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Abstract

Accumulation of excess cholesterol in the arterial wall is one of the
major factors in the development of atherosclerosis. Vascular endothelial
cells (ECs) interact continuously with low-density lipoprotein (LDL) but
do not unrestrictedly accumulate cholesterol which seen in vascular
smooth muscle cells and macrophages. Understanding the mechanism of
cholesterol efflux in ECs may shed light to prevent the atherosclerosis.
Caveolin-1 and ATP-binding cassette transporter A1 (ABCA1) are two
important proteins that intimately involved in cellular cholesterol
transport as well as cholesterol efflux in many cell types. Our previous
study showed that caveolin-1 colocalized and interacted with ABCA1 in
the aortic endothelial cells. However, the interactions between caveolin-1
and ABCA1 in the cholesterol efflux in aortic ECs are poorly understood.
This study indicated that overexpression of caveolin-1 in aortic ECs
up-regulated ABCA1 expression and enhanced cholesterol -efflux.
Suppression of caveolin-1 by siRNA decreased ABCA1 expression and
reduced cholesterol efflux. On the other hand, suppression of ABCAI1 by
siRNA do not affect caveolin-1 expression but led to the retention of
caveolin-1 in the Golgi apparatus, impaired caveolin-1 oligomerization,
and  inhibited the  caveolin-1-mediated  cholesterol  efflux.
Immunoprecipitation assays revealed a molecular interaction between
caveolin-1 and ABCA1 in the plasma membrane and in the cytoplasm
after HDL incubation. ABCA1 protein and caveolin-1 protein were
purified by anti-flag agarose and Ni-NTA affinity column from
pABCAl-flag transfected cells and phCav-1-myc-His transfected cells
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respectively. Pull down assay demonstrated the interaction between
caveolin-l and ABCA1 was a direct interaction. Immunoelectron
microscopy demonstrated that caveolin-1 colocalized with ABCA1 in the
caveolae and in the cytoplasm vesicles; the caveolin-1 and ABCATI also
colocalized with cellular cholesterol by immunofluorescence microscopy.
Blocking of intracellular lipid transport by inhibitors: progesterone,
brefeldin A and monensin, disrupted the interaction between caveolin-1
and ABCAI1 and reduced the translocation of cholesterol to HDL. These
results suggest that the molecular interaction between caveolin-1 and
ABCA1 is associated with the HDL-mediated cholesterol efflux in aortic
ECs. Immunoblotting assay and immunofluorescence microscopy
demonstrated that HDL, but not apoAl or BSA, up-regulated ABCA1
expression, induced caveolin-1 oligomerization, and promote its Golgi
exit, thereby enhancing cholesterol efflux. These HDL-induced events,
however, were inhibited by down-regulated of ABCA1. Taken together,
we conclude that ABCA1 modulates the oligomerization and Golgi exit

of caveolin-1 during HDL-mediated cholesterol efflux in aortic ECs.
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w5k B9 5% B 5 (coronary artery disease)frds fRAL - B A AER

R AL E T2 - > A Y FIRE R L S e Ry

—*

v FepeE a2 78 4L 44K (Assmann et al, 1999; Kannel et al.,
1985)c s it ¥ 54 3% 5 A Rn Fo B RAE LI I RFTA S
¥ (1) 8 %A% 30 F (high density lipoprotein » HDL) ~ (2) % & *5
#9 B (low density lipoprotein > LDL)~(3) & % & #3 39 F (very low
density lipoprotein » VLDL) % (4) 5/ i (chylomicron) (%% — ) o #& i<
DR g Rd FE RO OPe A & = 4 W %y (triglyceride) 0 @ i
BRMMFY FERFHR S BY FoPie < 3 A2 AR (cholesteryl
ester) & = o P oo ¢ g ¢ f F 'L B AE (cholesterol) 2 & Fq BT
(phospholipid) © % »* 2. *F > % & g v et 25 apoB {7g F-v
¥ (apolipoprotein B) » & % & %5 3=v F ¢t A 2 5 apoAl %3 d-v
(apolipoprotein AI)% apoAll §* 3 3-¥ & (apolipoprotein All) » H $f 7,
o Fowmn B3 v FE R end d (Tall, 1998) & ¥ T 1&

SR SR RN Y AT LN BN LTS

d

' M B R EmE &G ’”g IfH P EARRR AR Y T
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SRR RS MR T2 I RAR Y T AR

& o (1) miphpe (lipase) K f2= pa+ 7 "5 2 B (2) feA## 5 (acyl
transferase) #-*£ ¥ it fig {* = "L B R fig 5 (3) 7 b ehPq WA v T i
o FREEEEME S YW~ 2 B 5 (4) Pa ey Ffed dere
SR RS R B T (5) BB g SRR e B 4
BEPERTA I FERBZA IS Tz &0 i3 < RH0
AR R BRA P F ARG R R TR

W m BB R R g R0 Bk R = F vt (Assmann et al., 1999; Johansson
etal., 1991; Kannel et al., 1985) » i&fr® % & %5 v B & KB R g o F

RPN A T M CHA-) e

£ AT 125 o T 4

¥ eEe e B BEE B 5 - K p A lwPe (endothelium) 4 fg 7 #
R B BEE IR R E g o A e T B ALK (basement
membrane) > 1 & & d ¥R -9 F (collagen) ~ 24 & F¢ F (laminin)
% F-v H % pE (proteoglycan)e = (Stanley etal., 1982) # T Bl % d
F0 B B9 B 5 pEZ P A (elastic fiber)E RoRE A e A LT K

% (subendothelial space) » 1/ F B4 5 & B PP 9 (intima)?s = 5 ¢
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(media)F® =R d 5 K T sz (smooth muscle cells)® 8% 4 & &
APEF| M 0 % b (adventitia) Bl d s fe ¢F JLFT (extracellular matrix)
2 G a® e (fibroblasts)#rie = o & § Bk g p 4 e X D
M S AR B MR R R TP L e T R AR
REY tmPe Py 4e @ fis (lipoxygenase)% H #1& 4 chp d L (free radical)
ATy ity iU iR R Fq 39 F (oxidized-LDL) (Niki, 2004) > ¥ 1 fi i<
PR g d-d HE Tl A wre & IS A+ (adhesion molecules) 0 i 1
% ® H Ik (monocyte)'t ¥ e A wmeiEm B A p A e T R

i

I it = Eegim?e (macrophage) > E Mm% € ;ﬁg H 4 % &1 scavenger
receptor & i F Y AL MR R g v B XA S PEFAR X MR R A e
e oo A= e R ime (foam cells) ("Bl - A) e klnfe € frig 2 p AT

R T = Pz iv% i2m A d— £ X &+ (inflammatory molecules)

SR FE o R s F P K AT e d Al R A A LB

G

BIpAme T REAAS TR e T MR R
I FagAjekmie (fHl- B)e Ad A2 il d Eeilwie ~ TR

PimPz R X R PEFR R 4TS R i 0 B - R ﬁﬁ%]

f2f%% (matrixmetallopeptidase » MMP) 7 ¥ ¢ & sfi % & 2 > o PFo /R P
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el

# 2k Be i s 2 (thrombosis) 3|5 < %

&% ¥® kb (Glass and Witztum, 2001) (*¢ B - C) -

B R ARG B [ A T

i EEchm e RO S PPERR - B ARG A RERA e

£ J 7] (Glass and Witztum, 2001) > F]t ¥ ;ﬁd B s g Y B S
R FI R KR AL 1 A o M 2 ) % G re € 4 & apoAl 7y
v ’}"T ) %%‘cj BTt & e R & BT q%‘rg % 2 A 23 HDL #253% »
iz % pre-B-HDL » - F L S fc { 7 "R € ¥+ % 7 "EFfE
pre-HDL - pre-HDL  er*E BIpg i Je ¥ en- 8734 © “Ppia "EFIG
i AL 4% 45 f¥ (lethicin:cholesterol acyl transferase » LCAT)fiz i % =8 7 "2 ¥
fifia b7 % 3 HDL, » s % ¢ pre-B-HDL 2 HDL, ¥ #-i § Aim e ¥
S E EER A D X w oA i S RRL (R i BB AR L L AR
& 1% (reverse cholesterol transport) (Fielding and Fielding, 1995a; Tall,
1998) (4 W= ) - % pre-p-HDL 2 HDL, =4z n ¢ fn 5 &P F AR {2
€ w3 “Ff: ¢ T fE S VRIE RS E D OFEANSe  — 2 VAL
* AR e e SR-Bl &% B#-HDL, ¥ ("2 FfgfigiX I " Fme P > e

BRAET I AL AR e o B IT Y LG E RS T (selective
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cholesterol uptake) (Reaven et al., 1996) ¥ — & = ;% Q| 8 1 * & ¥ fE fiq 4
it 39 & (Cholesteryl Ester Transfer Protein, CETP)#-8 % & %5 3¢ F !

AR PR BE R MR R R TR RER AR L R
g M B ARG kv % B (LDL receptor)™ 4T M % & #q J-v 1 ~ &%
BRPqd-d o LS DR R 4k S PR S (Fielding and
Fielding, 1995a; Tall, 1998) » ¢t ¢t » HDL, ¢ A 3% 3% %, 35 A5 (hepatic
lipase)#-H 1+ = feHf b "o Kk fEdm g+ HDL; & ® Fla i @ s "% 7
frendgd 1 0% (Bl ) p mF s 2 /g%% AR RO e TR T
4] (Guendouzi et al., 1998; Herz et al., 1988) » & & % /& 5 v ' 4v
PR g dnte FARRERER A Jh 5L vk 5 (Chao et al, 2003;

Jietal, 1997) > @ :Z 3L 4 fp ot X oli B A = i £ Jg & &  (Francis

and Perry, 1999) -

AR i ¥ it preriE i )

ARG A S E R AL > 2§ F AR FIRE R
ﬁftﬁ EF}%" Nq//“r}mpﬁqﬁgfﬁd 4 P\?-m"’qﬁ»w ?ﬁx—_.ﬂ'—n v @33 (‘ﬁ'
=) » G§d 2 ke hmre? FE T frmie? RO £

(Maxfield and Wustner, 2002)  ‘m? p P F A5 5 & B kik > % - KR E
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fmre gt 3-9 355 - A AR AR R (3-hydroxy-3-
methyl-glutaryl-CoA reductase » HMG-CoA reductase)d #q "%k p (7 & = »
F- B RRpED KB RFY FEr CFBIZ) c MB AR T ¢
Sl B BATALT N 2 AT 2 2 w2 ¢ (Brown and Goldstein,
1976) > X is &2 % f= 48 (lysosome) (¥ % (& > P& F A% g4k A f3 = = & F % >
L 70 % SEER 6D et 0@ 30 % MEE RN R
feo—L N FRFAERMBE S > B ESD A EABIEARS
(acyl-CoA : cholesterol acyltransferase » ACAT)#& it 25 = "&£ B fig fig - 14
FA I RET o e p PEFER a7 £ % ] SREBP (sterol regulatory element
binding protein) ~ SCAP (SREBP cleavage activating protein) % insig-1 #-v
B dy &2 B i Fostp et g o p LR A L > SCAP
¢ fr insig-1 Bﬁ‘% % & - 42> 2 b SCAP/SREBP 4f & #8445 » p B
R )R A A E R o e N PRRRRE S P insig-] #-E2 E e
SCAP % & > F]u* SCAP/SREBP 4f &80 ¢ # A8 A% » o8 A8
SREBP ¢4t SIP % S2P %-v Fis*»3lm #: N =57 3 bHLH (basic
helix-loop-helix)# ic % i& » P % » & fip ¢ 71t LDL &% £ % HMG
CoABRpr T4 - > VEX{ 7 LDL 2w p > ¥ - > 5 ¥

pTe = $EEME i Liwie p L FAR 2 £ (Osborne, 2001; Yang
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ctal, 2002) "Wz ) > @ § wie N PEEERE J P o BT HEd SEE & D
FRNED A B we et D (1) AT N D F e )RR E R
< atimie HER PR e § AR R SRS IR o
BN AT e s (e HiF %] rei 22 £ 5 (2) 3 5 v)lj;k;}ﬁ mrE
B 7 %’ﬁf d ABCA1l (ATP-binding cassette transporter Al) - ABCGI
(ATP-binding cassette transporter G1) ~ SR-BI (scavenger receptor BI) -
caveolin-1 ¥ F-v F & 2 4vif wre £ F Az 8 1) (Yancey et al., 2003)- iz
B30 B E R AR g kv F -~ pre-p-HDL ~ apoAl ;‘ P dev BE e poen
T R A Y A R B ABL S %A % 3
7~ pre-B-HDL 2 apoAl §%7%q F=v B & w "F5i 4 = "Epe i . o H ¢
caveolin-1 € H#-lmre p P& B fE3E X Flmre B+ 1A — fown Fafi %
caveolae eniz 4 (Smart et al., 1996) ("B =) » % 7 & F [ e caveolae t
£% % %A 30 Fode B (Fielding and Fielding, 2001)> % & "3 3

2003; Oram et al., 1983) » F]pt 3% 5 caveolae w2 "2 F 1 ohd &

RalN
it

LTI R B > LR fORER Y w AR E S (Chao et al,

v (Fielding and Fielding, 1995b)  apoAl §* #3 &+ # £ pre-B-HDL R4
W5 7 fecaveolac t {42 F Az ## 41 (Mendez et al., 2001) > iz pt 7R 48

/,,4..%/}
#OE W °
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Caveolae 2 %lf_

1953 & »George Palade 7 =t 3 M e ik L i 2 0§ L b2
thimie 9ot 5 — & | R R W RS 0 § P& ¢ & plasmalemmal
vesicles (Palade, 1953) < & & {& » Yamada #-H & % & Caveolae » & 4p '
et ehv] F o} (Yamada, 1955) - Caveolae 2 /5 %) 50-100 nm > 5
7 "2 F|f% > ¥ WAy (sphingomyelin)frif fEfq (glycosphingolipids) > * %
%3 o 5 A —triton X-100 ¥ (Anderson, 1998) - Caveolae -~ £
TR L e s Fpipimie s p TR vimie ~ & L e s R e
foit b L twPe (Smart et al., 1999)- - %0 3 I caveolae 4 e b A Jm¥e ¥
it {7 i %2 4 i *  (transcytosis) (Fielding and Fielding, 2000; Palade,
1953) > @ 2 {8 w2 3 { % IR caveolae 73 & @ vf ~ s idrd] ~ #F L F R
% mie N PERIER N T R i dp § £ & 94 ¢ (Fielding and Fielding,

2000; Frank et al., 2001; Galbiati et al., 2001) °

Caveolin §-v F 2%

Caveolae =3 ’a‘g‘%ﬁ}é F—Caveolin 3¢ FH - A+ & 21~24

kDa e%-3-v & (Anderson, 1998; Fra et al., 1995) o Caveolin & ] 2% P
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B = B > caveolin-1 (Glenney and Soppet, 1992) ~ caveolin-2
(Scherer et al., 1996)% caveolin-3 (Tang et al., 1996) - = #& caveolin 3-v
FaFlitpinady T > Lirs B2 e ? o Caveolin-1
Z caveolin-2 73 B3t A dmre ~ T stimir ~ GRER ol B Fp ik n b
(Scherer et al., 1997) = @ caveolin-3 ¥ 5 A3t 9vp ‘m#2 ¢ (Galbiati et al.,
2001) - 2 #X caveolin-1 &_caveolae I‘:é.;f#v’ HHEE A G o B AR 7 At
fn¥e Wi caveolae P oo - efeiig P4 w2 P oo caveolin-l € BB &
g ? (Lietal,2001) @ fi— &b o iadop o dimee @ > F IR T O
Tt LB T (secretory pathway)iE#2¢ - F i € 225 oo BT - AiX T

wrz *t (Liuetal., 1999) -

Caveolin-1 3¢ & %—ﬁ_

Caveolin-1 3¢ 7 7 178 B =z f& (Fujimoto et al,, 2000) » # N
BB CHEP e TP o ¢ FE 102 7] 134 Brefp i ekt €4
= % & %4 (hairpin structure)$® » B-ph > I K- caveolin-1 F-v T4 5 &
i 7z B % (Fielding and Fielding, 2000) (*f@lI ) e 3 B BEpH L
B (1) aAS? SAIL DM d 0 % B8 N e C =3 il

# Bl 7 I caveolin-1 (Dietzen et al., 1995; Monier et al., 1995) ; (2)
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caveolin-1 7 st Ak sm¥2 £ & 2 $ Z {3z WP H 13 %2 ¢k % (Sargiacomo
et al., 1995; Sargiacomo et al., 1993) ; (3) caveolin-1 s N =5+ 113 4 Bk
oCHT gL P @ gL g e ) B4 (Glenney and Zokas,
1989; Li etal., 1996) « & N 284 > § & B $5Hfe iided & (v 7 ¢
# i ¥ (domain) @ — B EATRITF W FH % 61-101 "RARA A > 5
caveolin-1 & ¥ _i* # it % (oligomerization domain) >  &_caveolin-1 H 4§
2 [P 4p 3 1% A5 F B 3% = (Sargiacomo et al., 1995) o A B4 o
Caveolin-1 F-v B € % % & B ™t # o % @2 =k h AW
(homodimer) » ¥| 7 B A <48 > iz F R € f]* caveolin-1 <7 C z44p 3

Effa g4

\ |
\\
X
b
.
4
=
4
NN
5
=
pris
=
i

2 &755% (Songetal., 1997)cF
% B A8 (homooligomers) » caveolin-1 & SiF & R it {6 4 s B 3 K<
8 (Machleidt et al., 2000; Parton and Simons, 2007; Ren et al., 2004) ¥ &
i E T w2 (Tagawaetal, 2005) > 2 3 R Hdp iz B R 6§
8425 & caveolae %4 (Sargiacomo et al., 1995) (Bl ) ¥ - B £ & 4%
E R A R p ey 82-101 B R A AL > fL 5 caveolin-1 &+ 2
% (Bl 1) (scaffolding domain) > v ¥_caveolin-1 £ fwm¥e p H 5 i3 L4
+4p 3 ¥% (7% % (Couetetal, 1997) > ¥ ¢ #-caveolin-1 F-v F FH T i

wre s b (Arbuzova et al., 2000; Schlegel and Lisanti, 2000) o & 3T { % 3R
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caveolin-1 F-v B <% 66-70 B =ik » A 5 signature domain > i& 1
BE IS REAA AN D caveolin-l A F P B ih% B (Tang et al,

1997) > 2 i i B # i % § $# 3% caveolin-1 7F F & e -

Caveolae ~ caveolin-1 £7 tm % p & T A ef# o

Caveolae M % 7 "2 7 » & Fielding & X 573 ¢ RG4S
VETIAE 2 B mre 2 F R R g v (T {8 caveolae  GVEFEE 2
¢ P &g'% i1 (Fielding and Fielding, 1995a) » ]t dah % % & g v F

§ %3 caveolac kA & lme P MEFE D c AFHRFT I LA ¥ R L
CEPEIE I3 s s R ap Lwie? 3 %R %39 T caveolin-1
LAY B RA R0 H € fcaveolae P IEH o prb s NIMEEAR LS £
pA JnPe € 3 4 caveolin-1 3¢ B ch4 3 (Chao et al., 2003)° ¥ “F > Smart
e Fu ¥ £ & %|# 5 caveolin-1 i& » L1210-JF 2 HepG2 ‘m?s $k > 5% % €
W 4 dmie pATA PR FARIE X P e % F (Fu et al., 2004; Smart et al.,
1996) » m Arakawa % 4 3 B¥r4] 7 THP-1 iw% ke caveolin-1 % LR
¢ Pri| " FEE 1 (Arakawa et al., 2000) 0 & #8534 caveolin-1 $+§2 5 "E ¥
ROy v A kR k5% (Fuetal, 2004) » &4- Frank % 4 3

e NIH-3T3 ¥z $k0 caveolin-1 ¢ 3 e P2 F Az ) (Frank et al.,
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2001) > Matveev ~ Wang f= Frank % A P[4 3L#& 78 caveolin-1 & J774 -
RAW-HEK-293T~FRT ‘m%s tk "2 i $ 412 3 £ 3 (Frank et al., 2002;
Matveev et al., 2001; Wang et al., 2004) izt 7 & P S S % > 7 it 47
5 ¥ caveolin-1 & » 2 fE7% F wme fR1S 3 - fiJF’K ¢ JTeta5 = caveolae
%1 (Fuetal, 2004) - Caveolin-1 8278 &_caveolae e & B %o F -
e 3FEiE Z & heat shock protein (Uittenbogaard et al., 1998)z¢ &_
caveolin-2 17§ 24 (Gargalovic and Dory, 2003)» 4 it 2} = caveolae % 1 °
fmPz kN 4 M caveolin-1 i ¥ & £ (%> (Engelman et al., 1997) » ¥
B4A5 3 caveolae shH s F]F Fap» 22 0 1 €3 P HE AR FFTHRER o
FER P A e B p RO R BT BB S iR o p L i R
G Fremie 2 Evgimie ¢ BV SOT P E B M R A e R mbe v il
BIP L mre T oa B sk F R N4 (O'Connell et al,
2004) 0 & BB G PR A R R DEFIRP L e RIF3

caveolin-1 ¥+ B fg 8 11 g 58 o

SR-BI -5 2 & g} choff &

7 A m e SRR N X4 3 b (Rothblat GH, 1986) » %%

FRALFRET: we L3 7 B E S SR-Bl k-9 & (Ji et al., 1997; Jian
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etal, 1998) > @ & COS-7 ‘m*& ® 7 SR-BI {5 > €43 B R0
A aE RS > {%%F T OSR-BI it FIEEREERD DA
(Kellner-Weibel et al., 2000) % e F AR R 0 ¢ SR-BIiBAR 38 IR € 3 4¢
SATE BAR g Ee Y PERR &~ COSTNTT4RAW % lmie b (de
la Llera-Moya Margarita, 2001; Yancey et al., 2000) - F]}* » SR-BI £ - &
it i P e B E g hRd Foom P EE S e QA T mre p
bk B £ #7142 (de la Llera-Moya Margarita, 2001; Yancey et al.,
2000) e SR-BI At 3% & L% B K& g 30 B e B > ¥ 8B So T e e T
B bl i i B R s by 2 BOREM A2
Y (Peng, 2004) - 3 #7 % 4p 1 SR-BI & # = caveolae P} (Babitt et al.,
1997) » e Briand % * 3 3, SR-BI # % & { caveolae p EJ'UDB!: TR R A
o -0 B SR ER fn (Briand etal., 2003) © ®* Wang ¥ 4 4 3R caveolin-1
i RE A B SR-BI #r3 ip e ) 2 YR EIE iy % je (Wang

etal., 2003) -

ABC transporter 7% ¢ 57 ABCA1 2 ABCGI1 3% §

V- e H g adp b 39 F 5 ABC -9 ' ABC transporter

FEe 77 50 B iy 0% W d-v B (Dean et al., 2001) > v i E_-
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FE Al ATP thiy E M- & H & o 3% 7 3 wmre Wenjdo i
(Young and Fielding, 1999) » &]4r# IR & 3%5% + 9 ABCB4 F-v 7 fui
s (flippase) izt a0 » € H#-lw e WO i) HpEL R PE B 5 3% 5 do v W00 ) o
B fs #-H D ) "e ¢ (Ruetz and Gros, 1994) ; "Fim%% 2 | % ‘mie 7 ;‘%’
d ABCGS5/8 ¥ i@ " Hpe 174+ ¢ (Lee et al., 2001) 5 % &5+
S B %50 ABCBI RIT 38 1135 fL 8 # (Ling, 1997) @ B T4 5L
ABCAI1 2 ABCG1 B reFEfs 5842 74P 4 £ & 04 ¢ (Smith,

2006; Yancey et al., 2003)

ABCA1 ¢ sm ¥z crPk BB #F 3%

ABCA1 % #1994 & 324% Luciani & 4 2_F% 1! % (Luciani et al., 1994)
HF0 FArd+25220kDa>3 12 BFWE 3 Bt %2 B
ATP % & % (Oram, 2002a) ("4 Bl = ) - ABCAI 39 H £ R i ? fhimbe
PR N - N TN H;‘]Uz Erpmie g e xmie? A E & %
(Langmann et al., 1999; Lawn et al., 2001; Wellington et al., 2002) - ABCAI
Bende FAER FABAIAE FX L4 (Liver X receptor)frif il

At X % 8 (Retinoid X receptor)i & 3] ABCAL # Flerpromoter + # H b
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i £ 3% 3 ABCAL g 4% (Costet et al., 2000; Schwartz et al., 2000) -
ApoAl 475 3-v % & ABCAL ¥ AR ABCAL & 3+ » [ 1k ¥ %%
f% (Arakawa and Yokoyama, 2002) - ABCA1 £ F] =% 4 ¥4 & §8 ¢
(Luciani et al., 1994) > 4% 4 R ¥ 2 > ML ¢ WEHL LB A R
Tangier disease (Bodzioch et al., 1999; Brooks-Wilson et al., 1999; Lawn et
al., 1999; Rust et al., 1999) - éﬁéﬁﬁ A& Lﬁﬁx{&i’* apoAl ;“ e S
BWEEALN > Limie @2 MPERRZ gL T d R ABCAL # X%

apoAl 475 31 4 £l ¥ F %A b0 F o ik ¥ apoAl §£% 3 F

Ik

g FRE- 0 A R % HDL " i 4o Y h LDL
FRBERS M RATE B P MR T S R R R
A BOPERERA 0 T 3 5 A4 # %A ¢ (Oram, 2002b; Young and
Fielding, 1999) = s e 3 @ 7 F ABCAL & apoAl % v 3
#F e+ (Lawn et al, 1999; Wang et al., 2000) > @ apoAl §* %5 &v
B s ABCAL # > ¢ @iE 7% h @ 514 & f6 ABCAL #7342 o9
TR YR T o ¥ - B S F_ABCAL § %8 % A SN e R T
F B dwre 3% X5 apoAl 4R Fev FA S R B AR P 39 F (Orso et al,
2000) ¥ — B& /2 2_apoAl §%3 35 J & & & ABCAI 14— 425d p % 4

