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[#ZE ] B89 - WITVURE R F 1 (silent information regulator 1, SIRT1) ££ H,0, %55 ¥ A BP 52 ik 41 i S A0 L e 05 v i A
KT figbLl, F5iE - 0 BH 0, 100, 250, 500, 1 000 umol/L H,O, A¥E A\ U HLikr 41 fit SVOG 4, 8, 12, 24 h, CCK-8 745 41 i
W), HEPEA ) HO, iR EE Al B ] ¥ /2 S 450RL 4 M R S AL DB G B Y . 9k WA B ML 4% HLO, AL BE 5 Al A% I 2548 1L, ik
FE A 4R — W% (malondialdehyde, MDA) & &8 A /LB fLl (superoxide dismutase, SOD) %Pk, =chfsg & PCR, Western
blotting 314> BIAS M SIRTI . T8 19 P66SHC (the 66 kDa Src homology 2 domain containing isoform) 5z B #kEL 41 -2 K1 (B-cell
lymphoma-2, BCL-2) mRNA Fiis (i REKFE; Femiike: g SIRT1 i Kbk, SVOG 4iiaffs: HO, &bBE, [HFEMEE Lk igFrit
ek, 58 - 250 pmol/L H,0, 4 ¥ SVOG 4iififd 12 h, W& 4iiuiE IWiE TR (P=0.017), 4ifaf%lE4%s, MDA & &8N (P=0.001),
SOD {f T Fe (P=0.006); FfEf SIRTI, BCL-2 mRNA ik 9 KB AR, Po6SHC FikTHE, SIRTI i %Kik )5 4 HO, &8, 5 HO,
AL FRLL M b, SVOG 4l i #% Pk &2 TE # K &%, MDA & & T (P=0.038), SOD i ¥kl F (P=0.021), P66SHC FikFEAL (P=0.002),
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Effect of SIRT1 on H,0.-induced oxidative damage in human ovarian granulosa cells

HE Bin, LI Qi-yue, HONG Ling, WU Yuan-yuan, TENG Xiao-ming, TANG Chuan-ling
Department of Assisted Reproductive Medicine, Shanghai First Maternity and Infant Hospital, Tongji University School of Medicine, Shanghai 201204, China

[Abstract] Objective * To investigate the effect and possible mechanism of silent information regulator 1 (SIRT1) on H,O,-induced oxidative damage
in human ovarian granulosa cells. Methods - Human ovarian granulosa cells SVOG were treated with 0, 100, 250, 500, 1 000 umol/L H,O, for 4, 8, 12,
24 h, respectively. The cell viability was measured by CCK-8 method, and the appropriate H,O, concentration and treatment time were used to establish
the oxidative stress injury model of granulosa cells in vitro. The nuclear morphological changes after H,O, treatment were observed with fluorescence
microscope. The malondialdehyde (MDA) levels and superoxide dismutase (SOD) activities were detected by chemical chromatometry kits. Real-time
quantitative PCR and Western blotting were respectively used to analyze the mRNA and protein levels of SIRTI, P66SHC (the 66 kDa Src homology 2
domain containing isoform) and B-cell lymphoma-2 (BCL-2). The changes of the above indicators were also assessed after SVOG cells were transfected
with SIRT1 overexpression plasmid by liposome and treated with H,0,. Results - After treatment with 250 pmol/L H,O, for 12 h, the SVOG cell viability
decreased significantly (P=0.017), the cell nuclei shrank, the MDA level increased (P=0.001), the SOD activity decreased (P=0.006), and the expression
of P66SHC increased with the decreased expression of SIRTI and BCL-2 at mRNA and protein levels. After overexpression of SIRT1 and treatment with
H,0,, the nuclei of SVOG cells returned to normal morphology, the MDA level decreased (P=0.038), the SOD activity increased (P=0.021), the expression
of P66SHC decreased (P=0.002) and the expression of BCL-2 increased (P=0.013). Conclusion - SIRT1 can protect human ovarian granulosa cells from
oxidative damage by down-regulating the expression of P66SHC and up-regulating BCL-2.

