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Resveratrol Regulates STIM1 to Inhibit Atherosclerosis

WU Zhi-xue, ZHANG Ren, LIN Rui-shan, XU Jin-wen, YAN Fu-man, LIU Hai-mei”
(School of Basic Medicine, Guangzhou University of Chinese Medicine, Guangzhou 510006, China)

[ Abstract | Objective: To study the protective mechanism of resveratrol on atherosclerosis through
regulating stromal interaction molecule 1 ( STIM1). Method: Atherosclerosis ( AS) model was established by
high-fat diet after ovariectomy in female apoE "'~ mice, and then the mice were divided into normal control group
model group, resveratrol low, middle and high dose groups (50, 100, 150 mg-kg ') and estradiol (E,) group.
The lipid levels in the serum were detected. The changes of morphology in thoracic aorta were measured by oil Red
O staining; the protein expression levels of STIMI1, calcium release-activated calcium channel modulator 1
(Orail ) and estrogen receptor & ( ERa) in thoracic aorta were detected by Western blot; and the STIM1 and Orail
mRNA expression levels were detected by Real-time PCR. Result; As compared with the normal group, the levels
of total cholesterol ( CHOL ), triglyceride ( TG ) and low density lipoprotein cholesterol ( LDL-C) were

significantly increased, while the level of high density lipoprotein cholesterol ( HDL-C) was decreased significantly
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(P <0.05) in model group; the levels of CHOL, TG and LDL-C were significantly decreased and the content of
HDL-C was increased after the administration of resveratrol and estrogen (P <0.05). Oil red O staining showed
that in normal control group, the vascular structure was integrated, clear, and the intima was continuous; in model
group, the intima was obviously thick, with visible lipid plaques; while after treatment with resveratrol or estrogen,
the thickness of intima and lipid plaques were reduced. Western blot and Real-time PCR results showed that as
compared with the normal group, STIM1, Orail protein and mRNA expression levels were increased in model group
model group (P <0.05), and were decreased after treatment with resveratrol or estrogen (P <0.05). In addition,
ERa expression was increased after treatment with resveratrol or estrogen as compared with the model group.

Conclusion: Resveratrol could delay the AS by up-regulating ERa, down-regulating the expression of STIM1 and

Orail and inhibiting Ca®" influx via SOCE.
[ Key words ]

resveratrol ; stromal interaction molecule 1 ( STIM1 ) ; calcium release-activated calcium

channel modulator 1 (Orail ) ; atherosclerosis; estrogen receptor « ( ERar)
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P9\ M 45 N AL ( store-operated calcium enter, SOCE )
A M PG T A TR R AR L DR O L 4
2\ 14 45 18 18 ( store-operated calcium channel, SOCC)
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R AS KIEHLE A R EE L, AR R R
) A LT B A AR W P VR S 2R C R
WEW . CABEFEUESE , 3 B nl d i 0 AR Bt
(IIRANYIT® 5 T W A (DS - I =R Ak (SDEE
S DR 230 A S 50T 5 s A I ] e A
HiE & A — A 1k & S BB (inducible nitric oxide
synthase ,iNOS) & ik, 1l #il — & 1k & ( nitric oxide,
NO) J J8 A i R HEHE AS 20 o (HAT O 1 3
75 SOCC P& 4l i 1 Ca® " W FE , & HEHT AS B0
(1 i 3 AR /0, PR AR B 5T 3 ) ME 1 apoE 7T /1N BRI
HEPJE SRR R T AS BIAY, L SOCC Y] A
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SRS NI R AT AS R, O 4R TR AR L RE )
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L1 ¥ 4 ~5 BN apoE " /N IAELS ~
20 g, A B AR BUAE Y BE 25 ST T, BAR IR S
SKXK (75)2010-0001 , AMF5EFRAT )M o B 25 K2
S S WA 2R 5L e I ME (At TS 2016031) , T A
SCEG R I AT ER HEZE B S R B i g e R
JE