£# ;27| late endosome Sjc Kk p B AR PPEF R L S F P R AT
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ow Pl A AR R R R Fp b9 B % w 3FH (Neufeld et al, 2001;

Neufeld et al., 2004) -

ABCGI ¢ "2 Hfg *F 3%

2001 # > Klucken % 4 4 3. ABC transporter #2015 — = B
ABCG1 Fv > &3 %A g ho Foradipa 2 Ha# N5 B (Klucken
et al., 2000; Smith, 2006) o #-E v m?z 4k & "2 F % ¢ 3 4r ABCGI 4
o3 "$ PR R € ° ABCGI 04 3 (Klucken et al., 2000) < 3+ X =
8 (Liver X receptor) ¢ :# ABCG1 j&_m¥e p c52%e BAS & 3| dmve 5t b Rk F
B PE BIAR 18 ¥ (Wang et al., 2000) » @ #1787 3 3% IR ABCG1 7 ¢ &%
EERRSE R AT EY T2 g% apoAl §¥%; 3¢ 7 (Vaughan and
Oram, 2005; Wang et al., 2004; Wang et al., 2006) > m # ABCG1 7 "f B A%
SF e gt EEme A S o A <~ £ 4R ABCGL R ¢
RO EEmE ) g i e g s BY DR HAEY FIE
(Kennedy et al., 2005) > 48] ABCG1 1 & 2 it* A Ergfwre ? (Gelissen

et al., 2006) °
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Caveolin-1 ¥ ABCA1 "2 FH a8 g r o i

4oan #rit > %2 ¢ 1% caveolin-1 ~ SR-BI ~ ABCG1 ~ ABCAI * 4
Thv FHPEERG > A LB e Fr2AE T A L 5 4p
PE kA EERE N o Chen % AR EAF e ? SR-BI § #r4l
ABCAl #t# # "2 FH 4 (Chen et al, 2000) ; Gelissen ¥ A 3 IR
ABCALl £ ABCGI1 ¢ - F et CHO ‘w’z "2 F s 8 11 (Gelissen et al.,
2006) ; Wang % * 4 3L caveolin-1 # ¥+ SR-BI #7334 #7 " FHfg §§ 1102

F5 (Wang etal., 2003) F]p* 7 fo 4 2 Fv F R $OEFEBE D

IR EAA et HR AN E L AT 0 2 P S g M caveolin-1
% ABCAL BrPRFIfg FE pqp b cnos prpr2bq & o 83 5 77 3 8 475318
ABCAl &_% % caveolae . H‘#P\ HILiT* > Mendez & £ % I ABCAL
IR AW e P T3 triton-X100 9384 (triton-X100 soluble) » e
caveolin-1 % caveolae R'|H_&st triton-X100 # ¥ ;3 2% 4 (triton-X100
insoluble) (Mendez et al., 2001) ; Gargalovic ¥ * R[] * R ¥E+- R A2 B &

oo L ABCAL 27 caveolae 73 &>t 7 F e fraction @ #3252 ABCA1 %

% caveolae * (Gargalovic and Dory, 2003) ; e $. 3T Storey % A i #* 2L 7
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o %A A HEx  (detergent-free isolation)4rpz 3] ABCALl i & 3 A3

I

N

caveolac ¥ (Storey et al., 2007) > ¢zt :RAL & & T 0 ° 4o B3k
M B % e @y - Arakawa X F I § H 3wz * PMA
(Phorbol Myristate Acetate) {|jp % = E v %8 F¥ > caveolin-1 F-v £
ABCAl 3¢ H# & € - [+ 3 4 (Arakawa et al., 2000) - ¥ *} > Frank
A BRI A& caveolin-1 7| "/Tt Rehimie ¥ > ABCAL thi RE € 55

(Frank et al., 2006) > Hiip| = @ 30 B2 B ¥ i € 5 40858 - 2000 £ pF -

Orso % A I & ABCAL 7| ",érf 12 Tangier disease Ji * e 'a* tm¥e
¢ o BEFR € 3 4o caveolin-1 % caveolin-2 mRNA v 3R > ©E 7 ¢

% caveolin-1 % caveolin-2 chj-v H £ T > @ 5 A&FSE KX caveolin-1
% caveolin-2 3-v B3 2> A AZR TP B ANHMBEI wmre il
+ oo 42pF i ABCAL # caveolin-1 j€ B A8 < 88 & 1% 79 7 3| w72 5oen g
FiEARY BFE R 4 ¢ (Orso et al., 2000) ; Zha % A % I & " F) % 13
217> ABCAL ¢ 124 non-lipid raft -] #2 & 2 3 caveolin-1 7 lipid raft rich
R f B AN REE D fmre b (Zhaetal., 2003) 0 F]pt 42 iR ABCAL
F-0 BF A € P ¥2 caveolin-l Fv B mie p i o AR BT AW )

* £ e &M cg IR caveolin-1 ~ B B AR Fg d-v T &2 ABCAL 5 £ B A

e

A5 @ 2 A * gk Uk A I caveolin-1 ~ ABCAL ¥ % % & 75 -
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9 FZF WG k0 PRI E* (Chaoetal,2005) > iEdt 77 3 40877 )

caveolin-1 22 ABCAl ¥—v H /&3 B>l iz e RF L 9% A%

@ -
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P -

Caveolin-1 3¢ F ¢+ Résip 4 we @ e FE P4 Pl F

Caveolin-1 3¢ Fiarm B EEHEHF N - 2 357 £3& (Fu et al,
2004)> P iE2 T T K S F iRy R T AL AT AN R 4
Rk e § PR o @ kBRI o L noe B RS
- K BFR o §FFE L R g Ry TR 0 i) 2 AR
LS LA T ek IR Al R RS T R gl S R A i S
ek imie o JRpI ) L e T oA B FoR R F R D 484) (O'Connell et
al., 2004) » FJpt AR 40 N R B R PR L me F AT L AL o A
lipofectamine # 78 7 caveolin-1 cDNA H € 2 F §—pCav-cDNA & A Jm
211 % § % IRk caveolin-1 3¢ B - ¥ - > & #78 caveolin-1 siRNA i&p
A fwre Frd] caveolin-1 ch# I #-3 w2 32 & [ H|HE 2 B g 2
Eid o R R BRAEN Y i PHPEARBE O xR £ 8

e JBR fE caveolin-1 A p A fwve P HPEFE R D R A o

P A=

Caveolin-1 3-v ”é‘r £ caveolae ,.:%v}#ﬂﬁ > e
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Caveolae £ % % & "5 3¢ FHA L "2FME A N o€ & 54 (Fielding
and Fielding, 2000) » fe & 3 47 %45 icaveolin-1¢74& 7 — e § oo a) =

caveolae (Fuetal., 2004) e 2 P-4 % 75 8T F e s+ £ 4

&

caveolin-1##: #% | & 'mPz ¥ % }rd| e enim?e ¥ caveolaes 7 & » MU B f#

Bd Pk h R me @ caveolin-1:0% I E_E Hcaveolae FH7) % 5 M o

Caveolin-1$fABCA1 mRNA 2 3¢ ' % R

B 7 #Fitcaveolin-1 £_F € A - ABCAlendk I > 2P| » 2 7 &
RT-PCR %2 & = 2L % ;2 4 & %] & 37 & * & % TLcaveolin-1 2 "% 4 % I

caveolin-1:738 *% p A ‘w2 ¥ » ABCA1¢PmRNAZ% 3-¢ H L ME o

P

Caveolin-1#731 #7 "4 FI i 8 1 B £ P ABCA1 A T A B 25

22
5

—"”FI R enhd %

e B b o caveolinl o b bt A ABCAL SRNAZ 03]

>
o
A
-
|

2 7 ¥ I e $rdlcaveolin-1#738 7 c%E B s 8 1) B 4T 0 1L BR

B0 F AR R AR R LA B
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p

&

-
a

a8 d pF > caveolin-122 ABCA1 & % ¥ ehk iF |

w g

A LR F RS LAT T HMRER T ARAIEE BA

o F 2 TP B AR O PF > caveolin-1 30 T2 ABCAL 30 B feimie @

AR Rd PRI (ER

P

K 3tcaveolin-12 ABCA1% X Fended FE L iv% B %

AR

A0 L @ 3 Rocaveolin-1 2 ABCALA ¥ B § F-9 TR 23 iE*
(Chao et al., 2005) » At F ? > #ig—- H % L F E o L Blme o
B e R 2 e FTIR (Wuetal, 2004) £ 4 %) * f 5 TRGE
Plcaveolin-122 ABCAL1 & v B < 3 i¥* » 1By fZcaveolin-12 ABCAI

2 Behdee I g4 A A wme Y o V- g o M

Fl* M E Mg AL It Dcaveolin-122 ABCAL v 5 > £ 41 * pull downip]

WS 5 LT L IREE
p -
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#F itcaveolin-1#2 ABCA12 FFéhg-v 2 3 5% ¢ " F i 1G4 Y oF

o Rzl N

Bt 3R ¢ o A * — fE el caveolin-1 973 ¥ VE B A% 3E X chdr ]
| . progesterone (Fu et al., 2004) » 2 = #& ¢ #r4|ABCA1*7 § # "2 ¥ % §#
41 erdr | A brefeldin A ~monensin % glyburide (Neufeld et al., 2001; Oram,
2002a) > 2 T A e o B OELZGTE e # AT € B Fcaveolin-14

ABCAl 39 F R en2 3 %% 2 8 wmre " F s §8 1) o

#Fit3ri] ABCAL # ¥ caveolin-1 2 A2 & i H L HE R I TP

Orso % 4 3 & ABCAL 7] "ﬁ% K2 F 35 R% ABCAl ¢ Tangier
disease Ji ¢ chg A WPz ¢ o 450§ B ¥ # i 0 ABCAL - § i@
caveolin-1 &g & B A N4 > ¥ ¥ R0 e N PEFERGE B AL N 88 1§ iE T

fmre - b oo daip] ABCAL ¥ iv #.- 48 caveolin-1 p % 2 < 18 X 3| ¥z

Wi AR Y 2 F 4k ch3-d B (Orso et al., 2000) o B T BRFE LT oA o
i) * ABCAL siRNA 2 $r4] ABCAl th& 0 » L R EF ¢
caveolin-1 e L& Amieha 23 2 RHEBOE D - 2 DL EF

R ?-\’rﬁ—,i.gg};j 'Pﬁ’ » apoAl f"«’% v ’%ﬁ’bt’ ABCA1 7 {%5 38
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& 1+ (Lawn et al., 1999; Wang et al., 2000) » i ¥ 12 {15 ABCAL #7337
9% Ffs 4 4115 % (Young and Fielding, 1999) » #]p #¢ i - 75 ABCAI
SIRNA sk L % AJZF % & % 39 T2 apoAl F-d J7 - £ A 7% i

ABCA1 eh# iS40 & e P F e 38 1) el 58 o

Pt

€31 ABCA1 ¥} caveolin-1 & X it el 5K

dofe @ it Orso & A 3 342 0 & F # it ABCAIL enim?2 # scaveolin-1
g€ g B A4 (Orsoetal, 2000): ¥ - > & > Zha ¥ A R "2
i 8 P o ABCAL € §T24# 5v 7 3 caveolin-1 7 lipid raft & & &8 2 <
BIF ¥ F a2 % (Zha et al, 2003) » F] 2 #8 ABCAL 7 it 7 2§ 4
caveolin-1 j¥ 8 A < & ¥ Fllw?e 5} o @ caveolin-1 F-—v 2 f SiE %
Filv A B 3 ANHmn 2 28 7w %+ (Machleidt et al., 2000;
Parton and Simons, 2007; Ren et al., 2004; Tagawa et al., 2005) » F]p* 24 i
J278] ABCAL # 5% %%f d 2 47 caveolin-1 v 0% K i 4 § 24 caveolin-1
PERANHFEI it > LI RENBR - S d D ERE

= 1P it 7 ABCAL siRNA sp g 'w%2 ¢ oligomer-caveolin-1 &2 IR

Il

» LB R0 ABCAL 4 34t caveolin-1 B R i en@ o ¥ - 3 5 >
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PR+

# it ABCAI ~ caveolin-1 > i
in-1-caveolin-1 £ i & 38 % & "5 3¢ F ¥ apoAl

EAREIE B W 8 s 353 12 A 2 Rk

ENNCETIN W B
(RS V% LN S RERE I D L E T U apoAIi‘l’?a 0 7R
PERF(S~ 153060180 ~45) > £ f1%* & > 255 ;2 L% ABCAL v
T S f% v
B~ caveoln-1 F~v & ~ oligomer-caveolin-1 F~v & &7 fr chpF F 4 R
! P % I

t”f’]gﬁ!/L ‘\r’ Ve N [P
Fit o TR gl R B PER R D
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Acetic acid

Agarose

Ampicillin
Benzamidine
Bromophenol Blue
Chloroform

DMSO (Dimethyl sulfoxide)
Ethanol

Glycerol

Glycine

IGEPAL CA630
Isopropanol

KCl

KH,PO4

Methanol

Na,HPO4

NaCl

NaHCOs3

NaOH

NazVO,

NP-40

SDS (Sodium dodecyl sulfate)
Sodium deoxycholate
Tris-Base

Tris-HCl

Tween-20

Lkl 8

Sprague Dawley rat
Nembutal (sodium pentobarbital)

Merck ; 1.00063
Sigma ; A-9533
Sigma ; 10047

Sigma ; B-6506

Tokyo Chemical Industry CO. ; B0631

Sigma ; 36,691-9
Sigma ; D-2650
Merck ; 1.00983
Amresco ; 0854
Bio-rad ; 161-0724
Sigma ; 1-8896
Sigma ; 1-9516
Merck ; 1.04936
Merck ; 1.04873
Merck ; 1.06009
Merck ; 1.06586
Mallinckrodt ; 7581.06
Sigma ; S-5761
Sigma ; 72079
Sigma ; S6508
Fluka ; 74385
Bio-rad ; 161-0302
Sigma ; D-5670
Sigma ; T-1503
Amresco ; 0234
Sigma ; P-9416

Laboratory animal center
Abbott
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Apolipoprotein Al
Brefeldin A
Cholesterol
[*H]cholesterol

DMEM (Dulbecco’s Modified Eagle Medium)

Fatty acid free albumin (FAFA)
FBS (Fetal Bovine Serum)
HDL

Methyl-B-cyclodextrin
Monensin
Penicillin-Streptomycin solution

Progesterone

Recovery ™-Cell Culture Freezing Medium

Trypsin

L2 ES

3X flag peptide

Acrylamide

Ammonium persulfate

Anti-flag agarose

Aprotenin

BCA kit

Bis-acrylamide
Chemiluminescence reagent plus
DAPI (4°,6-diamidino-2-phenylinodele)
DEPC (Diethyl pyrocarbonate)
dNTP set

DSP (3,3’-Dithio-bis(propionic acid
N-hydroxysuccinimide ester))

EtBr (Ethidium Bromide)

Filipin complex

HiMark™ pre-stained protein standard
Imidazole

Kpn 1 restriction enzyme

LB Broth

LB Agar

Leupeptin

Biodesign ; A95120H
Sigma ; B-5936
Sigma ; C-3045
Sigma ; C-8794
Gibco ; 12800-017
Sigma ; A-8806
Gibco ; 10437-028
Intracel ; RP-035
Sigma ; C-4555
Sigma ; M-5273
Sigma ; P-0781
Sigma ; P-0130
Gibco ; 12648-010
Hyclone ; SH30042.02

Sigma ; F-4799
Bio-rad ; 161-0107
Sigma ; A-3678
Sigma ; A-2220
Sigma ; 4529
Pierce ; 23225
Bio-rad ; 161-0201
Perkinelmer ; NEL105
Sigma ; D8417
Sigma ; D-5758
ABgene ; AB0315
Sigma ; D-3669

Sigma ; E-9637

Sigma ; F-9765

Invitrogen ; LC5699

Sigma ; 1-5513

New England Biolabs ; R0142S
Difco ; 244620

Difco ; 244520

Sigma ; L-2884
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Lipofectamine

Ni-NTA resin

Oligo-d(T);-1s primer

PagRuer' " prestained protein ladder
pcDNA 3.1 (a form)

PMSF (Phenylmethanesulfonyl fluoride)
RNase inhibitor

Polypropylene columns
SilverQuest ™ Sliver staining kit
Sphingosine

SuperScript' VIII reverse transcriptase
Taq

T4 ligase

T4 ligase buffer

TEMED

TRIzol® reagent

Xba 1 restriction enzyme

B-mercaptoethanol

L+ MMBE S

Paraformaldehyde
Glutaraldehyde (25 % solution)
Osmium Tetroxide (4 % solution)
Sodium Cacodylate trihydrate
1,2-Propylene oxide

Embed-812

DDSA (Dodenyl succinic anhydride)
NMA (Nadic methyl anhydride)
DMP-30

200 Mesh square

Uranyl acetate

Lead citrate

Primer ‘= &

Caveolin-1

Invitrogen ; P/N 50470

Qiagen ; 30210

Invitrogen ; 18418-012
Fermentas ; SM1811
Invitrogen ; V800-20

Sigma ; P-7626

Promega ; N251B

Qiagen ; 34924

Invitrogen ; LC 6070

Sigma ; S-7049

Invitrogen ; 18080-044
Promega ; M829B

New England Biolabs ; M0202T
New England Biolabs ; B0202S
Sigma ; T-9281

Invitrogen ; 15596-026

New England Biolabs ; R0145S
Sigma ; M-6250

Merck ; 1.04005

Electron Microscopy Science ; 16220
Electron Microscopy Science ; 19170
Sigma ; C0250

Merck ; 1.12492

Electron Microscopy Science ; 14900
Electron Microscopy Science ; 13710
Electron Microscopy Science ; 19000
Electron Microscopy Science ; 13600
Electron Microscopy Science ; G200-Cu
Sigma ; 73943

Electron Microscopy Science ; 17800

Forward : 5’-ATGTCTGGGGGGTAAATAC-3’
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Reverse : 5’-CTATATCTCTTCCTGCGTG-3’

ABCA1l

Forward : 5>-GGGTGGAGGACAGAATGACATC-3’

Reverse : 5’-CCCAGTTTTCGAATTGCCC-3’

B-actin

Forward : 5’>-ACACTGTGCCCATCTACGAG-3’

Reverse : 5’-CGGAACCGCTCATTGCCAAT-3"

pCav-cDNA

Forward : 5’>-TCTAGAATGTCTGGGGGCAAATACG-3’

Reverse © 5’-GGTACCTATTTCTTTCTGCAAG-3’
phCav-1-myc-His

Forward : 5’-ATATGAATTCATGTCTGGGGGCAAATACGTAGA-3’
Reverse . 5’-ATATCTCGAGTATTTCTTTCTGCAAGTTGATGCG-3’

SiRNA

Rat caveolin-1 siRNA pool Dharmacon ; M-093600-00
Rat ABCA1 siRNA pool Dharmacon ; M-092371-00
Rat scrambled siRNA pool Dharmacon ; D-001206-13-20
% B il

Antibody Host Company

Caveolin-1 Rabbit Santa Cruz ; SC-894
Caveolin-3 Mouse Santa Cruz ; SC-5310
ABCAL1 Mouse Abcam ; AB18180
ABCA1 Rabbit Novus ; NB400-105
B-actin Mouse Sigma ; A5316

58k Golgi protein Mouse Abcam ; AB6284
B1-integrin Mouse BD ; 610467

Flag Mouse Stratagene ; 200470
GAPDH Goat Santa Cruz ; SC-20356
Tubulin Mouse Santa Cruz ; SC-8035
myc Mouse Invitrogen ; R950-25
Mouse-HRP Goat Zymed ; 65-6420
Rabbit-HRP Goat Zymed ; 62-6120
Goat-HRP Rabbit Zymed ; 81-1620
Mouse-Alexa 555 Donkey Molecular Probe ; A31570

Rabbit-Alexa 488 Donkey Molecular Probe ; A21206
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Mouse-10 nm colloidal gold Goat Electron Microscopy Science ; 25128
Rabbit-15 nm colloidal gold Goat Electron Microscopy Science ; 25112

10X PBS(phosphate buffered saline)

NaCl 80 g
KCl 20g
Na,HPO, 113 ¢
KH,PO4 2g

in 1 L ddH,0 (pH 7.0)

10X PBST(phosphate buffered saline Tween-20)
10X PBS 995 ml
Tween-20 5 ml

Cell Culture Medium(serum free)
DMEM 1 package
NaHCO; 37¢g

Penicillin-Streptomycin 5 ml

solution

In 1 L ddH,O (pH 7.4)

Stripping Buffer

SDS 20¢g
Tris-HCI 7.56 g
B-mercaptoethanol 7 ml
in 1 L ddH,0O

Transfer Buffer

Glycine 29¢
Tris-Base 58¢g
SDS 037¢g
Methanol 200 ml

in 1 L ddH,O (store at 4 °C)

2X Sample Buffer
SDS 343 g
Glycerol 12 ml

IM Tris-HCI (pH 6.8)  11.668 ml
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Bromophenol Blue

0.004 %

in 100 ml ddH,O

10X Running Buffer

Tris-base

Glycine

SDS 10 g

303 g
144 ¢

in 1 L ddH,O

RIPA buffer

25 mM Tris-HCI1 pH=7.6
150 mM NacCl

1 % NP-40

1 % sodium deoxycholate
0.1 % SDS

1 M Tris-HCI for stacking gel

Tris-base
Tris-HC1

454 ¢
985¢g

in 200 ml ddH,O (pH=6.8) (store at 4°C)

1.5 M Tris-HCI for separating gel

Tris-base 22.71

Tris-HCI

3g

1773 ¢

in 200 ml ddH,O (pH=8.8) (store at 4°C)

30 % Acrylamide mix
29¢g
Bis-acrylamide lg

Acrylamide

in 100 ml ddH,O (store at 4°C)

Resolving Gel of western blotting

8 % Resolving gel

30 % acrylamide mix

1.5 M Tris (pH 8.8)

10 % SDS

10 % ammonium persulfate
TEMED

2.7 ml
2.5ml
0.1 ml
0.1 ml
0.006 ml

12 % Resolving gel

30 % acrylamide mix

1.5 M Tris (pH 8.8)

10 % SDS

10 % ammonium persulfate
TEMED

4 ml
2.5ml
0.1 ml
0.1 ml
0.004 ml
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ddH,O 4.6 ml ddH,O 3.3 ml

4 % Resolving gel 15 % Resolving gel

30 % acrylamide mix 0.534 ml 30 % acrylamide mix 2.1 ml

1.5 M Tris (pH 8.8) I ml 1.5 M Tris (pH 8.8) 1.05 ml
10 % SDS 0.04 ml 10 % SDS 0.042 ml
10 % ammonium persulfate  0.04 ml 10 % ammonium persulfate  0.042 ml
TEMED 0.0003 ml TEMED 0.0005 ml
ddH,O 2386 ml  ddH,O 0.968 ml

L wpeE 4%% 15 % resolving gel » £ | * Gradient Maker

(Amersham;80-6196-09) ;& & = 4 %~15 % gradient gel & ;3 » 2% Fo

Stacking gel of western blotting
3 % Stacking gel

30 % acrylamide mix 0.4 ml
1.5 M Tris (pH 8.8) 0.5 ml
10 % SDS 0.04 ml
10 % ammonium persulfate  0.04 ml
TEMED 0.004 ml
ddH,O 2.97 ml

Epon # 12 4|

Embed-812 48.44 ml(51.13 g)

DDSA 30.89 ml(27.02 g)
NMA 20.67 ml(21.85 g)
DMP-30 2 ml

Caveolin-1-myc-His purification lysis buffer

Tris pH 8.5 50 mM
B-mercaptoethanol 5 mM
Phenylmethylsulfonyl fluoride =~ 1 mM
leupeptin 20 pg/ml
aprotenin 20 pg/ml
NazVO, 1 mM
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Caveolin-1-myc-His purification Buffer A
Tris-HCI pH 8.5 20 mM
KCl1 100 mM

B-mercaptoethanol 5 mM

glycerol 10 %
imidazole 20 mM

Caveolin-1-myc-His purification Buffer B

Tris-HCI pH 8.5 20 mM
KCl M
B-mercaptoethanol 5 mM
glycerol 10 %

Caveolin-1-myc-His purification Buffer C

Tris-HCI pH 8.5 20 mM
KCl1 100 mM
B-mercaptoethanol 5 mM
glycerol 10 %
imidazole 100 mM

