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Role of SIRT1/UCP2 signaling pathway in resveratrol-induced inhibition of oxida-

tive injury in vascular endothelial cells

Zhou Xi, Yi Long, Jin Xin, Chen Mingliang, Chen Chunye, Wang Li, Gao Yanxiang, Shi Linying, Mi Mantian ( Center
for Nutrition and Food Safety Research, Chongqing Key Laboratory of Nutrition and Food Safety, Chongqing Center of Medical Nutrition
Research, College of Military Preventive Medicine, Third Military Medical University, Chongging, 400038, China)

[ Abstract ] Objective To assess the role of silent mating type information regulation 2 homolog
1/uncoupling protein 2 ( SIRT1/UCP2) signaling pathway in the inhibition of oxidative damage in vascular
endothelial cells by resveratrol. Methods Human umbilical vein endothelial cells (HUVECs) were isolated
and primarily cultured. The obtained cells were treated by tert-butyl hydroperoxide (t-BHP) at the concentra-
tions of 20, 30, 40, 50, 60, 70, 80, 90 and 100 wmol/L respectively for 24 h, and CCK-8 assay was used for
cell viability to determine the ICg, value. The intracellular level of reactive oxygen species (ROS) was observed
by fluorospectrophotometry. The expression of SIRT1 and UCP2 at mRNA level was determined by qRT-PCR
assay. The protein expression of SIRT1, UCP2 and Caspase-3 were determined by Western blot assay. Results

Cell viability was significantly inhibited by t-BHP treatment ( P <0. 05 ) and the ICs, value was identified as
80 wmol/L. Pretreatment with resveratrol at the doses of 0.1, 1, and 10 pmol/L significantly inhibited the
decrease of cell viability (P <0.05) and the increase of intracellular ROS level induced by t-BHP. Further-
more, the mRNA and protein expression of SIRT1 were up-regulated by resveratrol pretreatment, and that of
UCP2 was down-regulated, yet which was abolished by niacinamide pretreatment. Conclusion Resveratrol
may suppress the expression of UCP2 by activating SIRT1, and attenuate the increase of intracellular ROS level
induced by t-BHP, and thus, inhibit t-BHP-induced endothelial injury.
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O MBI BRI TN FE TN —, 78
F I 1Y g R B AR T, Sh Kok R AE 4L (athero-
sclerosis, AS) J2 F = LG UL Al . K AR R, I
BN R AN A A A AS TR A I 6 B D R AR
WA JEE Rk AS B IR I L . AR
R S A TS 4R (reactive oxygen species, ROS)
A JHE IR BRAE ) T K25 U AR OC , TS 4 i, 11%
EHEEANMIN ROS By EEORIE . UUEBAE B T
(silent mating type information regulation 2 homolog 1,
SIRT1 ) 2 FLAZ AR W 40 PN 5 3k 3k Y 2 2t AL S
FEE T A 1 200 A IR 25 AN o S A B et s vh A
KR . H 2 B2 (resveratrol ) J& —Fi i 2 1) £
KA AT T A B L R
KARMEY b, AT 27 W A e SR A AR BT AS 1k
F AR AR L A 58 20 . R P BEAE N
SIRT1 2RI R IR G Yy, A& A5 Al i b SIRT1 47 £k
FIAR R B RS 1 (uncoupling protein 2, UCP2) F ik, #f
7T REAVK L/ P B2 20 L ROS 7K SF- B A il LA 1 34t 403
FASCHIFTE D DLARIE . ASBIFSE LA BE K A 1 200
(human umbilical vein endothelial cells, HUVECs) Al
FEXFGE RSN ST A B A0 0 S A s O AR, R3]
SIRT1/UCP2 {55718 B 1E 22 = B i) oA B 40 i 4 Ak
PR O BIFE

1 #R5ETE

1.1 ##

L1 A2l JEAR 20 M 35 37 3 B LG S FE R (all
cells) 22 ), 5 UE MG 4 L35 18 B 3¢ F HyClone 24 &), CCK-8
(cell counting kit-8 ) IR 7 & W F| H 4% Dojindo A H], AT il
AL & (tert-butyl hydroperoxide, t-BHP) . DMSO . [ 22 7 Bl 5
FH Sigma /AHE], 27,7’ -dichlorofluorescin diacetate ( DCFH-DA)
YECHTRER B SIRTL 5 540 57 J& v It iz ( Nicotinamide ) 14 H
BRREYAT ., PCRGIYH I Invitrogen A G . bt
N SIRT1 Fi1 UCP2 —4$u H 34 [H Sigma 2\ 7], Caspase-3 FlHdbi
A B-tubulin £ FERESUIA N [ Santa Cruz 24 8] 7o

