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immunosuppression) ) ,
(reduced functional nephron mass)

(endothelial cell)

cytokine : (media)
(vascular smooth muscle cell) (proliferation)
/ (migration)
(extracellular matrix) (intimal hyperplasia),
(transplant vascular sclerosis) (fibrosis)
(proliferative obstructive angiopathy)
(glomerulosclerosis) (ischemic
injury) 3 , ,
(macrophage) cytokine

[Interleukin-1(IL- 1), Interleukin-6(IL-6), Platelet derived growth factor (PDGF),
basic- Fibroblast growth factor(b-FGF), Endothelin ]
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8.4 : (male,

Sprague-Dawley rat, 200-250 gm) ,

penicillin(100 U/ ml) streptomycin (100 p g/ml) 4% C phosphate
buffered saline(PBS) )

collagenase(activity 253 U/mg; Worthington Biochemical Co., Greehold,

NJ, USA) Eagle's minimum essential medium(EMEM; Sigma
Chemical Co., St. Louis, MO, USA)) 75 ml 15 ml
(Corning, Corning, NY, US.A) 37" C 30
(adventitia) (endothelium)  dissecting microscope (Olympus
SZ 40, Olympus Optical Co.,T okyo, Japan) forcep
razor blade . collagenase EMEM
75 ml 37" C 1-15 , 1,000 rpm 5
collagenase
EMEM . 2 ,
10% (fetal calf serum) EMEM
35 mm 37" C, 5% CO:. humidified incubator

anti-a :-actin antibody (DAKO Japan Co.Kyoto, Japan)
( 1),
passage 5 9



1. (anti-a :-actin antibody
, X 40)

2. . [*H]thymidine incorporation DNA

trypsin/EDT A (0.25% / 0.05%)

96 well (Corning) well  1x10
confluence . insulin(5 pu g/ml; Sigma Chemical Co.)
transferrin( 5 p g/ml; Sigma Chemical Co.) 10%
EMEM 72 , EMEM 2
EMEM 48 PDGF-BB (Sigma
Chemical Co.) well 10 ng/ml 24

[*H]thymidine(Du Pont Co., Wilmington, DE, USA.)
well 1 p Ci/ml , 6 cell harvester (Titertek
Cell Harvester 550, Flow Laboratories, Irvine, Scotland, U.K.) cell



harvester filter(Flow Laboratories) 6
, 3ml scintillation cocktail beta-counter(TL 5000s, Beckman
Instruments Inc., Fullerton, CA, USA))
PDGF (10 ng/ml)’
cyclosporine endothelin- 1(10

21,25

nM; Sigma Chemical Co.) angiotensin-11(100 nM; Sigma Chemical Co.)*

3.
Cyclosporine 50 mg/ml dimethyl sulfoxide(DM SO)
0.042 M . Carvediloi DMSO 1 mM
2L -70" C . Carvedilal
1pM 10 p M , cyclosporine 100 nM
Cyclosporine  carvedilol 15
cyclosporine carvedilol
, cyclosporine , carvedilol
1puyM , carvedilol 10 p M , cyclosporine  carvedilol 1 p M
, cyclosporine  carvedilol 10 p M
triplicate 5
4, (cytolysis assay)- lactate dehydrogenase(LDH)

LDH

LDH Triton X-100



LDH
LDH pyruvic acid(Sigma Chemical Co.), B
-nicotinamide adenine dinucleotide, reduced form(B -NADH; Sigma Chemical
Co.) multiplate reader(ELISA leader, Molecular Devices Co.,

USA.) 340 nm

1 triplicate [’H]thymidine incorporation

1 5

I+

(standard deviation)

(percentage proliferation; cpm
in stimulator plus drug-treated sample x 100 /cpm in stimulator-treated
sample) (relative proliferation)