ABCA1-flag purification lysis buffer

IGEPAL CA-630 1%
Sodium deoxycholate 0.25%
Tris pH 7.4 50 mM
NaCl 150 mM
TBS

Tris-HCl pH 7.4 50 mM

NaCl 150 mM
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P-— i % # % 100 5. Sprague Dawley & % ~ v & » 2 0.01 mg/g %
€ cfinembutal (sodium pentobarbital)i& 7 g ¥/ &f > H#-do 4 ey 0 T 0
B R ET e B 0 B 3t DMEM (Gibeo)ss &% P 0 12 4 5L
)RR R TR L o A 15 B 2mm i f B

2

Risddi ¥ BT %A §if ® DMEM chig i & (35x35mm)® - %

RBELF B> ¥ Fee & (Diglioetal, 1989) 2 %% P 5 10%
2 % i (Gibco)z2 & = A - B H 2 A HR/AREKE
(Penicillin/Streptomycin ; Sigma) o #-x ¥ B ¥ * 37°C> = ¥ i sUER &
5% AT EFmeE g NEA X H-IBER oL FERAE
IFR X BB LRI MR RIS AR ARSI Y

[

TeN

SHe

<

Ax P oom hkEidr e el SMEREHT R F0 8-
g e R BT > W% Fv FE % (Hyclone) RU® #-'m* f 32 % x B~
T » 3% » Recovery'" Cell Culture Freezing Medium (Gibco)® % *+-80°C
ARIIE R R P AL e T )Y s B e T8 &

FLP MM S c FEHRTEY e B F - A3 % A~ N o
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P %

it eb 4 e ABCAl-flag 39 F 2 caveolin-1-myc-His 39 B # %
P& * HEK 293T fw% & (from Dr. Cheng-Po Hu and Dr. Ming-Li Hsieh

of Tunghai University) » 33 &% > A @R Zp L m@fpF o

"R him e 3 £ R 5

d e R Y g L EREBT A R R
6 £ ®A 4 (Fielding and Fielding, 2001): & % % & ® =¥ 2 fw

AR 55 AR RS § e ¥ F 4 (Orametal,, 1983)c £ #-R % £

B &R FoLE 3 # o F2 3 %% (Serum free medium)iFik @ i
RIEED Zo 2B RRY v r 2 22FAE (50 pg/ml) (Sigma)zt 0.5

uCi/ml [H]*=#f (Sigma)2 2 mg/ml # 3 p d g imfez v &9
(Fatty acid free albumin > FAFA ; Sigma)# 37°C¥ 32 % 48 /] P& {s - %%

B w4 o

Progesterone ~ brefeldin A ~ monensin 3 glyburide 3% § %

B A fwre bk & M E R (50 pg/ml ; Sigma) & [H]*& F AR (0.5
uCi/ml ; Sigma)24 -] FF{s » £ 4 W] a2 progesterone (10 mg/ml in FAFA

medium ; Sigma) > monensin (50 uM in FAFA medium ; Sigma) > brefeldin
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A (50 uM in FAFA medium ; Sigma)% glyburde (100 uM in FAFA
medium; Sigma)24 | ¥ 32 F JT R B R Pg 30 F (50 pg/ml)l ] pELS

L 1Fts Fenad o

3% P~ total RNA 2 RT-PCR % %%

4]* TRIzol 3% (Invitrogen)#h B~ % total RNA o £ & 10° # 7%
NR s o 4er 1 ml TRIZOIZBH AZE TE R S A wme i o

2% > 4e » 0.2 ml chloroform 4 3 > B3 FE 3 A48 &£ F & 4CT

She

r12000 xg Fres 15 A48 0 B K RA T Arendes g T 4e » 0.5 ml
isopropanol ;& 3 » % >t 8 10 & 4&.{5 3t 4°C™ 12 12000 xg o 10 4 450
oo fsd i RNA P o &% % 1ml75 %Fp i =ik > £
3 4°CT 1 7500 xg Hew 5 4480 2 b i F RNA Tkt 0 B8 #-RNA
STk b 52 {6733 20 ul DEPC -k (Sigma)® - £ 12 total RNA & 45 41

* SuperScript' ' Il ¥ #4%% 2 (Invitrogen) it 11 ¢cDNA o #- 2 pg total
RNA 4v » ¥ $#& 4% % % ¢ &1 RNase inhibitor ~ oligo d(T) primer ~ First strand

buffer ~ SuperScript'™ III reverse transcriptase ~ ANTP ;& & ;% % * 50°C=

| FE@ F # 4k 0 cDNA - B~ 100 ng =7 ¢cDNA % 4 %|4c ~ 2 pmole =h

47



caveolin-1~ABCA1~B-actin 5/ 3 %£> T4 » S5ul 710 B 5 &% ~7.5mM
4235 I mMdANTP 2 2 0.1 ul shTaq B & % (20 U/pl)» & fé 4e k2 3
50 ul ¥ 4% 217 T 5| PCR & & :94°CF & 30 #) ~55°CF J& 30 5 % 72°C
F R 1 #4527 30 BTk -PCR A2 4 142 5 ErBr (ethidium bromide)

e 1 % 3 %% (agarose gel ; Sigma)4 #is PR s 47 o

221 caveolin-1 2 LF 8 (pCav-cDNA 2 phCav-myc-His)

F#* w it 2 E B S BUE R AL dmPz ¢cDNA v 12 ¢cDNA & #05%  F1
7 AL @ oerzlensl 3w iF PCR 3 g 4 > & fhcaveolin-1 F 0 L ¥
Xbal ~ Kpnl *+4]*» & fa+» 2] > ¥ * T4 DNA ligase (New England Biolabs)
fre e s B4 pF 7 20 pcDNA 3.1 54 (Invitrogen)# & — 42 >
T 24 pCav-cDNA « ¥ — 3 5 » 3 B~ & 4% 2 ¥ htotal RNA >
I F @452 cDNA - £ 1% "4 9 #1751 3 e (7 PCR #1511 > & b
caveolin-1 7 &£ * EcoRIl 3 Xhol "4+ &|f=*7 &> ¥ * T4 DNA ligase
(New England Biolabs)fr® 44 fe & i 14| f= *» 2] e pcDNA 3.1 F 48

Invitrogen)$: & & — 42 » ¥ & & % phCav-myc-His °
g

& 76 pCav-cDNA -~ phCav-myc-His ~ pABCA1-flag ~ caveolin-1 siRNA
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%2 ABCAI1 siRNA

#-3x10" ehp 4 fwe & §_HEK 293T ‘% th32 % ¢ 24 well 3L 4 7
24 ) pFis > # 1 pg pCav-cDNA ~ 1 ug phCav-myc-His ~ 1 pg pABCA1-flag
(from Dr. Fitzgerald of Harvard medical school)z* #_ 50 ng caveolin-1
siRNA (Dharmacon) ~ ABCA1 siRNA (Dharmacon) - scrambled siRNA
(Dharmacon)i% *+ 25 ul # 7 w7 % #2 % 7 DMEM # % /% (Gibco)¥ -
T #-1 ul lipofectamine (Invitrogen)id ** ¥ — § 25 ul 7 7 w i % 2 % o0
DMEM ¢ B8 5448 £ 43 g £ - A=T B30 308 20 4 48
A #-250 ul # 7 ok E 42 F 9 DMEM 4e » 33 & ot 024 well 3¢
P R A B ERT B BTCHE RSP 0 der 250 ul 720 % i

7 DMEM 32 % 2 %5 32 % 24 /) pF o

g ELE 2

Ae® 8% 12 %z 4~15 %ik R 1 & ch-t = = A FRpLdp BOD U AR iR
7 A (sodium dodecylsulfate polyacrylamide gel electrophoresis ; SDS-
PAGE)s1,k 5ii8 {7 3= H ehA 47 o f1* BCA £ 2 (Pierce)®| £ # & #-v
BER {5 > B~ 50 pg 3= ' 4c » 10 pl < sample buffer » *+ 100°C* -k ¢

denature 6 4 48 > AL v B eREASE 0 2 1001 0 ERE IV Y o 1 1Y
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P %

T & 50 Volt » #-4k 537 iF stacking gel {6 - #-7 B E 2 70 Volt %4 4
3] X sample g 3% AR A b o

#-PVDF % (Millipore) ¥ #* 1 27 30 F T AW+ ] > L* 7
e 1S fpp 2 A RR 2 Ao BFRENES S IR (transfer
buffer)? 10 245> ¥ P E £ 2B R X ) cp AR 22 A ¥
e 10 A4E 0 FERG FREEFR AL BFD FRABRERDL . 48
stacking gel sr3R 4 » jRie >t EH E R 10 248 o BITHES W - LK
ZhRpAENHEEREL L RE PVDF B o HRATZ ¥ 2 5%k
oA TEALF AL 208 FHIEERFEZE X 2FE 0 020 Volt eh
BREFTEF 90 £ 45 - EH = > B~ PVDF %2> 2K1(8 B4e > 5 %% ig4m
Foo BEET R - PP AR - e g0 o 3 F 1 PBST &
B2 0 F 10 A4 FRES 4 ~ S F X 47 caveolin-1 (1:10000
Hf# vt b 5 Santa Cruz) ~ € Byt 3 ABCAL #udf (1:1000 vt &
Abcam) ~ € Blf 4 &F B-actin (1:10000 A+ 6) ~ € & mye (1:2500
¥+t & 5 Invitrogen) ~ € B4 flag (1:2000 ##§# v+ & ; stratagene)™™  if
TE RS o 2 PBST % 73 % ‘Ja;a“‘};*o 3% &= 15 k45 % PVDF
2 HRP & L& i + = il (1:7500 #3265 5 Zymed) ~ HRP

iq— £ d X :}'m% B = &»:}'m’?ﬁ (1 7500 ﬁ%“]& L I/il Zymed)%“ ERT R ),"@ 1 a2
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P g5 PBST % 7% ik e 3 = » # = 10 4 48> 12 chemiluminescence

4k 2E&| (Perkinelmer)®g ¢ > I A4 BB HR & % 3 (Fuji)™ B4p -

=

#-3x 10° fm 7 4k & "EF AR 48 /| PF 15 > £ 22 HDL 2 %% (50 pg/ml)
% 37°CT iE% 5153060 % 180 4 4 > 12 PBS iFikd = 540 » 3
* PBS ¢ 3,3 -Dithio-bis (DSP » 250 uM ; Sigma) 2%

‘;‘ET i/'[;q"’ 1 /J\E% b

A T2 e o FHFL Y PBS Fikd (S Rlwre T o 2

2000 rpm H#-mFe 2T > FF ] * Reversible immuno-precipitation system

£ = (Upstate)® ¢ lysis buffer #-‘m?2 3 f2 » EF P 1 mg/ml w3

* g7

[PRR"

B~i% 500 ul 4e » 4pg 4 3+ FA 5 Caveolin-1 3148 (Santa Cruz) ~
it %5 ABCA1 +#82 (Abcam) ~ non-immune IgG %2 10 pl sy 8 {eld
R (B A REEINAC- T RBRFRHRERNEY 4 (B E
POATEHL @ PR TR L M B T R T A e B
4o F L 4 » 70 plelution buffer (£ & ¢ #ri) T s @ 5 & g B

2R FT o I T BEE AR

HBFEP L P mPe IR e TN

51



%+ (Wuetal., 2004) 4 g 3 3 ff (713 22 o #-tm 7 4k & P& F] 548
JEES o B 22HDL3: %% (50 pg/ml ; Intracel) 237°C™ 8% 1] pF » & 14
PBS/jies = {g #-lwm¥e 2|7 » 1122000 rpmag.s 104 48T f wie > K-

fnre %> 7 5 mM Tris-HCI (pH 7.5) ~ 1 mM phenylmethylsulfonyl fluoride

(PMSF) 2% 1 mM benzamidinesnig e ¥ > B 3tk P 15448 > & T A 45

&

mre BARE - o BIR &% 12000 xg 0 4°CHRe — ] PE TR R E
AR L e TR o T B R ICE S T L e R 0 L M § 5
BRE 2 A W0 e SR R 4 — ¥ B4R 4 #Bl-integringaAd (1:2000 1%
Vo] 5 Abcam)® dmfe B2 4 —0 F Fu X 8GAPDH (1: 10007}%‘% e B
Santa Cruz) ~ € B4 4 #ftubulin (1:10004f#+* &) ; Santa Cruz)#uil 5 &

I e

F]* anti-flag agarose # i* ABCAl-flag 3-v @

#-pABCAI1-flag (from Dr. Fitzgerald of Harvard Medical School)# 7&
i2 18 1% 3 mm dish e# HEK 293T wm*¢ > $& 78 24 /| pF{s » 4% Okuhira
F A e jx Bt 9 ABCAl-flag 39 & (Okuhira et al., 2005) o #-4c & <
cell lysate ;3 >t 4 ® e lysis buffer ® 4] * 425 A BTk B 154>

A 104 #3530 A48 £ 4°C 10000 xgBs 5 A 48 o B fm vz
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P %

#i% o P~ 300 pl anti-flag agarose (Sigma) » *+ 4°C 8200 xg 3t~ 1 4 48 -
f b ik o g 4o~ 500 ul TBS ¥ % anti-flag agarose f& /% @ 4% % *+ 4°C
8200 xg 4 1 A4 L4+ FiR £ R W EHMI 2 (b4 r L ml
me b ‘)%‘?1’5 P TR LCR LR o TRERBR &% 0 3 49C 8200 xg
w1 Ao B R 5 “flow through” o f 4 500 pl TBS i
anti-flag agarose & ¥ » 4% ¥ ** 4°C 8200 xg &~ 1 & 4 » J § * iR o
ERheHI= ey R” wash 17 7 wash 27 27 wash
37 o #:F 4~ 200 ul 3X flag peptide (150 ng/ul) > % 3+ 4°Ci2 & 30 4 45 >

b {63 4°C 8200 xg #rs 1 A4 e f F ik T 5 77 ABCAl-flag 3+

B e elute solution”  ©

F1* Ni-NTAME ¢ 413 caveolin-1-myc-His 3-¢ F
#-phCav-1-myc-His # 78 ;& 18 # 3 mm dish 7 HEK 293T Mm% > #
78 24 -] PE{s > %% Tahir & 4 &0 j2 & it 1 caveolin-1-myc-His 3¢ &
(Tahir et al., 2003) o #-4z & 1 cell lysate ;% ** 4% % ¢ lysis buffer ¥ - 1 *
RHABRTWAT BISH 0 kA 104 45 30 » 48> £ > 4°C 10000

Xg s 5 448 0 ok lmie ik o #-500 pl Ni-NTA resin (Qiagen)4e »
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polypropylene & ++.# (Qiagen) 4¢ » 1 ml buffer A /& & resin- ¥ | * &
4 & bufferA il > 4~ Imlcell lysate > %3 4°CiR & 2 /] pF > £ )
*EA RN FRT LT flow through” o 4 ¥ 4c » 1 ml buffer A i* %
resin @ =% > T £ 4 54T 5" wash 17 27 wash2” > £ 4 »
1 ml buffer B i#i% resin & =t > & f|* &£ 4 ;x4 57 wash 37

27 wash4” > #EF L /% 1 mlbuffer A ¥ % resin @ =x > T4 * &£ 4 /&
ek 57 wash 57 %27 wash 67 > B {s & * 500 ul buffer C #* %

z caveolin-1-myc-His #-v % ¢ “elute solution”

K ik

F1#* SDS-PAGE 4 @ = #r% it hj-vd F {5 » 4 » 50 ml ddH,O »
SDS-PAGE %} 4% & jjie 20 4 4 > £ 4c » 50 ml fixing buffer (20 ml
ethanol ~ 5 ml acetic acid ~ 25 ml ddH,0) #] 3% & ° [ * F4- fixing buffer
4] * SilverQuest™ silver staining £ % (Invitrogen) % &8 c13-v (I
¢ o g h4er 50 ml 30 %iFpE 455 10 4 48 0 3% F 4e » 50 ml Sensitizing
buffer (£ # ¥ )& 10 A 4> £ 1% 50 ml 30 %iFp# & 10 A 4> &
1% 50 ml ddH,0 # % 10 » 48 o # ¥ v » 50 ml staining buffer (£ # ¢

") H & 1S 2481804 » S0ml ddH,O 45 1 ~ 480 £ * 50 ml developing
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buffer (£ # ¢ )5 ¢ & P98 chdev FiEAd NG > = T4~ 5 ml

stopping buffer (£ & ® *f)iz it & ¢ > B {2 * 50 ml ddH,O # e ¥ = =

Bd

Pull down |2

#-pABCAl-flag # 75 i& 18 1 3 mm dish " HEK 293T w?% > i 7

4] pF s> %% Okuhira & 4 &1 j2 % - 1) ABCAl-flag 3—v & (Okuhira

et al., 2005) - #-x & e cell lysate ;3 >t 4+ % e lysis buffer » > ] * 423 &
BT RIS F o kA 10§50 #5030 » 48 0 £ > 4°C 10000 xg
oo S 4 & T wie bR o P~ 300 pl anti-flag agarose (Sigma) 3+ 4°C
8200 xg #1448 3 -+ jF ik > £ 4c » 500 pl TBS  # anti-flag agarose
RF o FF4C 8200 xg s 1 A48 L HH T Gk &£ Rt iad
F3m 2 qster Iml e b ipi o FENACREFR R APNRE
7R3 4°C 8200 xg 3w 1 4 480 3 Kf FipiR o g 4 500 ul TBS & # anti-flag
agarose f&i¥ * & F T 4°C 8200 xg dfrw 1 245 > 2 H i £ R
FRZ X o 2 F M3 pg ¥ it 4 i caveolin-1-myc-His 4c » anti-flag agarose

% ABCAIl-flag v FevR £4 ¢ » B 3 4°CIR £ 7k © Fg = * 4°C 8200
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P %

Xg s 1 A ds 0 2 “,%_P G > £ 4 500 pl TBS 1 i¢ anti-flag agarose
o REFRAC R200 xgHpew 1 A4 AR5 ERSHI= T -
$4v ~ 200 pl 3X flag peptide (150 ng/ul) > % ** 4°CiR & 30 ~ 48 > T
ACB200xgHs 1 A b PR TRy GO BEZAITER -
¥ — 2 5 »#-phCav-1-myc-His # 78 :& 18 # 3 mm dish <7 HEK 293T
‘mPe > ke 24 o pF{s > 44 Tahir & 4 g0 2 % i ) caveolin-1-myc-His
F=0 B (Tahir et al., 2003) o #-jz f 5 cell lysate ;% ** 45 % 5 lysis buffer
P e ARk RIS H 0 R 104 FH 30 Ao B
*t4°C 10000 xg s 5 4 48 > f b smfe b iR o #-500 ul Ni-NTA resin
(Qiagen)*r » polypropylene ¢ +¢ (Qiagen) > 4 » 1 ml buffer A & &
resin > ¥4 * & 4 & buffer A /x4l > £ 4 > 1 mlcell lysate » ¥ ** 4°CiR
L2 PF BEES T bufferA v .23 = > buffer B j* %25 = 2 buffer A
kA %o Bde 3 pg s (43 1 ABCAL-flag 3-v T 0 % 3t 4°CE & B
"o R RS bufferA Fi%E3 = > buffer B i* 25 =t % buffer A i+ %
o Bfs i@ 500 plbufferC RN 72 g Gy Frig* a

R
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BaoeBH eEFRq Y 2883 H R0 FAR (50 pg/ml
HDL ; Intracel)#* apoAl F-v /% /% (5 ug/ml ; Biodesign)it* 5~ 15 %
30 A db o B 10 4 %iE 5t (Merck)™t 3 5B T %45 A 4815 0 A4~
% 3%v% F-v F (Sigma)e PBS ¥ e >t ¥ F AJT 30 A &0 F R F
g Fov B o 4o » f 3 45 caveolin-1 48 (1:200 ﬁﬁ% 'Y &) ; Santa
Cruz) ~ € B4 4 4 58k Golgi protein #48 (1:50 A 1+ &) 5 Abcam)%
B4t 4 ABCAL #ad (1:50 #-f & ; Abcam) » ** 38 7 F fi5 30 A
415> U PBSERRiAE3I kD ST BRI c B EF AN d F L
B 8 A i B st (1:200 3+ 6 5 Molecular Probe)® s &
ki Lo+ k= s (1:200 #f8+ &] 5 Molecular Probe) » %%
BTFE &1 2 PBS ‘}fa“‘}%% 3=%>£ * DAPI(1:1000 ﬁrﬁ L )5 Sigma)
WERTFEIOS4E  F Y PBS FiR 3 o hogcfedt st o AR K K
R st (Nikon E400)™ &tk vl £ 543nm 5 josd B 1Rl sk & % k&g
oo Mk k633 nm Ao kR iplid §F ko gtk 488 nm A o jpoE ok

gl DAPL > 1§54 R AEIR o
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Wim¥e 2R %A% B0 T (80 pg/ml; Intracel)id i 3 37°CT 32 % 5
A48 2 {8 #-dmte B 3T 4°CT 14 PBS-albumin 3 e iR = 0 3 F U 4
% &5tk (Merck)m™ F = 30 4 48 o F T {5 kw7 551 PBS Fikis w
2 <+ Lt 5 caveolin-1 (1:50 A+ & 5 Santa Cruz) & € Blfut a4f
ABCAL (1:5 #f-f# ¢ ]  Abcam) 4~ s $idfi 33 1/ )2 % 15nm &%
G L FUh S Z sl (1:40 A8 6 SEMS)E 10nm &4 £
G F fk B sl (140 4R 6] EMS)3 & 1 /) pF et PBS-albumin
Fiets w2 3 % glutaraldehye (EMS)i¥# 2 /] pFis F 2o ts £ 12 1 %
® § b4k (EMS)IE* 30 4 4 o 12 mie g i-lmie S)42 % 30 LI LY o

X ts £ 1 0.1 M cacodylate ¥ =g (Sigma)ifik= =t » & = 10 4 48 - 4%
Fre50 % ~70 %~ 95 %~ 100 Y%orrupph p ok B 0 2 {6 Y
1,2-propylenoxide (Merck)£r 100 % iFp# A %] 12 1:3 ~ 1:1 ~ 3:1 - B B
o B o PP = 2 B # < 1,2-propylene oxidee # # Epon ¢ 228 (EMS)
A w22 12-propylene oxide ' 1:3 B 4%—- /] FF > 111l 544 FF > 3:1 &
# 8 ] B> 100 % 1,2-propylene oxide 12 -] pF » & {s #-‘mPe ¥ >t Hc B
capsule ¥ > M AT ¥ ch Epon & A e s T F NS¢ 40°C 18 /)

B B G0°CHfh 24 ] PR 01 i B ITALHCE 2 7
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ERHGAZ 2 4 (Ultramicrotone)*» 7 15 (80 nm) Y iff &7 {r e
fib e & ik (uranyl acetate 3 3% 50 % P Sigma)# 30 & 450 £ 12 0.4 %
& 7 pe4> (lead citrate ; Sigma)% 3 4~ 45 > & {6 ™ 7 + B i (H-600 ;
Hitachi)g. % o

Caveolae S chE it W3- F % ¢ » e 7 pCav-cDNA 'm % 2

2 7 pcDNA ‘m%e T e & 2 S > e S 1) 25 BAZ >
oI R MBS RATIE S P AR PE S Blete 0 Y e iehk

B 2 caveolae B p »#2 S Ib s B B R B (T B % o

P E R A 4

B A S0t B2t 3 0.5 pCi/ml PH]P: Ff (Sigma) e % ik @ 3% 37
CT 4% 24 FFort PBS % b7 i 3 X 16> £ 22 7 50 pg/ml HDL (Intracel)
& 5 pg/ml apoAl (Biodesign)s DMEM *# 32 % 5+~ 15~30 60 ~ 180 4 4%
224 ) PE BB AR PR SRR % 0 P& S 05

nCi/ml [PH]& Ff chim 72 3+ 37°CEIZ methyl-p-cyclo-dextrin (2 mM) 30

¥

H 7 Jed2 0.1N NaOH, 0.2 % SDS 7 | p*

v-x«l-

A}ﬁ_’-ﬁﬂ/{%f’%u °i%-:§ér‘

-

F R fRwe > BT RAfER o 4 KA 47 1&R (Top Count ; Perkinelmer)

Rl g SPHPERABE 2 L p w32 > ks ¥
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(% %R CHPEAM /3 % 2 CHPR AR L +33 2 CHIPE A £) 97

e e E AR D R O b 2 IR A e G o

PKC #r#1%| R %

Bp R e A 8 PEFAE (50 pg/ml s Sigma)24 o pF o M AR S R
% T L% &I sphingosine (100 mM ; Sigma)24 /| ¥ » B F AILF % A
"o 3-9 F (50 pg/ml ; intracel) 0 ~ 5~ 15 ~30 ~ 60 ~ 180 4~ 4& » & & | *

G ELEE AT RS o

nP L ¥
B R RTRMEANTHEE £+ FEL AT o MNP RESRG

Student’s t-test &2 7% R & o * > P<0.05 2 ** > P<OOl AL S B F AR -
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2L
== %

Caveolin-1 {2 2% p g tw? cn"e F) A 18 )

