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([ F] B3ARXARRALBREEBZ O @B AN ERE#ER G caveolir | & & # o, K& 9 kB H AL
K A AR R L4 LR B BS i 45 B 09 4 T ALK . 38 ) Western B I 45 Sk —R O BEEE R B F ALK
RARFEANBEMGIREEREZE AN 2E FBIMAE caveolir | E X WAL Z R, EAALERTFRARRZHK
AR 3% GRS Bl BEARIT R F 7 ik & FI BT T A caveolir | & 3k 3t o & P08 AL 4w A 2 B BR IR 69 % of; 1B R S0
BARFABRAEK caveolir 1 T EXR B ANARKEEREAFFLE TR N @A ZEEREENATHER.
ERRI: AEF ORGSR EEEE 4 (50 mg/L) 5 & P78 M Ji 5% F 96 h, caveolir 1 & 3& ¥ m 60. 2% £3.
9% , e BB &4 81.7% T4.3% ; a0 Bl & 69 AL AKE A5 & G AT, caveolim 1 235V T 54.7% *5.
8%, BB A H & T4 £ 26.8% T5.1% . @aveolir | A X EHIF R AL L b F -F B0, B T 50 mg/L 89 E %
KEEREEGRE, mib e BB R ETHEA45.3% £7.3% . MRANRKEFHE B F xR ANEIKET LS E
& 3t P F AL 4E IR caveolir 1 & 3K &9 3 %) 4E F o SR F N caveolir 1 & 3% R 42 8 AT 3 AALARAIKE B & &
16 e mp e B BE455E, MRl me e B BE R E, M SR BB 5 d 175.718.9 mg/g & & T/ £ 88.6E3.8 mg/
g &G, LRI FRT, caveolir | A5 49 4m Jo N2 [B] BF 4% 38 A fL th 52 A 7 o -7 35 DL 2w PR N2 B) B T 47 69 & 24U 4); A
ALK B PG & G 3 ) o T B L A caveolim 1 &K, 7T A6 & L F B m ez B BE KM A .35 5 -F i LR M B iR
e dm fa 5 AR 69 T ALH 2 —
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Influence of Caveolin-1 on Cholesterol Efflux in Vascular Smooth Muscle Cells
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[ MeSH] Caveolirr 1;
[ ABSTRACT] Aim
Method Western blot and RT-PCR was performed to evaluate the effects of native low density lipoprotein (1 LDL) or oxidized

Cholesterol Efflux

to study the role of caveolirr 1 in vascular smooth muscle cells (VSMC) cholesterol homeostasis.

Muscle, Smooth, Vascular; Lipoproteins, LDL;

low density lipoprotein (ox-LDL) on expression of caveolir 1 in VSMC cellular cholesterol efflux, cholesterol content and lipid
droplets of VSMC were determined by using [*H] cholesterol detection, HPLC and nile red stain respectively Results The
results showed that rLDL (50 mg/L) increased caveolirr 1 expression by 60. 2% £3.9% , and promoted cholesterol efflux rate to
81.7% *4.3% . However, oxLDL (50 mg/L) downregulated caveolirr I abundance by 54.7% %5.8% and deduced cholesterol
efflux rate to 26. 8% £5.1%.

lirr 1 antisence.

In addition, the cholesterol efflux rate also significantly decreased when VSMC harboring caveo-
Caveolirr 1 overexpression by transfected Pckneo cav-1 in VSMC results a dramatically decrease in total cellular
cholesterol content and lipid droplets induced by oxLDL (50 mg/L) . Conclusions Caveolirr 1 mediates cellular cholesterol
efflux in vascular smooth muscle cells, which is an important mechanism of regulating cellular cholesterol balance. ~ Dowmregula-

tion caveolirr 1 expression is involved in foam cell formation derived from vascular smooth muscle cell induced by ox-LDL.

