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Cavedlin-1 caveolae

caveolin-1
Elisa
caveolin-1 caveolin-1
cveolin-1
caveolin-1
caveolin-1
caveolin-1
ELISA test caveolin-1
6-8
caveolin-1 14.2£3.79 ng/ml

62.4+16.12 ng/ml -



caveolin-1

8.5+1.90 ng/ml caveolin-1
2.740.71 ng/ml (0.0-11.8 ng/ml) caveolin-1
caveolin-1
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AP-Caveolin-1 caveolin-1
- AP-Cavedlin-1
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Abstract

Caveolin-1, the mgor component of “flask-shaped” indentations of
cell membrane ” caveolag”, is present in several cell types known to play
arole in the development of atherosclerosis. In this study, we established
an experimental hypercholesterolemic rabbit model to anayze the
distribution and expression of caveolin-1in the arterial walls. Using
rabbit polyclona antibodies with specificity for caveolin-1, we developed
adirect sandwich immunoassay for the determination of caveolin-1in
rabbit serum. We aso investigated whether in vivo ddlivery of caveolin-1
peptide could affect the development of atherosclerotic plague. The fatty
streak started to appear at 5-6 weeks and became more severe after 8
weeks of high cholesterol treatment. |mmunohistochemical results
indicated that the staining intensity of caveolin-1 reached ahigh level in
the arterial intima at 5 weeks and decreased to a very low level at 8 weeks
after high-cholesterol-diet treatment. Western blot analysis showed that
in rabbits fed a high-cholesterol diet for 5 weeks, the expression of
caveolin-1 reached its highest level then decreased from 8 to 12 weeks.
The proliferation of smooth muscle cells decreased to the lowest level at
5 weeks and then increased at 8 and 12 weeks. Caveolin-1 levels were
measured in the sera of 6-8 rabbits at different intervals after high
cholesterol diet treatment. In rabbits fed a high-cholesterol diet for 2
weeks, the mean serum level was 14.2+3.79 ng/ml. This value increased
to the highest level (62.4£16.12 ng/ml) at 4-5 weeks and then decreased
to 8.5+1.90 ng/ml at 6 weeks. Median caveolin-1 level in the controls was
2.7+0.71 ng/ml (range, 0.0-11.8 ng/ml). These results indicated that the
serum caveolin-1 level closely related to the severity of atherosclerosis
and might be used as a biomarker in detecting the early atherosclerosis. In

order to investigate whether in vivo administration of caveolin-1 could



regress the plague formation, the chimeric peptide, antennapedia
(AP)-caveolin-1 peptide, was used for intravenous injection in the
hyperchol esterolemic rabbits after cholesterol-diet treatment. The
preliminary data indicated that the AP-Caveolin-1 could reduce the
formation of atherogenic plagues. These results provide the important
information for the early detection and clinical treatment of
atherosclerosis.
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atherosclerosis

70%

1.1.

Christopher and Joseph, 2001

LDL-C

Libby, 2002)

20

(Lusis, 2000

LDL-C

1



(ox-LDL-C) ox-LDL-C

monocyte chemotactic protein-1

(MCP-1) monocyte
oxLDL
(macrophage (cytokines)
interlukin-1  interlukin-6 v (interferony )
(tumor necrotic factor, TNF)
(adhesion molecules) (Lusset d., 2004, Armstrong et al.,
2006) vascular cell adhesion molecule-1, VCAM-1
?
oxLDL foam cell
(intima layer) (medid layer)
(fatty streak

(Glassand Witztum, 2001 Libby, 2002 Hansson, 2005)

1.2.



121

(chylomicrons)
? (lipoprotein lipase,
LPL) LPL

(freefatty

acid) (glyceral)

(chylomicron remnant)

goo CllI goE apo E

(very low dengity lipoprotein- cholesterol, VLDL-C)

(Kruitetd., 2006  Sutherland et al., 2007  Bravo and
Napolitano, 2007)
1.2.2.