B R #-7 caveolin-1 % ILF 48 pCav-cDNA # & p A fm¥e > 1 <
 # IR caveolin-1 3¢ B o f|* & = 8.5 % & 47 caveolin-1 F-v B f &
78 pCav-cDNA w" %2 $# 78 vector 74| %2 w2 (pcDNA)*® 4 I (Bl -
A) e d ¢4 % caveolin-1 F-v B (exogenous caveolin-1)F #% & myc 3F
Lo FoAFEd 22 kD #4229 kD o 4] * $< caveolin-1 48 # 1/
fe P i R Fl & 72 pCav-cDNA = p 3 22 kD ep 2 44 caveolin-1 39
(endogenous caveolin-1)% 29 kD 3¢F 2 |+ caveolin-1 3~ F # 3R > J|*
Fomye k- 7 0L R3] 29 kD ek 4 14 caveolin-1 F-v F 0 @ Ay
flme N OF G ORI 4 1 caveolin-1 v B o fdE 5 pCav-cDNA ¥z
? caveolin-1 F—v B4 % & #ITH 2 H 4 44 % (Bl— A) - PR F %
i 7% pCav-cDNA ‘m* 3 }=4 ' v 4k & CH]PE F [ 24 ] P5 > £ SR 3

BRI 24 B RERARSPELBICHEABE - %%

]

Bt~ £ % 3 caveolin-1 F-v ' ¢h pCav-cDNA #& 78 ‘w2 > H & F)fR §§ 1)
BT 37% X2 BFR N 2w (F- B; p<0.01) - g ot R
41 * &7 caveolin-1 siRNA X #r4] caveolin-1 % I > % IR caveolin-1
siRNA # 78 fn?z ? &3 caveolin-1 F-v B % JL# scrambled siRNA 4] %
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wre b 90 % (Bl - C) - pt b > vt ik caveolin-1 siRNA ## 78 ‘m#2 2 74 %
fme PR EFR R OV 0 % M & I caveolin-1 w e s H]YE S )

Pl mre R0 4 30 % T B E MY e me (F- D p<0.01) - 12

M-

It g RS > PR L we it £ 4 IR caveolin-1 FF > ¢ 3 4 P
A A Rt caveolin-l % IR € ' MU Fm D > & caveolin-1 ¢4

g §Tes % 0 AL i ee SR F R ) (Lin et al, 2007) -

Caveolin-1 ¥ 84 # %% p 4 tw% 352 caveolae 23

7 A% 4p i caveolae BHEA® R A a9 TR EEREE N OE
& 11 v (Fielding and Fielding, 2000; Fielding and Fielding, 1995b) » 2% i
Bk wd %) AL dmPz ¢ > caveolin-1 ¥ %‘%’E’ Fe4a) = caveolae Fif k14

)
—=

BARERIRE R A o B0 R LK 0 A TN T S ks

N \}2}
Ik

T

% IR caveolin-1 #im?e % F 4| 8w (him P8 5 + caveolae sh#ic g - &

iF
*=

F_w.
A
A

—,h

BT mirdleiere ? oo ¥ R b chcaveolae BiE 0 @
. caveolin-1 chp & fw?e ¥ » ¥ 115 3] {% § caveolae s (= A

7
|

~ £ B emre i b > & § 4 IR caveolin-1 eim

&*
&
<~
o
|l
-
n\\-

L R e |
el ez b ih caveolae B F # 4 (Bl= B p<0.01) » 1335 7

SEE o AP p 4w Y s caveolin-l ek AR ET LA
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caveolae 1% f# (Lin et al., 2007) °

Caveolin-1 € i » 3 ABCA1 mRNA 2 §-v Fihi R§

B 7 #8351 caveolin-1 #_F ¢ 43 ABCAL (& & » 2 F &A1
L g ¥ RT-PCR a3 /2 &2 47 % & & I caveolin-1 w7 % "% K & IR
caveolin-1 (m?¢ » » ABCA1 mRNA & & - % % % 3 caveolin-1 mRNA
% ABCAl mRNA 14 LR ¢ "7 pCav-cDNA # £ 5 4c @ I # 5 4
(Fl= A); Caveolin-]l mRNA % ABCAl mRNA 4 IR E ¢ &7
caveolin-1 siRNA en&| & 4em > (F= B)o&FJI* o 2 2%
= A4+ § £ IR caveolin-1 fm¥% % % 4 £ I caveolin-1 m* ¢ » ABCAIl
Fv FehimE o %% M ads pCav-cDNA m#% ¢ » ABCAI i
vt 78 pcDNA 42wz 3 (Bl= C); f# s caveolin-1 siRNA ‘w
sz ¢ > ABCAI ¢4 I #& 78 scrambled siRNA #-4] & % 1< (B = D) o
Riget 3 % %% > 74 caveolin-1 § & # ¥ ABCAl mRNA £ 3o

% 3.& (Linetal., 2007) -

ABCA1 %27 caveolin-1 *12 "2 FH i & 1 i

L AT T M ) L e d 5 X B ABCAL ¢ §Te4 v )

63



(Liao et al., 2002) o @ f3% i w0 i % ¢ 3 IR caveolin-1 ¢ & &3

z

ABCA1 mRNA 2% 3-v Feh& & > F]pt K caveolin-1 ¥ i € # o

e

‘e ABCAl £k §Tetp L mwe e F @Y o B 7 BRE S, B o

% L3 ABCAL 4% $2 e caveolin-1 *T3 $p " BF s I B - &
Lp R AT wie SR HER DA, (1) £ F#EE pcDNA 2
scrambled siRNA ; (2) % fr ##&78 pcDNA 2 ABCAI1 siRNA ; (3) % ¢ &
78 pCav-cDNA % scrambled siRNA;(4) * Fr #& 78 pCav-cDNA 2 ABCAI

SIRNA (Flz )+ il e (ad2- ) < £ 4 3R caveolin-1 (A2 = )eim

e H b cPE R DV AR S ¢ A 1 caveolin-1 #73 #p e F AR )
E 2R ELw R RES (Bl B) ot mipdle (od2- )&
i ABCAl %70 (EJL - )enim®e » B %% i e B 0 7 AL 5
ABCAI % mordrd| e FEE I £ o v+ £ 4 IR caveolin-1 (a2 =)
& < § % 3 caveolin-1 ¥ °* L 3. ABCAl (rZwe )enim? » ABCAL
SIRNA a2 ¥ 1 el b 4 4 caveolin-1 #rA re"e Hp L & > 4
5 ABCAL # 3 ¢ #rd|H caveolin-1 #7333 e & B 125 o v}
LR P AP A me ¢ s ABCAL %2 caveolin-1 #73 Fr e B 8 11§

4% (Lin et al., 2007) °
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Caveolin-1 22 ABCA1 - ‘wfe %2 ¥ B¢ chd 3 fE%

A0 { - 383t caveolin-1 22 ABCA1 RF el % > >t 8 i #

/TR 4 7 caveolin-1 & ABCAl B & %3 23 i£* - 1Y non-immune
IgG ~ #< caveolin-1 48 2 1 ABCAIl iR i d £ itk » 25 F R
caveolin-1 ¢ ¥# ABCAIl ¥9 & = A+ ABCAI #if8 L Btk ™ % -
ABCAL1 + ¢ ¢ caveolin-1 3-v F & I A4 caveolin-1 $#88 d F ik ™ &

(®ZI A)> ® non-immune IgG aJZriX 5 i B3] caveolin-1 & ABCAI

v H o #P 7 Focaveolin-1 Fdd 2 L ABCAL Fukl g e cnd — 4 o
d L ZE P s caveolin-1 22 ABCA1 fF ¢ 3 9 BRI IF* o § - &
A Goo TR EY 84 pwme P &L mregl > A A

BEAC HASTE R BB ARG TN A o A 40 e
IR 2 b FING (Wu et al, 2004) » £ % lmfe Boaih T g0 -

Bl-integrin % ‘w*s B ik % _F-v & 1 GAPDH - tubulin jB|3# 4 3<% >

% 2% B Bl-integrin ¥ % w2 BN 4% (8P| 3] > GAPDH % tubulin ¥ & w
e RN AR W RIT] > P e R e AL H s gk (BT B) o

PR T R S PEFIFR chim e RJE R B R P v (S 0 caveolin-1 fiw

&

ML AR S A AR e B Y > ABCAL RIES 3 & 53 e

WR iz F Y (BT B) o @ {8 H-S IR chim ek A B[] * Fo caveolin-1
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PR B Tk 0 B I ABCAL flw®e 502 lmie FT3N G 302 caveolin-1
F5 - kit caveolin-l Fb £ T &k (Bl B) o d p I E P
caveolin-1 & ABCAl '3 F-v B 23 8% 3 mbe irt 2 tmbe F ¢
(Lin et al., 2007) -

FI* LA E ¥ caveolin-l & ABCAl 3 39 FRF <3 i
* 5 e caveolin-1 22 ABCAl v FRFEE REELNEFRLEE (5 70
FRZEHE 3o F4 s d0 FiLM)Z2— 41" pull down
BI3R2 33 B 1 e ABCAL 39 F 2 caveolin-1 F-v HE 37 M H jb
WHREYRE o AP APHEsE pABCAl-flag 2 phCav-1-myc-His
i HEK 293T Mz x4 %] & R 1% 2 4 oh ABCAl-flag F-9 & %
caveolin-1-myc-His #v F - £ {|* anti-flag agarose & |+ ¢ 41 %
Ni-NTA 2 & (¢ 4 B & it ) ABCAL &2 caveolin-1 4 it 3= B> 12

* pull down PlZEZ D B Fd B FHE o

f1* anti-flag agarose 41+ % i* ABCAIl-flag 3¢

BAFIH & 2 ELE 2 A~ 47 mock #74] EimPe 2 pABCAl-flag # 7 ‘w
7 % anti-flag agarose % it iF 427 ABCAl (Bl A)% flag (B B)e3-v

A 1% QA2 8E % o TR E B RS Lk (M= C)-
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%% 87 mock frf e imie & @ ) 4 1 ABCAl-flag -0 F &R > @
pABCAIl-flag # 7 'm?z ¢ R < & £ Rt 2 4.9 ABCAl-flag 3+ &
(~238 kD) » ¥ it 1o L ABCAL 4748 2 fflag #8872 € MR H - %74
(band) > @ $L4 ;2 & 7 elute solution ¥ | ™ &+ & ¥ 238 kD ij-v ik
+ (HE; B> C) ¥ fI* anti-flag agarose A& 2 fr = # W& it )

ABCAl-flag 37 -

f1* Ni-NTA £ 28 41 % i caveolin-1-myc-His 3¢

FEF* g > 8RS 2 A 47 mock ¥4 e fm Pz 2 phCav-1-myc-His # 78
mPe 5 Ni-NTA L& (2 g {1 it 427 caveolin-1 (B= A)2 myc (Bl-
B)ind-vo F AT > X% 4 EBH G v WA B RSk
(Bl-= C)° %% %7 mock ¥4 mr & & p 4 14 e caveolin-1-myc-His
=9 B &M > @ phCav-l-myc-His $#& 78 me ? Bl X § £ R 2 e
caveolin-1-myc-His 3-v F (~26 kD) » (5! it {2 # caveolin-1 #8482 4o
myc <48 5 € R DI H - 154 (band) > @ #1342 & 7 elute solution 7 4
38X 26kD P B R TIEF (HE - C)F A3 85 22kD e

i > BEor FU 7 Ni-NTA A& 8 4= 7 % it ) caveolin-1-myc-His F-¢

B o
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1% pull down B|3#/2 % R caveolin-1 22 ABCAl v F: #5848

11 * anti-flag agarose 5 & i ABCAl-flag %9 F i » £ 4 »
caveolin-1-myc-His % i* F=d > - d2x el > B T * g
SEEE ALY (BN) BEETFILTF v~ ABCAl-flag ** anti-flag
agarose ° iy miE % £ caveolin-1-myc-His it F—9 F » @ 4v »
ABCAIl-flag 2 2 B ¥ 11 22 caveolin-1-myc-His it 3-v 5% & &1
ABCA1 ¥ £ caveolin-1 E4&% & - ¥ - 36 » /% Ni-NTA L& ¢
% & @ caveolin-1-myc-His % LacZ-myc-His 39 F {& > £ 4v »
ABCAl-flag # it v B+ — Jp AJR 5 o el > hfs PR 5 ¥ 52 B
A1 (BA) %% 8o 4 » LacZ-myc-His 3¢ Bt Ni-NTA & 1%
B gl e &2 4 ABCAlflag ¥ 1 Fu F oo oA 4 »
caveolin-1-myc-His e 2 2 B ¥ 11 22 ABCAl-flag /& it Fv FF 2 & > {9

Ppitd & % 388 caveolin-1 ¥ &2 ABCAl E &% & -

Caveolin-1 22 ABCAl + & i+ i w"% 15 % §] (perinuclear region) 2 m

gt —F KRS RE

FF A ¥ LB AEBLR caveolin-1 2 ABCAI %4k & "2 FfE 48
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VR RITR BRI F S AR AN Lwed s il (R4
A~D) - & 5 % 5 caveolin-1 (Fl4 A)22 ABCA1 (B4 B)X F A4 ff ** fm
212 % [Fl (perinuclear region)s% % (B4 C Bl D1)% wreirt (@
1 C> B4 D2~D3)-:i&m Bz - B3 AWk 3 F > 58k Golgi
protein » ¥ caveolin-1 ~ ABCAI % F 4 > w2 2 % B % (B4 E~J) >
P77 caveolin-1 € & ABCAI £ b & G g A N FE 2 nve i1

(Lin et al., 2007) °

Caveolin-1 22 ABCAl £ & 3w F ] 2§ 2 'wm % 5t caveolae

PRt HRERE

ABCAIl % & 1994 = ,T*umé; Luciani % % Z_A ¥ % (Luciani et al.,
1994) » 2 B 3| 5 P de MR E G M AN DwE =g o 1 ABCAL
FAE S 10 nm B &3 2 ABCAL £ 4% 7558 T 3 Bicsi R
% B %8I ABCAL 3 3t w2 5} hcaveolae 17 (B A~B) -
- £ 1% fcaveolin-1 #4835 & 15 nm ¥4 £k F 2 3L ABCAIL =48
£ £ 10nm "} 4 £ F & & 7_caveolin-1 (% 52)¥r ABCAL (% &) >

%3 It P2 B F  caveolae B¢ ¢ @ I caveolin-1 € 22 ABCAI #>

g FHEL (B CD)> & fwmiz §e ch e g ps ¥ EED

69



41
55 5%

caveolin-1 ¥ ABCAl thi&p 3+ 2 & (B E~F)-d 2} 2% {8
caveolin-1 ¢ £2 ABCAI % ¢ 4 [ %+ kw % % caveolae sRF @ % ¥ FT e

s § 1 (Linetal., 2007) -

Caveolin-1 ~ ABCA1 S &£ Ffg & o & (5 3t fe F 2 %8 5

4% 4% Y18 caveolin-1 &2 ABCAI1 ¥R+ 14§24 "E AR jE 3 A& < 1E

¥ 347z 5+ (Fielding and Fielding, 2001; Orso et al., 2000) > @ % i

-~

=3

+ BAcE S % ¢ IR caveolin-1 &2 ABCAL ¢ £ Fp & (7 3 fmbe F ¢ &
2 g b o AP EZL caveolin-1 ¥ oiv € ¥2 ABCAL - Fﬁ%’%d e g B GNiE
dmie N PR RIEE T M W o B0 BREE st BK 0 AT LA § R R kst
BN A e\ caveolin-1 ~ ABCAL B2 chn i (=8 o fmve N P27
e e % 12 filipin 4 # & - 4% 2 (Neufeld et al., 2004) > caveolin-1 %

ABCAl m ¥ X Ffiih 2 =% - % % 3 3 caveolin-1 ¢ &2 ABCAl £ ¢ »
B Rl RS we ot (Bl - A~C) 0 @ PEF R caveolin-1
2 ABCAL * £ | A 3 % (F+ - D~F)c {335t 2% » AP
| caveolin-1 &2 ABCAI &7 iy £ Ip & F "2 FfE 1 w2 5t (Lin et al,

2007) -
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Caveolin-1 22 ABCA1 g_}ﬁ d g 3 N K i e N R AR B e S

ta §le R B G TR AR

B 7 #F caveolin-1 & ABCAIL & fa3-v F e 3 8% 4 "2 FhR
gD o Fend § > F A1 - f&d caveolin-1 #7340 ve §iF
¥ PE A% e B progesterone (Fu et al., 2004) » % & f8d ABCAL #7
o7 e B AF R AR A ende4) A D monensin 2 brefeldin A (Neufeld
etal, 2001)3 2P A dmPz o B 1% L UK PR S P B AT €
¥ 5 caveolin-1 & ABCAl F-v F R 2 3 8% o 5 % 4 R
progesterone ~ monensin % brefeldin A 4% § #r#] ABCAL £ caveolin-1 #-

0 OF R en 30k > @ gt

i

% 7 A F 5 ABCA1 & &_caveolin-1 e3-v

HL2RE (BL = Ao de P = Adrd| @ @ mie > 3B
methyl-B-cyclodextrin % & % & 5 3v F ol e\ A D o 1395 Le
Goff & % g2 3 » #-'w % i J? methyl-B-cyclodextrin (2 mmol/L) 30 4 48
Rk d e s b e F AR (Le Goff et al, 2004) o 2% % e 2 & % 3
IR > progesterone ~ monensin % brefeldinA § #r+|w¥e p 7% B ff 1F 1% 3
fre s b (B2 B)o FtRens = fAdedIHS §F4IB BRI T AT
BIOERARBRES (W= C)ed g5k Fawip = fE g Prilimie p g

FI A8 3% e0ve f e B0 € AR caveolin-1 £2 ABCAL F-v JF i e 3
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1T % ’j_F_',),—;\"/“m”é’P\ F%rﬂﬁg_ “'XJ‘; Feﬂ_g__lﬂj’vr’%f; rg?& F]ﬁ““’ ?""r ’T
AR HERD o Rt 2 AR DB ML > A PR caveolin-1
0 ABCAL 35 F e 3 (6% 7 it § J5d 5 §.7)50 58 % 98 7 3w e

WP ENER %A F (Linetal, 2007) ©

2% 5 %3 I caveolin-1 € 2 ABCAI — 38 ¥ Y& B fE 3| fm 7o i}
Fer 3 %R0 Forafare 7 (Linetal,2007) @ &7 k&
e T - BRELEERIET D L caveolin-1 ¥ ABCAL 2 & @yt % 2
k£ fe FTes e F AR E 2 2 $ 41 2 Orso & 4 % 3L & ABCAL ?J“ér‘ g EkRES
¢ scaveolin-1 € B F &8 A T ¥ w2 FF T @ %t (Orso
et al., 2000)> F]pt 4 k] ABCA1 ¥ st $f3% caveolin-1 €% A < 48 @ % #q 7

Plinre e B ALY P E R kI o

' X ABCAI ¢ .7 € :2% caveolin-1 3¢ B4 RE > & 343 %

P rﬁﬁ’ TR e H AR

A 7 Bz w it eniEsi 2 P17 75 ABCAL siRNA 4 % i ABCAL
4 IR 0 L IR ¥ caveolin-1 Fv FAIRE TR0 > BLEZ S5

1 0 7% ABCAIl siRNA !w?z ¥ 7 ABCAl 3¢ FAREHF ' EA
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scrambled siRNA 4] &chim?e x5 70 % (Bl+ = A~B; p<0.01) > i
caveolin-1 F-v FAIRIrix 7 ¥ £ 2 (Bl+= A~B) - > ABCAI
7. F € 5 caveolin-1 F-v B & IR o 8- £ R ABCA] siRNA %
scrambled siRNA ‘w?s kJ2 % % & "9 39 F ~ apoAl ﬁ“ 239 F % BSA
(fatty acid free albumin) & ;p| & H & F e §8 0 o & % 3 R > 4p#>t BSA 5
FlE FRAE I FRFHEARTN (M= O i apoAl §* 7
B0 PHEARBAGEFRF TN B RA GG Fa L
apoAl 75 F=v F¥ L flgp L mie e H AR E D o 4p 3 scrambled
SIRNA ‘m# » &> ABCAl £ im*% 2 B % B %5 oo B 473 Ip e B
BhEFRS (L= C;p<0.01) & apoAl #73 £y FpE 8 1102 5
BMEPE (BL= O RH 38 %% » A F v ABCAL % § #5
caveolin-1 3¢ Feni & » 3 3 %A %5 v Fa 2L apoAl FAREI
e flgep g mee e i@l > ¥ ABCAL 42 3 % & % 3y Forid

BATERB RN Y

*# X ABCA1 # 8. € ¢ caveolin-1 & F & 3 A X f

BT ORI LB ¥ R s 2 s ABCAL siRNA 2 scrambled

siRNA w2 » » ABCA1 £ caveolin-1 14 i 2§ o #-f fimve 57 & F

73



fRi % T AJdL® %R q v T % g7 scrambled siRNA w% ¢
caveolin-1 &2 ABCAI £ e & f# 3wz Tt fmiz it b (Bl e A~C) -
a# 5w ABCA1 siRNA % ¢ s caveolin-l % 4 i fimbz £ % B % &
(perinuclear region) (Bl = D~F) - 12 58k Golgi protein % %_w % 1% % [l
T P AR dcaveolin-l A B AN (Bt GDe £t g%
% ¥ 78 scrambled SiRNA ‘%2 g2 8 % & P 3-v H 16 0 G~ = lm¥e
shicaveolin-1 € #31F fim?e 3% e H ¢ > @ 5~ & &7 ABCAI siRNA
fm¥z cficaveolin-1 € R w2 % Bl % 32 o ¥ hHgE 58 ABCAIL siRNA
iz 2 & 78 scrambled siRNA 'w%e J|* 42 3 i# .~ & 3 1) plasma
membrane % i» % cytoplasm % > {3 > | * & > BLE % & 47 caveolin-1
Al (Bte Ky 2%87 drdlew? > caveolin-1 $& % &~
B Ed > b A % Y > g ABCAI siRNA fn% ¢

caveolin-1 R € # % A~ 3t lmie TP @ g b & 53 e o o fgpig it

H5% o Aparyg ' M ABCAL £ IR ¢ ¢ caveolin-1 & F .38 L < 48 -

ABCAL1 ¢ £ oligomer-caveolin-1 & & ¥ ® 34§ caveolin-1 BB

—

Caveolin-1 F-v T FSHER A w4l 3 AT F 5w

- (Machleidt et al., 2000; Parton and Simons, 2007; Ren et al., 2004;
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Tagawa et al., 2005)> F] g+ 2¢ 4 jp] ABCAL1 £_F ¥ &t %”% d 24 ¥~ caveolin-1
v FenE Rv 2§ caveolin-1 3F 3 AN M A FX Plwmre gt > 5
T BT B o p A g > BEE2 0R] i se ABCAL siRNA e 2
## 78 scrambled siRNA ‘w2 ¥ oligomer-caveolin-1 % JLE - Sargiacomo
% X %7 7 oligomer-caveolin-1 £~ 1 ¥+ SDS & fiﬂﬁ#;ﬁ vm H A
£ % 400 kD (Sargiacomo et al., 1995) » i 4t B-mercaptoethanol 5 d 100
C/d2 ¥ = monomer-caveolin-1 > o & & BLE ;2 & % &7 4p >t i
78 scrambled siRNA w #2 > #& 782 ABCAl siRNA @ %% ¢ h
oligomer-caveolin-1 (2 & + £ % 400 kD)2 R E ¢ F > (B-+ I
A~B) » [ & ¥k 55518 B-mercaptoethanol 100°CREJE 6 4 4818 » F it 8
B3] 22 kD £ monomer-caveolin-1 » Zp # 400 kD = caveolin-1 #% 7
(band) ¥ % oligomer-caveolin-1- /2 non-immune IgG % # ABCA1 88 i
foB Tk 0 W IRF LT 58 P-mercaptoethanol 100°Crd® chg-v F >
oligomer-caveolin-1 ¥2 monomer-caveolin-1 ¢ - [+ £ ABCAI F-v Fitin
ABCAl FB & £tk ™ k (B+ I C) - Rpz %% 7 ABCAIL ¢
¥ oligomer-cavoelin-1 3 3¢ F A < 3 ig* » ¥ ¥ ¥ A4y caveolin-1
E R Y o d 2t Caveolin-l 3v F B GiB%E R4l 3 A
(Machleidt et al., 2000; Parton and Simons, 2007; Ren et al., 2004; Tagawa
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et al., 2005) » F]u* f& 7] ABCAL ¥ 12 3£ d H 24 caveolin-1 & F it &k § e+

caveolin-1 3 B L X R8T F X Tl w2 W b o

BHRATFY FA2tapoAl §#7%5 %0 F2 BSA A & 2 3 ABCAL

mRNA £ 3 > (e 2873 € B ¥ caveolin-1 mRNA #

AP ET kR SRR hw e A WRIE B %R %y v - apoAl
759 2 BSA 2 R (0~5-15-~30+60~180 ~4a) > & * L
Z_¥ RT-PCR 4+ ABCA1 mRNA % caveolin-l mRNA # & (B-+
A ) AT PRSP AL 3 B2 total RNA > 41 #* rRNA
% B-actin 1% % loading control’ ¥ #-H ¢ — e 4% =7 ik #4&F & (RT-)
M5z PCRI M keniEd > ¥ 2L 8 F] % genomic DNA ;5% & %o
BEFEBHAEG D Tt P g2 % ABCAl mRNA ch& R (5~15 4
4) % ABCAI mRNA ¢ :E bk 1 AJZ R $ R0 T Al
(30~180 4~ 48) iz apoAl %73 35 2 BSA 7 € % ABCAI mRNA 4 7
T3 PHEEF (M) 3 %R E9 ¢ dEiaip > caveolin-l
mRNA 72 38> 2 apoAl §75 ¢ F 2 BSA 7 ¢ %25 caveolin-1 mRNA
PRI (R 2) o P REFETRIRR Y FTAZS D3