Mann-Whitney U-test , 3
Kruscal-Wallis test P 0.05



[*H]thymidine incorporation 48094+ 1,763.0 cpm
PDGF 10 ng/ml 17,237.6+ 7,600.8 cpm, endothelin- 1
10nM 79036+ 23714 cpm, angiotensin-1I 100 nM 9,330.2
3,170.0 cpm . PDGF 358 (+
0.72), endothelin-1 169 (£ 0.25), angiotensin-II 201 (=
047) (p<0.05). PDGF
endothelin-1 angiotensin- I
PDGF 10 ng/ml (
2).
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2. PDGF, endothelin-1 angiotensin- 11

* p< 0.05 vs. control
** p< 0.05 vs. control and endothelin- 1/ angiotensin- 1l group



2. Cyclosporine

cyclosporine 100 nM [*H]thymidine
incorporation PDGF 11,049.0+ 33119 cpm (67.4+ 10.2%),
endothelin- 1 55122+ 1,729.0 cpm (71.6+ 16.9%), angiotensin-|I
7,085.2+ 1,633.0 cpm (78.7+ 11.2%) cytokine
cyclosporine . PDGF

67.4%

( 3. p<0.05), endothelin-1  angiotension-1I

(
3. p>0.05).
26000 - -
Stimulated control
B Stimulator + CsA
£ Z0000 -
g 8
E £ 15000
Z 8
= E— 10000 -
58
= T
5000 —
p<0.05" p=0.05 p=>0.05
0
PDGF Endothelin-1 Angiotensin- I

3. Cyclosporine  PDGF, endothelin-1 angiotensin-11
* p-value calculated by Mann-Whitney U-test

** indicate the control level
CsA: cyclosporine A
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3. Carvedilol

- carvedilol

PDGF carvedilol [’H]thymidine incorporation
1uM 9,807.8+ 2,649.6 cpm, 10 u M 3,032.4+ 1,155.0 cpm
carvedilol 1 uM
carvedilol 60.3+ 10.4%
, 10 p M carvedilol 18.3+ 5.9%
(p<0.05)( 4).
carvedilol PDGF
endothelin-1  angiotensin- |l
1 pM carvedilol 54.8+ 15.3%
68.7+ 16.6% , 10 p M carvedilol
116+ 3.2% 153+ 4.2% 1uM carvedilol
(p<0.05)( 4).
endothelin-1  angiotensin-|I carvedilol
PDGF carvedilol
carvedilol  ICso(Inhibitory concentration 50%) 1 p
M 10pM
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Carvedilol concentration

4. PDGF, endothelin-1 angiotensin-11
carvedilol .
* p-value calculated by Kruscal-Wallis test
** proliferation percentage(%) = (cpm in stimulator+drug treated sample /
cpm in stimulator treated sample) x 100

4. Carvedilol  cyclosporine

PDGF cyclosporine carvedilol 1y M ,
[’H]thymidine incorporation 9,807.8+ 2,649.6 cpm (51.7+ 6.4%)
cyclosporine carvedilol 10y M 3,025.6+ 13474 cpm
(17.8+ 5.9%) cyclosporine

carvedilol 1 p M
(p<0.05)( 5). cyclosporine  carvedilol
carvedilol
(p>0.05)( 5). carvedilol

cyclosporine carvedilol
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PDGF cyclosporine  carvedilol
endothelin- 1 angiotensin- I

, cyclosporine  carvedilol carvedilol

(p>0.05)( 6.7). cyclosporine

carvedilol

PDGF stimulated group
100

l Without CsA
B \With CsA

75 .

25

Proliferation Percentage{%)
L1,
[=]

Stimulated Carvedilol 1 uM Carvedilol 10 uM
control

5. Carvedilal cyclosporine PDGF
* means p<0.05, vs. stimulated control

** means p<0.05, vs. stimulated control and carvedilol 1 y M group
CsA: Cyclosporine A
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Proliferation Percentage(%)
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* means p<0.05, vs. stimulated control
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Angiotensin-ll stimulated group

£ 100

g ® H Without CsA

5 W \With CsA

T 75 |
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7. Carvedilol cyclosporine angiotension- Il

* means p=0.047, vs. stimulated control
** means p<0.05, vs. stimulated control and carvedilol 1 y M group
CsA : Cyclosporine A

5. (cytolysis assay)