[Yis HEA] 20020823 [1EEITHEA]  2002-09-20
(BB HEXARPZESE(30171084) T B AE K 973
(G2000056905) %t By«
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LT 4y JH [ B A 24 95 4 08 B 4 U I caveolae [X
5, SRR AN . caveolinr 1 /& caveolae [ FE4H
AR H, 1B IS V-8 UL4H M ( vascular smooth muscle
cell, VSMC) & KiX caveolin 1, caveolin-1 & /541
Mo R G BE _E caveolae [X 32k fH [&] B % 12 A
MR H . EESN KRR TE BOSRE T caveo-
lir 1 F)RE R B RAERE M AERE . AR LRR
HE A BUIC S B2 6 2R B 5 3 oK BRI P L4 oy
TR, WS caveolin 1 328 1) 22 A4, S H X4 ff AH [ 2
A B FEIR, A0 3R R LA~ 1 UL 40 e A ] A i
B3 AL o

1 #MR5REE

L1 #

DMEM # 7 % . T g & & i 7% ( LPDS) « TRIzol.
OpttMEM . Lipofectamine” %% % X | X G418 # %
GIBCO /8] = &3 f64F M 7E « Western EF 3 5% H A6 I
KA & BCA & & £ & 51|l & X BlueRanger il 3 &
B4 F & #rE & 1 B HyclonePierce /A 8]; RT-PCR
A & A PROMEGA A 8] 7 & B KB BR 15 1F caveo
lirl R XVIEEX fudg X FZH KR K PCR 513 &8 b
g T M 8 A K 100~ 1000 bp DNA 4 T & 45
Al B E RN B R RFLA caveolir 1 K
FH R IgG A Santa Cruz 2 5] 7= & B B Z RN
#(TBARS) % MR Al & 14 B 8 2 & & A F; [ 1,
2HIAFICEE B (1 CYL) B E B TR 7 R Ix
EAERRAA R ABRBEE A v TAFALE
EREZSFHMANMZEEXF EER AN, kR
JRKL Pckneo-cav-1 B % E F # & A % Smart H 1 &
W, HAGKA K H# 0B E AT
1.2 REEEEANSLEITREE

IE# A MR AR B JE & & (native low density li-
poprotein, m-LDL) X Jfl #3£ & Lk 4 B, 3R 1R &
W+ 2 R ER 4 (SDS) - B 7 A BE MR R ik, B
ERAE—FEH%. ¥ ILDL ET PBS Bk +,4C
FEAT 36 h, 754 =% EDTA J5, A 4 10 Pmol/L CuSO,
B PBS K (pH 7.2), 37 Ci&E AT 20 h, #H 47 &5
. A A1 /& #9 LDL( oxidized low density lipopro-
tein, ox-LDL) & 4 100 Umol/L EDTA & PBS #, 4°C
FEAT 24 h, & LA 1. & TBARS 4 & & | f SDS- &
TR e B A B Ok S 2 JE, B UR A, BCA IR 2 &
EE,EEAREZE 1 gL ATELE,

CREREREMILBRY ATA N ENE
LDL # ox-LDL *f 40 i 7& £ 9 % e, X FL wrLDL. ox-

LDL 50 mg/L A B AR & FRAAHLIh &, &8
BELHBEH> 0%, SEFALRIIBRKAH 2
TREZF(P>0.10),
1.3 ZApRIE TR RALIE

XRREETHEELEY 2B AR LE TR
HL48 FiL, ctactin Z 6 55 %, BUE 3~ 8 R4l T2
. 4 10% it 4 i 7% B9 DMEM 35 5 2 40 j 55 &
Z£2x10° AL, 48 X\ 60 mm F L =% B Fb T £ 3% K
F,24h E#ANE 0. 1% f6 4 M vE #9 DMEM 3% 7= &
¥, 2 fi## 1k 48 h /5, & o LDL 2 ox- LDL 50 mg/
L # 10%LPDS-DMEM % % 96 h, 4 48 h #& — K .
1.3. 1  caveolir 1 B AZ 3F B2 T 4m it 09 & 32 %
Rothberg %' 4% 3 &4 caveolir 1 mRNA 7 7, #% it &
A caveolim1 R X F % ¥ 8, 7% % 5° GTATTTGC-
CCCCAGACATGCTGGC 3°, DA% X B B & 15 1, F LA
HEMWEX B TR EXEZHTFR Y FHE. 5%
10° A~ VSMC 8/ F 6 I3 547 =, B % E 70% fk
4, i 7E DMEM 3% — i, 5 & FAZ F 8K 2 Pmol/L.
0. 5% Lipofectamine ' & Optr DMEM 3t B ¥ & 24 h
Ja, BN 0. 1% g 4 i v& #y DMEM 3% 7= 4 (F 40 o #%
1F 48 h, /m A4 n~LDL =X ox-LDL #7 10% LPDS-DMEM
1.3.2 caveolirl &k RAs b9 ¥ XHA[6] WY
ik, BUE 3R VSMC , 5% 10" MEA T 6 ILIE 5K
HERE 0% @A, T iE DMEM 2% —i; HE A
A caveolir1 4 & cDNA 5 7| Wy K 4% %k 15 U &L Pck
neo-cav-1 2 Ug 5 Lipofectamine " 15 ML 7£ 1 mL Optr
DMEM # 84, EEEE30min, SHAHLEEIFF 6
h &, IR\ 4 10% f64F 7% DMEM ¥ 7%, 72h B 5
800 mg/L G418 ¥ AT FH & 70, F& I b . I & B9 FH M 72
B4 B ( Pckcav-1-VSMC) Al & 10% fi6 4 M 7& &9
DMEM 77 300 mg/L G418 # 423 % . Western Blot 1
A 0 BE AR A WAL 52 Pelcav-1-VSMC B9 caveolinr 1
IR e I A 21% .
1.4 Western EMZE43M caveolin- 1 EAFRIE

