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Inhibition of resvertrol on osteoblast-like trans-differentiation of vascular smooth
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Abstract: Objective To investigate the inhibition of resvertrol (Res) on angiosteosis, and to observe the effects of Res at different
concentration on osteogenic conversion of human umbilical artery vascular smooth muscle cells (hWSMCs) induced by elevated
calcium (Ca®") and phosphate (P) culture. Methods The hVSMCs were cultured in vitro, and identified by morphology and a-smooth
muscle actin (a-SMA) antibody. High calcium (2.5 mmol/L) and high phosphate (3.0 mmol/L) culture was used to induce the osteogenic
differentiation of hVSMCs. The calcification was confirmed by Alizarin red staining. Cells were divided into five groups such as normal
control (NC, normal concentration of Ca*" and P), positive control (PC, high Ca*" and high P), and three Res (5, 10, and 20 pmol/L)
groups. Calcium deposition in cells was measured by Arsenazo III after 12 d. Real-time PCR and Western blotting were used to detect
mRNA and protein expression of BAP, BMP2, and OPN. Results Compared to NC group, calcium deposition in the cells dramatically
increased by five times in PC group, the protein expression of a-SMA decreased, and the mRNA and protein expression of BAP, BMP-2,
and OPN obviously increased (P < 0.05). Res at different concentration could reduce the cellular Ca**. The levels of BAP, BMP2, and
OPN were highest in PC group than NC and three Res groups. Furthermore, the expression of BMP2 and OPN decreased with increasing
Res concentration. Conclusion Res prevents the process of the osteogenic differentiation of hVSMCs induced by high calcium and high
phosphate. The degree of osteogenic differentiation is falling with increasing Res concentration.
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(1o T L R it U121, R o 3 a7 4540 L
A E BRI Lo BRI A1 (3, 4,
5-=FFH IR 4N, resveratrol, Res) W] LAFIHISF
LA A A S R TP, e R G AT K
P Ve, E X N Bh K I 2 ~F- 38 IL4E i (human
vascular smooth muscle cells, hVSMC) 54 FE ]
SO R LA ARG . AWTITIEE Res R4S
25 N hVSMC WS A ER], IFR R ]
RETRI 7> HLH .

1 #R55EE
1.1 EFERXF

Res, it (HPLC) =98%, #t5 YY90051,
IR ZE AT BR A ) o bl DMEM S 8 246 4.5 g/L)
G-I, P HyClone; HHERF 2. Mg, &
Gibeo; 5 & T INAR & (Rt A AT IR A
HDs P a-SMA Pifk. PrigtrEE (OPN) $ifk,
F[E abcom; PrEHESEM (BMP-2) Hifk (E[E
Abgent); $T GAPDH Hifh. BRI A YMhric —
P, Solarbio; 2% K IGKMAF G (ECL); Trizol
(ZE[E, Invitation); W IAFIGH SYBR Green
Master Mix (H4%, Toyobo AH]).

1.2 [F4X hVSMC 55

T AAT FRURR I RHIRIL (5%, 2D
s, HIEBFEhik, JCW PBS WYL, BIBRAME,
B AV E AR BB B K- L0 i, S 20% /iR 2 1
1 EHE DMEM i FR %, BT 37 C. 5% CO,
BRFRAR, 3 d JE WA NG RE JS 4, Fr A e
K& 80%R A HATALAR, AL 10% 64 1L
() DMEM 55 7835 57 o S 414k o-SMA %5 40 i .
S 5 4~10 A4
1.3 WA RE

AR K A 70%~ 80% 7 i 5 # b5 IR,
CaCly« NaH PO, W T BE IR R 5, 0 LUK
541 WL (B 1.4 mmol/L, 45 2.0 mmol/L); &
o T 1 O X L ZH (A 3.0 mmol/L, 45 2.5 mmol/L);
S AR S R AR N IO IR EE (5. 10,
20 pmol/L) f¥] Res, LAHIFEFRMCU R HAH 0 K,
e 12d, B 2~3 RIBH
1.4 ZHBESE 1L B9
1.4.1 WO FEQ O EAT B A 4% %
FEHRERE 30 min 5 2%IMP5 4 % TAEM (pH

42) fEFE FYfE 15 min, BEE N L,
1.4.2 ASREREKM 0.6 mol/L #:E4E 37 “C Nt
5 24 h, FIFHE5H Arsenazo [ A s 51 i,
W35 22 5 R E JLAE 650 nm Ak (W EE (4)
TSR AL S 45 5. BCA VAR I 4N i 25 11
FH B 158 S ARSI 5 45 5
1.5 SRR EE PCR MFEAXERERIA

WCHE S AL AN, Trizol VAHHENANIE AL RNA, Jx
i cDNA, #E4T PCR, MMNAKZER N 10 pL, Jx
N 4AF: 95 C. 3min; 95 C. 155, 62 ‘C. 1 min,
A 40 MEFR . DL 27 ROR IR 4L H (LR KR
IEARXS T 0 AL AR A5, L GAPDH 7R Y 2.
1.6 Western blotting #& |8 X & B FKi&