VLDL
goo B-100 E VLDL

chylomicron remnant

13



VLDL VLDL LPL
apo C HDL HDL
VLDL VLDL
a0B100 E
intermediate density lipoprotein, IDL  IDL
apoB-100 -E IDL
IDL
goo B-100 (low
density lipoprotein, LDL) LDL apo
B-100 LDL receptor
D
LDL
receptor LDL
(Hachem and Mooradian, 2006 Singh et a., 2007)
1.2.3.
acetyl-CoA
30 ATP
NADPH 3-hydroxy-3-methyl-glutaryl-CoA reductase

(HMG-CoA reductase) ?
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1.2.4.

(glucagon)
CoA reductase

(insulin) ?

(Boyle, 2007)

cAMP

HMG-CoA

(Duntas, 2002)

1.2.5.

receptor

(LDL-cholesteral)

(familial hyperchol esterolemia)

LDL LDL

? HMG-

LDL

LDL receptor
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85%
%
80%
? (Schroeder, 1991)

15%

(Orci, 1981)

(caveolae)
(reverse cholesterol
transport)(Fielding and Fielding, 1997  Gratton et a., 2004) Caveolae

1953 (Palade, 1953)

1.3. Caveolae caveolin-1
George Pdlade 1953

70-120nm

16



(Palade 1953) 1955  Yamada caveolae
(Yamada, 1955) clathrin-coated
pits caveolae caveolae
detergent-resistant  Caveolae
glycosphingolipid  sphingomyelin caveolae
protein kinase C G protein  receptor
tyrosine kinase (Smartetd., 1999 Felding and Fielding,

200la  Parton, 2003)

Caveolin-1  caveolae 178 N
C ( ) 102 134
(hairpin structure) (Couet
et d., 1997) caveolin-1 N 61-101

(homo-oligomers  (Schlegel and

Lisanti., 2000) 81-101 G-protein
102-134 133
143 156 pamitoylation (Dietzen et d., 1995)

(Murata et d., 1995)

Caveolin-2 caveolin-1 N caveolin

17



(Dasetd., 1999) Caveolin-3  cavedlin
81-101
3 codons caveolin-3

limb-girdle muscular dystrophy (Minetti et d., 1998)

Cavedlin-1  caveolin-3 monomers
caveolin-2 homo-dimer
Caveolin-1  caveolin-2 (hetero-
dimer) caveolae  ( )
Caveolin-1 7031.1 3 exons
caveolin-1 N a p
(caveolin-1la  caveolin-13 ) DNA MRNA

(alternation initiation site)( Kogo and Fujimoto.,
2000) Caveolin-la  24kDa 178 Caveolin-1
B  2lkDa 147 (Fujimoto et d., 2000)
Caveolae caveolin-1
caveolin-1 (Fielding and

Fielding, 2001b) Caveolae

caveolae Caveolae caveolin-1

18



flotillins cavatdins Caveolin-1 -2 caveolae

16-18 caveolin-1 caveolae
Caveolae (Shin, 2000)
caveolin DNA caveolae
caveolin caveolae Caveolae dynamin
GTPase caveolae
1995 cavedlin-1 Imole/mole

(Smart et d., 1996)

1.4. Cavedlin-1  eNOS

Caveolin-1 ? endothdlia nitric oxide
synthase, eNOS eNOS nitric oxide, NO
Garcia-Cardena et d., 1996 Ca*/camodulin
eNOS  cavedlin-1 Ca’*/calmodulin
L-arginine NO
caveolin-1 eNOS NO (Feronet al.,
1999) NO
NO vascular cell adhesion molecular-1,

VCAM-1 (Thyberg,

19



2003:; Frank and Lisanti, 2004 caveolin-1 eNOS

caveolin-1
NO (Frank et a., 2003)
1.5. Caveolin-1 M echanotransduction
shear stress
caveolae
(Rizzo et d.,
2003 Yuetd., 2006) caveolae
caveolae
caveolae
(Park et al., 2000  Sun et al., 2002)
caveolae eNOS
caveolae  tyrosine mitogen-activated protein
kinase MAPK (Rizzo et d., 1998)
stress dran caveolae

(Volonte et d., 2001)