[Key words] ovarian granulosa cell; silent information regulator 1 (SIRT1); oxidative damage; the 66 kDa Src homology 2 domain containing isoform
(P66SHC); B-cell lymphoma-2 (BCL-2)
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R R DA R G PRAEHR S S5 ' Rk, (R4 Bk 4 i 452 51
Tedi s *d T 4eRe it m R E B R D B A EEE L,

LB AE BH A 1 1 (silent information regulator 1,
SIRT1) & i LIt B Sirtuin 5 b fF 52 B IR 9 — />
Bl X 2 R R & A R R R R R A I T A
BLiLfE kA A N RR, 2 5. IR, A
OB, R, ARYAT S A g s ), R Al
R ARG E Sy 17, ILAESR, REZWFZE % B SIRTI
FEVEG UM ST Re i R A AR, rTLME R IRk &
JEE /NG R A7 6 7, Besh, SIRTI H A fig g A 5 L
Cibavkat) OSBRI WNEL RIAY b vkatt) [0k <Pt OR (=32 S I SN =l
A 5% SIRT1 TERUkL 4 B S ALt 55 b A TR B A 2 L
H,0, £ ROS BTS2 H b, R 5 & ik anifie, nl AT 45
R NAYE B ARG, i BB R E, B TR,
T A I AR A R 5 6 T R, AWFZE T 0,
KL SVOG 4t (S e 1 1 7k A= A1 N B S5 0k 241 i
), BAr NGHEEUR AR A M R, A S
TERLEARDGHRSR, o HiftidE 3 P66SHC (the 66 kDa Src
homology 2 domain containing isoform) 5 B bk [ 41 fitd 52 -2
Bl (B-cell lymphoma-2, BCL-2) SEEMRIEA 5011
FERNEOL, it SIRTL /£ H,0, i 31 SVOG 4uiRS LR
0 VR B nTREMLA,  DAISIA PRk m it 6 T4 At
R . HERR IR IR R BRI

1 HHS%HE

L1 SRS

& 4= 1 i W B LA €4 %1 Biological Industries 2% &,
DMEM/F12 %% 55 % Wy B 2 [ Hyclone 2% W], W .
(malondialdehyde, MDA) & SASMIAAIG . A LYE
fbB (superoxide dismutase, SOD) {GM:ASMIATI &, &
5t & PCR (qPCR) IXFI &I A i3 A RA W
RAMRNF, CCKS X & M B 75 M HTFe K A B A
MRovwr], RFERIRFI G E HA TaKaRa 23 w], BRI A
L4y (HRP) AricHYEdi% 1gG bifk. %biA SIRTL,
P66SHC, BCL-2, Himi -3- iR il = (glyceraldehyde-
3-phosphate dehydrogenase, GAPDH) % 7 [ bt & # 1
H 2 [# ProteinTech 23 &), 4,6- & #& -2- ZE F 5| YE (4,
6-diamino-2-phenyl indole, DAPI) ¥y H % Sigma 2%
al, HE9R{EAEROCIE (ECL) X7 B 3 [ Millipore 2y
F], Opti-MEM % 3% 4k Wy 5 3% [ Gibeo 2v w], & G ik
‘& Lipofectamine“3000 I [ 3 [E| ThermoFisher 2 w], ABI
StepOne Q-PCR {¥ %% 14 H 3 [E| ThermoFisher 2% =], BX51
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9 G . U FN DP70 #0 7 B Af 2 42 A H 4 Olympus 23
], Spectramax M5 EfkR{ I H 3£ E Molecular Devices 2%
Fl. SIRTI i %k Jfif pcDNA3.1-SIRT1 ZEHE7T. 5 G i A
YELGFHAIRS "lkgE, A sy A TR
PR 23 B o

1.2 928505k

121 4ifig¥sss SVOG 4ifigh B kit A RiE A
MR 2y =], {EH & F 10% I i ) DMEM/F12 85 35 0k, &
T37°C. 5% CO, B A ¥ . AMRPTA LK 2[R
T KM R 58— SR B e L 25 B S it SOVG 4]
AR HE S 06 T b oy Ay as (AR IRLE (CfBE4H) . H,O, AbFR
1 (H0,41). SIRTI iof FikFikift Y (SIRT14) Fil
SIRT1 i ik ks e fa H,0, .bBEH (SIRT1+H,0, ),
1.2.2  4M % e SIRT1 if K3k Bk o SVOG 40 Mg 4%
5x10°/mL £ FPE] 6 FLAp, FRAiiA: Kl & 22 80%
Wi AT SIRT1 1b ik Bk gy, — AT EP & imA
3.75 uL Lipofectamine®3000 i %1, F 125 pL Opti-MEM %%
FRHEEMRE, IS fE5—AJCH EP &l 1.5 ng
Ji ki BE T 125 uL Opti-MEM £235 4, 8K 5 in P3000™
WH 5L, FTEoRS) . W Bk 2 4 EP & i fh i 1:1 b
B %), =P HE 10 min J5, HNE 6 fLAkh, 250 ul/
AL, JCE TR SRR P 4kS R 55 48 h s, qPCR Fil Western
blotting #4{ll STRT1 3o Fik 1% ..