FABEAN LFEEELN 20 ng, FHELIFEA
IEANTHIT 10% SDS-ZR N IABLIERER 1, Hiky
B )5, WHE S PVDF B, 5% 4= 454t 4] 1.5 h,
n—%i, 4 CHM AL, TBST ¥k,
NS BR S AR AR L B 5% AR
TBST W% & 1 h, TBST #tik)5 ECL k)6, H X
SRR R A
1.7 GIERK

DL 4% 22 28 FH i [ 40 € Jv, 0.5% Triton
X-100 i FVEH 30 min, 0 PBS ikt ()4,
4 CPHWEERA, 37 CHI 30 min, PBS ¥E¥ 3
RGN —PiEE 0 E 50 min, ML, .
1.8 FHitFESR

TR R X £5 FoR, FFEIES A Hi
ZESEUER S, R PRI LR ¢ ARG Bl IR 2R
Ji 72501 (One-way ANOVA) BTGt 240 M. K
FH SPSS 16.0 BTG U347
2 H#R
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48 h A IEE, JRACEEFRIRAT I 40 i 5 B 1)
hVSMC JE#&: 4IRS Z0E, M+,
Mtz fm v, BRI, (85 s NI ik K R
ST “UEPRFE s S d1Mh a-SMA Je i WA A i
W a-SMA RIEFEE, @fFs F 22k, a-SMA 4
tBHPER I 95%, AiEFTES TR, WA 1.
2.2 B hVSMC R E

e R IR SR AN R 12 d S, 4R HR)E T
FORLREDURL,  T6) REZL 40 M TR R iR, e 2= g
OaE RN, XA W WA, s e
4 n] WAGLREHPOE R, LK 2.
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Fig. 1 a-SMA identification of hVSMC
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Fig. 2 Alizarin red staining of hVSMCs

I FEAE 2 Ao R AR S I 4 B i, BAER
SERARME: 50T AT LU, s v B BH X SR 4 1
TSR, A 5% (P<0.05), W& 1.

2.3 Res @42 hVSMC B BHE L

S AT R BRI hVSMC 4L I AR )ik
% Res J&, AN A ANRIRERE B FERAA, (HBERS
Res WPET R, QUM B FEERAIZIINGS, 5 s
WA LU, M &4 S FIK (P<<0.05), WK 1.
2.4 Res TABBHE K hVSMC RIHEXEE RIX

TEIEH S B B2 15 7R th 85 972 1K hVSMC 4
T, JFG R 0 A DG 35 DR R S Tl R T
(BAP). OPN. BMP-2 [FJ3RIARAK, 5 FHCE

%1 hVSMC RE5RRES AN
Table 1 Quantification of calcium deposition in hVSMCs

4159 C/ (umol-L ™) SR / (ugmg )
it H — 19.1241.98
Res 5 65.14+£2.92"
10 38.21+1.86"
20 23.38+3.07"
TS e B — 100.01+5.52"
xRS P<0.05  TP<001; SramEmE: ©P<0.0s
'P<0.05 “P<0.01 vs control group; “P < 0.05 vs positive group

fb )5, BAP. OPN. BMP-2 & i 3% 7 (P<0.01);
BEE I Res W EEM T 51, i FE 41 e BAP. OPN.
BMP-2 [FRIE W T % (P<0.05. 0.01), JLK 3.
2.5 Res X RBHEEL hVSMC B ERRIZRIFN
IEH TSR, hVSMC H BMP-2. OPN & 13
EBAG, MRS S hVSMC s AL,
BMP-2. OPN #& IR /K 2 E TR (P<0.01),
O Res J&, s @il lbd:, BMP-2. OPN &
HWZRIAREE Res WM E T K (P<0.01),
WL 4. IEH hVSMC H a-SMA & [ £ IE R
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X‘JL"‘ I_ng_J@-% 5
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LxtieditE: TP<0.01:
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ol ﬁ*@mﬁ?’é 5 10 20

A AL ©P<0.05

S A S 10 20
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48p<0.01, FEIF

P <0.01vs positive group, following figures are same

E 3 Res X hVSMC #liffifh BAP. BMP-2. OPN mRNA &R0
Fig. 3 Effects of Res on mRNA expression of BAP, BMP-2, and OPN in hVSMCs
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Fig. 4 Effects of Res on protein expression of BMP-2 and OPN in hVSMCs

R 12d J5, HARA B E TR (P<0.01),
Western blotting F[1ZESEEG 45 K B, BiiAG Res WKFE T
Fr, a-SMA HARFRIEE EFHES (P<0.05.
0.01), ULKEl S,
2.6 SIETLAEN OPN 1 BMP-2 BIER KX

IEH MR, hVSMC ' OPN. BMP-2 HHH#E
REAR, A S A, OPN. BMP-2 AKX
B2 T B (P<<0.05), I Res J&, Fifi Res W& Tt &,
OPN. BMP-2 g ARIEEHT FF%, WK 6 Fl5k 2.
3 iTie
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Fig. 5 Effect of Res on protein expression of a-SMA

in hVSMCs
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6 HRIEHIEAE OPN 1 BMP-2 FIEHRIE