PDGF LDH 109+ 15%
LDH ( 8).
cyclosporine 100 nM LDH 9.3+ 6.6%, carvedilol 10 p
M 11.3+ 7.4%, cyclosporine 100 nM  carvedilol 10 p M

93+ 43% PDGF
cyclosporine carvedilol

endothelin- 1 angiotensin- I

( )-
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. 180 |
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139

PDGF b-FGF, epidermal growth
factor (EGF), endothelin-1, angiotensin-1I
2ol PDGF,
endothelin- 1 angiotensin- I
82120 in vitro
PDGF 10 ng/ml
endothelin-1 10 nM angiotensin-11 100 nM

[’H]thymidine incorporation ~ DNA

21,27

cyclosporine
7.8

cyclosporine

ICso  cyclosporine
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cyclosporine 100 nM |
LDH cyclosporine
( 8). PDGF
cyclosporine
50%

cyclosporine

carvedilol 1993
1922 , carvedilol 1 yM 10 y M

cytokine . carvedilol

carvedilol

mitogen- activated protein(MAP) kinase

29

carvedilol carvedilol
Jea 1920 carvedilol  1Cso
MM 1yM 10puM
carvedilol
PDGF LDH
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carvedilol
in vitro
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ABSTRACT

Effect of carvedilol alone or with cyclosporine on

the proliferation of rat vascular smooth muscle cell

Myoung Soo Kim

Brain Korea 21 Project for Medical Sciences

The Graduate School, Yonsei University
(Directed by Professor Kiil Park )

Background: Typical pathologic lesions of chronic allograft reection or
transplant vascular sclerosis are similar to arteriosclerotic vascular lesion of
non-transplant patients or vascular remodeling process after vascular injury.
Abnormal and excess proliferation of vascular smooth muscle cells (VSMC)
which are triggered by endothelium-derived cytokines or growth factors, plays
a major role during these process. Effective prophylactic or therapeutic
strategies against chronic rejection or transplant vasculopathy are not yet
clearly established. Recent in vitro cell culture study showed that carvedilal, a
novel antihypertensive agent, has the significant inhibitory activities against the
proliferation of VSMC.

M aterials and methods: Using in vitro cultured VSMC, we measured the
anti-proliferative activity of carvedilol alone, or in combination with

cyclosporine. Growth-arrested cultured VSMC (5-9 passage) from the aorta of
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rat (Sprague-Dawley) were exposed to platelet derived growth factor (PDGF),
endothelin-1, or angiotensin-1l. Carvedilol and/or cyclosporine were added as
inhibitors. Proliferation was assessed by incorporated [*H]-thymidine activity.

Results: PDGF stimulated mitogenesis most effectively. Carvedilol inhibited
mitogenesis in a dose-dependent manner in the presence of PDGF (10 ng/ml).
Compared to control, proliferation was significantly decreased to 60.3(x 10.4)%
and 18.3(x 59)% in the presence of 1y M and 10y M of carvedilol, respectively
(p<0.05, each). Carvedilol also produced significant concentration-dependent
inhibitory activities against VSMC praliferation induced by endothelin-1 (10
nM) and angiotensin-1l (100 nM). The 1Cse of carvedilol in PDGF-,
endothelin-1 and angiotensin-|l- stimulated VSMC were 1 ~ 104 M.
Cyclosporine (100 nM) did not show significant inhibition of VSMC
proliferation regardless of the kinds of cytokines. However, combined addition
of carvedilol and cyclosporine inhibited significantly VSMC proliferation. The
pattern of inhibition in combined group was very similar with that of
carvedilol alone group regardless of the kind of cytokines.

Conclusions: The present study demonstrated that carvedilol significantly
inhibited the proliferation of VSMCs regardless of the kind of cytokines, and
even under the presence of cyclosporine in cultured VSMC. These indicate that
carvedilol has the unique potential to reduce the development of transplant
vasculopathy in  hypertensive renal transplant recipients  under

cyclosporine-based immunosuppression.

Key Words: chronic reection, vascular smooth muscle cells proliferation,

cyclosporine, carvedilol
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