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Regulation of heat stress on ovarian granulosa cell apoptosis and estrogen
synthesis in Hu sheep through calcium signal
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Abstract: Heat stress seriously affects the reproductive performance of animals, but there are few studies on the
effects of heat stress on sheep reproduction by regulating the function of sheep ovarian granulosa cells. In this study, Hu
sheep ovarian granulosa cells were used as the research objects, and real-time PCR, flow cytometry, Western blot, ELISA

and other methods were used to investigate the effects of

IS B HE . 2021-12-18 heat stress on calcium signaling pathway, apoptosis and
HATR THE LA A EMF AT H CX(20)3013]; BE estrogen synthesis in Hu sheep ovarian granulosa cells. The
A SRFLE 430 H (31902155) results showed that after heat stress, the concentration of
TEEE N2 B (1997-) , 4o, WAL B iFgs A, FENE Ca’* in Hu sheep ovarian granulosa cells increased signifi-
o FAEY2AESE . (E-mail ) 1f15205159110@ 163.com cantly (P<0.05), the expression levels of calcium signa-

BIESE . 5, (E-mail ) sxcao@ jaas.ac.cn ling pathway-related genes CACNAIB, CACNAIC, RYRI
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and CAMK2 and mitochondrial fission protein FIS1 were significantly increased, the mRNA expression ratio of pro-apoptotic

protein family representative gene BAX and anti-apoptotic protein family representative gene BCL2 ( BAX/BCL2) increased

significantly, and the apoptosis rate increased. The expression of CYP19A1, the key enzyme in estradiol synthesis, was

down-regulated, and the content of estradiol was significantly decreased ( P<0.05). The addition of calcium chelator BAP-

TA-AM to heat-stressed ovarian granulosa cells significantly reduced Ca® concentration, decreased cell apoptosis, and alle-

viated the down-regulation of estradiol content in ovarian granulosa cells caused by heat stress. In conclusion, heat stress

opens the voltage-gated calcium ion channel on the cell membrane of Hu sheep ovarian granulosa cells and the calcium ion

release channel on the endoplasmic reticulum membrane, which leads to the increase of calcium ion concentration in the cy-

toplasm, promotes the apoptosis of ovarian granulosa cells, and causes the down-regulation of estradiol content.
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1.1 iRIew A

A I O 5L A TE D58 KA T AR b 2 %
B TAZEA 37 °C A BEER K R AR IR AR b <7 R [A] 52
BEE, AR K ePYE 3 5 FH TR 5T 5 b o 5L [
LTS AR ~ 5 mm B Y P R R
A 15 ml E‘J%JL‘)%'—JF,I 000 t/min&.L> 5 min , £ H
IR EL 28 v A FHER 7K (PBS) W Uk 2 3 J5 35 25 PBS;
FHTEFARY) DMEM/F-12 35 3% 5 88 40 i I F 5 41 i 4%
FPF AN RE IR 6 FLA B F 37 C 5% CO, 4N ik
FEAE™ ;24 h JE VLSS A LG BE IS 0, FH PBS 15 Pk 4
JiL, TR R A AT IS 2R
1.2 RXIeAbIE

T 2F DP B0k 21 B 5% 3 24 h WGBESS 43R 3 41,
XTHRZL (37 °C) FAIVIHLH (42 °C ) RIS I +55 25+
EA (BAPTA-AM) 4H (42 °C) , 20 BI7E 5% CO, 4H
JIEEFER R SR 4 b SN, HE1T RNA FlEE A
FHE L, BB T 3 M EYEEE
1.3 RNA REUFAHFE R

FH RNA 42 B0 F) £ ( BioTeke 23 7] 7™ & ) i1 452
RNA , Nandrop2000 43 Y66 B 11 [ 38 Bkt /R Bl
(DA BRAF =5 ] E RNA B kg, RA
100 2 SRR 6 (P A R A R By A R A )
FEEL ) B RNA 305 5% ¢DNA ;20 pl S AR R K
RNA 1 000 ng,4xgDNA wiper Mix 4 pl, RNase Free
dH,0 16 pl, IR & 7%),42 C 2 min EBEFEFH
DNA , #RJ5 I A 5xHiScript II qRT SuperMix II 4 pl,
WATIRZ), 50 °C 15 min, 85 °C 5 s, SE:R )G TR
f) cDNA =] T-20 C1-80 CAEA7E .
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1.4 S|#& M A0 real-time PCR

FR 4 20 2 4H 56 3L H A9 NCBI J# 41, 2% ] Primer
5.0 AR RES 1, LA B-actin NS IEA i
17 real-time PCR {56 (£ 1), 20.0 wl Sk &
2.0 pl ¢DNA,10. 0 pl 2XChamQ SYBR qPCR Master
Mix (Rt iMEREAE MR I AT R A B4 ) ,0. 4
pl EIES 97,0, 4 wl RESI9,7.2 pl ddH,0, S
224 :95 °C 30 $;95 °C 10 5,60 °C 30 s, 3k 40 4
PR B2J5 95 °C 15 5,60 °C 60 5,95 C 15 s, H4
FEAES 3K,
%1 real-time PCR 3|45 %5

