/ {k Pr ik . FOXO1 #
% Ak Pt A . Bactin 47T &, AKT 4 ] 5§ AT7867
(MCE. £ [#) ; HRP ric th £ 414 1gGHRP #rid
1 2EPr B 1gG. 2 H Marker, ECL Ji§ ¥ & . Revert
Aid First Strand c¢cDNA Synthesis Kit ( Thermo
Scientific, & [E ); Annexin-FITC/PI ( Vazyme, 3
[#) ; CCK-8 (Beyotime Biotechnology, # [E]) .

1.3 RWFH*
1.3.1 GCs k%

T Y R B B8 B B B A BRI /N0 4y
25, 1] PBS JS AT REF O 9 J7] B 0y L 4L Uk . ik
FHAR 4~6 mm R/NIIE. 7EREA PBS /Y MJE L
DAL MR ARE 59 B9 0 2 52 5 T, FH 80 0 9 B9 3 P B 1
JERBCANL, & T R RN PBS Wb, I
THYE 3 W ARG AN 0. 3% A i B A . 3% R
A MY .1 Y07 55 % R AN DMEM/F 12 B 3% g
HAA A, PT 3 31 %5, IR 4 i %5 B O 5 X 10°
A/mL, 533 1.5 mL B0 A L1 400 r/min &
O 5 min J5F W S8 BRI A AL R A
—80 C UKFEIRAFE . ] T /522 RNA $2H.,

1.3.2 R FRKRE FSH Fo 49 4 5 AT7867 33 GCs
g ]

H5 53 B8 Al Ak 1) 48 2 UKL 40 2 A ] v BE 42 R &2
96 fLEEF IR AR A AL A0 B AT B AL O3 4H 2R AT S 22K
55 . 10— R o 2H 09 B AL 40 ML 43 0 S i 0.5.10 AN
20 ng/ mL FSH, }i3% 24 h J5 . R ] CCK-8 L% R
(7] Fsf ) Sz 00 240 Y 9% 1 . W% FSH X 4 = B 8 GCs
WHPERYSZm . R E A 3 WL b, s
ZH 1 B L AR AL 43 3 R 0.5,10,20 1 40 pmol/L 1P
HilF0 AT7867, i 5 Jr 12 A ik 4 — . 00 %< 410 il 5
AT7867 XFOP 5 GCs H5 TR . A& EE
3 WU L.

1.3.3 GCs A #g4m
Higt 24 h R4 40 M. FIA & EDTA By B A
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Aol P A XS24 A 0 240 e SR 3
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VA G0 4 B DA B SR AR B L SRR T TS PBS
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A 2R AL TR A0 M 58 e TR R G R %
WCHT A 240 B 43 1805 8 BT W 11y EP A5 o 5% 35 0 n 3] %
I LA L PN 2 1 B 28 T O AL 5 9K T K 200 R iR
A5 mLEP®MKN,1 400 r/min, &> 5 min, 3 |-
5. 1 mL PBS #2528 WeGE 7T € 40 i, Y% 2~3 IR,
1400 r/min, B0 5 min J5 5% 15 3 fEA0 08 T4
W50 & Ui A . B FEAS A 500 pL 456 22 phl
AR ARIE A 5wl AnnexinV-FITC f1 5 pL
PLARERIRA), IR EOE (B 40O B F 10~30 min,

s w11 i O IV o R
1.3.5 qPCR #@ GCs ¥ & B &%

K TRNzol ¥ $& B4 20FE 5y 8 RNA, fifi
NanoDrop TMND-2000 il 52 RNA ¥ & fnafi g, %
sk A260/280 A F 1.8~2.1, 28S8:188)=>1.8 : 1.0,
W =200 ng/ul. RH gRT-PCR # K& & 7 #r
PCNA .CCnd-2 I Bel-2 3R 78 A [6) 55 95 544 °F 3k
75 UKL 20 g b ) 2R 35 K SF . SR A Oligo 6. 0 #fFik
i1 qPCR I & W51 ¥ (£ . 4 % K Prime
Script TMRT &7 & 1 SYBY Premix Ex Tag TM
77 & (TaKaRa, H 49 #E47 cDNA 33 #% 3¢ il qPCR
SN 5 T A 45 A 77 A i BRG] & B 5 1 1Q-5 %
£ PCR X (Bio-Rad. 2 ) F#47, qPCR
&N 25 uL. 845 12.5 pL SYBR Premix Ex Taq
TMQa) 1 pL BG4 1 pL FHESIH.2. 0 pL
cDNA B Mg f1 8. 5 L ddH, O, Jz i 72 5« 128 1
95 °C 5 min; 48Pk 95 °C 5 s,1B k 60 °C 20 s, fEAf
72 °C 15 s, 45 UG I, L By B A 2R S
70~95 C4HlH Mg, RA Bactin fEAN S 3
AR ES 3 U L.