1.6. Caveolin-1

Cavedlin N C C



tyrosine kinase receptors non-receptor tyrosine kinase
G-protein  Caveolin

G-protein  Src family kinase NO synthase epidermal growth factor

receptor  protein kinase C caveolin N
Scaffolding domain (Mdller and Frick, 1999
Smatetd., 1999) Cavedlin-1 (transformation)
26 MRNA
caveolin-1 r-abl  Haras
caveolin-l  mRNA caveolae

(Song et d., 1996  Krgewskaand Maslowska, 2004)

1.7. Caveolin-1
caveolae caveolin 1 1
caveolin caveolae
(Fielding and Fielding, 1995)
Acyl Co-A cholesterol acyltransterase  ACAT
cholesterol ester, CE

cholesterol esterase
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ER sterol regulatory element
binding protein, SREBP (Wang et d., 1993) SREBP
cystein protease SREBP
LDL
HMG-CoA reductase (Bengoechea-Alonso and
Ericsson, 2007)
caveolin-1 caveolin-1 mRNA
caveolin-1 (Fielding and Fielding, 1997)
caveolinrl  cyclophilinA  cyclophilin 40
56(HSP56) (Smart
et d., 1996) caveolae caveolin-1  ABCA;
pre-b-HDL HDL
Smatetd., 1996 Frank eta., 2006 Truong et a., 2006)
LDL 10

%

1.8.

(inflammatory biomarker)( Downing et a., 2001 Armstrong €t al.,

2006 Libby et al., 2002) C high sensitivity



C-reactive protein, hs-CRP (Ridker et al., 2000)
IL-1 IL-6 (Willerson and Ridker, 2004 Vasan, 2006) Hs-CRP
ICAM-1 VCAM-1 E-sdectin

(Myerset a., 2004) Hs-CRP

?  matrix metalloproteinases MMPs MMPs
Zn’* ?
(Sundstrém and Vasan, 2006; Johnson, 2007) soluble
CD40 ligand (sCD40L) B

CD40

Hs-CRP sCD40L MMPs oxLDL

(Ridker et d., 2004) (Linet

a., 2006 Schwenckeet d., 2005)

1.9 AP-Cavl
Antennapedia(AP) C
60 a (homeodomain,

AntpHD) a 43 58 RQPKIWFPNRRKPWKK)

23



16 ?

(receptor) (channdl)
? 4 37
(protein translation domain, PTD) ?

(cell penetrating peptide, CPP)(Deross et d., 1996)
30-50

(Derossiet d., 1998) Caveolin-1 scaffolding domain ( 81-100

DGIWKASFTTFTVTKYWFYR) 20 ?
eNOs (Garcia-Cardena et d., 1997)
AP-Cav-1( 36 RQPKIWFPNRRK PWKK -

DGIWKASFTTFTVTKYWFY R-(OH))
(Bucci et d., 2000)
AP-Cav-1
(Jasmin et d., 2006)

AP-Cav-1

1.10.

caveolin-1

()

24



ELISA

2.1.

() caveolin-1
caveolin-1
caveolin-1
caveolin-1 caveolin-1
(Tahir et al.,, 2003) ( )
caveolin-1
AP-Cav-1
New Zeadand white rabbit 35 4

caveolin-1

25



LDL-Cholesterin (Spellilng)

Germany)

2.2.

eosn

2.3.

Eppendorf

1.5CC

5000x g 10

Cholesterin (Merck KgaA; Darmstadt,

ketamin (40 / ) xylazing(5 /

(xylene)

5
100% 100% 95% 75% 50%
(hydration) 3
5 hematoxylin &

TUNEL
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10 10 mM citric acid (pH 6.0)
800 15 non-immune
PBS 4

rabbit anti-human caveolin-1 antibody [1:200 (v/v); Santa Cruz
Biotechnology, Santa Cruz, CA] mouse anti-human- actin antibody
[1:200 (v/v); Lab Vision Corp., Fremont, CA] 37 1

biotinylated goat anti-rabbit IgG  biotinylated goat anti-mouse
1gG PS 3 H,0,-DAB
streptavidin-peroxidase (Zymed Laboratory; South San Francisco, CA)

hematoxylin

(Nikon Microphot-FXA, Tokyo, Japan)