L2 5% Rafon A2 EE( L aladdin 22 W), 4t
5 R107315) ; BL B AH B AR H K+ 1 (STIM1 ) |, 4538 i&
HH 1(O0rail ) ,B-l 5 & H (B-actin) £ s LA (3£
[# Sigma 2\ ], #it 5 43 H) & 082M4790V , 520M7090P,
122M4770W ) ;s MEM R 24K o (ERa) 2 ek bi i (SE
Abcam A H], it 5 GR95734-1) ; £ 41 i IeG-HRP ( 56
[ CST 24w, 4ib*5 7074S) ; BCA H H e B2 I 7 105 &
(& Thermo 23 7], it 5 NI178745) ; RIPA #& 11 % i
W (g3 = R AW A R A iS5 0013151209 ) 5
STIM1 Y5 Orail 5190y F F A4 TAEY) TRA R
) 5 HAB R Ay [ 7 o3 A i
L3 {4 AUS800 7 A= AL 2 A7 A [ DL 3 & i /R A
S ARG (FRM) A BRA R ] 5 CM1860 B yK R U] Fy ML
([ Leica 2w ) ; CX21FS1 % 8] 8 W i 45 ( H A
Olympus /A 7] ) ; PowerPac %I Hi, ik {3 , Trans-blot Turbo
B+ 5% B R 45, iMark AU B 45 4L ( 38 & Bio-Rad 24
Al ) ; Tanond4200 A 4> H Z 1k 2= & 6 EIR 73 1 &R 52
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VKRB OHL O R R PU AL SR A PR A A o
2 AFiE
2.1 EFBIRY K ) ook A A AL BB TR A SE I I
o/ NEBEAL S A 6 4, 43 5 o E 20 - SRR AR A B R
IKVE A AL A R B AR B AR K 5 A BE Y I
FEIRIT L 44 T 50 mg-kg ' AR STEEE T 3
PR IR YT AL 4 T 100 mg - kg P EE M R
B B I SR T4 45T 150 mg-kg ™' (13
POBEE E M BRI AL 4T 0.3 mg-kg T MR
HEH o ANBUENERTE 1 JRE  BRIES A, K& A
PP A VIR G S B A 5RO L 10%
KA 300 mg- kg SRR, O A R
17T IE R IF 1, B B R K o UF 1B OK S Ak 2
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2.2 MARME  mRIRE 8 JE A, R Kk B
1 mL, ¥ 5 5 B0 4 85 103, 28 A6 4 B AR I it B
4 T . G B [ BE ( CHOL) |, 1 il =18 (TG) , Ik % B
Jig 25 © JH [E B (LDL-C) |, & % 2 g 4 F I8 3] fE
(HDL-C) .,

2.3 MMM O s SRR E 8 A MH
SR FE/IN B, I CH B 3= 3 kR vk R U0 e, U0 IR
2510 wm, KEBC B AL O TAEWGH e 4
s 10 min, JEACIK T A FIMAL O 480 v T 60%
SN GO T BT AR S TG 6 S B BT T
PR R Gt , A koK bk, Tl W B A, BB
R DL Sl K AR S 3 Ik ok A A A B0 e 1o FRAE [ i
172 ' o

2.4 EH P EI i ( Western blot) #: ] Orail ,
STIM1 ERe 5 3635 BB F AL B8 J5 B 3= 3 ik,
RIPA W48 U 28 1, WO M v, 750 Ji5 B 17
W, BCA 158 1€ 1t 5 17 SDS-PAGE Jf Wy ) il 7%
&% PVDF i I JJm 1:1 000 44t Orail £ wi
Pl ,1:2 000 fedi STIM1 £ s {ADL 1:1 000 7
It ERa Z 5 BEBLIR 4 C W HE o %, Y% 22 o i
(TBST) &S5 HRP #Ric i) —Hi =R F 1 h,
AL 27 %56 (ECL) 1250 5 W 2 Mg, & 1 4%
T8 1 R 53 BT AL 43 B A E

2.5 SRS OE i PCR(Real-time PCR) #&l Orail
mRNA STIM1 mRNA ik R i 48 20 2085 I,

F1 AFEAEI AS/IRMAEKFERHFEM(x+s,n=6)

A Trizol 1 mL 233, =& bl 42, 55 79 B2 U0 JE
75% B4, JC RNase 7K %5 ff DU UE , Wl i RNA ¥
J& . BIH] One Step SYBR Jz i i 571 & , 4% M) &
P S LW, B SR R R o — B BB SR
42 °C 5 min,95 °C 10 min,1 PEF ;4 — BB PCR
I :95 °C 5 5,60 °C 20 s,40 MEIH ;45 = W Br g
fif 28 43 H7:95 C 0 5,65 °C 15 5,95 C 0 s, 45|
Y1) FE 5 kg STIMI ;| ¥ 5'-ATTGTGTCGCCCTTGT
CCAT-3", F iif 5'-GGGTCAAATCCCTCTGAGATCC-
3, K Bt K JE 103 bp; Orail : I i 5'-GATGAGCC
TCAACGAGCACT-3', F % 5'-CCATCGCTACCATGG
CGAA-3', i Bt K /% 125 bp; B-actin: I i 5'-
AGAGGGAAATCGTGCGTGAC-3', F ii% 5'-CAATAG
TGATGACCTGGCCGT-3", - Br K- JiF 138 bp, A il 4%
RPFATARMERT Lot , 153 0 € (E, HHE MR C,
1B 98 %= B-actin (i) C, (HED } AC,, L2 **“VEH HIIW
S A X B AT T