e [ 4 A0 FE o 28 i, MBST % 47 & ( 25
mmol/L. MBS pH 6. 5, 0. 15 mmol/L NaCl, 1% Triton X-
100) 24 4% 48 f,, 5 000 r/min B 0 & % €, BCA 7
NEEaetE, LREZFRALAEEE B 4
12.5% SDS- % V7 J%& B A 6B, 90 V [B JE .3k 3 h, %%
BMEPDVF E L WAL L6 WERBE YR, F#H <
EELNTEMENMLE. FE 5% RIS %# TBST
#H W 1 h, 3% 1:200 fm A RHLA caveolir ] —#i, E i
#F 1 h, TBST # =3k, 1: 3 000 A \ 4R 3t & L4
BRI E R ZH, & 1 h, TBST % =Kk 5, A
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Western blot X LR NKAEERERT X K Fo
Epson 1650 photo 33 # X 4t & B 4 .

1.5 3R —BREMHmER RN caveolir 1 mRNA
FTik

5

K7 il TRIZOL reagent iR 7| & #2 5 40 f2 & RNA,
Jl Promega Reverse Transcription System 4T i# %% 3% &
A% cDNA . DA 3B BR H i BS it 2 88 (GAPDH) 2§ W *¢
B HATHEELEX —REMEER . caveolirl
F #3541 A 5 -AGTTTTCATCCAGCCACGGG-3’, T i
B4 4 5" -AATAAAGCGATGGTTGATCCACAT GC-3 .
GAPDH L i 5| #1 % 5°-CGGAGTCAACGGATTT
GGTCGTAT-3", T # 5l 4 & 5 -AGCCTTCTCCATG-
GITGGTGAAGAC-3’ ; caveolin-1 ¥ 38 7= 47 % 780 bp,
GAPDH # 380 bp, #1 Jll ¥ % % IE 2. PCR K W &
RAEIR 46 4E 94 CH M 5 min, KB K E MBI A
95 ‘C1 min, 56 'C 1 min, 72 C 1. 5 min, £ 30 /{8 #F,
&g —RAEF A 72°CEH 10 min. PCR /=41 Al &
0.5 mg/L BT "W 1. 5% B g 4% %k B 0k 20 AT o
Labworks %% fit 217 % 4o ik & B 4
1.6 Nile Red £

# Albert &' Tk, MEMHTHEAHEZ LR
AL Hy VSMC, A PBS # # #, im A\ Nile Red 17 0.
I mg/L, £I& 5 min f7, % L B H T W&, KAP-
PAlImageBase B % 4 i 15
1.7 ¢BAEPIAE EEZ A4

ZHEXER[S], FEMAELE KRG, FERERE,
PBS #t 3 i, /m A 0. 1 mol/L. NaOH 200 UL, X & /& Gk
3KEMAR, BCA RAZEEEE,7.2% =47
B UEE &, 1 000 /min &% 10 min, & F & # 47 2
BEIEEAN. DLE &8N AR 1E AR % dh &, B 100
U, FEREAFRES. AECRMALAE R
B, A LSmol/L ZE&MBH#TEMTAEFEAET
¥, 100 UL Z. 05 7 A BE(80: 20) B &, F T H
R EEN. KA G184, HE 4°C, K% 1 ml/
min, 210 nm % 50640, B8 E B L& E AR E B, AAR
B, Pmglg BHE G N £,
1.8  4HBEAB EIEE M & Z a4