1.1.2 HUVECs (#5385 R 37

1.1.2.1 HUVECs B3 S s R O A 0F T U hR
PAAAFIRE P 00 A LI A, & 9 B R R 1O B IR Hh 2% v
(PBS) T4 CARAE,4 h ]ALFE, I BARK FE R KT 10 cm,

FERE B 275 B R BBE 1t B BH B8 11935 3, 445 G BT R IOk i TR
S AR AR, 007 T Sk G B T SRR L PBS v
S &K , RO ok T N R K P 0 R i kv, SRS H I
BRI 5 — i, A FHELEL Y 0. 1% 1) T 29 i S5k
ATTHAR AR R S g 1) AR Al 1M B BB 0, M S e & 78
BORAR) 3 0 TS D5 it 1 B e ik 3 [ i 45 B F CO, 15 3% 4H
F37 °C 05 E 12 min; BUH G FH T2 4 HUVECs i,
WS 5 K P TS AR, 1 200 +/min B00> 5 min, 37 1 VE W,
B 20% B4 TG B R SR FEF R AN, K B R T 50 mL 1) —
USSR pRie ol PO R, 8 F 37 C,5% CO, 3535 P s
75,24 h 5 & 10% a2k v i 3R 50, DL R BRER x4 4
LR LAt oA I AT

1.1.2.2 HUVEGs {053 @A Kal G i 2 4 )s
HIRTALAR B SE3s IR P I RE 3R, SRE A B 0. 25%
FEABFF0.01% EDTA (IRATHE 2 mL, B985 3500, (7
AR 35 BT A AN T, 7 {8 B AR T WL, S N i [ 4
S5 0 ) B R, A 10% a4 135 7Y M199 455 35 2k
2 mL ki Ak, A SR A R I T R RE A0, foc 5 A0
WREG.0 (1 200 r/min,5 min) , KER F IR RA0M R, 4% 102
He iR 248

1.2 7k

12,1 gjudsemistsy  BOWEUE KA HUVEGs, L 2.5 x
10*/mL #2270 F 96 FLAR, 4L 100 wlL. 20 I BEJ5 , W 35 L A
WA, Fe B fL 100 WL i AAS ]k B (20.30.40.50.60.,70.,80
90,100 wmol/L) fi¥ t-BHP, 7 (4 %F FELH R ARG FR %, B340 6 4~
VA7, AbFE 24 h J5, #EE A CCK-8 10uL/fL, W4 ik &
2 h, HEHRAE 450 nm 28 LA BE(E D(450) , 1525 % R
HANMLTE 324 100% , HAY 5 4R 4IRS 7155 45 41 D(490)
5% HRZH D(490) HAB I B 481, B8 Ak B (1C, ) .
1.2.2 CCK-8 kA I 20 ffa 1% g 21 it 355 3% A2 R 7 1 [
1.2.1, SZ86404H Sk DX IR 20 ; @80 wmol/L (-BHP Zh ¥ 4 h
A ;AR BE FHZE P (0. 1.1.5.10 wmol/L) HiALEE 2 h JF,
S22 LW, FEmA 80 wmol/L t-BHP 4b#H 4 h 41, F] CCK-8
P E &AL BE [ D (490) {8 ], ¥ & XF BRZH 40 i 3% 1
100% , o4y % 21 AH X 20 ML 3% 1 55 T & 41 D (490) 5 %t HR 4
D(490) HIH M E 74K

