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Effect of over-expression SLC7AS on apoptosis of ovarian

granulosa cells in rats and its mechanism
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ABSTRACT Objective: To discuss the effect of over-expression of solute carrier family 7 member 5

(SLC7A5) gene on the apoptosis of ovarian granulosa cells of the rats, and to clarify its related mechanism.
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Methods: Four 3-week-old SPF grade SD female rats were used to extract the primary ovarian granulosa
cells of the rats. These cells were divided into negative control group (NC group) and follicle-stimulating
hormone receptor (FSHR) staining group (FSHR group). Immunofluorescence staining was used to detect
the expressions of FSHR protein in the ovarian granulosa cells of the rats to identify the successful isolation
of the primary ovarian granulosa cells of the rats. The ovarian granulosa cells were divided into control
group (transfected with empty vector plasmid) and OE-SLLC7A5 group (transfected with S.LC7A5 over-
expression plasmid). Real-time fluoresscence quantitative PCR(RT-qPCR) and Western blotting methods
were used to verify the transfection efficiency of the cells; flow cytometry was used to detect the apoptotic
rates and cell cycle percentages of the ovarian granulosa cells in two groups; RT-qPCR method was used to
detect the expression levels of SLC7AS5, cysteinyl aspartate specific proteinase (Caspase)-3, Caspase-8, and
tumor necrosis factor-a (TNF-«) mRNA in the ovarian granulosa cells in two groups; Western blotting
method was used to detect the expression levels of SLC7AS5, Caspase-3, cleaved Caspase-3, Caspase-8,
Results: The

fluorescence microscope observation results showed that the ovarian granulosa cells appeared spindle-shaped

cleaved Caspase-8, and TNF-a proteins in the ovarian granulosa cells in two groups.

or irregular and specifically expressed FSHR. No FSHR green fluorescence was observed in NC group,
while FSHR green fluorescence expression was observed in FSHR group, indicating successful isolation of
primary ovarian granulosa cells of the rats. Compared with control group, the expression levels of SLC7A5
mRNA and protein in the ovarian granulosa cells in OE-SLLC7AS5 group were significantly increased (P<<
0.05), indicating successful transfection of SLLC7A5 over-expression plasmid into the ovarian granulosa
cells. The flow cytometry results showed that compared with control group, the apoptotic rate of the cells
in OE-SLC7AS5 group was significantly increased (P<C0.05). Compared with control group, the
percentage of the ovarian granulosa cells at S phase in OE-SLLC7AS5 group was significantly decreased (P<<
0.05). The RT-qPCR results showed that compared with control group, the expression levels of TNF -,
Caspase-3, and Caspase-8 mRNA in the ovarian granulosa cells in OE-SLC7AS5 group were significantly
increased (P<C0.05). The Western blotting results showed that compared with control group, the
expression levels of TNF-a, Caspase-8, cleaved Caspase-8, Caspase-3, cleaved Caspase-3, and SLC7AS
proteins in the ovarian granulosa cells in OE-SLC7A5 group were significantly increased (P<C0.05).
Conclusion: The increased expression of SLC7AS5 protein promotes the apoptosis of the granulosa cells by
upregulating the expressions of TNF-a, Caspase-8, and Caspase-3 apoptotic pathways.

KEYWORDS Solute carrier family 7 member 5; Ovarian granulosa cell; Apoptosis; Tumor necrosis

factor-a; Cysteinyl aspartate specific proteinase-3; Cysteinyl aspartate specific proteinase-8
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acid transporter 1, LATL), FZ Y% iz e
SRR, A A R AR HEEORE T R R 8RN
M SLCTAS T H R IBAKP AR, Wn7e kG, 2
Ju. BRERIIR B AL SLCTAS T A M KI5, T
FEMT O JUE AT BE 45 42U rh SLCTAS 3 Rk K F
BAR Y, RS WoR . SLCTAS B A #E £ Fh i
YA o Rk, B s O b R i PR AR A R B AT
Rl H E M, CREILRE . I ELE A
TE PN L M WA AE . SLCTAS AL
HEENBGARA R, & 54057254 % Y ¢