2.4. Apoptosis
5 PBS
proteinase K 20 mg/ml 37°C 15 DNA
5ng/ml DNasel 37 60

TUNEL (Promega, DeadEnd™  Colorimetric TUNEL System)

27



equilibration buffer 10 PBS

5 TdT reaction 37
60 10 SSC (sodium chloride and
sodium citrate) 15 TdT
enzyme 5ng/ml DNase | 37°C
60 TUNEL DAPI(1ng/ml)
20 Nikon Eclipse E400
2.5.
PBS (lysis buffer) (10

mM Tris—HCI, pH 7.4, 1 mM benzamidine,150 mM NaCl, 0.5 mM
EDTA, 10 mg/ml phenyl methanesulfonyl fluoride)  4°C

e 900 xg
10 BCA protein assay kit (Pierce; Rockford, IL),

-20

2.6.
lysis buffer (10 mM Tris-HCL,150
mM NaCl, 1 mM benzamidine, 0.5 mM EDTA, 1 mM PMSF)

0 4 800 g

28



10 20u g

12 % SDS-PAGE 50
(stacking) stacking gel 70
12% 15
SDS-PAGE (Bio-Rad, USA)  SDS-
PAGE 20 30
PVDF PVDF 5%
1 TBS-0.05% Tween 20
2 10 caveolin-1

(rabbit anti-human caveolin-1 antibody, 1:10,000 v/v; Santa Cruz
Biotechnology) mouise anti-rat proliferating cellular nuclear antigen
(PCNA) antibody(1:10,000 v/v; upstate, Charlottesville, VA)

IgG HRP (HRP-conjugated goat anti-
rabbit 1gG 1:15,000 v/v; Zymed L aboratories) 1gG
HRP(HRP-conjugated goat anti-mouse 1gG 1:15,000 (v/v))

1 TBS-0.5% Tween- 20 3

10 chemiluminescence

(Fuji, Japan)

2.7.



NO NO
(NO,) NO 5x10
Griess reaction (Uemuraet a. 2000)

37 Hanks' buffered saline solution (HBSS, Hyclone, Logan,

uT) 2 Griess colorimetric
2.8. caveolin-1
caveolin-1 ELISA (sandwich ELISA)
caveolin-1 (capture antibody)

caveolin-1 (Transduction Lab)

(detection antibody) HRP caveolin-1

(Santa Cruz Biotechnology) N- 20

caveolin-1  ? 9% S0m

(0.0625ug/well in coating buffer)  4°C 3% wiv

BSA Phosphate-buffered saline-0.05% tween 20(PBST)

PBST 3 human
caveolin-1(N-20) 10% FBS PBST 0 30ng/mi
100ul/well
1.5 200 PBST 4 100 mi(1:200)



HRP-conjugated caveolin-1 (Santa Cruz Biotechnology)

15 200 m PBST 2 100 m OPD
reagent(ZYMED Laboratories) 1 495nm
caveolin-1(N-20) 0O 30ng/m OD
3 (
Y=axX®+bX*+cX+d Y abcd X

OoD. ) caveolin-1
2.9. AP-Cav-1

9 3.035 2%
5 (GuY uan Biotech Services Corp., TW)

AP(RQPKIWFPNRRKPWKK)  AP-Cav-1(RQPKIWFPNRRKPWKK -

DGIWKASFTTFTVTKYWFY R-(OH)) 3
3
AP-Cav-1 (Img/KQ) 2 3
AP(1mg/Kg) 3
(1cc/Kg) 2

caveolin-1 9
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3.

3.1. Caveolin-1
3.1.1.
12
30+£5 mg/dL
180+5 mg/dL
125045 mg/dL
2 ()
3.1.2. Cavedlin-1
5
.
8 12
3.1.3. Caveolin-1
5
caveolin-1 ( A,B,C)

caveolin-1

caveolin-1 ( B,C)
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( A) caveolin-1
( A,B) a-adtin (

B) caveolin-1

caveolin-1 ( C) D
12 H&E
( A)
( B) a-actin ( C)
D 8 TUNEL
( A)
DNase ( B)
(apoptosis) ( C,D)
caveolin-1
( A) caveolin-l 5
8 12 ( B,C) PCNA
caveolin-1 5
PCNA 8 12 cavedlin-1 PCNA
( B,D)
3.14.