1.2.3 ARSI R S Bk Y SR H,0, d T
R A L T, {E ARk H0, (0, 100, 250,
500, 1000 umol/L) 4b # SVOG 41 Mz, 4y %l F 4. 8.
12, 24h )5, @t AT A, IR DS 5dE,
YA G D B B, AR R T
50% ~ 70% ) e Ik JBE 045 30 B 1) 1 4 Jis 45 16 S SR AL A
ik R 451

1.2.4 CCK8 ML Manigis 1 h 7TWE HO, /it A
PSSR AR 52, s F CCKS X5 & kA T4 iEis
TG, H5 SVOG 44 1 x 107100 uL $F51] 96 fLA
Fraium A 229 80% 5, MA S AR E HO, kiR,
sl 4, 8, 12, 24h )5, HALIMA CCK8 3l 10 uL, 4k
SEEE Th, FEAROUIE 450 nm AW EE(E [D (450 nm) ],
B4 e #E H =[D (450 nm) , ,—D (450 nm) .., 1/
[D (450 nm) ., —D (450 nm) .., ] x 100%,

1.2.5 SR EAMREIES B3R IR,
PBS &% 3 1k, fA DAPI, ZE{EBOEHEE S min, PBS it
BIREZOIE B T WS MIEEIE A,

1.2.6 AP FRARAEM MDA F1 SOD & Jx W5 1t b7
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BCR SR H 4R R, MDA SRR B E AL 2 =4, wf
Il # S B A 52 ) ph A e s 94 S, ifd SOD &AL A
NIEER B A EZDUE LR, WA R AL i 2¢
fiRie, il MDA & F1 SOD 51, 234 /™ bk 4 IR ik
PGB A THAE

1.2.7 qPCRAGM  WeSE4nNEAES,, nA TRIzol fEELANNE
RNA, R 3 15 & A B cDNA, UL cDNA i,
i M8 qPCR I 7 & U6 WA 45 48 Il SIRTI. P66SHC. BCL-2,
BLEhE T (B-actin) () mRNA /K, HAFEAIRE 34
AL, EREEE 3R, FFUER S IFFINE 1,

41 qPCR 51751
Tab 1 Primers used for gPCR

Gene Primer

SIRT1

Forward 5-GGTATTTATGCTCGCCTTGC-3’

Reverse 5"TGACAGAGAGATGGCTGGAA-3’
P66SHC

Forward 5-TCCTCCAGGACATGAACAAGCTGA-3’

Reverse 5-“TGGGCTTATTGACAAAGCTCCCGT-3'
BCL-2

Forward 5-CTTTGAGTTCGGTGGGGTCA-3'

Reverse 5-GGTCACATGTAAAGCCAGCCT-3"
B-actin

Forward 5-CATGTACGTTGCTATCCAGGC-3’

Reverse 5-CTCCTTAATGTCACGCACGAT-3’

1.2.8  Western blotting # M & (7K F WS40 2L figtitk »
BLOJEWRER RiER, EEEE. Bl 10% 5 Bk K 5% ik
e, HA LAE, 70 V Pk 30 min, 125V HLk 70 min,
300 mA #5120 min, Z{E FHEE 2 h, S BUMALHA
SIRT1, P66SHC, BCL-2. GAPDH % # [ Hi f& (1:1 000
fikE), 4 CREKRMF LA, FTHoUWEE, MA HRP 4RIC
FIEDT % 1gG btk (1:5 000 k) =iRPFHE 1 h, FTHUE
URIE, A ECL &R, BRJe, ZLBRDEENRKIEGALHE R
SR .