Bto ML, SLCTASTENE B BB . AAE LA
SRGEPR B R EEEAEM Y AR L
5 AR OR SR S 0 2 500 B4 A
(polycystic ovary syndrome, PCOS) &I [l 5P 4
HEH SLCTAS mRNA FBACE U I, #2758
SLC7A5 A e 7E PCOS 1Y &t K i v R ¥ — o WA
FHo {HSLCTASTEDN A L 1 DI RE 1 K 58 2 B W] .
19 55 UK 200 Jf 1 Sy B9 S5 Py R Y 2 B R A LA
ML, FEORIEA R E MO B R E AR
SLC7AS 78 J0RL 20 i b i D) B 1 oK DL o A 5T
PRDF SLCTASL X K Bl B S MUK 40 M 9 T s, JF:
I WY G ELAR (g VR HIBLHR . A 58 SLCTAS 1E PCOS
H ) o BERATL 1 4 4R 2 e BE A



1528 TR 224 (BE 2 i)

$(50% 6 20244E 11 A

1 HESH®
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AIRAF, WFETHERRKELR Y L, S5Rb)
Yl P AT IES . SYXK (75 ) 2018-0001. ifil
PER W T 758 MR, DMEM/F12 K577 5 |
W R £h 22 #h i (phosphate buffer saline, PBS) i
G2 M9 (fetal bovine serum, FBS) ¥y F 35 H
Hyclone 24 w1, & ¥t {2 0¥ ¥ ¥ R & 1k (follicle-
stimulating hormone receptor, FSHR) £ ¥ [ #ii
& 5 B A B 9 06 F  (fluorescein isothiocyanate
isomer, FITC) #ric th 2 dt e Ho & . B bt H
WE-3- W RO A W
dehydrogenase, GAPDH) ¥ifk . Fdife 9. F
BUR 0. PR E R M R AL AR E MM
(cysteinyl aspartate specific proteinase, Caspase) -3
PR A4t Caspase-8 HL & I F I 14 Bioworld 4324
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MR E], JCNBE 2R BORL R #2125 & W T b 5t KA A=
R AR A, FuGENE HD % 444 7 W T Hri 1=
Roche 2% &), 4 J J&] 491 5 48 B 08 T A I K 7] 65 0
Annexin V -FITC 4 i 98 74 0 8550 &0+ 1k 38
ZRAEVHAR B ARA A, %bt SLCTASHUA T
Z E INVITROGEN 2~ &, # ¥t cleaved Caspase-8
P& Wy F 2% E Alflinity Biosciences 23 # , & ¥t
cleaved Caspase-3 #it 1& g T 3% [& Cell Signaling
Technology %% 7). 3500P 3¢ B} %€ J¢ & & PCR
(real-time fluorescence quantitative PCR, RT-qPCR)
S (B9%5 . MX3005P) M T 5 H ZHER P A R
Al B SR A O AL (8495 . NANODROP
2000) W F 3 E Thermo A &, Witr{l (A .
EON) I F 3 EH BIOTEX 2 Al , i 28 41 f 43 Hr A
CYTOFLEX LX) W 7 3 [ BECKMAN

(glyceraldehyde-3-phosphate

(A5,
NCIR
1.2 XAFERRBE@EL,BERER 4HIM
% SPF 9% SD Mt KB, 1R 29 50 g, 3 I P e
FE2d, BEEsmiEtE® 501U, 48 hjGabsk. R
H75% CHEERYIKES, FETERG, B2
B FF R U B B JEk RN R, R XU B B, ) B B
B3R T W A KON AL 21, PBS 28 R e vk
3, FEADMEM/Fl28 35, 7EBME T,
i FH 1 mL 59 2% 51 Sk 78 40 0w IRt A iE i

