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Abstract: This study aimed to investigate the mechanism by which knockdown of androgen receptor
(AR) in sheep affects the development of ovarian granulosa cells (GC). The healthy, adult sheep

was selected as experimental subjects, employing surgical procedures to obtain ovarian tissue, from
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which granulosa cells were subsequently isolated and characterized. After silencing AR expression in
granulosa cells (GCs), cell proliferation and estradiol (E2) production were assessed in sheep ovarian
GCs through CCK-8 and ELISA techniques. Furthermore, after AR knockdown, key differentially
expressed genes (DEGs) affecting ovarian granulosa cell development were identified through
transcriptome sequencing (RNA-seq). These genes were subjected to functional enrichment
analysis, and signaling pathways involved in granulosa cell development, along with their associated
DEGs, were validated using RT-qPCR and Western blot assays. The results demonstrated that the
study successfully isolated and identified granulosa cells, and that knockdown of AR significantly
reduces the proliferation activity of these cells. More importantly, after AR was knocked down, 1 187
differentially expressed genes was identified through transcriptome sequencing, with 465 genes
upregulated and 722 genes downregulated. Based on these differentially expressed genes, key
signaling pathways involved in granulosa cell development were identified, including the PISK-Akt
pathway and the estrogen signaling pathway. The key genes PISK, AKT, p-AKT, ESR2,
CYP19A1, BAX, BAX/BCL2, and Caspase3 were further validated. Following AR silencing, the
expression levels of critical genes within the PI3K-Akt signaling cascade—specifically PI3K, AKT,
and p-AKT were significantly reduced (P<C0.05). Similarly, key genes associated with estrogen
biosynthesis, ESR2 and CYP19A1, exhibited significant downregulation (P<C0.05). Conversely,
genes linked to cellular proliferation, including BAX, the BAX/BCL2 ratio, and Caspase3, showed a
significant increase in expression (P<Z0.05). In summary, these findings suggest that knocking down
AR in sheep ovarian granulosa cells may influence cell proliferation and hormone synthesis through the
PI3K-Akt signaling pathway and the estrogen signaling pathway, thereby participating in the process
of cellular development.
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Table 1 siRNA interference sequences

GAPDH antibody (4t 5% 1 38 #% 28 #] ) , P13 Kinase
p85 Antibody . AKT Monoclonal antibody , Phospho-
AKT (Ser473)Polyclonal antibody (Immunoway /4 4
NEIDR

FEALES : CO 4 i 15 7248 ( Thermor A F] ) ,
HeE (IR IR A 2 AR R v R 0 L (B
AL B ) BEFR AL (Thermor 23 & ) , 20 M 31 %X
(Applied Biosystems 23 ) , {8 & i i 45 . %< 6 B 1%
B (OLYMPUS A &), 52} 5 6 5 it PCRAX (SR
BE 7 2y Al ), O3k 1Y (Bio-Rad 2> &) , B W %
(Eppendorf 28 H]) .
1.3 AHi&
1.3.1 OGP ELORI AN M G 3R 5 % F AR R
A fi B AT 405 2 B R, % 3BT DPBS W UE 1 &L, V5
A B A /N T 3 mm B 36 Hp 1 SR 40 i 4E 40
ffL T M199 ¥ FR il Hh 85 %, 8 37 °C,5% CO, K57
R o K SR AIURL A B 45 A 96 FL AR, A Y A B
60% B, 4% Z W EE [ & ,0. 2% Triton X-100 i
% 30 min, 5% BSA # ] 1 h, FSHR. AR — #ii
(1:1000)4 Cid &, %6 —Hr (1:1 000) #E I 1 h,
DAPT#E 5 min, 96 & 3B T~ W%% .
1.3.2 THFI it 55 g 4 NCBI
androgen receptor Gene 1D: 443042, ] I 7 £k T E.
Wt 34 sIRNA TP 91 (£ 1), HAEY A Al A .
V4 UKL 240 A 4 b 21 6 FL AR, R Al ARV G 2 R 70 %
LAV ER T F 5], OPTI-MEM 5 GP-transfect-
Mate 523K , # % 5 min, OPTI-MEM 5 siRNA ¥ ¥
R HE S min, B AR A Y8R, & & 20 min,
ZE R M BN A0 e, B 37 °CL 5% COL Y 20 M 1% 37 46
IR,

EERe 741 (5 —>3") HAMT ] (53"

Number Sense Antisense

siRNA-1 GCUGCUCCACCGAUCUUAATT UUAAGAUCGGUGGAGCAGCTT
SiIRNA-2 GCGCCAAGGAGUUGUGUAATT UUACACAACUCCUUGGCGCTT
siRNA-3 GGAGCUCUCACUUGUGGAATT UUCCACAAGUGAGAGCUCCTT

1.3.3  CCK-8 ik I 241 At 3 5 1% P e ek
UMM, L9 0004 - FL - HeFpF 96 FLAR L 6 h )5 &
FLINA 10 pL CCK-8 i, B F: A I ®E 2 h, 1
450 nm 2 OD {4 -