ABCA1 mRNA % 3R> = + 2 45(5 ABCAl mRNA £ 3L E ¢ brivry | A
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AfE 0 @ apoAl §75 39 B 7 € $ ABCAI mRNA £ & 5 P R 5
Fobo B mAR 9 F 2 apoAl 75 3¢ T ¥ caveolin-1 mRNA # &

LT

BRARFY TR 2t apoAl §* % 3¢ B2 BSA mdZit 2 % ABCAIL &

v FARE - Fe caveolin-l E R > 272 £ HE caveolin-1 L L RE

AR FY G BEZSITARILE B R T apoAl 47, B
v B2 BSA chimre? o B ABCAIL -9 H % IRE - caveolin-1 F-v F 54
Z B & (tk & 5 i PB-mercaptoethanol 100 °C re 32 6 A 45 ) %
oligomer-caveolin-1 Fv F4RE (B-+-)  $EFR > 2B TR
Fov T IS A4mis €2 % ABCAL 2 E > 8% 30 A 4518 € bntrw 3| e
T e & (0 @ apoAl 4475 3% % BSA AJZH € P AFc % ABCAI
o FARE (WL B ~A) ¥V - 26 F HAE%F9 [ apoAl
55 39 F 2 BSA aJZ 20 & P AE e caveolin-1 A RE (R -
B~ ~ B) - & % B % ko FF AT 30 A4 & B 45 4
oligomer-caveolin-1 > ¥ 3% 2 £ LB 3| § % 5 L > & apoAl §*75 9 F
% BSA 2% € PR S oligomer-caveolin-1 e E (H+- > B+

AC) BRI E R AR T 2bapoAl 75 3% T2 BSA T
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<3 ABCAIl #v # 4R > 2 F &4 caveolin-l £ E i > w72 § F B

caveolin-1 %, & L& -

BRARFY Fa2tapoAl §4% 3¢ T2 BSA ¥ Poii FTet " HpE R o)

AR FHRFEP EF B AR F0 F a2t apoAl 47530 2 BSA
g Lt FRE ML= C) A R FRA MR Tast
apoAl §* 75 v F 2 BSA it & 15 ~ 40 2 § ABCAL 2% p 30 # 4b
B 43 60 A~ 48 PF 3 4v caveolin-1 % F it (Fl-+ - ~ B+~ A~C) > F
AP F R AAILE B A% B0 F o apoAl $175 3% 2 BSA 3
5+15~30~60~180 ~ & mie "EFmBA L2, (B~ D) S5%
o BSA BTt 60 A4 EE R G4 % B L HagiT
STEROEFRF D 0 d apoAl 05 k9 FHT (6 %EFmMmE D
T BSA AR BELE > LB BRI TN 30 Ak
Poit Fles e e F AR D 5 D] 60 AT FE R A hse o 0 ¥ & BSA
AOLef FLR - PRHBSFHLE APERTFFRR I T
Zt apoAl 475 3¢ F 2 BSA ¥ 103 60 A 4B = = X R F AR R
d o @ oligomer-caveolin-1 2 L& L 2 F AN H2,2 5 & RAPK 12

(- ~ C>D)> & M caveolin-1 & F f* & e e Ff #1465 £ & o
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B ®A T Ev F €34 caveolin-1 £2 ABCAL F-v F R h 3 (£

Bl LB R BPad-d B 0~5~15~30~60~180 445 > £ * 4o
caveolin-1 ¥ iY 1F 4. £ 77Uk 1 47 31 caveolin-1 87 ABCAl &% & PFfF gL
LI AEr (B 4)e BEFRAILF R ARG TS AEM §H
caveolin-1 &2 ABCA1 F-v F R 2 3 €% »30 & 4& (S >caveolin-1 &2 ABCAI
Fo FR T 8% g FAnp b o I %S BT B BA v
Falgcmre e B s 8 0 % 3 pF (5~30 & 48)>caveolin-1 € 3 4r 2 ABCALI
Fev TR (7 o g e R EmE A (60~180 A 4B) -

caveolin-1 #2 ABCA1 36 FRFch3 3 (% g5 o

B HAR % F Fa 2t apoAl §% v T2 BSA it §[#* caveolin-1 /£ 3
2N R E I B e ke

BFY LAY CHMEBE LS TR 30 T > apoAl 7% &
v B2 BSA 0~ 1530 4 48P > caveolin-1 22 ABCAI flw?z ¥ ik
i E (Bl= L)e & 0 ~4PF 5 caveolin-1 £ ABCAL ¢ & [k 4 i 3 im
P EwRE (Bl A~C) L B & g 39 7 15 4 48P > caveolin-1

§ & ABCAl & g ko ¢ (= + D~F)> &JZ3 % A% v
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30 4~ 48P > caveolin-1 ¢ 22 ABCAL £ fp &4 @ flm?2 Wt 2 w2 B P ([
= -+ G~I) » @ feJIE apoAl i‘l 5 %-9 F & BSA 30 4 2P > caveolin-1 i
B8 ABCAL £ b A w3tz 1% (Bl= + J~0) - 145 Lm0 e Sk %
% (B4) > caveolin-1 ¥ ABCAI £ A 3w % FHH T LB A
SR BCERER G AL BAY RY F - apoAl fLRn Fn R
BSA B> 5 72 %ehimz 8 cavoelin-1 22 ABCAL % fe 4 15 3¢ dm%e 2 % 7]
FIL R %R R0 B30 A4 5 73 %enimie B caveolin-1 £2 ABCAL

£k

it

A I WEE e BP0 @ T apoAl %5 %9 F % BSA 30 »
P & WG 68 Y%rnimiz 2 71 %eninre B ocaveolin-1 £2 ABCAL & &
amimet Bl (Bl - P)- Rl  HITr3 3 %Rk
v @ 2t apoAl 75 F-v T2 BSA ¢ §2* caveolin-1 &2 ABCA1 % F &

BRSSP TR et o

B HA T Fd F € Hd 4 ABCAL 4 3k §[2* caveolin-1 £ R i 2 %

A 8 ¢

Lm0 F % %% 3% M ABCAL € 3 ¥ caveolin-1 £ K+ (RL+7) =~
BB AR g 30 F g LK 4 ABCAL ch4 IR E 3% F H 4o oligo-caveolin-1 £

2ME (W= WA APEREFAR SR TP 5
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ABCALI 7% .2 F 24 caveolin-1 % B i o A 7 7@t B A1 * 7w
ABCA1 siRNA 2 Frd|® % & %g 30 B #7H# 4 79 ABCAL £ 30> £ I *
O EREZAPTETE €S PR B9 F TR 4o o0 oligomer-
caveolin-1 2 & (Bl= + - ) 2% ¥ » A7 scrambled siRNA 7+
e ? > BB I-0 F € B 4 ABCAL F-v F e T H 4
oligomer-caveolin-1 en% L& (Bl= + - A)-ix A7 ABCAI siRNA 'm
¢ > T L3 ABCAL chd ALFr 1T & o TR EILF B A 75 Fv B
# ;% 3 4v oligomer-caveolin-1 7% & (Bl= Lt - A) R¥ypPp %5
ABCAI $* % % /& g 39 3 4v caveolin-1 E R I FEL & chd & o d

BIE B PR g 3-v F ¥ scrambled siRNA 2 ABCAL siRNA 2

R TR R 0y cnk 5 B 3] ABCAL £ I ¢ 1 "R F R A 0 T

oo

R (Fl= L+ - B; p<0.05)c st %% AP hT B RAE S
o B¢ g 34 ABCAL hi RE % §Te4 caveolin-1 & F i % FT et re g

ARfgd e
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RpF RSk FENTARH: whikp 4w ? > (1) caveolin-1
A IR € B 4 caveolae B chT) A B FT B AR F AR S (2)
caveolin-1 ¢ & w4 ¥ ABCALImMRNA 2 3-v i 3R> @ ABCAL 7 ¢
F28 caveolin-1 shd—v B A I > @ ¢ 5 d caveolin-1 #7334 #H*E Ffg
B4 (Bl= +=2)5 (3)caveolin-1 &2 ABCAL F-v F R ¢35 23 8% » gt
IR F A el 2 e B¢ > ¥ ocaveolin-1 &2 ABCAL i 3
M BE RS L 5 (4)caveolin-1 ~ ABCAL 22 "2 B fg & e & (i 30 fm %8 Wyt
i1 caveolag S 2 e e B AN e [ (5) B Irdle R
iF % hpr 4| &) progesterone~brefeldin A 2 monensin 3% ¢ #ri| caveolin-1
¥ ABCAL v TR e I (8% ~ e P ML FR BE D it > T g
AR Y B RAE R TerRaERRED (B L 2); (6) #ime
FJL R %R Ew Fehiod) (5~15 A 4k) 0 ¢ 2% ABCAL £ IR7 H 4
caveolin-1 ¥ ABCALl #% 3 i¥% » % ¥ 85 caveolin-1l & F v 1_#
caveolin-1 & % A = #iF % F|lwre 5o b 2 F 22 lm P PR BIAE R 01 o *F X
ABCAL # 3 ¢ $r| caveolin-1 % F it & & caveolin-1 i#§ &8 A <41
EEMCERRR O A PR LR AR - B (W L)
BB ARy FRY L A a4 4c ABCALMRNA 2 3-d f7en
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#. 30> 2@ $2 4 caveolin-1 & B it 27 caveolin-1 — 4= 12 9% f > N3

AU ) o LR AR R

<
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i

—FRPA LT B A EERE S

L RLET R I 4 P B LERR N S R ﬂl",‘ﬁ‘*ﬂm,&m’i’é’lﬁi’ﬁvﬁ’}m’?é
(Glass and Witztum, 2001) » = ff 'm%s “rd>jF ek 4 AP o )R dmie
e g REEPN K 0 A ie- F i4§ 2 w7k E (prostacyclin) (Frangos et
al., 1985; Sessa, 2005) % F]F » 5 [ ok w27 = ehF 5L o @ o e B e 2.
B en R 1A (junction) » R ¥ B ok i 5 P % R Py Bov BIE O BOERERE
Pty et X PIE A BT mie kG § ARDZF S RE

(adhesion molecule) ® m?®s F f4 % ~ (Kaoetal., 1995)> i¢ H 3% ‘w
ek b BRI A dmie T E A LT K % (subendothelial space)?; = E
Mimie o F BTN B R T By S T L ik imee (foam cell) o £
N AR R gy P 0 S XA E A d ow pEEA G R IR
i M3 (Boyle et al., 1997; Chen et al., 1997; Kao et al., 1995; Kao
et al., 1994; Rao et al., 2007) o L - #vime & i & #% kEeh? & (media)
il ) KA Y 0 B Ar A G end £ TS 2 F N RS ¢ (kT
Frrme AT HBEIIP LA TREE G SAERBHEEL F (R -
C)» FIt T rcimbie 5o d iR H I T 3 ¢ 0§ 2 E RS T R es
78 3 # % 0% 4] (Gennaro et al., 2004; Patel et al., 2006; Ross, 1999) - E
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Mamie wE R Y 0 ¢ {1 % Scavenger recepter-BI (SR-BI)#-v F ez

§ ILP‘: l_{‘.g.’}i qﬁ‘ﬂ ﬁFﬁ»m %ﬁ;\-,é’ﬁ:‘m“e s m %Bbjz.”rﬁr‘]ﬁff,bg\ p«gé.j’, '_:FJ

‘R Es e R LR R E R
(Collot-Teixeira et al., 2007; Gargalovic and Dory, 2003; Tall et al., 2002) -
BIRA AR EART AR G H - B NI g0 BREEL RfE S
PE B AE B B R W eha ] (Ross, 1999) o A5 @ Rz A0 &
ELERES SETLES - LT F Ll SR =l
B REW ek > R4 P L § & UH 0 A EER
(Faggiotto et al., 1984)c @ p A fm%e 3@ PR BEE N R 7 2 B8 ¥ K@
BRifgke FERBEM 2P Lo B Tiicmie 2 Eviiim® — 2 G it
Bofey s MR R g 9 B B (Hu et al, 2003; Nagornev and
Rabinovich, 1998; Sawamura et al., 1997) » @ % T jfivim¥e 2 E ¥glnbe
g€ RGN RFIEFE D A28 Rimbe > FIpda R p L lwie - 2 L5
FRen@ 4| ket 2 FHERE 00 (O'Connell et al., 2004) o gr e 283 ¢ > p

fimre @ s F R O P R R

= ~ caveolin-1 ¥ FH {4 ch s 58

Caveolin-1 F9 H ° HEF € £ & % & "2 H i (Murata et al,
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1995) » I i& 3% fmPe | P& FAR T w2 %+ (Fielding and Fielding, 2001;
Uittenbogaard et al., 1998) » e $> " FE @ 11 iv 5 ¥ § 2 f ch52 (Fu
et al., 2004)-Frank ¥ * 2 3L4r4] NIH-3T3 ‘w7 $k 5 caveolin-1 ¢ 3 4v 7%
7 fE 9 (Frank et al., 2001) ; Matveev ~ Wang = Frank % A B3 3L 78
caveolin-1 & J774 ~ RAW ~ HEK-293T ~ FRT w’z $R$+*£ H iz §# 1102 7

¥ 2% (Frank et al., 2002; Matveev et al., 2001; Wang et al., 2003) - Fu {=
Smart ¥ 4 4 %] 78 caveolin-1 i& » HepG2 % L1210-JF % k> S % ¢
HAvhmie p R4 X PR FERFEE D e b P et F R E D (Fu et
al., 2004; Smart et al., 1996) ; Arakawa | * #& 78 caveolin-1 oligonucleotide
% % i< caveolin-1 # IR > B % € #r4| THP-1 ‘wr ke iR § 0
(Arakawa et al., 2000) o @ f# % ] A fmPz & § & IR caveolin-1 & "% i< %
3. caveolin-1 % % ¥ IR caveolin-1 & "2 F R 15 & 4p 4 (Lin et al,
2007) (M- ) B2 penPohi% P FliEacdmed o E£RK
caveolae % Tﬁ tF B dmrz P @2 A5 (Briand et al., 2003; Fu et al,
2004) o @ W iEehP S% F 4 Fu % A8 Lin £ 4 5977 8 4% 35 Bk
BL% 3] & HepG2 2 & 7% A fm?2 ¥ < § % IR caveolin-1 ¢ § 24 caveolae
B (Fl=) @2 caveolae BHEatit s Eiwe "EFRE 1 chE &

4t (Fielding and Fielding, 1995b) » # 3\ iF* 3% % caveolin-1 4 s %ﬁé 1l
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B4 caveolae 7= » P| 7 F et p g w2 AR 1 (Linetal., 2007) - P
@ caveolae £7) = 8+ & X = 2 i & (Parton et al., 2006) - # caveolin-1
£2 caveolin-3 7 I‘f Blihim¥e 7 R I G caveolae ihifsd (Drab et al., 2001;
Galbiati et al., 2001) » #* ¢k > #-caveolin-1 £2 caveolin-3 * F % J frdtk £
caveolae #im® + » ¥ 12§ 4 caveolae % ’fﬁ enA; = (Kirkham et al.,
2005) » r1 & % B om caveolin-1 & caveolin-3 ¥t caveolae /g 7] = &
& 2 e @ caveolin-2 € 4vif § B4 caveolin-1 4 2} = caveolae » fe 4% >
caveolin-2 #r % ¢ B 3 caveolae 77} = (Razani et al., 2002) o % i ] * &
> ELEE PPN R e ¢ 2 HEK293T w2 tk* caveolin-1 %
caveolin-3 ¢34 IR » % % 4 Ik caveolin-1 % caveolin-3 ¢ = & % IR &%
MA@t d AR HEK293T mee ke (Bl= - 1) Fut vk p
L imre® 5 424754 caveolae BHEee & 3od o i HEK293T imee
Fraft il v FAR > R T oA N caveolin-l P A mw 2
HEK293T %z ? » ) 4 fmPe ¥ 123 4 caveolae % ) = > 2 HEK293T
m¥e % H 4e caveolae BiEin?) = 0 @ 5 Tl A caveolin-1 ¥ 123 4o #+
PN R e AR ) (2 43 T L B S0 HEK293T e thnve B 17

A enf % %% (Lin et al,, 2007; Wang et al., 2003) o 3 *t T jfivim iz & F

\

W e hi e ie o BT — 3

&7
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= ~ ABCAI1 £ caveolae sijp ¥}~ ¥

ABCAl # ¥ - BEPEFEBE NG 374 Had-9 F (Wang et al,
2001) > @ Liao # * &% ABCAL ¢ §e4 p 4 vz e F R 11 (Liao et
al., 2002) - § =% % -t 3 I ABCAL ¥ caveolae shig 1 =¥ T caveolin-1
EsmE gt B3 d9 23 ¥* (Chaoetal,2005)  F]gbt 3t i 2 &
# 31 ABCAI1 #_% 7 caveolae. pﬁp\ £% 9 Mendez & % [ * i & /5 A&

A BEGE I B R W2 ¢ caveolin-1 & fF 7 triton X-100 insoluble #7m
Pz 7 F caveolae ¥ 3 0 it ABCAL1 4 i# - triton X-100 soluble 772t caveolae
%3 " ABCALl #ra e e Fpe 118 4 4 2t caveolae % 3 (Mendez et
al., 2001) » F]pt 3 5 ABCAL £ caveolin-1 2 /2 3 4p B |+ - Gargalovic
EAPAI ERAEARIEHECF R AE w7 > ABCAl 7 &
caveolac 4 i % & > #7110+ 3L 5 ABCAl 7 % caveolae P i *
(Gargalovic and Dory, 2003) o & iTe#7 3 ¢ » Stoery & A R * 2L 7w

1% 4 3% (non detergent isolation) ¥ 3. = MDCK m?z $k ¥ »ABCA1

‘3\1

¢ 4 i 3t 2k caveolae % 30 e G A fwiz ¢ s ABCAL R € 4 i# {xcaveolae
¥ (Storey etal., 2007)- Fl¢* ABCA1 #_F =3t caveolae * # i € F] &

LSS EI AL e B RS G R 2P BT ARYE
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caveolin-1 ¥2 ABCAl Ap AP ® dhk 2 T3 BT BE%S

m\rt

N
NS

Wlimie ¢ A eniFA) e AT I LA ITIKE ~ AR YRR E R L
e R £ P RE P L 2 P o caveolin-1 € &7 ABCAL 3
e 32 & e & 3 dmf2 B F chicaveolae B8 mie TP chg A S 4 Z

w2 ¢ (BT ~1 ~-+)(Linetal, 2007) -

z ~ Caveolin-1 22 ABCA1 % B E ejp T A4

N

BT & iB—H B fF caveolin-1 22 ABCAl 3 @I M £k 4

=t

AR & F ALEfE caveolin-1 #2 ABCAL £.F 47 H4r 2 RE -
3P I caveolin-1 ¢ i+ w3 47 ABCA1 mRNA % 3-v 74 ME (Linet
al., 2007) (=) > @ Frank & % » 39 iF caveolin-1 7| ﬁéﬁm‘m”e ¢
ABCAIl ij-v B # B ¢ "% i (Frank et al., 2006) « ¥ — & & » 248 R
*$ 4 ABCAI # ¥} caveolin-1 h3-d F4#RE X5 HFE (W= A~
B): %% % & & ABCAL 7| “ﬁ% Kz ¥ o caveolin-1 -9 Fehi ME

2195 4 4] (wild type)E & iz 3725 £ %W (Orso et al., 2000) > T *% 3

4t ABCAI e 8 2 F € B caveolin-1 en& E - Bl G FiE- £33

i

o d B W% g ko caveolin-1 ¢ 3347 ABCAl mRNA £ 3-v Feh

BE > e ABCAL T 7 € %2 38 caveolin-1 F-v Fhi I » Flpt

&9
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AR AR A E S @ oo caveolin-l Bi%ASY ABCAL F 5% » (e gt

BHTEL DR HR%RE

Ed \5-)4},9#;,__ﬂ} ”ﬂ‘-ﬂﬁ%ﬁ“"#s.

Fielding & 4 % 3% 11d ABCAI £ caveolin-1 & p & ‘w2 ¢ 4 w973

t: L

ﬂ?
L“S

FA% 13 Ji 05t (Fielding et al., 2000) (B~ ) 5 7 apoAl § 75 3=
fr £ 4% & 5] ABCAL + »ABCAT #4857 7 1% % apoAl §4 7% 39 1 7
= apoAl ' 75 F=v F/Bi"a T 47 & W £ F £ # % ) caveolae FiE =t
PEFIRE S apoAl ' o T/ T/EARBSA SRR B R R0 T
AR A B e L SRS o sk Smith £ 4 frig
ABCAl & Eviim ? ¢ b D piPg | 2 "2 FfE ofcsY (Smith et al.,
2004)c @ APty P B I AP £ e ABCAL #&°° J1 IR & caveolae
HiT o @ % i caveolae BT (BL) o FlU A LS PR e chtE

FEAR 0 3 5 TR & - ) I B 2 B caveolae B HEY -

# AR E % $r 4| R4 caveolin-1 22 ABCAL FF 2 3 {£% s 45

AP I A e fe N PR AR E X chfr ] B L progesterone -

brefeldin A % monensin ¢ #74] caveolin-1 &2 ABCA1 F-v H 2 3 1%
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oA Frdlme R EBEE N me ) A BLERAS Y T
(B =) » Progesterone §_— 1B fm% |\ 7% Efig 3 1% fr 4| | (Mazzone et
al., 1995; Sviridov et al., 2001) » {& % Smart 2 Fu & 4 % 3 progesterone
§ 454 7 P 1] caveolin-1 8 % mie p FEFFE T 02 L (Fuetal,
2004; Smart et al., 1996) o @ . *FT 3 ¢ R[4 I > progesterone i# ¢ ]
caveolin-1 #2 ABCA1 R eh2 3 &% » Bt Jaip| s B Fov TR 3 (B2
3% caveolin-1 H_F v #ix wmie P PEFFE I e b - 4 £ & (Lin et
., 2007) - Brefeldin A % monensin ¥_§ * k¥rd|re § 18 % cdrd)H
brefeldin A ¢ #3% cis-2 medial-Golgi cisternae % (Klausner et al.,
1992) > monensin R ¢ #.3% trans-Golgi cisternae & # (Morre et al., 1983)
@ B3k Golgi @ cisternae € Fr 4| 4 LT 2 P ¥ A chve f iE
(Mollenhauer et al., 1990) ° iz 3 fa4rd|# %5 A& WG AR > »
¢ L3k caveolin-1 ¥ ABCAI B ez 3 8% (Rt A)> Flt 42
caveolin-1 & ABCAIl 1% 3 1% 3 & - = Fehe 7 3 cis- ~ medial-
trans-cisternae 7% A N o @ LA E F KL ¢ BEZEI| caveolin-1 £
ABCAL £ [ & (% fm%e T p g & 4 (B4 E~J) > M7 iEa 3o
BB AN Bl oo

Bobk SPEER P L e IR R B R g e T 5~15 A4 pE
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caveolin-1 ¥ ABCAl ¢ XA >3 A% (K1 D1 E~J; Bl=- -+
A~F) » e le PR el ik % % B o1 caveolin-1 &2 ABCA1 3-¢9 F R 3

FaE R 3 EF (5~15 A k) (B4 4) 0 FE A PR A AR E %A

fug

o Fend (5 5~15 4 48) > caveolin-1 22 ABCAL ¢ &8 A<%7F %

,

’ 2 27 2 - 77 vz, > X g - = = N . vy
e 3 EH B oM T IR 2 R R EPPEFE A S F I T

tiEEEER > A E AN GFEIA RE o @ f/adE brefeldin A 2 monensin F#r

.
—-\\

é,g vl"ﬁ; &H’JPEP\FV;&V‘]]?T%_ -Si | mﬂéﬂijjﬁ/ﬁy,l)é%%}iﬂaﬁ‘\é?
AiprEEEER Y (B = B0 C)r ARG caveolin-1 § & ABCAL

(RN VLR ¥ e Pﬁ@ﬁgéﬁﬁgilj‘f@mpégi’}

F}
<l
ey
o2
At
NN
o
)

BB PRI FAALEFABYD o

= ~ Caveolin-1 22 ABCA1 Z & L 2 & £ 8% " FfE 3 o ¥e W

g IR caveolin-1 € &2 ABCAL 2)= %2 3 8% @ & |p 8 "L
Flmre s b > 2 §_caveolin-1 ¥2 ABCAI 2 Pt 2 FFF &350 3 1%
Rk P iEEE AR ?Orso & A B I A ABCAL § f &l 2 Tangier
disease Jp 4 ehim @ ? 5 B2 R € 3 4e caveolin-1 % caveolin-2 mRNA 7%