0.25% [RE A, B A37°C. 5% CO R
JEIH AL, TIFE 10 min WNREFRAEHGE . R WG R 2
WCAT o 20 min J5 1) S B4 X0 58 S0k 240 i I ok 24
AR, A& FBS MR SRl & Rk, ¥ ik
ZH 2040 3 3 100 o 20 07 1 30 WA 4 40 R A
B JE s L. m A 10% FBS A 1% SUHt Y
DMEM/F12 ¥ 5= 58, W08 T i+ i s 42 70 1
AR I 4 55 T b b Y, RS 5
1.3 #BRALEENEXRITEFTR L BH T
FSHRZ& & & X WL UK RSP SE WOk 40 ML, 50
B P X BB 20 (NC 20 ) 1 FSHR %t {6, 40 (FSHR 41) .
1 O HLRURL A0 B2 R T 6 FLANRR IS R, Al K
RN 70%~80% I, PBSZEMRBEL 3K, FiIK
5min. ¥ AY VK R = IR & 20 min, PBS & Wik
Ve 3K, BHJEMA0.1% TritonX-100, = &
10 min, PBSZE MR UER 3. A 1% BSA, =
M E 10 min, A H MW, A FSHR —#i,
ACHBE LK. KH, X —di, PBSZE ML
3W; MMAFITC AR thF40 5 =9, = il 69
H2h; FETHL, PBSEMWVER 3 A PLkk
JEiE 10 min, PBSZEMIRVER 31K 95% HhE A
o, WAEE T WS 2 20 K LD 510K 41 ffd b FSHR
FEAFIXWEOIEHAE . FSHR & [k WOk 40 il /Y bR
HHEN, FSHRAMEYE @ EN TAMRT, 2ok
Pt, MM RAASE. BT W EFSHR 4
YN RIS 43 B R BRUIELAR B SLASURE 40 i
1.4 SLCTASE RE Rttty ¥ RIKTR
Pig: W1 5mL EP4, A 30 mg-L ™" FikL2 pl.,
PRI 50 pL Wbk, TRA)E T 9K L 30 min, J5 & T
42 CHEEH 90 s, Z Ja 3r BV ECH & F K F 2 min.
JMA 1 mL LB M FEEL, 37°C. 200 rrmin~' B
1~2h, 10000 g&.L>5 min, # b, B 25200 pl,
WATHR , TSGR, 37 CIEERF1hG
BIESR . WH, PRHBCRRERE , A5 mLK
RIS E PN, ZEH%B 2 200 mL 8 3R
PR o

JRL B2 . 4 BROC N B R FORL 4 B0 ) & Ut
B R A7 A o W B AR R A 2.5 mL S
8000 r'min” "B .0 2 min, FIEW . B 200 mL K
FRMEAELE R, 4°C. 8000 r-min~' &.0> 20 min,
2B, IMA10mL P, %O, A 10mL
P2UAW, FEHRIFE 6~81k, #'& 5 min. A 10 mL
PA W, B4 6~8 %, #E 10 min J5, 4°C.
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8 000 r'min~ " & .0 15 min, B ASER . 50 mL
B CEETR, A O 3R SN, RS
J& e % 2 i J5 B W Bt AE . 4°CL 8 000 remin !
2 W B O, B 2min, A 10 mL ¥k W,
4°C., 8000 r-min 'B.L>2min, FIEW, HE 1K
A 3 mLAY K ZEE, 4°C. 8000 r-min "#5.0> 2 min.
FRUEVE, KRBT RN A4S, 4°CL 8000 remin !
B0 5 ming WAL IF 55 50 E 5 ming KW AE E T
B EE S, A1 mL ddH,0. 5% % 5 min,
4°C, 8000 r-min "B 5 min, WCHE TR, KT
AL BE RN AR, E R, — 20 ‘CRRAT S
1.5 ity LR NI (FEjss
K BT oKL ) M SLCTAS 3 % 35 B ki 20 (OE-
SLC7AS4H , %Y« SLCTAS 1 Fik Fikr) . #4 ks
2 B b 2 3 o8 A R AR SRR 6 LA ML R SR AR
el 2 Y i %) 40 i %% B R 50 %6 ~60% . A FLER 120 pL
B opti-MEM 85 3236, Jin A 3 ug ik, BRI
i) bR AR o A 4 L 6 ul. FuGENE #% 34 i 51
BRWITIRS, EREEME 10 min; B4 LR
B WA EEFL S 1874 pl A BB FR LM 6 4L
MM RS, BRARREA . HHME T 37°C. 5%
CO R FRA ;3% 24~48 h, ANIFE YL 24~48 h ),
* Fl RT-qPCR 3 il Western blotting 32 5 I 21 g %
1.6 AX@mERAEMN2AFELEBLE@EA TR
i B8 Annexin V -FITC 4 L 98 1=k i 128 570 &5 158 BH
BTN AR R T 6 FLAN M B SR M, Ab B
J5 . PBS ZZ P v Ve A0 A, ARG, UL 5% 2
KA S AR . AN RO B LA
1000 r*min "#.0> 5 min, F L&, A PBSZE il
HEMM; 1000 r-min '"&.05min, 7 FW; WA
195 pl. Annexin V-FITC#454&# . 5 pl. Annexin V -
FITC A1 10 pL 4k 9 BE (propidium iodide , PT) %%
W, BRIRY; ZRBOLHE 15 min; FEK
W RECAETIC, 1 h AR T K A S S 4 i
T-% . FITC (+) APl (—) ARWET-4ME;
FITC (+) FPI (+) NI M T 400 . 4050
o= (FIE T A0S - e T An RO /40
BE<100% .
1.7 AX@mBAAEN2ARRA @A HFLR
Boam i E & M A0 R A I3 R & U EH A
PEATHRAE . O 5L BURL A0 12 B T 6 L 40 R K 3R AR
o KbFRJE, PBSZEnhi sh Ve AT, JHOAGE B