2.6 ittt RA SPSS 13.0 #4748t 4
ME B DL 2 s o, Z 41 R B R Oy 25
T, LA LR ¢ K5, DL P <0.05 A ERA S
ES-9'8

3 &R

3.1 X AS/NRIM AR /K PRS2 5IEE 4 g,
FRIZH & R IK & 8 JAJS il TG, LDL-C 7K °F- B & 1%
i, 1 HDL-C 7K F-REAIR (P < 0.05) 5 il #b 78 11 22
Pt v ) £ 20 M MV R A1/ Bl i TC, TG J¢ LDL-C
i3 TR, W HDL-C /K-8 & FF &5 (P <0.05) .
W1,

Table 1 Effect of resveratrol on blood lipid level in AS mice(x £s, n=6) mmol-L ™!
izl FH/mg kg ™! TC TG HDL-C LDL-C
E# - 12.550 + 1. 075 0.710 £0. 135 1. 498 +0. 417 7.435 +0.927
FER - 15. 845 +1.361" 0.713 0. 090 1.053 £0. 130" 9. 068 +0. 430"
1 2 5 50 15.843 £1.774 0. 635 0. 087 1.550 0. 151> 8.690 +0. 362
100 15.123 0. 582 0. 645 +0. 028 1. 623 0. 254> 8.643 0. 287
150 13. 843 £1.08% 0.537 £0.102% 1.802 0. 134% 5.460 +0. 456%
U 0.3 13.223 +1.039% 0.653 £0. 196 1.738 £0. 1477 7. 695 +0.312%

G IEHA LR P <0.05; GHIMA Y P <0.05(F2~5 ),

3.2 X ASUNEUM ES KL SR EIER TR 8
Je e UM 5 3 ok ) 5 DK PR D) A AL O B (B A5 R
SR IE R A L AR SE R IR | N IR £ 5 M T 4
PRI JBE T AL T A 0 o B R 5 i b AN [k R AR
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AIEHR 4B BRI C (3 A B

50 mg- kg ' D. PR R

100 mg-kg "' 41 ;E. (AZEPTEE 150 mg-kg ™' 4 F MEMCE A (142 ~ 4
ffl)

Bl BFEAEX AS/DREEKESHHIEML 0, x200)
Fig. 1 Effect of resveratrol on oil red O-stained plaques in aortic

root of AS mice(oil red O, x200)

F2 BEAE AS /IR EZBKIR AR 30 AR R HETE L BB E R
HM(x+s,n=6)
Table 2 Effect of resveratrol on quantitative analysis of

atherosclerotic lesion area in aortic root of AS mice(x +s,n=6)

2157 5/ mg-kg ™! ) ok BE B 7 L/ mm?
EH# - 0.015 £0. 001
A - 0.093 0. 005"
P A e st 50 0.059 0. 003%
100 0. 047 +0. 002%
150 0.027 £0. 0027
i e 0.3 0. 031 +0. 003%

3.3 %t AS /N 3 B0 ik STIM1 mRNA K 7 14 %
KBS 5 OE R A R, B AL A STIMT mRNA K&
EHEE SIS RTR LR NEFIF S E Aoy b P =]
RO ZH A, H i A 4140 STIMI mRNA J2 2K 4 % ik
B R RE (P <0.05) , DL 32 B s 7 it 4 05 ok B
E-—'ﬂﬁﬁ”éﬁtbﬁ 0 70 35 2R 2t T B S ARG 0
41rp STIM1I mRNA J 8 £k (P <0.05), WL#E
3,F§l 2,
3.4 X} AS /NEUI B ik Orail mRNA K 7 (1 £ ik
s 5 IR A R, B2 Orail mRNA J 2K
FI R A (P <0.05) o 1 #h 78 1 22 7 B A 1) 02 %&b
7 e ) o A R MR S SRR A LA, T
FFEAE Orail mRNA KEHFEIX(P<0.05) ,#mH