2,

WE > wE 7 ¢ B caveolin-1 % caveolin-2 eh3-v F A IRLE > @ #E2X

caveolin-1 % caveolin-2 v F 3 % 7 > & & _caveolin-1 #ri% § &3 A& =<
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W X0 imor Ny TR @ P e W) > &diipl ABCAL ¥ AL #
caveolin-1 f& % A 4 @ % 7y W P m e WhiE ALY HIF £ & ech k d
(Orso et al., 2000) ; Zha & 4 ¥ IR 4k a* ‘wPe ("2 B AR 8 11 pF > ABCAL
¢ &% non-lipid raft #*# & % 7 caveolin-1 ¢ lipid raft *2 & j% % 7 < #4:&
¥ P e s (Zha et al, 2003) > Flpt 4kl ABCAL 30 B ¥ i € 4%
caveolin-1 F-v B frlwfe p eni@iX o AP T 7 ¢ > FIRFE S ABCAI
4 IRF € 3 caveolin-1 ehF v FLAIE (Bl-t= A B)> wirg i@
caveolin-1 2% &3 A <4 (FLz) > Fs ABCAIl fd %p 4 fwmre ¥
4% 4 §T 84 caveolin-1 p & A X #8:1F % 1| w92 W b o 2\ i 4127p) caveolin-1
78 ABCAL fa2t H a8 3 A 40 » Botd MOE BT 3 T ) o 5
® ABCAl F & caveolin-1 & X fo §Tes "2 B AR 48 1) 7 bm chof” 7 4 o)
caveolin-1 3¢ & ¢ ® #&.% & "2 ¥ % (Murataetal, 1995) - iv. ABCA1 7
FEERSEERM A NN LR BT (Wang et al, 2001) » iz &
ABCAl #r@ v sz g ] 4rg 5 "2 > Flet A Psap i regp v
it 7 & caveolin-l /BB FM S & v T k- FH R EHMEFE o ¥
-3 o FLAY iﬂ ABCAL it J3i8 i me p GVPEFFR T e ¢b 5 F
ABCAL =3t fmve P iz & B 2L N B pF > & 25 it -cytosol ¥ P& EH AR

FEE R S F RSP Y 0 8 Lok B ¥ AR ) o
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+ it ABCAIL fim® ¢ §_F 3 transporter th# it 4 1B A 47 i o

N ~ABCA1 %574 ¢ : ¥[e4 caveolin-1 E R 2 F 3 A <

2 T E RN ABCAL ¢ flw® ¢ i apoAl 495 v
E X B o I B-hme N PR RE L apoAl KRS F 2R OE B A
2 39 F (Singaraja et al., 2006; Vedhachalam et al., 2007; Young and
Fielding, 1999) - P 7 F 5 2 7 ABCAL - B AT 50 » T E_
ABCA1 ¥ 2§84 caveolin-1 % F v 1 ¢ B i 3l 5 A N 05| fw e ot
(Bte st ) - Sden FA S8 ¢ R BFE A< & caveolin-1
fré iy B ASHEREPFEF (Renetal, 2004; Tagawa et al., 2005) » #7
MEFF ALY g BRAET] caveolin-1 B B AL H % F (Dupree et
al., 1993; Kurzchalia et al., 1992; Luetterforst et al., 1999; Machleidt et al.,
2000) - Caveolin-1 P B A < HARIF E L H Foo T Fis B 45 5 B
(Machleidt et al., 2000; Parton and Simons, 2007; Ren et al., 2004) -
Sargiacomo # * 7 L3 IR caveolin-1 € &2 p & 5 £2)= & F & X 400 kD
X % SDS Jir w E 1 AIAE 20k R & B A (homooligomer) (Sargiacomo et
al., 1995) - 5§18 kT 3 > iR BB 3 caveolin-1 & H it 975 X iE 47 o

B F e o caveolin-l B¢ € BEERICH A w (61-101 AL A
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) A R R (homodimer) > ¥ 1 B ASNH o T ERHE
fI* caveolin-1 P C AT Hfm 4 5 - X EFR > 3 FH{L L
A5 5% ke & F A8 (homooligomers) (/4 B+ ) (Song et al., 1997) - Ren %
A B3 IR caveolae (PG 6 ® AN+ 0 @ caveolin-1 F )+ &
FALA i 23 A S 0 caveolae MCHHER £ (Ren et al, 2004) -

Caveolin-1 F-v F 4@ 2 R % > B caveolin-1 2= E R > @ § i%
T B ANE > F) i caveolin-l B LB E B VA A E B A
(Machleidt et al., 2000; Parton and Simons, 2007; Ren et al., 2004) - Tagawa
% A K- caveolin-1-GFP # 78 :& % p > 3 3L caveolin-1-GFP F-—v B &

BRBEANHEE RE S puncta> ¥ 2 B #FAHIwment > @ B AX

§ & B 1 caveolin-1-GFP [ % ¥ ‘%2 %<+ 9 caveolin-1-GFP % £ B] % 4p
e B 3R] $ihcaveolae B § B AN M) A (8 B T T w e

+ (Tagawa et al., 2005)-Pol & % 3 JL*2 F A% ¥ 14 $eig caveolin-1 & & i
(Pol et al., 2005) » m Cheng % + p|3F 332 ‘% glycosphigolipid 7] g e
caveolin-1 & % i* (Cheng et al.,, 2006) > @ 2 i %= 3 B3 3 ABCAl ¢
# 3 caveolin-1 & & _iv - ¥ ¢t » Scherer ~ Monier 2 Volonte & 4 g & &
% T caveolin-1 ¢ ¥ caveolin-2 ~ VIP21 % flotillin-1 % & 2= 2 A% R

8 (heterooligomer) (Monier et al., 1995; Scherer et al., 1997; Volonte et al.,
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1999) » v i e 3¢ o I Gk Tk 2 B IR ABCAl ¢ &
oliogmer-caveolin-1 5% & (Bl-+ 1 C)- F]* ABCAI » ¢ £ caveolin-1 7}

>R RE R -

1 >~ ABCA1 A #- caveolin-1 £ F it 2 2B 8 & X 7 1 854

ABCAL1 “,f OB EE AR D RARRET B e
£r it *  (endocytosis) (Zha et al., 2001) ~ Pz ¥ T * (phagocytosis) (Hamon
et al., 2000) ~ & & < 8 F| fw ¥& e | P2 § 38 % (Zha et al, 2003) ~ -l Fe
] ® &0 phosphotidylserine #s#& 7| *t # (Alder-Baerens et al., 2005;
Hamon et al., 2000) > ABCA1 p £ )= & R4 ® BIqiTm e WA, - B
apoAl §75 3¢ F % & %3¢ (Denis etal, 2004)% # i o g8 47 3 SRAF T
I ABCAL ¥ i 7 14 s g iy [ fag o8 AL Bt 2 i daip] ABCAL
Fovdpd e ®E A CMAEHES o AR EFME G R
caveolae gt » @ 4rik caveolin-1 & F it i) = » fe ptJHpR T &
{77 shokie o

ARPEE T BERAER R AR F 515 A4 g LD F
ABCALI % 7k § 24 4 = oligomer-caveolin-1-30~180 4 4& {4 - ABCALI

PR D A W FIRJE R B AR P v F o ahfl A @ 2 oligomer-caveolin-1
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BE AFER A RDE (B ~ L) Fletdapl ABCAL 7 & FTes
caveolin-1 & ¥ _i* ¢35 = » & oligomer-caveolin-1 — £ A= {4 » P72 F &
ABCALI ket 2 42 2 4 - @ oligomer-caveolin-1 e74€ %% £ caveolin-1
v B L (8~10 () FF) Fav s 3 &3 0k % (Conrad et al,
1995) -

24 i iR I ABCAL € £ oligomer-caveolin-1 2 monomer-caveolin-1
7 23 % 5 £ ABCAI 447 caveolin-1 % R i“ 8.7 3 & 3o HFRE
JiER R GFH o AR Y - f& ABCAL o)A - glyburide » 3 3R 1
% € #r4] caveolin-1 22 ABCAl FF % 3 i¥* (Bl= L= B)> ¥ % ¢ 4|
caveolin-1 X i (Bl= +-)> m & O’Connell & % %25 ¢ { 4 %%
glyburide 7 ¢ #ri|p A i FPEFFEEF 4 (O'Connell et al., 2004) » #x#4
i 4a ] ABCA1 £ caveolin-1 R ez 3 iv% ¥ 3¢ 443 ABCAL # 47
caveolin-1 % F i* 2 AL Hm A 3 %7 b hom ABCAL &3 A =
3 - % caveolin-1 & B it % =R & 7 oligomer-caveolin-1 — F # # 1|
dmre iy b 9 R Ak i s 0 ABCAL & FTE4 caveolin-1 % R it 07
% » 2 oligomer-caveolin-1 — £ ;=75 » B| % T & ABCAl kine4H 42
T F] oligomer-caveolin-1 ZEF 5 A N REF X Pl i+ 0T 72 F

& ABCAIl enflet » e 5 § k4 d 2 ir %3] ABCAl & caveolin-1
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- FHFFANWEE wre i (Bl A~) - £.F ABCAL #7 #

B EE LSRR T i

LR BB FG F A 2 apoAl 75 36 F il fR 4wt s A O

LA ARTL Y I S F B BA RS a2t apoAl 4% kv F

&=

A BSAFTFERN Lt EERED (B2 O HEFPEED
O’Connell % A >+ p g %2 587 7 (O'Connell et al., 2004) - B % & 75
o FALAR T HEd SRBI& £ A srehdy {Fiv st B AFeerma
\ (Martinez et al., 2004) » ~§ % ¥ L5 87 7 g N AR S P EH RO L
e TR B By FRE G 0 €M ¥ AR SR-BI 3¢ F (Yehetal,
2002) > fe kit —H %z SR-BI £_F % caveolae ¥ o gt *F | % T 3 Ejic
B2 LA K ERRETREBEEDIF BRIy TP A e dn
caveolae ¥ §[2* "2 FfEf# 1! (Chao et al,, 2003) ¥ - = & > apoAl {7
v TAAFETE S LT ABCAL A &t mee " H s
(Singaraja et al., 2006; Vedhachalam et al., 2007) » e 4p > T f efm 2 £
Fas e pA iz i ABCAL £ IR E # (Fielding et al., 2000) » &2
R RLPE TR 5 0 ABCAL & IR E € 3 4v (Chao et al., 2005; Liao et

al., 2002) > e & AFT G ¢ R ine Ak & MR AR {5 > ABCAL 5 AT g A
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A 2wt (o L A~C)> F1 ABCAL fph 4 % ¥ ¥ 4 7 e
B AT hdn e L W apoAl ££75 Ben FRX Bk 4 6 Lh

n A mﬂgt‘g 7 ﬁ &514__,_mnr7cr*“ﬁ§ Fit & P FEp A wmreakt

T
=)
4

a
)
=
=

TR

fmie M ende X B oo 47l apoAl P 0 TR Z B

AR -

B HRA Y TRk Fe e AmE e i B4 PKCEE

ADFFHERFRAGIY FERLET % L 54 30 Sdbp v
FlEgied =¥ - ZEFABA N DHEER (Orametal, 1987) Fpt § B A
P d-d AT AVE R Y R AR R e d o AR g o

|

ey

BT fder B BRI Teim 30 A4 CEERE N Y Pk
60 ~4apFe I EF N frE (B~ D)o LF HAE IS TR P
sk Pt TR E R At 0 AR MR BA RY T 4
%‘g d -1 % B Protein kinase C (PKC) 75 14 & § 84 fmve Y& B 5 38 3% 3|
fmre iy b o B T A AR ) (Mendez et al., 1991)° Yamauchi % 4 B3 3
1 PKCV @ ABCAIBSEL ™ @ @ HAEZ A 5 b 44" R i m AdFF oh
9 H & (Arakawa et al.,, 2000; Yamauchi et al., 2004; Yamauchi et al.,

2003) o A 4] G 3 EL B A 4F A AIE PKC B 4T ehde ) A o
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sphingosine » #_F it #r 4|8 % & fq F-v F 78 v 7 ABCAL 39 F 4R
(Flo - A) 307 B %A% B 1o 5~15 A 8PFi 2 3 124 im
1 ABCAI 39 B % L > it i JZ sphingosine & » 8 % & g 3o B &% 2
% ABCAL 3o F2RE %78 §A% 0 445 PKCE

ki 4v ABCAIL 39 B %I o &2t 427 - sphingosine £ % € [E .t B %
B Fq d-v B4 4 ABCA1 mRNA % & - & #rd] caveolin-1 eh% F it 2

MR R ANy FE—HET

L - ~Caveolin-122 ABCA1 2 &2 F 25 #® Fv Fenfles

A L TS LR T caveolin-1 2 ABCAL FF ¢ 3 < 3 (&%
(BlI A) - e £ caveolin-1 % & 77 ABCA1 & ABCAl 2 g > » &
ABCALI % & fhcaveolin-1 » +* caveolin-1 %4 2 & > > AR ALK ¥ &
A4 WP BEET| caveolin-1 ¢ 22 ABCAl 2~ & 3 A2 wre
+ (B4) > =:BE 3 3F 5 caveolin-1 =22 8. ABCAL jH 2 & & ant 5 (W
1 D1)» F|pt ¥ 2475 caveolin-1 &2 ABCAL1 ik gL - n/grf P
FpEiE % 2 0 0h s Caveolin-l F-v H 2 ABCAL Fv HRirdr 7 3
R B o blde L BIE S E R s 8 L F & F (Alder-Baerens et

al., 2005; Fielding and Fielding, 2000; Frank et al., 2001; Galbiati et al.,
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2001; Hamon et al., 2000) °
B A dmir PEFARE XY & caveolin-l 22 ABCAL '
o LR ERFTRAE v Fenfler s £ ¥ - BEFFFAFIE &

wF R AL B L & BYfZ caveolin-1 2 ABCAIL ihig & 2 E 455 & & &

AEXREERE Fo Folas 17 LAMKE SR FRN8
caveolin-1 & & # 2 ABCAl % & ehgev HAF EMO »AF EHPA T i & 3

B Aawdd FoH¥f* &Py FLFE8EEH 200N
Bt B0 B g ¢ o # % pull down A 45iE A 4TS B -0 FR AL
T2 P43 8% (Yaoetal, 2005)° 2% 7 4] % HEK 293T i + £ 4 31
caveolin-1-myc-His F-v & %2 ABCAl-flag 39 & > £ ~ %[{|* Ni-NTA
FMLEM ¥ 4% anti-flag agarose ¥ it 1A f@&H it o F (B> ~ ) 7l
* pull down B|3#% 4278] caveolin-1 ¢ 22 ABCAI ¥-v FE &% & (R
A) e A K4e & #5341 caveolin-1 &2 ABCAL iz i 3-v F4f & * e
A Ey B ke FHhEdd "ﬁ? FI#* d g% Uk = #-22 caveolin-1
5 ABCAL % & éhded i SRS T % o L% = ATk 454 o
fadve FHE e b ¥ - 22 277 & caveolin-1 2 ABCAI i
F LI OEH hF-d B i 0 B 7 oav & caveolin-1 ~ ABCAL + F i

¥ P& A% o 27 caveolin-1 % & h3-9 FAAF 7 o 7 (Liuetal., 2002) (%
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#2) @B ABCAL R & cnd-vd FRIETH B47 FFEF Ik (Bared et al,

2004; Okuhira et al., 2005) (% 2 ) o« " 4%t 4 = 2 4 2 chF 4l > &%

‘3H-

% v — 22 caveolin-1 ~ ABCA1 ‘,5'1’)5 3 E* ehdee B L flotillin-1 -
Volonte % 4 # % 7 1 flotillin-1 € ¥ caveolin-1 % &)= £ /h % R4 -
I et A5 2 caveolae & # (Volonte et al., 1999) - Glebov * 4 {5 k{1 * &
B ® + BkstB % 3 flotillin-1 £ caveolin-1 % F¢ 4 i # caveolae 3% ¥
(Glebov et al., 2006)° ¥ — = & >Bared % * B4 IR flotillin-1 ¢ & ABCALI

$RIGCE LT AG A BN R G AP F B 2 flotillin-1

o5

21 ABCAL e 3 5% &2 ABCAL "t 42 F 4 7 B (Baredetal,
2004) o F]pt > kPR P w2 }I?%é’l;’ ¥ flotillin-1 &3 ¥ & ¥ 5 caveolin-1 £2
ABCA1 FF 2 3 i8% 0¥ — Fo o e H# g (v F4F 54 2 *F caveolin-1
2 ABCAl A4p 3 B & hiz ¥ 5 @t 2 Couet & A 1 * v 7%8 & 71 (phage
display) # ¥ 43 ¥|] 7 caveolin-1 binding motif @ epXpXXXXp Fr
P XXXXp XX > » '*’u{r’u FLAN L pXpXXXXpXXp 0 H P o N & F

A%kg Af(F A Tps ¥4 fPhe g B Tyr)» X 5 1 & ARk
(Couet et al., 1997) - m ABCAIl 3+ B ! & % # ¢ 44 caveolin-1 binidng
motif » &P 7 & € ;ﬁr} #* motif £ caveolin-1 % 4& » 2RI F %kFE o

A kA AZE P caveolin-1 7 R BLAIE TR £kt HEK
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293T ‘e ¥ £ 32 it M H v B > T 45 4 caveolin-1 &2 ABCAL % &

i Bh o

< = ~ Caveolin-1 &2 ABCAl £ F ¥4 F@EP I e & 4

F ek Wiciv R PR E AR 1 (BSA AJZ ) 0 AP
75 RNAI "% ¥4 90 % caveolin-1 eh# I € & > %) 74 %2 F i 1 (-
C~D) > 3 1 70 %+ ABCAl %R € 5> 5 45 %2 HmfE s (R
Z) > d p ¥ A caveolin-1 &2 ABCAI Ap A jwie @A 4 ¢ bk
W) o @ 2 progesterone ~ brefeldin A 2 monensin ¢ L3 caveolin-1
22 ABCAl FFen% 3 1% » 10 ¥ b &) 51 %enPE B g8 1% 3| fmPe W+ o
FUE A3 %R mAR R TOTAROEREREDN (R ZD) 0 kg2
glyburide & ;% #L3% caveolin-1 22 ABCAIl Fez 3 iv* (Fl= + - B)>
O’Connell & * a7 3 @ & %% glyburide 7 € Fri|p A w22 57% Ffs 7
41 (O'Connell et al., 2004) » jEiz8 % % » F o+ 4 caveolin-1 &2 ABCALI
Fend 3 v B p g e PEF RN 5 Br b o

Robenek £ Schmitz 3 3. Tangier disease J5 * him?e ¢ > 5 & < 4 ¢
AL AT S ek AT A & P e s o 42p) Tangier

disease i 4 ehimie > H F A S8 he e R 22 f i % 0 R AL (Robenek
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and Schmitz, 1991)>Orso % * % I & Tangier disease i ¢ dmiz 2 ABCAL
fff'x wPz P o ocaveolin-1 € BT A F A AW e p g F € E 2 E
Planre s b o Jaip|® ¥ # A 0 ABCAL ¥ & 7 1§84 caveolin-1 2 #5
JEB AN MEFE D wre g F e FEEE Y (Orso et al., 2000) o 24 i 4
BN L e LY R B R i ABCAL £ e € 12 caveolin-1
Y LR ASH (Bw) 2 L&- LFR ABCAL ¢ d B &
caveolin-1 % % v % ¥ 24 caveolin-1 3 H F A <% (BM-L71) > 7
caveolin-1 % % _f* ¥ it % Tangier disease # #+F £ & ehd & » e A kB Z
B F T
AP{HFRE BRI T s EAMmed ¢ 25 ABCAL th
. % et caveolin-1 2R Y B 3 AL FFEEHmE T F L
BRAI I MRS ART R IRIRT H30~60 A 4P TEF XA o
Fl o p A e p B R EEE N K o ERFF R R DR AR Y
BooFl v i o P JIe e AR ARG B b
e AR S PERIEE o SR A E R 2 T it ¢ E P AN
Mo B - LR e
BFT R F B R caveolin-1 &2 ABCAL 3 apflesid & p L dm¥e #%

FIFE R e o @ AR RA A S e G (8- LT E
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Property Chylomicron VLDL LDL HDL

Mass > 50-1000 x 10 10-80 x 10° 23x10° 0.175-0.360 x 10’

apporx.(kDa)

Diameter (nm) 75-1200 30-80 18-25 5-12

Triglycerides 97 75 12 11

(% of core lipid)

Cholesteryl esters 3 25 88 89

(% of core lipids)

Protein: lipid 1:100 9:100 25:100 90:100

mass ratio

Major A,B-48,C,E B-100,C, E B-100 A, C

apolipoproteins

Major Transports dietary Transports Transports Takes up

physiological triglyceride from hepatic plasma cholesterol from

function intestines to triglyceride to cholesterol to extrahepatic tissues
extrahepatic tissues;  extrahepatic liver and to and delivers it to
Triglyceride-depleted tissues; extrahepatic liver,
remnants deliver converted into tissues steroid-producing

dietary cholesterol
and some
triglycerides to the
liver

LDL

tissues, and other
lipoproteins
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%4 = ~ 2 caveolin-1 % & ¢hd-v (Liu etal., 2002)

Proteins Interacting region of cav-1 Detection method
PDGFRa and 3 82-101 IP

EGFR 61-101 IP

Insulin receptor 81-101 IP

TGFBRI 61-101 IP
TrkA/p75NTR Whole protein IP

Hedgehog receptor 81-101 1P

Estrogen receptor 82-101 1P

Androgen receptor Whole protein IP/two hybrid
H-Ras 61-101 GST
Gaq/Gao/Gas Whole protein GST
Adenylyl 82-101 IP
cyclase/PLCPB2

Trp1/IP3R/Gqll Whole protein IP

c-Src 61-101 IP

Lyn 81-101 IP

Csk PY14 Two hybrid/IP
GRKI1, 2 and 5 61-101 IP

COX-2 Whole protein IP
PLD/PKCa 82-101 IP

PKA 81-101 IP

PKCe Whole protein IP
Integrin/cortactin/Src Whole protein IP
Integrin(o,B)/She/Fyn | Whole protein IP
UPAR/integrinf1 Whole protein IP

eNOS 82-101 IP

nNOS Whole protein GST

Flotillin 1, 2/Cav-2 Whole protein IP

190-kDa pY Whole protein IP

30-kDa pY Whole protein IP
HSP56/cyc40/cycA Whole protein 1P

Filamin 1-101 GST/2 hybrid
Grb7 PY 14 GST
Striatin/SG2NA/zinedin | Whole protein IP/GST
Connexin 43 82-101 and 135-178 IP
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W4 = ~ ¥ ABCAIL % & ch3-v  (Bared et al., 2004; Okuhira et al., 2005)

Proteins Interacting region of | Detection method
ABCA1

Utrophin Whole protein IP

2 syntrophin Whole protein IP/Two hybrid

B1 syntrophin Whole protein 1P

B1 dystrobrevin Whole protein 1P

Mannosidase a1B Whole protein 1P

Acyl-coenzyme A: cholesterol | Whole protein 1P

acyltransferase (ACAT)

al syntrophin Whole protein IP

Ankyrin 3 Whole protein IP

NADH dehydrogenase Whole protein 1P

Syntaxin 16 Whole protein IP

Syntaxin 4A Whole protein IP

Syntaxin 7 Whole protein IP

Fas-associated death domain C-ter 40 amino acid Two hybrid/IP

RET finger protein C-ter 40 amino acid Two hybrid

PRP8 splicing factor C-ter 40 amino acid Two hybrid

UDP-glucose C-ter 40 amino acid Two hybrid

pyrophosphorylase

Succinate dehydrogenase C-ter 40 amino acid Two hybrid

Aldehyde oxidase 1 C-ter 40 amino acid Two hybrid

Flotillin-1 Whole protein IP
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apoAll apoAl I 2IVOU

apoB pre- ﬁ -HDL
@
Lipid poor —

CE: Cholesteryl ester  FC: Free cholesterol
TG: Triglyceride PL: Phospholipid aPOA’

pre-HDL

HDL, HDL,

Q Q LCAT
Q CETP
LDL

B~ PR TR E X BT (reverse cholesterol transport pathway) (Fielding and
Fielding, 1995a; Tall, 1998) -

LCAT: Lecithin:cholesterol acyltransferase
CETP: Cholesteryl ester transfer protein
HL: Hepatic Lipase
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Cholesterol Efflux

Cholesterol Uptake
pre-%HDL HDL

I
Ciathrin-
Caveolae coated

vesicle

#  Receptor-

- A
. mediated
. \ endocytosis
.
K
S
.
.
)
%
.
.