g, L5 A0 A B A0 S 20k TE Ak, 20 R TR
EFELEP, 1000 r-min” ' &0 5 min, 3 FW,
A PBS 2 vhilg F B4, HE LK AR
700 CEERWWATIR A, 4 CHE 12~24 h;
1000 remin "B 5 min, F LV, il A PBS 2 nf
WE RN, EE 1R BEAME TP MmA 0.5 mL
Pl o, EE4IME, 37 CEREOGIRS 30 min, B
UKW RESCAE T 24 h PR Uit =X 4 A4S rh Az T 2 21
AN TR) 4 B 300 B S5 ASURE 240 i 435
1.8 RT-qPCR % # m 2497 & M & @ fo
SLC7A5. Caspase-3. Caspase-8 #= B /& 3R & B F «
(tumor necrosis factor-a, TNF-a) mRNA % i K P
FEFABFR, A TRIzol 2 H, WIT 5
B 5min; 40 2% W IR £E & RNases Free EP & 7,
A =E W B4R, 2 min, 12 000 g &0
3min; UWEE LZMEREHEPE R, InASEK
I6% MW, IR B 2EMRW M A,
12 000 g B 0> 1 min; FFIEW, WA 0.4 mL 3M Z
B4k, 12000 g0 1 min; FFEUEW ., MMA 0.4 mL
75% LW, 12000 g B0 1 min; H & b A
LW FFUEM, 12000 gB02 min; FRIEWR, =
T T 2 ming K A% R W B AT i A BT B RNases Free
EP % W, Jm A 30~50 u. DEPC /K, # & 2 min;
12 000 g & 0> 2 min, R JH GEE 28 50 23 00 B ALK
I RNA ¥ B2 4l 2. & A 5X All-In-One RT
Master Mix Jz % 543805 &K RNA 3 5% 55 5 cDNA,
JF A W0 o BE ORS¢ Bk . RT-qPCR I WA & -
SYBR Mix 10 pL., 10 pmol-L ' Fi#i#51 % 0.5 pL,
10 pmol-L " T i#51 # 0.5 pL, RNase-Free H,O
5pl, ¢DNA 4 pL. & A% NE & PCRAYH, $#%
AREERIT . 515 GAPDH F 5-CAAG-
TTCAACGGCACA-3", GAPDH R 5-CAGTAG-
ACTCCACGACAT-3'; SLC7A5 F 5-CTCTGC-
GTGCTACTACTC-3, SLC7A5 R 5-TTGTCC-
TATGTCCTTTCCC-3'; Caspase-3 F 5-GCGAT-
GACTCAGCACCTCCATG-3', Caspase-3 R 5-
GCGATGACTCAGCACCTCCATG-3'; Caspase-8
F 5“ACTCGGCGACAGGTTACAGC-3/, Caspase-8
R 5-AGGGCAGCCAGTTCTTCGTT-3; TNF-«
F 5-CCACCACGCTCTTCTGTCTACTG-3',
TNF-a R 5-GGGCTACGGGCTTG TCACTC-3,
LLGAPDH AW Z, R 273358 B iy i %
IKIKOF, SR 3K
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1.9 Western blotting # #& | 2 48 97 £ B4 4 f& P
SLLC7A5.Caspase-3.cleaved Caspase-3.Caspase-8.
cleaved Caspase-8 ## TNF-a & & £ & K+ £k
JE A A s IR Ak, AR AL, IR = EPE T,
2000 r-min '#§.0 5 min, FF FUE . I 40 2 A
W, GRS, 4°C. #ES5min, BULRY, X
3. 4°C. 12000 g &> 15 min, K BCA &HH
e S I S R I E AR R . B RE AL 95 CAR
P10 min. Sl A SDS-PAGE & kLI . Lk B,
60 V{H JEHLYK 40 min J5, 120 V., 1.5 ho R
TG AT R 5, i A 500 BSA B MW h, &
i 2 P 60~120 min. 43 i & H HL TNF-a 51 1
(1:1000), #i Caspase-3 Bp & (1: 2 000) . ¥t
cleaved Caspase-3 if& (1 : 500) . 4 Caspase-8 4
& (1:2000). Pt cleaved Caspase-8 (1 : 1 000)
P GAPDHHLA (1:5000) F4 CHE L.
TBST W ULV 8 min, A 4K . A HRP Frid
MR BCESOR PR (1:2000) FRBOCHEE
60 min, TBST WL ¥ 8 min, TE 4. i1