L3 ZEilEorbr

R Hl GraphPad Prism 7.0 K fF#EATSE T4 BT, EidiE s
Phxts #on, 2 HREMERMSIREA (85, L4t
RPN E T 220 M4 & Tukey 555, FrA S E A 3
&, LA P<0.05 FoRERALIHERE L.
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2.1 H,0, 3% T SVOG 4 S Ak Wi i i 1

X H H,0, 4B SVOG 41 i 5 5 FUkr 40 i 4 S S A fz
B p R, CCK-8 AfiRih h e gk % (& 1A) R,
B & H,O, ¥k & J AR BRI Al A3 in, SVOG 4l iE 1) &
Wi R R, 250 pmol/L H,O, 4 12 h, SVOG #iiEfis £ T
P BRI 60% iy, ZERASEEL (P=0.017),
2Ot MBEM gL R (& 1B) B, 250 pmol/L H,0, 4b
B 12h, SVOG 41 i 4i i 2 B . 46 /0y, Ye € o k4R 5
WUkL Bk oy A, 26 VR A0 R S A ORI T[] AR A 0
TERL A1, &5 R% (B 1C, D) BIR, MDA &&T}
@ (P=0.001), SOD {&#: T (P=0.006), it —2PiEk
250 umol/L H,0, 4bF1 SVOG ZJifg 12 h m] % S5 4 40 e 4
HNEACRLBLAR G, DRk B 1% HLO, ke B AN AL )
ISR o8

22 5UME B IR & F SVOG 4 JgSIRT1, P66SHC 15

BCL-2 &k kP

H,0, 4k ¥ SVOG 41 Jf2 J§, qPCR 45§ (&l 2A. B,
C) Bo%, SVOG #ila%s H,0, {bBLJG, SIRTI & BCL-2 1)
mRNA 7k F 554 LA L B i R W, P66SHC Wi TH 2,
2RISR L (9 P<0.05), Western blotting 4%
(E 2D) #t—%iF sz H,0, 4P 5, SVOG 41MiE SIRT1 %
ik B, P66SHC kT, BCL-2 ik Fhe., # W] H,0,
i S SVOG 4RI IL R HEBEF SIRT1, BCL-2 Bk
KF T B P66SHC HZikTH .

2.3 SVOG 41 )it 4 SIRT1 3k % 3% )i ki )i P66SHC %
BCL-2 I3k
i i U A e SIRT ik ik ks, 54 48 h Jalficdk
At F 748, gPCR (& 3A, B, C) £53LE IR, SIRTI
o 5t AR EL, SIRTI % BCL-2 ) mRNA Jk *F- 3 T &
(¥ P<0.05), 1fii P66SHC ) mRNA 7k 3E R (P=0.000);
Western blotting £5 8- 5 qPCR Y45 R—3k (& 3D),

2.4 SIRT1 i 4#&ikx} H,0, ¥ 5311 SVOG g i S bbbz i bt
(SEA
SVOG 4 i #% 44 SIRT1 it 3 3k it #iz Je H,0, &b B )5
5 H0, {HALL (FE4), MIEEEEIER, SEETE SR
., o AitgL); MDA & & T (P=0.038), SOD iF
PETtE (P=0.021), XEELERARIR 11 SIRT1 Zik nliéc
H,0, 5317 SVOG Al At Bt .
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W Opmol - L'
HRr W 100 pmol - L
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E
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0
4h £h 12h 24 h
¢ D
400 15
™ = = -
.zr; _u,
Control E 300 o -
= R ]
2 200} E
3 £
5 2 5L
< [00F E
H,0, = 8
L] 0
Control H.O, Control H.0,

Note: A. Cell viability detected by CCK8 in SVOG cells treated with H,0,. B. Cell viability detected by DAPI staining in SVOG cells treated with 250 umol - L™ H,0, for
12 h (% 200). C. The MDA level in SVOG cells treated with 250 umol - L' H,O, for 12 h. D. The SOD activity in SVOG cells treated with 250 umol - L' H,O, for 12 h.
¥ P=0.002, ¥ P=0.003, © P=0.001, * P=0.017, © P=0.004, ® P=0.005, * P=0.006, compared with the control (0 pmol - L") group.