&1 qPCR3|#
Table 1 Primers of qPCR
FH % 3 (5 —>3") */IN/bp
Gene name (GenBank 1D) Sequence (5'—>3") Size
Forward: TCTCATGTCTCCTTGGTGCA 173
Sheep PCNA(XM_004014340. 4) ]
Reverse: GCCAAGGTGTCCGCATTATC
Forward: GACATTCAGCCCTACATGCG 228
Sheep Cend-2(100147799) i
Reverse;: AATGCACAACTTCTCAGCGG
Forward: TCTTTGAGTTCGGAGGGGTC 162
Sheep Bel-2(AF164517. 1)
Reverse: GGCCATACAGCTCCACAAAG
Forward: CTGGACTTCGAGCAGGAGAT 172

Sheep Factin (§Z)(U39357. 2)

Reverse;: TAGTTTCGTGAATGCCGCAG

1.3.6 Western blotting 40 & & £ ik

#E 45 #E 4T SDS-PAGE 1y 56 e 4 e #1296 4%
B, FERN S P RE AL B, B AR AL 20 pe.
T 2 JIE Yk 56 J U 0 e €0 300 0 S R A7 G €8 M S e JE
ROR . B i R GF I B 58 4R R 5 %0 B BR 5 k-
TBST # . iR 58 2 A 30 min, 5 H 5 % B AR 1%
B)-TBST # 1+ 1 000 # B p-AKT Al p-FOXO1 $it
T, RS 10 min, FEAHR A PUIK, B 55 KR #2 i

. 552 KA TBST YEAR 5 ¥, &K 5 min,
5% AR WS k-TBST 4 1 = 1 000 # B¢ 41 1gG, =
IRI2HE 40 min, TBST PEAE 6 ¥, £ X 5 min, ECL
EE e n teE RO B AU
1.3.7 #EHH

KA 22T A gRT-PCR 45 2%, FI H
SPASS e it T-test #4722 5 10 35 PR AG 56 . £ s
L8 £+ #5252 (Mean+ SEM) R~ ., &40 iR 56
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Fig. 1 Effect of different concentrations of FSH

on the GCs viability in vitro
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B2 R[E R E R DR iR & X b B 48 B O T R

Fig. 2 Effect of different concentrations FSH on the

apoptosis of the GCs in vitro
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24 hJ5 L f# ] PTG € K500 4 A 8 . da &l 3 AT AL
10 ng/mL FSH J5, 40 G1 15 S 3t
BT AT o 200 it 334 5 00 0 3 4R S (P<T0. 05), 1
T GCs 158 B FE AR & & A 8 b F 2R A T 4 i
JA G1 2 S Bt P rp, X — b FE B Az I LY
A3 W6 PR 7 5 0 45 R R 22 T A BRSO Y B
T UK 240 Jf 14 5 A0 434K
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a

10 20

FSH concentration

ARk R R 22 57 W3 P<<0. 05,
Different letters indicate significant differences between groups (P<20. 05).
3 REREE AR IR i 2R 340 S0 45 S S50 AL 40 P B A 22 )
Fig.3 Effect of different concentrations FSH on the GCs cell cycle in vitro
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Fig. 4 Effect of different concentrations inhibitor

AT7867 on the GCs viability in vitro

W3 Wester-Blot &, 40 1& 5(a) ~ (b) frs, 5H
ik B340 AR 1L 10 ng/mL FSH (4 (a2)) 3 # 5%
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Fig. 5

FSH up-regulate targeted genes by AKT/FOXO1 pathway
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W, Hoh  PCNA & B 40 DNA A st
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