FITC

h - -

Tanon fb 27 &AL 17T 8 F A . R A Image J
O M 8 (1450 K EAE, L GAPDHE N N 2 &
H, HHEHRNEARBIKE, LEEE 3K HH
HARBKE=HMEA KW KEME/ NSEAK
R BEAA

1.10 %t o4 KA SPSS 23. 048 i+ 4 Ak 2k 17
it gy e 24000 BRI AN M PR TR . S I ER R
UKL 20 B 432 O SR JIURE 41t 40 B O T R O
P mRNA & 1K 7K F R T M 6 88 138 18 /K F 3 75
BEBSAATEF, PaotsFnm, 2HBREAY
B BRI WS, FEAS AR B . DA P<<0. 05 0 2 5
EENES -

2 &5 R

21 BRRXAFESEEwE P FSHR E & £ &
WL POLWMEE LSS, BN SRIBURLAN S T 2K
BRIESCE AL, R 7 K3k FSHR, NC4AR
UL FSHR £k 5756 6 %3k, FSHR 4 ] Il FSHR 4% (%
PEIGARIE i R RS IR SLB0RE 4H A 182 43 8
JNE

PI Merge

NC ---

B KRB SRBOR 4ERE (BT, < 40)

Fig. 1

2.2 SLCTASH AKX R B ML ZERE 5
XF R 41 (1.00 + 0.26 F1 0.51 + 0.24) H &,
OE-SLC7AS5 41 B 51 47 41 g th SLC7AS5 mRNA Al
EHE K KFE (361.814176.30 F1 2. 16+1. 26)
P B IE (P<K0.05), #78 SLC7AS i # ik i
KL T e G 1 BLURE A0 M . DLIA 2.

23 2P Em B mB AT R HXH4A
(16.59%+1.96%) 4, OE-SLC7AS5 4141

Identification of primary ovarian granulosa cells of rats(Immunofluorescence, X40)

T2 (50.07%£6.66%) BB F+ & (P<<0.05) .
2.4 2EXRRAMERBMIFRBESAEET>FE SR
41 (11.94%+0.02%) [#, OE-SLC7TAS41 S
B S5 WURL A0 i R (10.17%+0.53% ) B B F%
it (P<<0.05). WIK4.