1.2.3 B4 66 BT ROS A5, DCFH-DA 7% ¢ 4
AL FH JG I 7 1 R AR B 10 pmol/ L, 3 AR AEFL 100 L fin A %%
A, 37 Cl M E 30 min J5, A JCI0L I 5 R4 100 wL
Bk 3 Wk, FEFTEOE 6 BE TR 2 5 )% . DCFH-DA 1y
R N A S U K 43 5 A 488 nm A1 525 nm, DCFH-DA LJ,
ZOERMIES A s e A AR, vk 6 P R R AR
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ROS WVEI N %452 27,77 -DCF, I fE i R 6T & 4 .5¢
o, PSR 5 AL N ROS 7K 52 1E AH 3¢, |y 1k S5z B 41 it Py
ROS 7K. TPP5. O B 1443 Hr 4 2H P ¥ e i B .
1.2.4 qRT-PCR 4610 SIRT1 £1 UCP2 f) mRNA Fik/KF
LA GAPDH 1 4 N2 &, Primer Premier 5. 0 FF %1540
1 /8, #£ GenBank I HEAT 7= W) ¢ 55 1 73 1o Trizol £
RNA 2 B 71 42 5045 41 40 i 6 RNA, B2 8 (1 43 Br A0
D(260)/D(280) F 5 RNAVREE . &ZH4r5IH 2 pg & RNA  #%
WRH BT IR HEA T 30 7 S RN & , cDNA 21 F - 20 CARFF
qPCR 2 i & & £ $&: cDNA 4 plL.2 x SYBR Master Mix
12.5 pL. 344 1 pl,Tag fi§ 0. 15 uL, =2£/K 6.35 pl, LA
MYIQ FAa500F5E  PCR L AT qPCR [, B2 & 2 4>
AT o Ll B R R DY 2 BREE DR 0 i A it 2 A v it 2,
W25 P qPCR 2R B9 4 S PR R 35 2003, LA 1Q 5. 0 B %
SCIRZERIEAT AT, A AL H B R KK 5 NS B R %
FEIRKETUART 25 1) AR A i L PR G 1 Rk /K o

%1 qRT-PCR3|#F5|
AN 519751

iF 4k 5'-TGCACCACCAACTGCTTAG-3’
GAPDH JZ 5% 5'-GATGCAGGGATGATGTTC-3"
iF Ak 5'-CGTCTTATCCTCTAGTTCTTGTG-3'
SRl J Ak : 5'-ATCTCCATCAGTCCCAAATCC-3'
1F X5 : 5'-CCGGTTACAGATCCAAGGAGAA-3’
ver J Ak 5'-TCAGAATGGTGCCCATCACA-3'

1.2.5 SEHHE o £ 1 i T A e - AL A i, T EE
S vk 239 15 min J5,4 °C,12 000 r/min B0 15 min,
B3, ] Bradford 32 984748 (€, R4 8 HWR R, 4L
80 wg H I, MMA S xSDS EAEZE i ,95 C 2 10 min i
e, T - 80 CARAES ] o
1.2.6  Western blot £:ill] SIRT1,UCP2 #11 Caspase-3 {2 [ 3
BACE BRI 60 g A, BEAT T TR SRR B R N
975 THE i B IR i 9K ( SDS-PAGE) , 2K J5 H % %% %2 0. 22 pum 1Y) PVDF
B . 5% (% BSA £tFH 2 h, f 1: 1 000 F % SIRT1 . UCP2 FI
Caspase-3 —P1 4 CHWFH 1278, F TBST JREEBEE 10 min x 3 1K,
LA 155 000 Ry EH e E MR pnid —ht, BIRIFE 2 h 5, 1
UM TBST JRFZBEE 10 min x3 R, ECL R RO A
LRSI HEAE SR, L Image lab B3RP HEAT 25345 2307 o
1.3 %it$ o

B UL x £ FoR R SPSS 13. 0 et AT B R R 5 2

2.1 HUVECs % & F WK

IEH AT § ik HUVECs W BE A= & e 42000 1 R
AT RAE AT, 2 40 i A K Rl A )2 A IS, 48 R T
AEERIY , 1SN A R HES , g BTG TR S 3 AR A

B, | ~2 d oM ,3 ~4 d alhlimie ., B =
%3 BT RRERE 58 7 BT ta ek, B, 5256 b ™ 4% 48
3 ~6 {8 HUVEGs, & WM T W4%, -BHP 4b3 5 Y HUVECs
LA RIS AR AN B AR A AN B G, RS A B AR ()
JE W RIE BB, Ot B3R A AE TS 08 T A, 40 B AR ST
VRS, ANAR 2 AT DL R R (18 1) .

hEC ! =) PR

A:5d#848;B:80 pmol/L t-BHP 43241
E1 RIEBRHENESE HUVEC @RlHEEL (x100)

2.2 mR¥gIAE e

W 2 i, AS Rk BE (20 ~ 100 pmol/L) (¥ t-BHP &b 3
HUVECs 24 h J5 , 4104 58 75 77 66 A B0 B 9 1T [ . 45
FeH :+-BHP GBI S HUVECs S5 76 1, P40 il e B (1G5 )
2524 80 wmol/L, 43 WL i 4b LS 75 LA t-BHP 43R5 & 3K,
AR BE (0.1 ~ 10 pumol/L) 1 #  i Fil 4b # HUVECs 4 Jfy
2 h, 5 80 wmol/L f4 t-BHP kb HZ{ AR Lt , 20 g 1% 1 W g 48 i,
SERFW] (AL TRERE B -BHP 551 HUVECs 7% J) R
FE(E3),
120
100 |
80
60
40