®3 BAFEAEI AS/IREEFH STIM1I mRNA R EARIENF
Mo (x+s,n=6)
Table 3 Effect of resveratrol on STIM1 mRNA and protein

expression in mice aortic arteries(x +s,n =6)

My FliE/mg-kg™'  STIMI mRNA STIM1/B-actin
1EH - 1.000 +0. 000 321.36 +30. 53
iy - 1.140 0. 104" 726.79 +53.30"
EE ) 50 0. 805 0. 075% 599.73 +45.52%

100 0.614 +0. 038> 493.76 +54.73%
150 0.413 +0. 026> 397.87 +22. 46%
MR 0.3 0.528 £0.052% 439.25 +57.80%

STIM1

90 kDa

ﬂ-a‘:ﬁn _ B

A

C D E

2 KAMNRBESK STIM1I EAHRIE

Fig. 2 STIM1 protein expression of each group mice aortic arteries

2 P n] 38 oF FEA Orail ik, #1 ] SOCC 4
WL R AEPT AS R o

W 4,183,

F

B

x4 BEAEEX AS/IREESNE Orail mRNA REHRIENE

M (x+s,n=6)
Table 4

Effect of resveratrol on Orail mRNA and protein

expression in aortic arteries of AS mice(x +s,n=6)

AR FE/mgkg ™! Orail mRNA Orail /B-actin
EH# - 1. 000 + 0. 000 423.57 +37.82
LAY - 1.290 +0. 151" 686. 18 +44.90"
Sk ) 50 1.032 +0.083% 605.71 £40. 24

100 0.917 £0. 092% 580. 52 +52.52%
150 0.736 +0. 0527 512.52 +£55.91%
MR 0.3 0. 658 +0. 074> 499. 81 £45.32%

p-actin

43 kDa

\\

A B C D E F
B3 S4ANRMEINEKSTIMI &AM RE

Fig. 3 Orail protein expression of each group mice aortic arteries

3.5 X AS /MR E Bk ERe 3 H I8 15 TR

SIE#H A i, #AI 4 ERa B [ £ 5 8T B
(P<0.05) ; 5 IIZH HLH, AN [R] 57 40 1 22 7 I i e
WERMER G, &AL ERa  F R B R, H L

o R A A I R ME R U E 41 ERe TR R IA
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SR AR (P <0.05) . WLER S, 4.

x5 AEAEN ASMRBMEZK ERe EAREMHEMM (v 5,
n=6)
Table 5 Effect of resveratrol on ERa protein expression in aortic

arteries of AS mice(x +s,n=6)

21 51 F 4/ mg-kg ! ERa/B-actin
EH - 518.47 +33. 64
L - 404. 41 +44.59"
EE- 2] 50 471. 81 +49.25

100 710. 30 +64.29%
150 782. 89 +68. 44
i3 0.3 839.92 +55.48%

p-actin 43 kDa

A B C D E B

B4 HHNREED ERe EARENZ M

Fig. 4 ERa protein expression of each group mice aortic arteries

4 tig

A g S 1O T BB B IR 2, AS I BRI K &
Pl 7 6: D9 28 100 2 1 D, L4 P9 2 4 M 1 2 00 I A
W ILAR IS ( VSMC) (9 5k 38 B4 B L RS 47 L 1 1A T AT
B, 2T 4 4 4138 1E 45 . AS S AR R — B 4% 1 B i
T AEAE Z AP0, U0 S 09 0 2 U0 L 98 UL 2%
48 A L U L I AR TR B 2 L 8 R 2
2 U780 M 3 10 2 A — P 2 00 B 4 THT L 1 N A R
AS KB R B, B, WA AS K HL
XTI R B 6 AS B AR .