2.5 24 E BB mEF AT ELAE nRNA
A EAF HXH4IIE, OE-SLCTAS 4100 4
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1 2 3 4 5 6 Mr
s | L o R

GAPDH - G s s cmm— — 36 000

Lane 1—3:Control group;Lane 4—6: OE-SLLC7AS5 group.
Bl 2  Western blotting ¥ 46 I 2 48 51 5% J50k: 40 fig o
SLCTAS EHRIBAIKE
Fig. 2 Electrophoregram of expressions of SLC7A5
protein in plasmid cells in two groups detected by

Western blotting method

UKL 2 L 94 T A OC 5 P TNF-a, Caspase-3

Caspase-8 mRNA ik K0 B T3 (P<<0.05),

W1,

2.6 2ANERE@MRPRATHEZTOLREIART
5%t B LA, OE-SLC7AS 4151 5L 550k 41 g o

10° 10*

PI
10°

10

100

10° 10! 10°  10*
Annexin V-FITC
A

cleaved

MM K E B TNF-«o,
cleaved Caspase-3 Hl

Caspase-8.,
Caspase-8.  Caspase-3.
SLCTAS & H R ik K-FH W 8 I (P<<0.05).

L 52,
3 it i

AP AF ST SR E R KR PCOS
HEAY R Lt SLCTAS Rk W W8, 278 SLCTAS
Al REFE PCOS K4 K e A5 EEAEM, K
SLC7ASTESR S By AHSCAE i R 2 W], B,
A B 5T 3 — R GRS LB B i ik SLCTAS X
B LU 4H A 8 T R 52

i OR e NN R B I 1 ik NS YN RO
HR ORI k2 B Y P B 0 B R O S rp
U1 0T A K BT AR el Y FEDRI R B Y

PI
1(‘)2 1(‘)3 10*

19‘

10()

10 10 10° 10° 10!
Annexin V-FITC
B

A: Control group; B: OE-SLC7AS5 group.
B3 R4 AR 2 41 59 SL550RE 40 M A

Fig. 3 Apoptosis of granulosa cells in two groups detected by flow cytometry

B [] Debris
B [] Aggregates
2000 [ mG e
L WG,
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A

3000
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2500 :_ E /C-\;Iggregates
[ MG,
2000 F =
5 C
2 C
£ 1500
= .
4 C
1000 [
500
N
100 200 300 400 500 600
FL2-A
B

A: Control group; B: OE-SLC7AS5 group.

B4 G An AR A 2 21 5 SLAS0RE 40 e A

Fig. 4 Cell cycles of granulosa cells in two groups detected by flow cytometry
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&1 RT-qPCRER 2 41 59 8L BOR 40 f T M SR L BB
mRNA FikKF

Tab.1 Expression levels of apoptosis-related gene mRNA in
granulosa cells in two groups detected by RT-qPCR method

(n=3,x%s)
Group TNF-« Caspase-3 Caspase-8
Control 1.00£0.16 1.0040.13 1.00£0.28
OE-SLC7A5 3.19+1.18 2.1740.26" 2.02+0.08"
'P<<0.05 compared with control group.
1 2 3 4 5 6 Mr
TNF-a ———— 28 000
SLCTAS B Enamma @ 00
GAPDH - S NS D ()
copses [ N 5>
Cleaved Caspase-8 '“ 48 000
GAPDH - . 356000
Caspase 3 L = = ==y 35000

Cleaved Caspase-3 m 17000

GAPDH -"’-"—h.,._ 36 000

Lane 1—3:Control group;Lane 4 —6: OE-SLLC7AS5 group.
BEl5 Western blotting ¥Rl 2 41 59 52 5508 40 g o 9
THREHREHIKE
Fig. 5 Electrophoregram of expressions of apoptosis-
related proteins in granulosa cells in two groups

detected by Western blotting method

WU B GBI o 5P 2 e R 4 M 1
SR 9 AR B 9L 0 P4 0 2 ML 7
g L BRGE T s ORI 0 5% 3 O T

fiE & PCOSHEME R KB IRHNZ—. Wik, &
BIF 50 2R JH U 240 M AR ARG I 3 3% 1K SLCT7AS X AL
S M A T A B R IR A s e, A5 R BoR . iRk
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Tab.2 Expression levels of apoptosis-related proteins in granulosa cells in two groups

(n=3,x%s)

Group SLC7A5 TNF-a Caspase-8 Cleaved Caspase-8 Caspase-3 Cleaved Caspase-3
Control 1.0740.50 1.5940.53 0.96£0.35 1.1940.33 0.93£0.09 1.344-0.50
OE-SLC7A5 4.55+2.65 12.40+1.00 7.04+4.47 2.20%+0.54" 3.92+2.50" 2.79+0.50"
'P<<0.05 compared with control group.
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