(p<0.05) 8

(p<0.05)( )

3.2. caveolin-1

3.2.1. caveolin-1
caveolin-1
(0~11ng/md)( )

180 1250 mg/dL

caveolin-1 3.0+ 2.11 ng/mli caveolin-1
14.2 + 3.79 ng/ml caveolin-1
62.44 + 16.12 ng/ml 85+ 1.90
ng/ml caveolin-1
( A.B)
3.2.2 caveolin-1
6 15
ELISA caveolin-1



caveolin-1 107 ng/ml 2.42 ng/ml ( )

caveolin-1 0.0 ng/ml 166.67 ng/mi(

3.3 AP-Cav-1

331 AP-Caveolin-1

AP-Caveolin-1 3 mg ) 2

43.6 AP 56.7
AP-Caveolin-1 25.6
AP-Caveolin-1
( A B) AP

(P 0.2, n=2-3)

4.

( )Cavedlin-1

caveolin-1



(fatty streak)

(plague)

caveolin-1

caveolin-1

caveolin-1 (Fidding and Fielding, 2001b Chao et

a., 2003, 2005 Linetd., 2007)

oxysterols caveolin-ImRNA

(Fidding and Fielding,
1997)
caveolin-1
caveolin-1
reactive
oxygen species (ROS) eNOS
eNOS
caveolin-1 eNOS (Razani



et d., 2001) caveolin-1  eNOS
NO (superoxide anion
0,) (Piechet d., 2002)
Cavedlin-1 caveolin-1

(Frank and Lisanti, 2004)

caveolin-1
caveolin-1 caveolin-1
(Petersonet d., 2003 Schwencke et d., 2005)
caveolin-1 (Hassan et

d., 2004;2006)
caveolin-1
caveolin-1

caveolin-1

() caveolin-1 (biomarker)
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LDL-C
(ox-LDL-C) (Lusis, 2000 Lusiset
a. 2004) ox-LDL-C

monocyte chemotactic protein-1 (MCP-1)

oxLDL (cytokines)
interlukin-1  interlukin-6 -y (interferony )
(TNF) (vascular cell adhesion

molecules, VCAM-1) (Armstrong et d., 2006)

hs-CRP
IL-1 IL-6
hs-CRP
hs-CRP
hs-CRP >3.0 mg/L CRP
? (Ridker et d.,



2000,2004  Willerson and Ridker, 2004  Myerset al., 2004)

CD40
ligand hs-CRP MMPs oxLDL
(Ridker,
2007, Revkin et al., 2007)
caveolin-1
caveolin-1
Caveolin-1 ELISA
0.324 ng/ml
(benign prostate hypertrophy, BPH) 0.172 ng/ml
0.463 ng/ml caveolin-1
PSA (Tahir et d., 2003)
caveolin-1
caveolin-1 biomarker
ELISA caveolin-1
caveolin-1 11 ng/mli



caveolin-1

caveolin-1 62.4 £ 16.12 ng/ml caveolin-1
( , Lin et a. 2006)
caveolin-1
caveolin-1
caveolin-1
caveolin-1

hs-CRP ICAM-1 MMPs

caveolin-1 Ong/mi
166.67 ng/mi cavealin-1
1.73+0.60 (1.07~2.42) ng/ml 1.73 ng/ml (cut-of f
point)
(sengitivity)
78% (specificity) 67%

caveolin-1

(IRB)



300

caveolin-1 ( hs-CRP ICAM-1 MMPs)
caveolin-1
caveolin-1
() caveolin-1
Antennapedia (AP)

eNOS caveolin-1 scaffolding domain
AP-Caveolin-1 eNOS
(Bucci et a., 2000)
AP-Cavenlin-1
(Jasmin
et a., 20006) caveolin-1

caveolin-1
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7
scaffolding domain (20
AP 56.7

n=2-3)

AP-Caveolin-1 2

caveolin-1
AP (16

)

AP-Cavedlin-1

AP-Caveolin-1

AP-Cavedlin-1

) caveolin-1

AP-Cavedlin-1

25.6

43.6

(P 02
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