YNMAETE T F1 (% )

201

0 20 30 40 50 60 70 80 90 100
t-BHP(umol/L)

a:P<0.05,b:P<0.01,5 x84 (0 wmol/L) rbx
2 FERE t-BHP 3t HUVECs & 71 IS0
L2r
Lor b
0.8F pb b
0.6 3
0471

ANMIETETE T1 (%)

02r

0

1:3F 8 21;2:80 pmol/L -BHP 4 #4153 ~8:0.1,0.3,1.3.5,
10 pmol/L & 3 7 8% 77 4 32 #n (-BHP 80 pwmol/L 4 38 21; a: P <
0.05, 5 xR 41 b4 ;b P <0.05, 5 -BHP 4tk

3 B#EAES +-BHP %S # HUVECs i& 1H
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2.3 mhe ROS /K-F45m

50 HEZH AL, 80 wmol/L Y t-BHP 4b P 2 g ) ROS 7K
SIS TR T A AL S 1 DL -BHP b3, 40 i
ROS /K ZEFEAR (P <0.05) o FZE M B i 55 Je v 15t e 151
AP, AN ROS SRR SEmtiE LLEE, 4L N ROS 14
MR (P 4) . SCBRZRERWY, FIAE I RE 2 ) -BHP 55
AN ROS Az i B S AL R AR A

14000 B
12000}
10 000} bd
8000 f
6000f
4000}
2000f

0

cd

ROS /K-

2051
13488482 80 wmol/L t-BHP 4324833 ~5:0.1.1.10 pmol/L &
F P BEFA AL 22 Ao +-BHP 80 pwmol/L 43240 ; 6. SIRT1 Fp ) 7] & 4 fk
2!
a:P<0.05, 5 s 4 kb4;b: P <0.05,¢: P <0.01,%5 80 wmol/L
-BHP4: 32 20 1 4% d: P <0. 05,5 SIRTI ) 7 o, 5%, Bh i 2 b &t
B4 FERSAXRETRNESEMIEA ROS KF

2.4  gRT-PCR Z* 4 & 3 F & s SIRT1 & UCP2
mRNA % ik K85 % R
xR, -BHP Xf SIRT1 & UCP2 f#) mRNA Rikfy
B B AMHIVEH (P <0.05) , T 27 [ % J35 B J3E ) 14 202 1 B oAk
Hf5 ,SIRT1 J UCP2 f) mRNA 33k b A BRVR B2 38 Jinini 38 i, 77
E—EWSEIRIC R . e el A FIZH mRNA ek T FEAIR,
{B4IHE T -BHP 4bPHZH (P <0.05) . WL 5,

10, MSIRTI WUCP2

b cd
! cd
iy
R 6l d
H_iﬁ cd
5 4 a
=
2+

R
1:3HM8 4052 80 pmol/L t-BHP 432483 ~5:0.1.1.10 umol/L &
P ERTAL 3 m t-BHP 80 wmol/L 4 22 2856 SIRT1 4 41 71 J&. £ Bk
et
a: P<0.05,b: P<0.01, 5284804 ;c: P<0.05,%5 80 wmol/L
-BHP 432 401k 45% ;d; P <0.05, 15 SIRTL 7] A &, 5. Bl 20 pb 42
E5 qRT-PCR E#il @3 A EEY SIRT1 & UCP2 mRNA ik i 2 0

2.5 Western blot iE#m & & 7 B 23 SIRT1 . UCP2 #e
Caspase-3 %& & & ik K-F 4% v
5%t RAAR L, -BHP Xt SIRT1 #4925 B #0548 B 30 ) 78

FH(P <0.05) , T 22 A [ v 2 o JB2 1) 1 2 it Tl Ak B, SIRT
PR 11 A B AL B FEE B TN 96, A A — S R ARG R
5 AL A UL, e ve I 1 ) A PR B SR kA B
FEAC, (BT i i T +-BHP 4R FHZ1 (P <0.01) . t-BHP 4321
Caspase-3 Fl UCP2 fYEE IR IK R EHIM(P <0.01) , 28 2L
B FiAb 31 , Caspase-3 F1 UCP2 (4 £ [ 2 1K il b JH ik 2 1 fim i
REARR, AP TE— MR OB 22 . 5 HRE T B AL BT LA, JE oe
AT 1) 0 201 Py B 1 ek e . LA 6,