., ABCA1, ABCG1, ACAT
SR-BI, Cav-1 ......
s
.0
‘0
£
‘l
Q'.. c
.
.. ®
S 03RS
“aa 20
Oog OO Y
ACAT: Acyl:cholesterol acyltransferase -
NCEH: Meural cholesteryl ester hydrolase
CE: Cholesteryl ester C: Free cholesterol
ABCA1: ATP binding cassette transporter Al o
ABCG1: ATP hinding cassette transporter G1
SR-Bl: Scavenger receptor Bl NCEH O 6
Cav-1: Cavealin-1

Lipld drop Lysosome
¥

B= ~ "2HE Lwe ¢ it 3% 4] (Brown and Goldstein, 1976; Chao et al.,
2003; Fielding and Fielding, 1995b; Yancey et al., 2003) °

141



Vit Rl

(a) High cholesterol

HO
OH
HO
h)
prl
SREBP (e
-
&

Insig-1(2)

HO 2«8 oH

ER lumen Cytosol

(b) Low cholesterol

Vesicle
budding

' Vesicular
transport

ER lumen - Cytosol Golgi cisterna

%t HBl® ~d insig-1 2 SCAP i #- @ SREBP /% it 0% B33 b 4058 B (Lodish H,

2004; Osborne, 2001; Yang et al., 2002) -
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domain

Scaffold
domain

P
=)
L1 C
S-acylation

domain

Insertion
domain

Exofacial leaflet

™

AR
Z% ﬁoﬁvﬁ;‘o

Cytofacial leaflet

"t ®I ~Caveolin-1 F~v 4¢ » caveolae 5 H 75" §] (Fielding and Fielding, 2000)
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|Plasma membrane

Syntaxin-6

Formation of {DRM-associated \
r

caveolar carrie caveolin oligomers

Accelerated by
cholesterol, GM1

High cholesterol
High glycosphingolipid

Detergent-soluble
caveolin oligomers

Non-caveolar
transport pathway

DRM: Detergent-resistant
membrane

N Caveolin oligomer
0 Mutant caveolin

"B ~ Caveolin-1 3-v % F i* % :F:i% chfi-;% B (Parton and Simons, 2007) °
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Caveolin /hﬁ@ “I‘i

Caveola

PR N~ PRI DS % Brenticst B (Fielding et al., 2000)
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Cholesterol efflux (%)
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Scrambled- Cav-1-siRNA
siRNA

Bl- -~ Caveolin-1 $}h A ‘w9 "&£ B3 48 4 e’ 58 o 24k & PH]*2 Hs (0.5 pCi/ml)
A g fm e A W f& 78 pCav-cDNA ~ pcDNA -~ scrambled siRNA % caveolin-1
SIRNA > £ AJL % % & 75 30 (50 pg/ml) 24 - P2 tlgcimie "2 F i 00 o (A) #
78 pCav-cDNA ‘w2 % f 7 pcDNA ‘w® 1 caveolin-1 F-v %3 ; (B) # 7=
pCav-cDNA m?® % fii 78 pcDNA ‘w*e c"e B g 41§25 5 (C) # 75 caveolin-1
SiIRNA ’m?® % $ 78 scrambled siRNA ‘w?z e1 caveolin-1 F-v % 3R ; (D) # 7
caveolin-1 siRNA m?® % &7 scrambled siRNA ‘w?e "2 F R 11735 o $cdp kA
Za bR e NTHELER L A 0 N L p<0.0] o
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pcDNA pCav-cDNA

Bl= -~ Caveolin-1 § §[£47) = caveolae % o #-4k & "L FE (50 pg/ml)shp L Jm
%z 4> 5| i 78 pCav-cDNA % pcDNA EJZ % % & "3 3% (80 pg/ml)5 & 48 > £ 1 *
5555 T+ BELBL % e W ih caveolae Hi¢ o (A) # 78 pCav-cDNA ‘m¥e %
# 78 pcDNA ‘w2 chim % % caveolae % (% 5L) 5 (B) £ i #7& pCav-cDNA
im¥ % 7% pcDNA ‘m¥ H = £ & chim? %} ¢ caveolae #cp > 11T 3@ +{R

£ 47 0 ¥ 4 p<0.01 o

¥
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A pCav-cDNA B Cav-1-siRNA

Opg 2pg  4pg

0nM 50nM 100 nM

ABCA1 | s w08 220 kDa ABCAT | S f 220k
Exo-Cav-1 — 29 kDa Cav-1 4—22 kDa
Endo-Cav-1 22 kDa | |

o B-Actin 45 kDa
B-Actin | <45 kDa

Bl= -~ Caveolin-1 & & #47 ABCAl mRNA % F-v £ E - ¥ & "2 FHmE (50
pug/mlyenp g4 wmre & w5 7 e & E (pCav-cDNA % caveolin-1 siRNA » £ 1 #
Lz ¥ RT-PCR % & = gL % /% & 47 caveolin-1 ¥2 ABCA1 mRNA % }-v e 3R
£ o (A) #77 & & pCav-cDNA (m*2 # caveolin-l mRNA 2 ABCAl mRNA
i ILE 5 (B) #7387 k&£ caveolin-1 siRNA w?® ¢ caveolin-l mRNA £
ABCA1 mRNA =% 3 & ;(C) # 78 pCav-cDNA w? & pcDNA m?2 ¢ caveolin-1
22 ABCAI1 3-v & 3L ¥ 5 (D) # 7 caveolin-1 siRNA ‘m? ¥2 scrambled siRNA ‘m
"2 ¢ caveolin-1 ¥2 ABCAIl %v 4 E -
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Scrambled-siRNA
ABCA1-siRNA

1+ | +
+ | +
1+ + 1

Flz ~ ABCA1 %#7 caveolin-1 #73 £ ¢% A 8 1 e 4T o 444k & PHP2 B/ (0.5
uCi/mlyenp g fm¥e & W X e #& 78 pcDNA 22 scrambled siRNA (open bar) ~ pcDNA
22 ABCA1 siRNA (gray bar) ~ pCav-cDNA ¥ scrambled siRNA (black bar) ~
pCav-cDNA ¥ ABCAI siRNA (hatch bar) * £ &2 % % & 5 3=v (50 pg/ml) 24 -]
PRl S o Bk P Z S BB TR LA o FE 4R
# p<0.05 -

o
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IP: 1gG ABCA1 Cav-1

IB: ABCA1 . " 250 kDa

IB: Cav-1 — ‘|_22 kDa

ABCA1 | s -J—220kDa
Cav-1 ..'—22 kDa
cell

lysate Bl-integrin | s =130 kDa
GAPDH | s |-72kDa
Tubulin [ T 55 kpa

—220 kDa

IB: ABCA1

IP: Cav-1

IB: Cav-1 =22 kDa

B - Caveolin-1 &2 ABCAL ¢ 5 F-v BRI {¥% » P 43w ¢ 2 iz
b d#lmre Ak 8 PEE R (50 pg/ml) 0 £ EJE® B AR a9 (50 pg/ml) {8 o Fil*
non-immune IgG ~ $w caveolin-1 #48 2 1 ABCA1 F#88 i & itk iz (A) o #-o
e AR A A D e R e IR 0 TR e iR T v
Bl-integrin % ‘wm* F ik ¥ F-v : GAPDH % tubulin %% » #t2c%k {5 - £ 17 §o
caveolin-1 Ff #A5 IR A im e A d B ez (B) ©
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ABCA1
B
Flag
C
Silver
Stain

238 kD

170 kD
130 kD

117 kD

71 kD

55 kD
41 kD

238 kD

170 kD
130 kD

117 kD

71 kD

55 kD
41 kD

238 kD

170 kD
130 kD

117 kD

71 kD

55 kD
41 kD

B >~ f1* o 3 BREE 2 442 4 474 * anti-flag agarose #7% it e ABCA1-flag

3¢ R o (F 5 0 ABCAl-flag 36 ¥ it = %)
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A -
| - 72 kD
= - 43 kD
.y < - 34 kD
' oue— «fd | 26D
o — 17 kD
B
-
- 72 kD
— 43 KD
mye | 34 kD
* — 26 kD
— 17 kD

Silver
stain

Bl= ~ 1% F 3 BEE 22 4402 A 4771 Ni-NTA ML & J2 3 197k it en

caveolin-1-myc-His 3-v & o (& £ : caveolin-1-myc-His F-v 7% it i ¥ )
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ABCA1flag -
Cav-1-myc-His +
LacZ-myc-His -

+
+

ABCA1 * . ‘-#256 kD
-

Cav-1

B~ ~ J1* pull down Bl3#:2 % # caveolin-1 &2 ABCAl ® &% & - f|* anti-flag
agarose % & i ABCAl-flag 3-v > £ ¥ jb4c » caveolin-1-myc-His 3-v - F a2 >
F* buffer #i£ts £ * elutebuffer i3 % & Fv > & 3 BLEZ B 58T
ABCAl-flag € ¥ caveolin-1-myc-His & &% & - 1* Ni-NTA & & |+ *g 2L A
caveolin-1-myc-His v > f ¥ jb4c » ABCAl-flag v - F a2 > 4] * buffer i*
His £ * elute buffer # 3k %% & v » & > B %2 2% % 57 caveolin-1-myc-His
¢ 22 ABCAl-flag 3-v B 5 & o
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58k Golgi protein

7

B4 - Caveolin-1 #2 ABCAL % I 4 i3t % & X4 2 fm % Wb o Ml 4k & "6 ]
A% (50 ug/ml) £ AJZ B % & %5 39 (50 pg/ml) 14 » & * $<caveolin-1 #i48 ~ #2
ABCA1 #48 % $2 58k Golgi protein #uf8 4 %1% %_caveolin-1 ~ ABCA1 ¥ 58 K
Golgi protein frim? ¥ & G iz ¥ o L& ¥ £ B A7 caveolin-1 v (A)(% ¢ F
%)¢ ABCAL 3¢ (B)(izd & %)% A (50w 2% B (C)(D1) & tm¥e 5t
(C)(D2~D3) - ABCAI1 (E~G) ~ caveolin-1 (H~J)& 3 L < 8 30 ik 2 39 > 58k
Golgi protein & f 4 fi & 7= ABCAL £ caveolin-1 & f &~ {F flm®2 4% % Fleng A&
A o RS > 10um -
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B+ ~ Caveolin-1 &2 ABCAI % [p 4 i %t fw¥e 5 caveolae 2 ‘wPe B ¥ I A iFix
% o K-lwie Ak S PEE R (50 pg/ml) £ AR B B R P kv (50 pg/ml) {5 0
* $caveolin-1 #748 2 Fu ABCAI il 5 fie - S didlids & 8 2 0+ R 2
caveolin-1 &2 ABCAI ehi= ¥ - L% 7 + Bt Bl i+ ABCAl £ & 10 nm "} 48 &
fo A G fme WO fh caveolae BT (A)(B)(# FF)  Caveolin-1 # & 15 nm %
Wik F ($5)2 ABCAI1 4 10nm i &k F (F )2 F A F lmie it
caveolae ZH#. ¢ (C)(D)% wmie [T @ & & &% h| * f (E)F) - &% ¢ > 100 nm -
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B - - Caveolin-1 22 ABCAI ~ "2 FfE £ o & (7 >N m e 7 % B &2 fmie o b o
fmie Ak G PE AR (SO ug/ml) £ AJZ R A kv (S0pg/ml) & 0 @ * 4a
caveolin-1 #1488 2 Fu ABCA1 48 35 fie filipin 4 #| & %[ %_caveolin-1 (A)(% ¢ ¥
%)~ ABCAl (B)(izd¢ ¥ %)z "2 H A (C)(FJ ¥ R)x kA G35 me % F2
et (E)F) - RS > 10pm -
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progesterone (10 mg/ml) ~ brefeldin A (50 uM)% monensin (50 uM)24 |- P » 5 ¥ 4¢
»BRAETFY S0pg/ml) WERERY > RBERF LEKEE T D EEEA
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Bt = K ABCAL 2R ¢ #4118 % & % v T E M > 7 ¢
5 caveolin-1 F=v % I - &7 ABCA1 siRNA ‘w?2 % #& 78 scrambled siRNA ‘w?&
? ABCAI1 # caveolin-1 3=v 2 & (A)2 H kv L E2 £V 2% (B) - ¥
7 ABCAL siRNA % ¢7 & 7% scrambled siRNA % & & H]*% FfE (0.5
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Abstract

Objective: Caveolin-1 and ATP-binding cassette transporter A1 (ABCA1) are proteins that are involved in cellular cholesterol efflux. In this
study, we analyzed the relationships between caveolin-1 and ABCA1 on high-density lipoprotein (HDL)-mediated cholesterol efflux in rat
aortic endothelial cells.

Methods and results: Overexpression of caveolin-1 by transfection with caveolin-1 cDNA in aortic endothelial cells up-regulated ABCA1
expression and enhanced cholesterol efflux. Suppression of caveolin-1 by siRNA decreased ABCA1 expression and reduced cholesterol
efflux. The number of caveolae increased after transfection with caveolin-1 into cells. Immunoprecipitation assays revealed a molecular
interaction between caveolin-1 and ABCAI1 in the plasma membrane and in the cytoplasm after HDL incubation. Immunoelectron
microscopy demonstrated that caveolin-1 colocalized with ABCAL in the caveolae and in the cytoplasmic vesicles; it was also found that
caveolin-1 and ABCA1 colocalized with cellular cholesterol by immunofluorescence microscopy. Blocking of intracellular lipid transport by
inhibitors disrupted the interaction between caveolin-1 and ABCA1 and reduced cholesterol to methyl-B-cyclodextrin and HDL.
Conclusions: The molecular interaction between caveolin-1 and ABCA1 is associated with the HDL-mediated cholesterol efflux pathway in

aortic endothelial cells.

© 2007 European Society of Cardiology. Published by Elsevier B.V. All rights reserved.

Keywords: Caveolin-1; ABCA1; HDL; Cholesterol efflux; Aortic endothelial cells

1. Introduction

Caveolae are free cholesterol-rich, invaginated microdo-
mains (50—100 nm in diameter) at the surface of most
peripheral cells. They have been implicated in many cellular
activities [1]. Caveolin-1, the main structural protein of
caveolae, is involved in the regulation of cellular cholesterol
metabolism and lipid uptake, as well as efflux [2]. However,
the effect of caveolin-1 expression on cholesterol efflux is still
controversial [3—8]. For example, cholesterol efflux increased
in L1210-JF cells and human fibroblasts after transfection with
caveolin-1 [3 4]. On the contrary, the inhibition of caveolin-1

Abbreviations: ABCA1, ATP-binding cassette transporter A1; HDL, high-
density lipoprotein; siRNA, small interfering RNA; ECs, endothelial cells.
* Corresponding author. Tel.: +886 4 23590121x2481; fax: +886 4 23590296.
E-mail address: veyang@thu.edu.tw (V.C. Yang).

expression was shown to stimulate high-density lipoprotein
(HDL)-mediated cholesterol efflux in NIH-3T3 fibroblasts [5].
Several other studies have indicated that there was no
alteration of cholesterol efflux after transfection with caveo-
lin-1 [6-8]. Aortic endothelial cells (ECs) represent one of the
major cell types involved in atherogenesis, however, the
formation of caveolae after overexpression of caveolin-1 and
its effect on cholesterol efflux have not yet been investigated.

In addition to caveolin-1, it is well known that ATP-binding
cassette transporter A1 (ABCAL1) at the plasma membrane also
functions in cellular lipid efflux in the presence of apolipopro-
teins [9]. Tangier disease, a rare genetic condition caused by
loss-of-function mutations in the ABCAI transporter that
eliminate apoAl-stimulated cholesterol efflux [10]. Tangier
disease patients have near-absence of circulating HDL [11].
Loss of ABCALI activity specifically in macrophages may
predispose them to foam cell formation [12]. The aortic
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endothelium interacts continuously with plasma proteins and is
the most resistant to cholesterol accumulation among the cells
that compose the atherosclerotic plaque. They do not undergo
the foam cell phenotype changes seen in macrophages and
smooth muscle cells in the plaque. We, therefore, speculate that
ABCAL1 might play a role in aortic ECs during the cellular
cholesterol efflux.

The caveolin-1 and ABCA1 are expressed coordinately in
differentiated THP-1 cells [13]. Our previous study provided
evidence for an interaction between ABCA1 and caveolin-1
in the cell lysate of aortic ECs after HDL incubation [14]. It
is appealing to assume that the interaction of caveolin-1 and
ABCA1 may be important in the cholesterol efflux in aortic
endothelium. In the present study, we aimed to further clarify
the relationships between caveolin-1 and ABCA1 on HDL-
mediated cholesterol efflux in aortic ECs.

2. Methods
2.1. Cell culture and HDL isolation

Sprague—Dawley rats 4 weeks old were sacrificed. Rings
1 mm thick were cut from the thoracic aorta, cultured at 37 °C
in Dulbecco’s minimum essential medium (DMEM) supple-
mented with 10% fetal bovine serum and penicillin—strepto-
mycin (50 U/ml) under 5% CO,/95% air atmosphere. In order
to establish pure endothelial cell cultures, ring explants were
removed after 3—4 days of culture. Cultures exhibiting pure
ECs, maintained for 2—7 passages, were used in the
experiment. Prior to the experiment, subconfluent monolayers
of endothelial cells were washed twice with PBS containing
fatty acid-free albumin (FAFA, 2 mg/ml) and incubated with
DMEM containing FAFA (2 mg/ml) and cholesterol (50 p1g/ml)
in ethanol (10 mg/ml) for 24—48 h at 37 °C. HDL isolation was
performed according to the method by Chao et al. [15]. The
investigation conforms with the Guide for the Care and Use of
Laboratory Animals published by the US National Institutes of
Health (NIH Publication No. 85-23, revised 1996).

2.2. Transient transfection of plasmids and small interfering
RNA (siRNA)

A full length rat caveolin-1 cDNA was subcloned into
pcDNA 3.1 vector using EcoRI sites; the resulting plasmid
was called pCav-cDNA. SiRNA targeting to caveolin-1
(Dharmacon), siRNA targeting to ABCA1 (Qiagen) and rat
scrambled-siRNA (Dharmacon) was used to modulate
caveolin-1 and ABCA1 expression. Twenty-four hours
before transfection, 3 x10* cells were seeded per 24-well
plate. On the day of transfection, 1 pug of plasmid DNA or
50 nM siRNA was diluted in 25 pl of serum-free DMEM. In
a separate tube, 1 pl of lipofectamine (Invitrogen) was
diluted in 25 pl of serum-free DMEM. The diluted DNA and
the lipofectamine were then gently mixed and incubated at
25 °C for 20 min. After the incubation, 250 pl of serum-free
DMEM was added to the DNA/lipofectamine mixture. The

final mixture was added into cultured cells which were
grown on 24-well plate. After incubation at 37 °C for 5 h, the
cells were added to 250 pl of DMEM containing 20% serum
and grown for an additional 24 h.

2.3. Reverse transcription PCR

Total RNA was isolated from ECs with TRIzol reagent
(Invitrogen) according to the manufacturer’s instructions. The
cDNA was prepared with an oligo(dT) primer and Omnis-
cript® Reverse Transcription kit (Qiagen) and amplified by
polymerase chain reaction (PCR) with Taq DNA poly-
merase and standard protocol (Promega). Primers used in
this experiment were as follows: rat caveolin-1 forward, 5’
ATGTCTGGGGGGTAAATAC3’ and reverse, 5'CTATA-
TCTCTTCCTGCGTG3’; rat ABCA1 forward, 5'GG-
GTGGAGGACAGAATGACATC3’ and reverse, 5’
CCCAGTTTTCGAATTGCCC3'; rat p-actin forward, 5’
ACACTGTGCCCATCTACGAG?3’, and reverse, 5'CGGA-
ACCGCTCATTGCCAAT3’. The amplified products were
separated on a 1% agarose gel, stained with ethidium bromide,
and photographed under ultraviolet illumination.

2.4. Immunoblot analysis

Cell lysate was harvested in lysis buffer (Tris—HCI, 10 mM,
pH 7.4, containing 150 mM NaCl, 1 mM benzamidine,
0.5 mM EDTA, and 1 mM phenylmethylsulfonyl fluoride
dissolved in dimethyl sulfoxide), homogenized, and centri-
fuged for 10 min at 800 g at4 °C. The protein concentration of
post-nuclear supernatants was measured with the BCA protein
assay (Pierce). The protein was separated by 8% SDS-PAGE
for ABCA1 and 12% SDS-PAGE for caveolin-1. After
electrophoresis, proteins were transferred to a PVDF mem-
brane (Millipore). Blots were probed with mouse anti-human
ABCAL (1:1000, v/v, Abcam), rabbit anti-human caveolin-1
(1:5000, v/v, Santa Cruz), and mouse anti-B3-actin (1:10,000, v/
v, Sigma) primary antibody. The appropriate HRP-conjugated
secondary IgG antibodies were visualized using enhanced
chemiluminescence reagent (NEN). The intensity of reaction
bands was analyzed by an Image Gauge system (Fuji).

2.5. Immunoprecipitation analysis

The cholesterol-loaded ECs were grown on a T25 flask and
incubated with HDL medium (50 pg/ml) at 37 °C for 1 h. Cells
were then placed on ice for 15 min and washed 3 times with
PBS. Dithiobis (DSP, Sigma) was dissolved in dimethyl
sulfoxide (DMSO) immediately before use, diluted to 250 uM
with PBS, and added in the flask. Cells were then incubated
with DSP solution at room temperature for 1 h. After
incubation, the cells were washed twice with PBS and lysed
with lysis buffer (1% NP-40, 0.25% deoxycholic acid and
15 mM imidazole) overnight at 4 °C. The immunoprecipitation
was performed with a reversible immunoprecipitation system
kit (Upstate). In brief, a 500 pul aliquot of diluted cell lysate
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(500 pg) was incubated with 10 pl (4 pg) rabbit anti-human
caveolin-1 antibody (Santa Cruz), 10 pl (4 pg) mouse anti-
human ABCAI1, 10 pl (4 pg) non-immune rabbit IgG and
10 pl (1 pg) antibody capture affinity ligand on a rocking
platform at 4 °C overnight. The lysate and antibody mixture
were transferred to an affinity spin column and centrifuged for
5-10 min at 1500 g. After centrifugation, the final “flow
through” samples were tested by western blot analysis as the
controls. The spin column was washed with release lysis/wash
buffer and IP elution buffer. The eluted proteins and the control
samples were determined by immunoblot analysis.

2.6. Subcellular membrane fractionation

Subcellular membrane fractionation was performed as
described by Wu et al. [16] with a minor modification. In
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Fig. 1. Effect of caveolin-1 on cholesterol efflux in aortic ECs. ECs were
transfected with pCav-cDNA, pcDNA, scrambled-siRNA, and caveolin-1-
siRNA, respectively, in the presence of [*H]cholesterol (0.5 pCi/ml) for
24 h. Cholesterol efflux was initiated by adding HDL (50 pg/ml) and
allowed to proceed for 24 h. Immunoblots of protein expression (A) and
cholesterol efflux (B) from pCav-cDNA transfected cells and pcDNA
transfected cells. Immunoblots of protein expression (C) and cholesterol
efflux (D) from scrambled-siRNA transfected cells and caveolin-1-siRNA
transfected cells. The data of cholesterol efflux are from 3 independent
experiments performed in triplicate. Values are expressed as mean+SD.
n=3;**p<0.01 for test versus control (pCav-cDNA versus pcDNA in [B],
caveolin-1-siRNA versus scrambled-siRNA in [D]).

brief, the cholesterol-loaded cells grown on a T25 flask were
harvested and lysed with cold extract solution (0.02 M boric
acid, 0.3 mM EDTA, 1 mM PMSF, 1 mM benzamidine, pH
10) for 15 min on ice with vortexing every 5 min. The cell
debris and nuclei were discarded after centrifugation at 650 g
for 10 min at 4 °C, and supernatant was centrifuged at
12,000 g for 1 h at 4 °C. Subsequently, the harvested pellet
was plasma membrane fraction, and the supernatant was
concentrated by Nanosep® Centrifugal Devices (Pall) as
cytoplasm fraction.

2.7. Immunofluorescence staining

Endothelial cells grown on a cover slip in a 24-well plate
were incubated with cholesterol (50 pug/ml) for 24 h and
treated with HDL (50 pg/ml) for 5 min at 37 °C. The cells
were then chilled on ice, washed 3 times with cold PBS—
albumin, and fixed in 2% paraformaldehyde for 25 min at
room temperature. After fixation, the cells were blocked with
PBS—albumin either in the presence or absence of filipin
(0.05%). After washing with PBS, cover slip cultures were
incubated with rabbit anti-human caveolin-1 antibody
(1:200; Santa Cruz), mouse anti-human ABCA1 (1:50;
Abcam) and Golgi marker, mouse anti-rat 58 k Golgi protein
(1:50; Abcam), for 30 min at room temperature. Cover slips
were then washed three times with PBS and incubated for
30 min with FITC-conjugated goat anti-rabbit IgG (1:200;
Zymed), and TRITC-conjugated goat anti-mouse IgG
(1:200; Zymed). Cover slips were washed 3 times with
PBS, mounted on slides, and photographed with a Nikon
E400 immunofluorescence microscope (Nikon).

2.8. Immunoelectron microscopy

The pcDNA and pCav-cDNA transfected cells were treated
with cholesterol for 24 h. After washing in PBS—albumin three
times, cells were incubated with HDL medium (80 pg/ml) at
37 °C for 5 min. After incubation, the cells were chilled on ice,
washed 3 times with ice-cold PBS—albumin, and then prefixed
with 4% paraformaldehyde in PBS for 30 min at 4 °C. After
washing, the prefixed cells were incubated with rabbit anti-
caveolin-1 primary antibody (1:40 in PBS—albumin; Santa
Cruz) and mouse anti-ABCA 1 primary antibody (1:5 in PBS—
albumin; Abcam) for 1 h at room temperature. The cells were
then washed 3 times with PBS—albumin and incubated with
either goat anti-rabbit [gG-15 nm colloidal gold (1:40 in PBS—
albumin; EMS), or goat anti-mouse 1gG-10 nm colloidal gold
(1:40 in PBS—albumin; EMS) for 1 h. After washing 3 times
with PBS—albumin, the cells were post-fixed with 3 %
glutaraldehyde in 0.1 M cacodylate buffer, pH 7.4, at 4 °C for
2 h. The cells were then washed 3 times with 0.1 M cacodylate
buffer, incubated with 1% OsO,4 for 30 min at4 °C, dehydrated
in a graded ethanol series, and embedded in epon 812 (EMYS).
Thin sections (80 nm) were stained with uranyl acetate and
lead citrate and viewed under a Hitachi H-600 transmission
electron microscope (Hitachi). Quantitative data were obtained
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Fig. 2. Caveolin-1 expression induces caveolae formation. (A) Transmission electron micrographs of pcDNA cells and pCav-cDNA transfected cells. Plasma
membrane invaginations with the typical bulb-shape and characteristic size are recognized as caveolae (indicated with arrows). Scale bar, 300 nm. Quantitative
data indicated that the incidence of caveolae/nm significantly increased (**p<0.01) in the pCav-cDNA group as compared with pcDNA group.

from three of the six tissue blocks from each group. Fifteen to
25 sections were cut from each block, electron micrographs
were taken from each of the five cells in a randomly selected
section. The numbers of caveolae per pm were counted over
the plasma membrane. Statistical analysis was performed
where appropriate using Student’s #-test.