# CHR[ 9] 77 i, VSMC £ 4 50 mg/L wrLDL =
ox-LDL ¥ 10% LPDS-DMEM % & 72 h &, 7n \’H #%
CHYRE B B8 2 mCi/L #4085 24 h, TR E 37 CH
PBS 7t 3 #, #% A\ JE B 8% i 4 3% 5 & (10% LPDS
DMEM, 50 mg/L. # 8 & & A iv, 0. 2% /N4 1 7E & &
B),24h EUEEFE, 1 000 /min 0 5 min, &
Ml B A, R T — 80°C, N3 5% R AT 5R B R
h. LT PBS %3 #, 7£ 0.1 mol/L NaOH 200 M.

FREFBEIAEBAE, AHRRBIBHRE
H i BCA RAREEEE, MAT1.2% Z4A LRI
RBEE, EOERM A BT, BE TE, AEK
BRR, AR BRI 2004 N 3 R R A 40 e LR A
HAEE. EEBEREE= ERABRKIARE(EL
T, cpm) [ FE IR KA TR E (cpm) + 47 LR AF
Y155 558 E (epm) | X 100% o
1.9 SitFaE

%k%u;is %o J Labworks & 1& 247 # 4t
*f Western blot ## RT-PCR & ZF # TR X EHE, £
# Western blot % & DL & & 1 #1711 &, RT-PCR
£ R UL H o & F/GAPDH B 48 %t & AR & B & &
HiE zRrMHEHBREAEHEEF Z45 4, 81 SPSS 11.0
AT T A

2 4R

2.1 REERZAXNIE B caveolir1 &
ez opAl)

VSMC £ 50 mg/L DL %% 96 h )5, caveolinr 1
T EFRIE B, 5 AR H L, AR
1 60.2% £3.9%, (P< 0.05) . Ti4HE = ox-LDL
A TR VSMC )5, caveolinr 1 R iE 2 T i, AR K BEAE
> 54.7% £5.8%( P< 0.05) « £ ox-LDL AL HE 1)
[F] I II AP 22 41 2% 40 Pmol/L , RE 52 % Bt
ox-LDL X} caveolinr 1 15 FI#IH4E H ( B 1A, Figure
1A) o caveolirr 1 mRNA RIEFIZ S EHREFMN
AH—2( 1B, Figure 1B) o

[

M 1 2 3 4

1. 1 LDL # oxLDL X VSMC 5 caveolir | ZRiERY RSN,
Figure 1.
sion in VSMC (n= 4). A: Western Blot; B: RT-PCR.  Lane M:
Molecular weight marker; Lane 1: Control; Lane 2: 50 mg/L mrLDL; Lane
3: 50 mg/L ox'LDL; Lane 4: 50 mg/L ox-LDL plus 40 Mmol/L. Probucol.

Effects of m LDL and ox LDL on caveolinr 1 expres

2.2 caveolir | & X B FH B I E g AL 4 A0 AE
Bt AL
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50 mg/L. DL 5 VSMC L5 & 96 h J&, 41 i
& By U %2y 81. 7% T4. 3% ; ox-LDL AL ¥ J5, H [#
B R R PR & 26. 8% £5. 1%, Ui ox-LDL /™ £
5 200 L P L ] I 3 502 Th BB . caveolinr 1 R S
AR AL 1) VIMC B 5 50 mg/L wLDL 207 F,
JIHE R RN 44. 4% T4, 2% , Bk & e LUE%
HERALHYN M N % T 45.3% £7.3% (P< 0.05), 1
caveolirr 1 1F S5 A% 1 R FH 4 S SEA% 1 R 340 %) 4
JIEL ] Pt HE G B R B2 (3R 1, Table 1) o

F 1. Caveolir 1 X [0 B 75 AL 40 A B [ 257 i 2R A0 52 0.

Table 1. Effects of caveolinr 1 antisense on cholesterol efflux of

VSMC ( n=5).
Groups Cholesterol
efflux rate (%)
50 mg/L rLDL 81.7%4.3
50 mg/L ox-LDL 26.8%5.1°
Caveolirr 1 antisence ODNs plus 50 mg/L DL 44. 414 2
Caveolir 1 sence ODNs plus 50 mg/L r LDL 79.8£8.2
Caveolirr 1 scrambled ODNs plus 50 mg/L DL 81.2%6.5

a: P< 0.05, compared with i LDL group.