1.3.4 ELISA LA E2 45 W 7K F Wi 4 41 it
B SR W B TR B AL o A 50 pl R DN AR A
50 pL B AP, 50 pL BriA , w4 Bk A bR | 35 AR
B, MEE 1 h, PEETME 3, 50 pl & 8 A i,
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50 ul B B IR 2), 37 “CHEH 15 min, fil 50 pL £
1E R, 450 mm Ab i OD A , 5 JF 2 il b5 1
HEEPIRaRCR & 713 28

1.3.5  Hf s 4l SC P A 5 )y i £ RNA F£
st B AT P I 1 A= ) e AR B A7 BR 2N W) i A7 b 3
Trizol 42 B4 i RNA, it 4% . 4lifb , DL i B fb i
mRNA 2 BHz i A BEHL S ARSI W 9% v
ANTPs 38 5% 5% il , & % cDNA 8 , XU il e, 4K 15
20 M 2 i LB o o0 A R AT O R, AR AR =
HHE 542 % 35 4 NCBI genome00248 i
A7 LR, HEAT 3 R 30k g o R IR 22 R A0 i L AR
I3 Mo

1.3.6 RT-qPCR R 4 NCBI sheep Gene ID:
9940 B W) (K 2) o4& B B0 RNA 5% 34 5
Trizol 2248 i 10 min, &5 ,4 ‘CH&M T ,12 000 g,
250 15 min, WEHGE BI/KAE  in S 9 B, 2.0 10 min,

%2 RT-qPCRE|#FE 7

Table 2 Quantitative primer sequences for real-time PCR

F B LM 75% LB B0 5 min, 3 B T M
T A DEPC HLOW i o [N 28838 4 — 4
ZBRIEK A DNA, Bk &4 10 pL: 2 pL 5X gDNA
Eraser Buffer, 1 pl. gDNA Eraser,1 pug RNA,DEPC
K AN 10 pl; W AR M 42 °C 2 min, 4 °C co, &
T B RO, BARFR A 20 pL: 10 pL BIA TR
AW, 1 pL PrimeScriptRT Enzyme Mix 1,1 pl. RT
Primer Mix, 4 pl. 5XPrimeScript Buffer 2, 4 pl.
RNase Free dH,O #M & 20 pL; J W # 7 & 37 °C
15 min, 85 C 55,4 ‘C co . RT-PCR M {k & K
20 pL: 10 pI. TB Green Premix Ex Taq Il , 1 pL
PCR Forward Primer (10 pmol-L°") , 1 pl. PCR
Reverse Primer (10 pmol-L™") , 1 pL ¢DNA, 7 pL
DEPC H,O #b 2 20 pL; 2 i #2524 95 °C 30 $595 C
55,58°C20s,72°C 20 s, 39 MEHH ;55 °C 5 s,
95°C 5 so

E RN 19751 (5'—>3") B KR E/C

Gene name Primer sequences Annealing temperature

AR Forward TATGGGGACATGCGTTTGGA 60
Reverse TGCTGGCACACAGGTACTTC

GAPDH Forward GTTTGTGATGGGCGTGAACC 58
Reverse GCGTGGACAGTGGTCATAAGT

BCL2 Forward GGGGTCATGTGTGTGGAGAG 60
Reverse TGCAGCTCCACAAAGGCGTC

BAX Forward TTCCGACGGCAACTTCAACT 60
Reverse CTGATCAACTCGGGCACCTT

Caspase3 Forward TTCAGAGGGGACTGTTGCAG 60
Reverse CAGTCCAGTTCTGTGCCTCG

ESR2 Forward AGAAGATTCCGGGCTTCGTG 60
Reverse GAGCAAAGATGAGCTTGCCG

CYP19A1 Forward TCGTCCTGGTCACCCTTCTG 60
Reverse CGGTCTCTGGTCTCGTCTGG

1.3.7 Western blotting P AT B P A
J& ® 71 F R 408, N Lysis Buffer 241 W W5 12 i 117
70 2 A R PMSF B 2 0% W, vk b 2L
30 min, B0 5 LIS SXE A LHEEZ IR A, K
WA . BCA VAR M€ i : 25 pL FRE AL & T 96 £L
B, 1 200 uI. BCA TAEW , 37 ‘CH#F 30 min, 562 nm
W E W O6 B . MR Aw E il 8 y=0.922 7x+

0.141 6,R*=0.999 8, I3 H i A W B,y 45
FE IO BE xS X AR AR S VR BB . SDS-PAGE
P81 LYK < il 1096 43 BB AN 5 %0 W4 i, T 1< L vk
ZZvhi b, 90 V HL Yk 110 min J5 , Y IR 37 PVDF
JIEE e B AL I, 20 V #% 55 min, B 1 2 h, — ¥t
(1:1000)4 Cxk e, =Pt (1:1 000) 9 F 2 h, ECL &
5 4% , i Image-Pro Plus 6. 0 43 M7 25 5 K BEAH .
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Fig. 1 Identification of sheep ovarian granulosa cells and localization of AR in granulosa cells
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A. Validation of 3 siRNA sequences; B. State of granulosa cells following AR knockdown; C. Effect of AR knockdown on cell
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Fig. 2 Effect of AR knockdown on the proliferative activity of granulosa cells
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Fig.4 Transcriptome enrichment analysis
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Fig. 5 Transcriptome differential genes validation
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