2.9. Cholesterol efflux

ECs were grown in a 24-well plate for 24 h, followed by
transfection with either plasmids or siRNA using lipofecta-
mine for 5 h. The cells were then labeled with 0.5 pCi/ml [*H]
cholesterol for 24 h. In the inhibition experiment, ECs labeled
with [*H]cholesterol (0.5 pCi/ml) for 24 h, followed by
incubation with progesterone (10 mg/ml), monensin (50 pM),
and brefeldin A (50 uM), respectively, for 24 h. Before each
efflux experiment, cells were washed with DMEM and then
incubated with either HDL medium (50 pg/ml) for 24 h or
methyl-B-cyclodextrin (2 mM) for 30 min. After incubation,
the medium was collected and the cells were solubilized in
0.5 N NaOH. The radioactivity of the medium and cell extract
was measured by TOPcount machinery (PerkinElmer). The
results represent radioactivity in the medium as a percentage of
the total radioactivity (medium plus cell lysate).

2.10. Statistics

Data are shown as mean+SD. The 2 groups were compared
by a 2-tailed #-test using SAS software.

3. Results

3.1. Caveolin-1 induces cholesterol efflux and caveolae
formation in aortic endothelial cells

To evaluate the effect of caveolin-1 on cholesterol efflux
in aortic ECs, the level of cholesterol efflux was measured in

up-regulated and down-regulated caveolin-1 cells. Both
exogenous c-myc tagged caveolin-1 (29 kDa) and endoge-
nous caveolin-1 (22 kDa) existed in pCav-cDNA transfected
cells. The total level of caveolin-1 expression in the pCav-
cDNA transfected cells increased by 44% compared with
control cells (Fig. 1A). The cholesterol efflux from the pCav-
cDNA transfected cells was 37% higher than that in control
cells (p<0.01, Fig. 1B). However, the expression of
caveolin-1 protein decreased 90% in the siRNA targeting
caveolin-1 transfected cells (Fig. 1C), and the cholesterol
efflux was reduced by 61% (p<0.01, Fig. 1D). These results
indicated that caveolin-1 was a positive regulator of HDL-
mediated cholesterol efflux in aortic ECs.

Several studies have demonstrated that caveolae are the
major portal for HDL-mediated cholesterol efflux [1,17]. A
possible mechanism by which caveolin-1 enhances choles-
terol efflux may result from the formation of more caveolae.
To address this, we observed an abundance of caveolae in the
pCav-cDNA transfected cells and the pcDNA transfected
cells by electron microscopy. Numerous caveolac were
found in the pCav-cDNA transfected cells, but only a few
caveolae were revealed in the control cells (Fig. 2A).
Quantitative data indicated that the numbers of caveolae per
unit membrane significantly increased in the pCav-cDNA
group (1.7440.32/pm) compared with the pcDNA group
(0.54+0.06/um) (Fig. 2B). Thus, overexpression of caveo-
lin-1 seems to contribute to the formation of caveolae in
cells.

3.2. Caveolin-1 positively regulates the ABCAI expression

In view of the possible link between expression of caveolin-
1 and ABCA1, we analyzed the expression of the ABCAI
gene in up-regulated and down-regulated caveolin-1 cells.
Semi-quantitative RT-PCR analysis showed that the level of
ABCA1 mRNA increased in the up-regulated caveolin-1 cells
and decreased in the down-regulated caveolin-1 cells in a dose-
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Fig. 3. Caveolin-1 positively regulates ABCAI1 expression. ABCAI is
involved in caveolin-1-mediated cholesterol efflux. ECs were transfected
with different concentrations of either pCav-cDNA or caveolin-1-siRNA in
the presence of cholesterol (50 pg/ml) for 24 h. Reverse transcription PCR
(A and B) and immunoblotting (C and D) for caveolin-1, ABCAI, and -
actin in pCav-cDNA transfected cells and caveolin-1-siRNA transfected
cells. (E) ECs were co-transfected with pcDNA and scrambled-siRNA (open
bar), pcDNA and ABCA1-siRNA (gray bar), pCav-cDNA and scrambled-
siRNA (solid bar), pCav-cDNA and ABCA1-siRNA (hatch bar), respec-
tively, in the presence of [*H]cholesterol (0.5 pCi/ml) for 24 h. Cholesterol
efflux was initiated by adding HDL (50 pg/ml) and allowed to proceed for
24 h. The data of cholesterol efflux are from 3 independent experiments
performed in triplicate. Values are expressed as mean+SD. *p<0.05 for
pcDNA +scrambled-siRNA versus pcDNA+ABCA1-siRNA, #p<0.05 for
pCav-cDNA +scrambled-siRNA versus pCav-cDNA +ABCA1-siRNA.

dependent manner (Fig. 3A and B). Immunoblotting analysis
also showed that the protein level of ABCA1 increased in the
up-regulated caveolin-1 cells and decreased in the down-
regulated caveolin-1 cells (Fig. 3C and D). These data indicate
that caveolin-1 positively regulates ABCA1 expression both at
the RNA and protein levels.

We have demonstrated that caveolin-1 positively regulated
the cholesterol efflux (Fig. 1A—D). This raises the possibility
that caveolin-1 facilitates the cholesterol efflux by inducing
ABCALI expression. To address this, we further examined the
effect of ABCA1 expression on the caveolin-1-mediated

cholesterol efflux pathway. The percentage of cholesterol
efflux in pCav-cDNA transfected cells was increased by 40%
compared with that in pcDNA transfected cells. This increased
cholesterol efflux was also markedly reduced by ABCAI1-
siRNA treatment (»p<0.05, Fig. 3E). Both in pCav-cDNA
transfected cells and pcDNA transfected cells, the cholesterol
efflux reduced to similar levels after ABCA1-siRNA treatment
(»<0.05, Fig. 3E), indicating that suppression of ABCAIl
expression inhibits the caveolin-1-mediated cholesterol efflux.
We conclude that ABCA1 is involved in the caveolin-1-
mediated cholesterol efflux pathway.

3.3. Caveolin-1 interacts with ABCAI in plasma membrane
and in cytoplasm

Immunoprecipitation analysis indicated that caveolin-1
have protein—protein interaction with ABCA1 in ECs
(Fig. 4A). The plasma membrane and cytoplasm were
fractionated as described in Methods. Each fraction was
analyzed by immunoblotting with the plasma membrane
marker, integrin 1, and the cytoplasmic markers, GAPDH
and tubulin. ABCA1 and caveolin-1 were found in both
fractions. The fraction-specific immunoprecipitation analysis
showed that ABCA1 was co-immunoprecipitated with
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Fig. 4. The molecular interaction between caveolin-1 and ABCA1 occurs in
plasma membrane and cytoplasm. ECs were incubated with cholesterol
(50 pg/ml) for 48 h followed by treatment with HDL (50 pug/ml) for 1 h.
Cells were washed 3 times with PBS and exposed to DSP cross-linker for
1 h. (A) Total cell lysates were immunoprecipitated with ABCA1 antibody,
caveolin-1 antibody and non-immune rabbit IgG, respectively, and were
subjected to immunoblot analysis. (B) ECs were fractionated as described in
Methods. Fractionated cellular protein was examined by immunoblot
analysis. Fractionated cellular protein was also immunoprecipitated with
caveolin-1 antibody and was subjected to immunoblot analysis.
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Fig. 5. Immunofluorescence micrographs show the distribution of caveolin-1 (green fluorescence) (A) and ABCA1 (red fluorescence) (B). The caveolin-1
colocalized with ABCA1 (C). Enlarged images of (C) showed the colocalization of caveolin-1 and ABCA1 in the perinuclear region (D1) as well as on the cell
surface (D2 and D3). Caveolin-1 (green fluorescence) and ABCAL1 (green fluorescence) colocalized with Golgi marker (red fluorescence) in the perinuclear

region (E)—(J). Scale bar, 10 pm.

caveolin-1 in the plasma membrane and in the cytoplasm
(Fig. 4B). Immunofluorescence microscopy showed that the
caveolin-1 intimately colocalized with ABCA1 in the peri-
nuclear region as well as on the cell surface (Fig. SA-D). The
caveolin-1 and ABCAL colocalized with Golgi marker, 58 k
Golgi protein, in the perinuclear region (Fig. SE-J).

3.4. Colocalization of caveolin-1, ABCAI, and cholesterol
in caveolae and cytoplasmic vesicles

ABCA1 was cloned in 1994 [ 18], and since then the cellular
localization of ABCA1 has not been identified at the

ultrastructural level. In the current study, we found that the
ABCAI1 colloidal gold particles were located predominately in
the caveolae structure (Fig. 6A and B) and were occasionally
located in the non-caveolae region and in the cytoplasm (data
not shown) after HDL incubation. Caveolin-1 colloidal gold
particles (15 nm in diameter) colocalized with ABCAI1
colloidal gold particles (10 nm in diameter) in the caveolae
structure (Fig. 6C and D) and in cytoplasmic vesicles (Fig. 6E
and F). We also analyzed the distribution of cellular
cholesterol, caveolin-1 and ABCAI1 in cholesterol-loaded
cells after HDL incubation by immunofluorescence micros-
copy. We found that caveolin-1 colocalized with ABCALI in
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the perinuclear region and on the cell surface (Fig. 7A—C). The
cellular cholesterol, revealed by cholesterol-specific cyto-
chemical staining with filipin [19] (Fig. 7D), was intimately
colocalized with caveolin-1 and ABCA1 (Fig. 7E and F).

3.5. Caveolin-1 and ABCAI are intimately involved in
cholesterol efflux via vesicular transport

It has been reported that caveolin-1-mediated lipid
transport from Golgi to the plasma membrane is defective
in the patients with Tangier disease and in Abcal "~ mice
[20]. The progesterone, brefeldin A, and monensin were
used to examine the effects of these inhibitors on cholesterol
efflux [21,22]. Methyl-B-cyclodextrin, which strips free
cholesterol from the plasma membrane, was used as an
indicator of plasma membrane content [23]. The results
showed that all three intracellular lipid transport inhibitors

Fig. 6. Caveolin-1 colocalizes with ABCA1 in caveolae and cytoplasmic
vesicles. ECs were incubated with cholesterol (50 pg/ml) for 24 h, and
followed by treatment with HDL (50 pg/ml) for 5 min at 37 °C. Cells were
then processed as described in Methods. (A and B) ABCA1-gold conjugates
present in the caveolae (indicated as arrowheads). The ABCAl-gold
conjugates (indicated as arrowheads) and caveolin-1-gold conjugates
(indicated as arrows) are seen in caveolae (C and D), and in cytoplasmic
vesicles (E and F). Scale bars, 100 nm.

Cholesterol

+ ABCA1

Fig. 7. Caveolin-1 colocalizes with ABCA1 and cholesterol in aortic ECs.
ECs were pretreated with cholesterol (50 pg/ml) for 48 h, and followed by
incubation with HDL (50 pg/ml) for S min at 37 °C. (A)—(E) The fluorescent
images of the ECs stained with caveolin-1, ABCAI and cholesterol. The
green fluorescence, red fluorescence, and blue fluorescence indicate the
location of caveolin-1, ABCAI, and cholesterol, respectively. (F1)—(F3)
Enlarge merged image of (E) showed the colocalization of caveolin-1,
ABCALI and cholesterol. Scale bar, 10 um.

abolished the molecular interaction between caveolin-1 and
ABCAI1 (Fig. 8A) and reduced the level of cholesterol tran-
sport to the plasma membrane (Fig. 8B) as well as efflux of
cholesterol from membrane to HDL (Fig. 8C). These results
suggested that the interaction between caveolin-1 and
ABCA1 modulates cholesterol efflux via vesicular transport.

4. Discussion

Many laboratories have shown that the role caveolin-1
plays in the cholesterol efflux pathway in various cell types
is equivocal [3—-8]. A possible reason for the various
interpretations might be related to the varying degree of
caveolae formation after transfection with caveolin-1 in
different types of cells [21]. In this study, we revealed that
the number of caveolae in aortic endothelial cells dramat-
ically increased after overexpression of caveolin-1. Con-
comitantly, cholesterol efflux also increased. We suggest that
caveolin-1 facilitates cholesterol efflux by inducing caveolae
formation in aortic endothelial cells.
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Fig. 8. Vesicular transport inhibitors disrupt the interaction between caveolin-1
and ABCA1 and reduce the cholesterol efflux to methyl-B-cyclodextrin and
HDL. (A) ECs were pretreated with cholesterol (50 pg/ml) and incubated with
progesterone (10 mg/ml), monensin (50 uM), and brefeldin A (50 pM),
respectively. The cells were incubated with HDL (50 pg/ml) at 37 °C for 1 h.
The total cell lysates and the protein immunoprecipitated with caveolin-1
antibody were examined by immunoblotting analysis. ECs were labeled with
[PH]cholesterol (0.5 uCi/ml) and incubated with inhibitors, respectively.
Cholesterol efflux was initiated by adding methyl-p-cyclodextrin (2 mM) (B)
or HDL (50 pg/ml) (C) and was allowed to proceed at 37 °C for 30 min or 24 h,
respectively. The data of cholesterol efflux are from 3 independent experiments
performed in triplicate. Values are expressed as mean+SD. *p<0.05,
**p<0.01 for test versus control.

Multiple mechanisms for efflux of cellular cholesterol
have been reported [24]. Accelerated efflux of cholesterol is
mediated by several prominent proteins, such as caveolin-1,

ABCAI, ABCGI, SR-BI, and CYP27A1 [25-28]. In this
study, we found a molecular interaction between caveolin-1
and ABCAI1 in the plasma membrane and cytoplasm.
Caveolin-1 also colocalized with ABCA1 and cholesterol
in the plasma caveolae and cytoplasm. We suggested that
cholesterol is co-transported with caveolin-1 and ABCALI in
the endothelial cells after HDL incubation.

Several studies indicated that newly synthesized free
cholesterol in the ER is transported to caveolae in a single
step via the cytosolic complex of caveolin-1, HSP56,
cyclophyllins and free cholesterol [3,29]. Another study
has indicated that intracellular free cholesterol is transported
through the trans-Golgi network (TGN) to caveolae via the
vesicular complex of caveolin-1-VIP 21 [30]. We observed
that the caveolin-1 and ABCAI colocalized with cellular
cholesterol in the Golgi apparatus, cytoplasmic vesicles, and
plasma membrane caveolae. It raised the possibility that
the caveolin-1 and ABCAI transport the free cholesterol
from the TGN to plasma membrane caveolae. Monensin, an
inhibitor of vesicular transport, has been used as one
criterion for verifying passage of molecules through the
Golgi apparatus [31]. Brefeldin A disassembles the Golgi
apparatus by targeting the cis- and medial Golgi cisternae
[32] and blocks anterograde transport of cholesterol to an
acceptor particle. Indeed, Mendez has reported that mon-
ensin and brefeldin A inhibited HDL-mediated cholesterol
efflux [33]. In our study, we demonstrated that monensin and
brefeldin A disrupted the interaction between caveolin-1 and
ABCALI, and reduced the HDL-mediated cholesterol efflux.
Taken together, we assume that the interaction between
caveolin-1 and ABCA1 plays an important role in the lipids
transport between the Golgi apparatus and the plasma
membrane caveolae.

It has been reported that cellular lipid transport from the
Golgi to the plasma membrane is defective, and that caveolin-1
is retained in the Golgi complex in the patients with Tangier
disease and in Abcal '~ mice [20]. It raises the possibility that
wild-type ABCAI1 functions as an accessory protein in
caveolin-1-mediated lipid transport from Golgi to plasma
membrane. Whether ABCA functions as an accessory protein
in the aortic ECs during cholesterol transport from Golgi
to plasma membrane is an interesting issue and should be
investigated in the future.

Acknowledgment

This research was supported by Grant NSC-95-2311-B-
029-003-from the National Science Council, Taiwan, Republic
of China.

References

[1] Fielding CJ, Fielding PE. Cholesterol and caveolae: structural and
functional relationships. Biochim Biophys Acta 2000;1529:210-22.

[2] Fielding CJ, Fielding PE. Caveolae and intracellular trafficking of
cholesterol. Adv Drug Deliv Rev 2001;49:251-64.



Y.-C. Lin et al. / Cardiovascular Research 75 (2007) 575-583 583

[3] Smart EJ, Ying Y-S, Donzell WC, Anderson RGW. A role for caveolin
in transport of cholesterol from endoplasmic reticulum to plasma
membrane. J Biol Chem 1996;271:29427-35.

Fielding CJ, Bist A, Fielding PE. Intracellular cholesterol transport in

synchronized human skin fibroblasts. Biochemistry 1999;38:2506—13.

Frank PG, Galbiati F, Volonte D, Razani D, Cohen DE, Marcel YL, et

al. Influence of caveolin-1 on cellular cholesterol efflux mediated by

high-density lipoproteins. Am J Physiol 2001;280:C1204—-14.

Matveev S, Uittenbogaard A, van Der Westhuyzen D, Smart EJ.

Caveolin-1 negatively regulates SR-BI mediated selective uptake of

high-density lipoprotein-derived cholesteryl ester. Eur J Biochem

2001;268:5609-16.

[7] Wang L, Connelly MA, Ostermeyer AG, Chen H-H, Williams DL,

Brown DA. Caveolin-1 does not affect SR-BI-mediated cholesterol

efflux or selective uptake of cholesteryl ester in two cell lines. J Lipid

Res 2003;44:807-15.

Frank PG, Marcel YL, Connelly MA, Lublin DM, Franklin V, Williams

DL, etal. Stabilization of caveolin-1 by cellular cholesterol and scavenger

receptor class B type 1. Biochemistry 2002;41:11931-40.

[9] Wang N, Silver DL, Costet P, Tall AR. Specific binding of apoA-I,
enhanced cholesterol efflux, and altered plasma membrane morphol-
ogy in cells expressing ABCI1. J Biol Chem 2000;275(42):33053-8.

[10] Rust S, Rosier M, Funke H, Real J, Amoura Z, Piette JC, et al. Tangier
disease is caused by mutations in the gene encoding ATP-binding
cassette transporter 1. Nat Genet 1999;22(4):352—5.

[11] Schaefer EJ, Zech LA, Schwartz DE, Brewer Jr HB. Coronary

heart disease prevalence and other clinical features in familial high-

density lipoprotein deficiency (Tangier disease). Ann Intern Med
1980;93:261-6.

Von Der Thusen JH, Kuiper J, Fekkes ML, De Vos P, Van Berkel TJ,

Biessen EA. Attenuation of atherogenesis by systemic and local

adenovirus-mediated gene transfer of interleukin-10 in LDLr—/— mice.

FASEB J 2001;15(14):2730-2.

Arakawa R, Abe-Dohmae S, Asai M, Ito JI, Yokoyama S. Involvement

of caveolin-1 in cholesterol enrichment of high density lipoprotein

during its assembly by apolipoprotein and THP-1 cells. J Lipid Res
2000;41:1952-62.

[14] Chao WT, Tsai SH, Lin YC, Lin WW, Yang VC. Cellular localization and
interaction of ABCA1 and caveolin-1 in aortic endothelial cells after
HDL incubation. Biochem Biophys Res Commun 2005;332:743-9.

[15] Chao WT, Fan SS, Yang VC. Visualization of the uptake of high-
density lipoprotein by rat aortic endothelial cells and smooth muscle
cells in vitro. Histochem J 2002;34:232-9.

[16] Wu CA, Tsujita M, Hayashi M, Yokoyama S. Probucol inactivates
ABCAL in the plasma membrane with respect to its mediation of
apolipoprotein binding and high density lipoprotein assembly and to its
proteolytic degradation. J Biol Chem 2004;279:30168—74.

[17] Fielding PE, Fielding CJ. Plasma membrane caveolae mediate the
efflux of cellular free cholesterol. Biochemistry 1995;34:14288-92.

[4

[}

[5

[t}

[6

=

8

[}

[12

—

[13

[t}

[18] Luciani MF, Denizot F, Savary S, Mattei MG, Chimini G. Cloning of
two novel ABC transporters mapping on human chromosome 9.
Genomics 1994;21:150-9.

[19] Neufeld EB, Stonik JA, Demosky Jr SJ, Knapper CL, Combs CA, et al.
The ABCA1 transporter modulates late endocytic trafficking: insight
from the correction of the genetic defect in Tangier disease. J Biol
Chem 2004;279:15571-8.

[20] Orso E, Broccardo C, Kaminski WE, Bottcher A, Liebisch G, Drobnik
W, et al. Transport of lipids from golgi to plasma membrane is
defective in Tangier disease patients and Abcl-deficient mice. Nat
Genet 2000;24:192-6.

[21] Fu Y, Hoang A, Escher G, Parton RG, Krozowski Z, Sviridov D.
Expression of caveolin-1 enhances cholesterol efflux in hepatic cells.
J Biol Chem 2004;279:14140-6.

[22] Neufeld EB, Remaley AT, Demosky SJ, Stonik JA, Cooney AM,
Comly M, et al. Cellular localization and trafficking of the human
ABCALI transporter. J Biol Chem 2001;276:27584-90.

[23] Le Goff W, Peng D-Q, Settle M, Brubaker G, Morton RE, Smith JD.
Cyclosporin A traps ABCALI at the plasma membrane and inhibits
ABCAl-mediated lipid efflux to apolipoprotein A-I. Arterioscler
Thromb Vasc Biol 2004;24:2155-61.

[24] Yancey PG, Bortnick AE, Kellner-Weibel G, de la Llera-Moya M,
Phillips MC, Rothblat GH. Importance of different pathways of cellular
cholesterol efflux. Arterioscler Thromb Vasc Biol 2003;23:712-9.

[25] O’Connell BJ, Denis M, Genest J. Cellular physiology of cholesterol
efflux in vascular endothelial cells. Circulation 2004;110:2881-8.

[26] Liao H, Langmann T, Schmitz G, Zhu Y. Native LDL upregulation of
ATP-binding cassette transporter-1 in human vascular endothelial cells.
Arterioscler Thromb Vasc Biol 2002;22:127-32.

[27] Ji Y, Jian B, Wang N, Sun Y, Moya ML, Phillips MC, et al. Scavenger
receptor BI promotes high density lipoprotein-mediated cellular
cholesterol efflux. J Biol Chem 1997;272:20982-5.

[28] Escher G, Krozowski Z, Croft KD, Sviridov D. Expression of sterol
27-hydroxylase (CYP27A1) enhances cholesterol efflux. J Biol Chem
2003;278:11015-9.

[29] Uittenbogaard A, Ying Y-S, Smart EJ. Characterization of a cytosolic
heat-shock protein—caveolin chaperone complex. J Biol Chem
1998;273:6525-32.

[30] Kurzchalia TV, Dupree P, Monier S. VIP21-caveolin, a protein of the
trans-Golgi network and caveolae. FEBS Lett 1994;346:88-91.

[31] Mollenhauer HH, Morre DJ, Rowe LD. Alteration of intracellular
traffick by monensin; mechanism, specificity and relationship to
toxicity. Biochim Biophys Acta 1990;1031:225-46.

[32] Klausner RD, Donaldson JG, Lippincott-Schwartz J. Brefeldin A:
insights into the control of membrane traffic and organelle structure.
J Cell Biol 1992;116:1071-80.

[33] Mendez AJ. Monensin and brefeldin A inhibit high density lipoprotein-
mediated cholesterol efflux from cholesterol-enriched cells. J Biol Chem
1995:5891-900.



	molecular interaction between caveolin-1 and ABCA1 on HDL mediated cholesterol efflux in aortic endothleial cell.pdf
	molecular interaction between caveolin-1 and ABCA1 on HDL mediated cholesterol efflux in aortic endothleial cell.pdf
	Molecular interaction between caveolin-1 and ABCA1 on high-density lipoprotein-mediated cholest.....
	Introduction
	Methods
	Cell culture and HDL isolation
	Transient transfection of plasmids and small interfering RNA (siRNA)
	Reverse transcription PCR
	Immunoblot analysis
	Immunoprecipitation analysis
	Subcellular membrane fractionation
	Immunofluorescence staining
	Immunoelectron microscopy
	Cholesterol efflux
	Statistics

	Results
	Caveolin-1 induces cholesterol efflux and caveolae formation in aortic endothelial cells
	Caveolin-1 positively regulates the ABCA1 expression
	Caveolin-1 interacts with ABCA1 in plasma membrane and in cytoplasm
	Colocalization of caveolin-1, ABCA1, and cholesterol in caveolae and cytoplasmic vesicles
	Caveolin-1 and ABCA1 are intimately involved in cholesterol efflux via vesicular transport

	Discussion
	Acknowledgment
	References