2.3 Caveolirr 1 i3 F3A 3 I & =78 AL 4 At BB [ &z 52
= 0EA

VSMC £ 50 mg/L ox-LDL 43 96 h J5, 41 A IH
I P 2 B N N 00, AN PR P K B IR R R B
caveolinr 1 323 JFi 1 [ VSMC-Pelcav-1 4 fifl, £ AH [F]
1 o LDL Ab3 J5, 4H M N JIH [8 B 75 & 5 AR e
FHEL B2 Wk (P< 0. 05), 21 4 Jig 7 B ok, 32
NN caveolin 1 28 IA W] {2 1k 20 i P JIH ] B 4% 58, Jak
A P R B R AR . B Y Pel & TR VSMG
Pel) X 40 A A JIH ] 2 2 o B R 52 e (3R 2 A 2,
Table 2 and Figure 2) .

2. Caveolir | THREX VSMC EEEZ R EHISME.
Table 2.  Effects of caveolinr 1 overpression on cholesterol conr
tents of VSMC (n= 5).

Total cholesterol

oo (mg/g protein)
VSMC 42.5%4.7
VSMC treated with 50 mg/L ox-LDL 175.7£8.9°
Pck cav- 1 -VSMC treated with 50 mg/L oxLDL 88.613. 8"
PckVSMC treated with 50 mg/L ox-LDL 169.7%6.2

a: P< 0.05, compared with VSMC treated with 50 mg/L ox LDL group; b:
P< 0.01, compared with VSMC group.

2. YABMBBEIRZAEEEY Nile Red 8.

Figure 2. Intracellular lipid droplets stained by Nile Red ( 10
X 40). A: VSMC; B: VSMC treated with 50 mg/L oxLDL; C: Pck cav-
I-VSMC treated with 50 mg/L. oxLDL; D: PckVSMC treated with 50 mg/L
ox-LDL.

3 7ig

SIS R B, K LDL 5 veMC LA E 96 h )&,
caveolir 1 mRNA F1 85 (1 3R B 1 7t /&5, 41 B A & i
W £, caveolir1 = X A% H R A T 3 #01 1
VSMC AH[E EE7 L, U0 caveoline 1 S E A~ 5 1 iH [&
W 5 32 RO A 24 VSMLC IF ] P 47 R 2 ) 2
ML

SCHR[ 2, 10] #38, ox- LDL 07 1 2 . p JIE [ B f
i HH, 45040 4 AR IE S 1 ST LA, AT 5 2 gm B Y
I 2 [ RE A B AN REHE 3 B S AT SR AR T A P,
RASEIEERII AT R, {H ox-1DL 4515 41 f i
I B HE ML A — ELR AT 2% B, Han 251 3RE,
ox-LDL f&BH AN & 18 K 24k B iv( —Fh i % B g
B SZAAR) Rk, R I 0 i ' FH X &40 it AL ] et
HTEBH 52

AR R, FATTA B 50 mg/L oxLDL i 5
VSMC 96 h J5, fig i 2 41| caveolinr 1 1A, JH [l BZ iR
H 2 B T B, 40 MR [E 2 SR B, R E R
TR T M, 327 caveolinr 1 15 41 A IE 5] Fi 97
MU Z 4125 ox- LDL 15 5 “F 3 LR P V6 3 240 M 1)
TER. caveolin1 1 B 323K ) VSMC-PckCAV-1 4
25 F M F 2 1 ox-LDL AbEE, 41 i P JH [ B 5 2 3R
EEYuoH B SR80, A0 MO AR T TR R D L R AR N,
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BE— U, caveolinr 1 2 H: A 5t 1) 4 Ff IH [#] % 4% 2
AR 6T VSMC H [ 1~ 4457 1) B R 5 R 5 4 B A
H.

W58 R BB AL ) 3 % AT 25 BE B B0 BT ox
LDL %} caveolinr 1 & K4 E H . $27~8 ox-LDL
ARG 5T 1T RE A 2 caveolin 1 Rk [ 3 2 5
5, B ¢ ox- LDL 1l caveolin-1 R IE W IR EHLHIH
it — PR R

[ &% 3R]
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