SIRT1(120x10*)—

UCP2(33x10°)—

Caspase-3(34x10°)—

B-actin(42x10°)— .m

1.0 MSIRTI MUCP2 [Caspase-3
cd

AXTEE HKF

2151

1. % #2052 ; 80 wmol/L t-BHP 4322133 ~5.0.1.1.10 pmol/L &
3 AL AL P2 A -BHP 80 wmol/L A 32285 6. SIRTL 47 4) 7 & %8t
il

a: P<0.05,b; P<0.01,5 3 B2 c: P<0.05,%5 80 pmol/L
t-BHP & 22 201645 ;d: P <0.05,%5 SIRTI 454 7 & 5% B i 20 b
B 6 Western blot ;% B 22 A EEXt SIRT1,UCP2 # Caspase-3

ERFRIEHNHMm

3 g

MG Ross'™ 42 A 400007 07 25 24 087, S 1k B 9
(oxdative stress ) 222N Bz A A005 9 A, N
B A SEAL R 5 ROS 45 A Bk R i ™ A 5 D)
FASG . AR ROS By & ARl T VS BRBE T 4 B
SECE IR P 5 A% PG R R R Mk ) I P B 4
P04 R 5 0 RN T BE R AT, 2 B R AN ) T B AR YA
T4, Jf k2B A AR BT TTORR T A B 440 JH R s A BRE B
TR, PRI, I A B 200 M S8 A e A E 220k AS
TH A

HZFEERPT AS FLO L R E I E i 20
Fri s A BT s, (B FH AL i A 58 4 . 20
N EERULER S B 475 T (silent information regulator,
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sir) GRG0 SR AR IR | 2 e | R 10 R ARt
WY, JEN A ER ™ Sir 7EM 7L 311 1 [+
5 3L R FRAE “ sirtuins” 28 7% , A SIRT1 ~ SIRT7 H:7 4~
WAL, SIRTY J& 505 — A TE M FL3h i & 3R sir-
tuins AL, HAT £ O WEAL B IE M i XA
L S T SR AL IR B R B (R &
Ak ) , TR 5 AR A R U T L SR R A G B
T WFFT R, AMPK J2& BB & Qi n9 8 22 ik Az
7 A A ok AMPK 476 PGCIL-o, 4K 1 18 15
SIRT1 fy%% %K SF-10 2, SIRT 3 %47 78 T 40 g #%
N, BEREAE A i DR A4 i) UCP2 B S 3t 4, DTG 4100 1
ROS Az il FT A Bz 20 it S8 A0 R i o

AT SRV, SR i~ 1 336 B 11 SR AL S 5 ADP
AR ATP BYBEIR A6 AE = AR EE Y, 1 UCPs 7] LAfdi 15
AR R BRI AL P I . UCPs A 4E UCP1 ~
UCP5 &8 Z F B 58, o, UCP2 J2 Il 45 P 12 41 i Y
UCPs EZRIE N, UCP2 AJE L L% i -3 i,
BB 2 M SR A 5 IS F A, o > & B DR 1% B, AT A
SR BT B , KRR AL T s T8 B Jot 16 B
T E AR AL A IE , TS0 M AR P Y i LA 2R
AR AR T RE A LA BE B8 2R HE ke, ADP B IR 1k &
JATP ZR TR, LA T ROS A i,
T AR S B SE B — AL UCP2 AT L i e
SRR R ( AWm) FIHG N HL A A5 336 LE 3Rk B AIG
ROS (7= Az o 1 H., Jay 30 (0 it (RS I T L BTG 2 A 4k
NADH/NAD L%, Sy i U g $2 1L B8 22 1 NAD il pRre
WAL (8RS W A AL A TR R I 3 B v AR (%) ROS I
o R ARSI 25 AR, 132 P B v BBl 3 SIRT1
i UCP2 ik, BEAR 40 i 9 ROS 7K, 3 2> ROS 5|
S Y UL AE P R AR A 5, OF B 2 R EEXT M TR
Caspase-3 A7 W& WP AE H , 17 SIRTL g4 4 71 Je
ST AL B SIRT1/UCP2 3 A 5119 ROS A= i
Bl E M, 2 78 SIRT1L/UCP2 38 % v] BB 7E A T H 2L
PR - BHP 1755 04 10045 PN Bz 40 I S AL R b 43 v
EZEH. 255, A AR IR R F 22PN
B ARYE FIANEE R HAT AS 1B 43 FHLHI B2 AL T8
H PSR
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