Table 1 Sequences of primers for real-time PCR

L/ EA N 5YIFH (5 —3")
CACNAIB-F AACGTCACTCGCATGGGTA
CACNAIB-R TCCTTCTGCTTGGCTTTCC
FISI-F CAGCGGGATTATGTCTTCT
FISI-R GAGCCGTTCCAGTTCTTT
CACNAIC-F TGCCGCAACTACTTCAACA
CACNAICR AGGACTCGCAGGATCTTCA
BCL2-F CGCATCGTGGCCTTCTTT
BCL2-R CGGTTCAGGTACTCGGTCATC
RYRI-F CAAGGCAACATCCACAGC
RYRI-R AAGCAGCCAATGACAAGGT
BAX-F CGAGTGGCGGCTGAAAT
BAX-R GGTCTGCCATGTCGGTGCTC
CAMK2A-F GTCCAGTTCCAGCGTTCA
CAMK2A-R TCCGCACTTTGGTGTCTT
CYPIOAL-F AGGTCATCCTGGTCACCCTTCTG
CYPI9AIR CGGTCGCTGGTCTCGTCTCE
MFN2-F TGGTCCTCAAGGTTTACAAGA
MFN2-R TCCATTTGACTCCGCACA
B-actin-F AGCCTTCCTTCCTGGGCATGGA
B-actin-R GGACAGCACCGTGTTGGCGTAGA

1.5 Western blot /%

4 D1 5L WUk 20 B A T 6 FLARC, 75 20 it %
IKE] 80% K K R A4 B E T 37 °C 42 C A1 42
C+BAPTA-AM 55 T 8557 4 h, WA 20 it 85 1 A
i, BCA B P ¥ B I 2 1k 7] &0 A D 2 1 o o o vk
JE,100 °C 10 min A8, AbBRAT A 8 RS S b AT
SDS-PAGE B i H ik, &N 30 pg, 60 V HLIK

3.0 h, KRG HEATHEIE (100 V,30 min) , KIS T 5%
WiAe 4= w54t bA] 1.5 h, FH GAPDH 4 FH ( Proteintech
ONEL PR RS 60004-1-1g, Bl BB ELL - 3.000) .
BAX & [ ( Proteintech 23 & 7 fifr, %% 50599-2-1g,
B %01 © 2 000) \BCL2 7K H ( Proteintech 23 &) f=
oL, S 66799-1-lg, #i BEAE %01+ 2 000) \MFN2 &
F ( AFFINITY 23 ®] 77 i, 52 %5 DF8106, i B 15 %k
1:2000) . FIS1 %5 4 ( AFFINITY 72\ & 7= 85, 3% 5
DF12005 , #i Bf% %1 - 1 000) .CYP19A1 # 4 ( AF-
FINITY A &) 7= 5, % 5 DF6884, fs B 5 1 -
1 000) HTik 4 CEAH R, FikiE 20 1Y Tris R
(TBST) Z& v BEIEE (1 3K 10 min, 3 ) , —HiE iR
B2 h, PEHE, B3 image J KEE(E ST,
1.6 FEFREMNES X

B URL 40 1 1) 35 72, ] Hank * s -7 35
W (HBSS) Z2 g vk 3 3 , FEFLIIA 200 pl Fluo-4
AM ( Fluo-4 J& 555+ 9 G IR £, AM J& —Fh £ Bt H
BRATAEY) ) TARM (4R EN 1 pmol/L) ,37 CHFE
30 min, fifi J5 ] HBSS P 3 WK, VR 5 FEE & 30
min VAR Fluo-4 AM 7E 4018 PN 58 25575 i, Fluo-4,
PN AR I 2 ' I 4 B3 AT , L A 400 it PN 45
BTN,
1.7 FRsCEH R AR A& ) B S5 BT 40 B ) 48 B R T 2

T B SO A L AE 25 A0 P T B 5 48 h ) IR
fili[ AN & VU Z B2 (EDTA) Ji44k 5 min, ¥ PBS
ZZMRIEYE 2 YR, 100 wl 1xbinding buffer &, il
A5 wl FITC Annexin V F15 wl PT Qe (6538 A] B
55 15 min, JI1 400 wl 1xbinding buffer I£%5), YLt )5
FIRESD T 1 h PIEE T A LS rh aE 7 7 20 L i T K
ARSI 25 B FlowJo V7.6 Bk I4E4T43H7 .
1.8 #HiEsh

SR SPSS16.0 B rh ¢ K56 DL K B R K Jy 22
S BT IHEA TR 53T

2 ER 550

2.1 FARZERT A S O B B S A4S BB TR B R

FIH Fluo-4 55 25 9 G BB A6 0 £ 07 AT fs
T D S0 40 A v A5 2 VR B AR Ak, 252 (I
1) R, 50 BELLAH L, $A07 380 20 350 2 B S5 550k 20
O 65 5 - € Y B B S 398 5 0 B RO 9 T B
SLBURL 20 55 25 YR FE TS . N BAPTA-AM J&,
TRV L A R B B R O
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Fig.1 Effects of heat stress on the calcium concentration in Hu sheep ovarian granulosa cells
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Fig.2 Effects of heat stress on mRNA expression of related genes in calcium signaling pathway in ovine ovarian granulosa cells
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Fig.3 The regulation of heat stress on the mRNA expression of mitochondrial structure related protein genes in Hu sheep ovarian granulosa

cells through calcium signal
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Fig.4 The regulation of heat stress on the expression of mitochondrial structure related proteins in Hu sheep ovarian granulosa cells

through calcium signal
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Fig.5 The effects of heat stress on apoptosis of Hu sheep ovarian granulosa cells
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Fig.6 Regulation of heat stress on estradiol synthesis in ovarian granulosa cells by calcium signal
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