1 H,0, RBFSH A IR EBRI A SVOG F L R iR 1%

Fig 1 H,0,-induced oxidative damage in human ovarian granulosa cells SVOG

A B
1.5 20 .
E 1o} -
: :
; é 1.0 —
= =
= 0.5 ik r:
5 —— = 0s
= s
0 0
Control M., Control H.O,
C D
L5r
-5 Control H.0O,
< SHC .
e @
g L] — —

Control H.0,

Note: A. SIRTI mRNA expression. B. P66SHC mRNA expression. C. BCL-2 mRNA expression. D. SIRT1, P66SHC and BCL-2 protein expressions. * P=0.001, © P=0.002,
¢ P=0.000, compared with the control group.

2 250 pmol - L™ H,0, 4B A DR &k 4 SVOG 12 h J§ SIRT1. P66SHC 5 BCL-2 mRNA f1E A RIZ/KEH X

Fig 2 Changes of mRNA and protein expression levels of SIRT1, P66SHC and BCL-2 in the human ovarian granulosa cells SVOG treated with 250 umol - L™ H,0, for 12 h
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A B
4r 1.5
§ i =
2 a2tk 4
- & —
= = 1.0
- ]
< 5 <
z e
& =
[S L 03 3
= Ir = = T
5 g
0 L
Control SIRTI Control SIRTI
C D
20r
Control SIRTI
Kl s .
5 _— SIRTI

=)

1.OF

LA —————

BCL-2 mRNA expression

1]
Control SIRTI

Note: A. SIRTI mRNA expression. B. P66SHC mRNA expression. C. BCL-2 mRNA expression. D. SIRT1, P66SHC and BCL-2 protein expressions. * P=0.003, © P=0.000,
¥ P=0.004, compared with the control group.

3 SIRT1 id ik ik Ext A ST/ SVOG ) P66SHC 5 BCL-2 mRNA F1ZE B FRiA/K E M0
Fig 3 Effects of SIRT1 overexpression plasmid transfection on mRNA and protein expression levels of P66SHC and BCL-2 in the human ovarian granulosa cells SVOG

A B C
400 15r
[ : e 3
2 = =)
H,0, E 300} - = —=
= - lof
=200k =
k= Z
ke 3 5t
= 100} =]
SIRT1+H,0, = @
i 0
HLO, SIRTI+H.0, H,0, SIRT1+H.0,

Note: A. Cell viability measured by DAPI staining in H,0,-treated SVOG cells after overexpression of SIRT/ gene ( x 200). B. The level of MDA in H,O,-treated SVOG cells
after overexpression of SIRTI gene. C. The activity of SOD in H,0,-treated SVOG cells after overexpression of SIRTI gene. © P=0.038, © P=0.021, compared with H,O, group.

4 SIRT1 FRIZFHELEREX H,0, FS AL SVOG EALRHIR G IR

Fig 4 Effect of SIRT1 overexpression plasmid transfection on oxidative stress injury induced by H,O, in human ovarian granulosa cells SVOG

2.5 ik SIRTT WALk & F SVOG il P66SHC 4 ¥E )5 5 H,0, 4 kb %%, P66SHC %3k T ME (P=0.002),
Ko BCL-2 &3k 55mm BCL-2 % i5 FF & (P=0.013), Western blotting &
SIRT1 it Kk 5, AP ECRE T SVOG gy 5 qPCR Ay 45 R — ., ix & W SIRT1 #] g & i iof 4 4%

P66SHC J% BCL-2 mRNA F1%& (4 %57k F WL IE 5, qPCR  P66SHC Jz BCL-2 I3k % 5 H,0, % S SVOG 41l 4R

4R Wor, SVOG 41 i %% g SIRT1 b 2k Uk & HO,  {LRZsifs .
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SIRTT mRNA expression

Control H.0,  SIRTI+H.0,
L5r C
g
Zop .
- 3
=
o )
;E 0.5 —_—
LI
Control H.0,  SIRTI+H.0,

25 B
7 20 _l_'-‘
g2
=
_"; 1.5+ 5
= I
=5 —
= 1.0F
T .
= 03
-
0
Control H.0,  SIRTI+H.0,
D
Control HO.  SIRTIHHO.

SIRTI

P&HSHC

BCL-2

i

GAPDH

Note: A. STRTI mRNA expression. B. P66SHC mRNA expression. C. BCL-2 mRNA expression. D. SIRT1, P66SHC and BCL-2 protein expressions. © P=0.001, “ P=0.006,
® P=0.005, compared with the control group; © P=0.002, ® P=0.013, compared with the H,0, group.
5 SIRT1 iRk B a3 E MBS T A IPEBRLIH SVOG iy P66SHC 5 BCL-2 mRNA 1 B Rk K F RN