Fig. 6 Protein expression of OPN and BMP-2 by immunofluorescence
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KB BB B A AL . ARFITUE S 2 P
S A S0 hVSMC e RERE AL A W Sk i

I, SRR M7 1) R 309 s B A VB E I
BT IME

I 0 UE S50 P Y U A 1) 0l A 4
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%2 %! OPN. BMP-2 PR HEE
Table 2 Mean fluorescence intensity of OPN and BMP-2

2 531 C/ (umol-L™) OPN BMP-2
Pagics — 1.704£0.125  1.776%0.057
e — 15.7430.219" 11.34340.195"
Res 5 13.8730.254" 10.207+0.466"

8.42740.249"
3.685+0.162"

10 10.960+0.043"
20 6.685+0.161"

LAt "P<0.05
"P <0.05 vs control group

JntO, T L R A e e I RS AR I A R AL
EEALHI BT VAR . ARSI, BE =G LI
SNITKT-HE LA AR R SN 5, Tl T A 2 IR 5
PEFRIC L a-SMA 2 4b 2% %558 , W hVSMC 7F
A AR . B D RE S R R, S
gl ML — R L IR R, FE St A
TMEH] o w3 e HE VSMC i A6 AR, 1
RS RAEE VSMC I T A R A B R,
1E 2004 4F, Yang P RESz 4G, il il VSMC
TE RS TR, I LRI BFSTIE Y, g
WEER VSMC RAH b, SEEERDTI . AW
o, T S A (45 2.5 mmol/L. i 3.0
mmol/L) W5 HARRIFUH AR — 2w m i
X hVSMC %5 12 d &, TERGH RO, i
FLLGLE 0] WA P RG2S SR TTRUE %o

AT AT 0] v A% e B 45 3 AL A A I L TR BIE 5T
K2, REWIER AT S B R
ABhFRy v B TR (R AR R R R A AR S R T
BAP. OPN. BMP-2 54l iE B 2 2 5 1 B A5 0 1 9%
orr, I TR E . BAP g ARt
WEIRIE, /& VSMC HIBCE P Rk i, St
VSMC 7284k, BMP-2 F1 OPN ¥JJ& TRk i By 5L
JREE 1o OPN J& —Fh WA PE RS SEAL IR 25 11, 768
WALz, S5 E R .
BMP-2 J& T # 4 A KK (transforming growth
factor, TGF) K%, HAEHZEREIE R, 1EshIK
TRk BEBR R R A5 A ) 1085 vp s 205, B AT g 53k
JT Gla T (MGP) 25 H AW A0 30 X1 (1) R34
G54 TB AR I35 5 A 1) B2 0 ok . 5 TR 54K
o-SMA WU I~ LR MR R S AR e 2R 1, i
WA PRI PR, A0 IR A A DL S B ik Bl A
fififh S5 462048 VSMC ' a-SMA 3Rk . Moe
21O 38 v fi L DAL BB I3 A K, s

FR11 VSMC thif) BMP-2 %k T, E355
WFFE i AR s S e S 2. VSMC 1Y% 73
o, MRE T RIET . AWFTARAESE, S
WEnl %S VSMC Wik, i miE4l OPN,
BMP-2. BAP [R5 i3 i T 4 .

Res & MZ MY, FHAETZ YT,
HAT 0 IEAR LI EIE . Res BA 2Rl B4k
L g, BT, HUsbiE . Preafe KMERER R
R, AT B BT Res ml 4
VSMC G4, Sl Res WU 2x 3 BUMUE 1)
VSMC I T=. Bruedigam 22O 5T1F B Res % 2%
S FE VSMC [R5 I E . Iehiki 255
UESE Res &M ET-1 5805, Al Ang 11 32
1) VSMC T 51925, {HX] T Res 755 =ik
3 VSMC ¥ ALH ifER], HETIE T D . A
5T DL = 4 = 5 5 1) hVSMC R AR S i,
IMAAIFHSER) Res, W% Res ££ hVSMC JH #f
AR I . FSEAT R s AR E 11
Res Ji7, Fifi% Res WA, B5 ERUIRAZ WD,
JE A AR DG EE ) BAPL OPN BMP-2 (1) mRNA
FIKBWT . Western blotting EJIZEINIESE, Bl
Res W FEMIHEE, OPN. BMP-2 ({7 T 1%,
1M VSMC [FI45 5 PERRIE a-SMA 135K 28 Hi 1 v -
XL AR W] Res 75 8 i 175 7 (1) VSMC #5461
FEFFAIIHIVE T, Res WS8Ry, HAMHIME A GR .
XN LUEHRER Res WML R4V T TR B A, H
A2 AR

B2, EE R hVSMC A F 3l 1k
MR, s RER AT SR 7 A2, VSMC
a-SMA 12 K S8 3 iU S B f A5 4k . 1M
Res X tid R M/, e T hVSMC 49
A, SR AR R IS R B AT R AE RO K
o H Res M w8 . S H) VSMC 18510
MR TR ANE A, 52— T R
ARV
S 30k
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