BER TR MUK R B S A ST AS 1Y
KRR SOCC Xof 40 g 4 4% 19 Fa 45 3 o A
I, 32 5 859 105 7 L0 B fr kg L RS ik
A5 4yE E . Orail FI STIML 244 5 SOCC [ 3= Fify
R T WANG % 36 B ApoE ™~ /Iy B i M2 7%
HESr AS BRI PRI AS % Sk R v A B AL 40 S g
1 5 SOCC Z a5 2 , m MG M 5% 16 JH 5, AS 4
Ik BE I S 2, E P R AL 40 B 2 5 3T R T
fE W MG . 5 BRI, Py Bz M40 B v SOCE 1 i
T B % VEGF i % B0 45 3% W1 Bk 2> o g 5
R, R BB TR A P 1004 P ¥ LA 1 A Y 10
IR K, G 9 VSMCs 1A 4% v 4 5 SocC
A SIS A 5, 75 60T SOCE BH I 1 5 5 A 35t
K STIMI1, Orail J&, A % 35 WK SR S0k & 1135 F 10

- 152 -

VSMCs P45 e 35, i bl HE s 0 0 W90 45 SR B
7N, GIE W H H B, AS 4 STIMI, Orail ¥ & X EH
TR T . PLEg5 SRR, STIMT 4 5/ SOCE
e AS RAE RS RAEEEEN .

TAT G 2 AF 5 UIE 52 ME 9 2% HL A O i A R R
FA S AELF T M 38028 A AR 00 L5 G TR B, A7 AR &
FLRRAE , 7B o8 B S | AR, BR T L PR R o
T P 7 T 2 — 28 [ I 1 R & 30 25 R A 00 A 4
WE AT MR A Ea R R Tr, £
BT RAL M AR AR S ERT 2
WFFEUE S, (A2 P 1 vl 3 2o 0 240 M08 1 PR L
AR T 55 2 B ik 48 & FE DL AS RUN . A B 98 %
B, 22 i T o s i BRI A S AL W
SIRTL, PN Bz B — S AL A & i (eNOS) J2 MAPK, 5
MRS AR R0 A IE WSS R R I fE . 1R R R
(91 B 40 i, Toaldo %5 fin A B J88 3K 3E B F-ot
(TNF-o) if5 5 P B2 40 B D) 8 25 L, 78 i A 20 pumol -
LA S &P, NO & & 8 3% %K, TNF-o i
TR IS N AR (VEGE) |, 1 4 il 4 %= -8 (IL-
8 ) B 4 Jd 1) 285 B 3 7--1 (TICAM-1) B g /b, 4 7 B
A ] A M ) TNF-o S 0 Bz 40 i S RE 2L .
MBI 5 R B0 FA A P T T 5 A B NO R, 3 i
AR 1 2 K " 58 8 & ATP f{ % K 3l 38 410 1 41
55 DN A N AR P % TR R 1 5K I A Y AR
FIUS AR I R R A S TR S e e i TR
B4 M5l , 25 AS AR LR R, L&
B A% 00 2 JULAH B b 9 5 R B, 1B I T R AR AR
A0 R A5 5 B0 R A R R A i P R AR A O >
TG M EHE (ROS) & i, b 2 2 38 o 41 i) L 784 475 58
WP, TERF IR PC3 K DUL4S 4ifigh , BF 58 &
IR P B ] S ) AR R AR STIMI 363k, s /b
STIM1 5 TRPC1 J¢ Orail %54, M i i 2> SOCC 4~
SIS I 5 BT IR R B, S5 rp R SKF-96365 Hif)
i SOCE, 7T WY (5 41 fh .0 22 JUL 40 0 f) o i s g 7
FESC B i I ApoE ™" /NERL, T IR AR B B ST AS
AL WEE STIM 451 SOCC 78 AS kA4 K i1
I, 45 R BoR ,AS 4 STIMI K Orail 3500 %75,
T AN 78 1 22 75 B J5 n B I R IR i 48 41 40 STIMI
K Orail FRik , $&7R8 (122 7 i ] 3l o 9 STIM1 4
F1 SOCC, Jak A S5 Y i, il AS kA, HHEE
P —Fp KR Z W KA & W, A 454 5 O 0 i 15y
HKlo WFFE R, A RE ] GE L R i 4 4L
ERa ¢ ERB mRNA ik , 34 58 g T 21 21 v i 5 4 4o
ZEFRETRE EENAICZRE . ERR
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FUMR IR MCF-T7 40 vh , F 5%t 45 7 1 22 2 B ] 3 3k
VEFENEJE T ERa 33k, 40 0 48 9 2 B kAT
FESCS P R RE AR T 1A 4 24U ERa 1) 3K, 25
PR AR RN E L 1 ERa ] AS K

Li LRk, A AE P i ] G ] STIMT 4 5 1Y

SOCE, BRI P985 ok S5, K ¥ T AS 2800, it i 7
i ERa Ao IS A 1 2R BE Y HT AS
BIL 0 £ 4 A B AR
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