Fig 5 Effects of SIRT1 overexpression plasmid transfection on mRNA and protein expression levels of P66SHC and BCL-2 in human ovarian granulosa cells SVOG under

oxidative stress

IEHEREUUT, PUANIEAEL S PUa b R G4k ah &1
i, X FhoP Mk S A T RIEATREN, s FEEE IR
Wit , FBA L2 R SUR BRI AR R L. fE L
PEAESE ARG, S R T S 2R SR A0 I D) RE S
P, Y SRR AR, (LB A e
B, ABF5ERH HO, &8 SVOG Aifakk, & Bkl
PROMAM BLEAR G, R R 2% i D LU 20 M S T P2 880
5105 B 53 - HE 5 R AR AL

£ ROS (2R A, HO, PAERyE A kel 51 %
fig i S A R R, fE 3 ROS =i, i S 4R i S fE 46145
Ao FIABE R " e R AN E W g2 ) HLO, kS TS
i AL , (R ROS P2 A, WIREoh R e
Rk, AHEFEdEE HO, RbBE R 175 T U HLM06: 240 i 2 {1t
it , AR, AEIEEEREoR, HO, B S
SVOG #ilaii 1 W, Z0MWI B ae )y, Ge e s S Wi
B BeR A, BB S AR T S BT 5
PLR N BUR L RO E R B Z AP, &
ROS feff K ANl b i 2 AR AMENGER , 51 AR R
dSEALVER, R G UL A ey . MDA 2 i Bitid %1t
BRI R, RESDREE A M, BIRGE ARy I

@ JOURNAL OF SHANGHAI JIAO TONG UNIVERSITY (MEDICAL SCIENCE)

e, rAEMREEEM. %—J5H, ROS HEAIEARIPL
AR, SIRMEAPUALE (40 SOD) G T,
SVOG #iifie 4 H,0, 4b 8 f5, N it & (b4 MDA 7Kk °F- .
FItE, mbLE L SOD kIR TR il HLO, AbHE
RENSA 215 S U0 EL SR 40N ™ A S AL RL I

SIRT1 ®[ ULk # H e o T A CRLTER, 25
ZFhanied: B R, KEMFEEM, SIRT1 2 51F#410E
) SECT IS 380 M T 2 0 210 B ) 795 . Gay %5 ™ 438 £E H,0,
VSR 2 e il S L 80 v SIRT1 2R3k T Prola
S VR R, A B PR SIRT 1 i 1k 45 B a8 p o 1 5
SRR, B SIRT M 25 56k.0 LA AR = A (R B0 1
Mo IEAERRIFZE R SIRT1 2 51 IhRE, nfE
e Rt /N, (i SIRT i 2h550 w] LAl it 4% SIRT1 {55
S LK AN FLah Py TR A & 1 (mammalian target
of rapamycin, mTOR) {5 7%k I ELThEE, HHIEK
UNELR A ¥, FE S BN HLE AMERRUEAIR N, IRELR
i5 SIRT1 [y7kF 2% PR ™, Lai % " 458, #A4 % %00
B BRI AN 2240 2 Fobr 2R S8 AL Lok~ s T IR A
H S EA 2L, wRENE— 2D 52 IR IR NG B &,
M2 R 52 KR AE FEAE I Bh 248 JRy . AT 526 U1 BL 50
R AR AR S R A5 BT ot & B, 250 pmol/L H,0,
ALER 12 h W[iE % SVOG gl &b bz i #5455, TRl SIRT1
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FIRPEAR: i SVOG 41 i f% 4 SIRT1 iof 265K FURL s 1 4
H,O, 4bF#, 40 ig MDA & & Pk, SOD {E¥: EFt, %M
VA SIRT1 23k LA B R AR 4 A S A R 1 A

iR [ PO6SHC /g JR4% S 10 B2 I8oRn A iy Jo B 5 7
A, FTLABNE L LS 2 i, IR o o 55 2%
Pk, SEfbanig s Crmd ks ROS, & iRy At
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