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The Effects of Cilostazol on Proliferation of Vascular Smooth Muscle Cells
and Expression of iNOS and p21
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ABSTRACT

Background and Objectives : Cilostazol is an anti-platelet and arterial vasodilating drug that inhibits phosph-
odiesterase type III, an enzyme that breaks down cyclic AMP in platelets, vascular smooth muscle cells, cardiac
myocytes and adipocytes. Several animal and human studies have shown that cilostazol has the potential to
reduce restenosis after coronary angioplasty, but the precise mechanism by which the inhibition of vascular
smooth muscle cell growth occurs from an increase in cyclic AMP is not yet clear. Materials and Methods : We
investigated the effects of cilostazol on cell proliferation and expression of iNOS and p21 by western blotting
with the cultured aortic vascular smooth muscle cells stimulated with platelet-derived growth factor BB.
Results : In comparison to the control, treatment with cilostazol significantly inhibited (p<0.05) the increase
in cell number. Inducible nitric oxide synthase (iNOS) and p21 expression increased with cilostazol treatment,
and these effects of cilostazol were eliminated by simultaneous incubation with the NOS inhibitor, L-NAME.
These results indicate that cilostazol increases p21 expression at least partially through an iNOS-dependent
pathway in cultured vascular smooth muscle cells stimulated with PDGF-BB. Conclusion : These findings
suggest that cilostazol has a direct inhibitory effect on abnormal proliferation of vascular smooth muscle
cells accompanied by the induction of iNOS-dependent p21 expression, and cilostazol may have potential
to prevent restenosis after percutaneous coronary intervention by this mechanism. (Korean Circulation J
2004;34(5):500-506)
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A3 Q5 cilostazol> 2 AF® FAE
9 719 9] 3]s (external iliac artery)

Ao 97 A gEke] F418 o AlEgl T, AL
O g ofe] Y AFelMe ARIE o] AP
oF ¥1= ticlopidine Foiatell RISl f-2l8kAl AR
ok Sk cilostazol®] AU 4 oA 714
& PR ] vl Q1A Ytk o] A= ph-
osphodiesterase & AEx oz Agsio] dhvh)
cyclic adenosine monophosphate (CAMP) & #31&
A6k, cAMP—dependent protein kinaseE %7}
Ao zZH M Zf TEF AT o2 3|
o] GAsE Aslista a4 A4S AhdshiaA
platelet—derived growth factor PDGF—BB) 5 &3
54 27 ARk S oAs Y e da
HEZHE W cAMP—dependent protein kinase2]
Z7}2 mitogen—activated protein kinase cascade”}
oA =)o) *H—thymidine uptakeE 7+4A7]E DNA
FEolAe AR 3 FEAE S GA 2]
Bag vk QaY F¥ FEIAE ) cAMP S}
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AdE Fo P2 olgk U E ool 7]oqE Ao
2 2493 ). Nakamura 59 A7) cilo-
[e)

T e dellx] gl nlelate]
WA oy g3 28-S fEsisla, oles
g A8PY § 3= nitric oxide synthase (NOS) 2] 74
2 2842l N®—nitro—L—arginine methyl ester (L—
NAME) ol &l A=) B3t @ AP Atk a
9] tha} AHEQI nitrite”} cilostazol X&7-ol 2]t
A F7¥eke Barsigiek o] A¥k= cilostazolo] WAl
2 EA O ALY WS ST 280l
125 ARSIt e ARIE e & AP
W A% AdenovirusE HiIZlE g eNOS 307t
B0 Asbd s FolokA Fof ATV 4
52 olgfdt Akatd vt AlEFT] A ghlel p21,
p272 ¥ Tkl AR #Ao] S-S HuElh
T2} cilostazolo] 294 $FE FAAER Q1%
WM &4 & Su J8Axe
PDGF—BB % cytokine 2 & 52| 3% g3 A3+
Ao A INOS & p212] W] mA= &
=] A g
£ M= PDGF-BBR $41& 714171 vjoel
e s HELAE A cilostazole] E¥ FEt
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Sprague Dawley rat®] tie™ v HEAEF
(ATCC CRL2018)= ATCC (American type culture
collection) 4] #F=ko} 75 cm® ZAujoF €715 A}
48} DMEM (Dulbecco’ s minimum essential me-
dium, Gibco) ¢l 10% fetal bovine serum (FBS, Gibco)
3} A (penicillin G, streptomycin, amphotericin
B) & 37lste] REE wiA| o] @5 0% A= wjrhA] u)
kit vierEr] tellA 80% old Abd 0.05%
trypsin—EDTAE o]gsto] thE 47]|2 Al wljess)
Tk

29 Fot wlokst I3 FELAEE 6 well plates
ol well & 2x10°7) 4 255 F Al W= wAls}o]
wjoFsldt) 29 3 2.5 ng/mL %9 platelet—de-
rived growth factor (PDGF—BB, Sigma) ¢} insulin—
transferrin—selenium ITS, Gibco)S F7}= 7))
1, ©37]¢] Takahashi 5¢ 74" da g
AL F2E AAKTIE AR sEE AAEE DMSO
& 431170 cilostazol 10° M(Otsuka Pharmaceu-
tical Co., Tokyo, Japan)-& A2|st 2} *2|s}A] &
& T TOE Rt A7) wiekeliA olF T ow
A iR Z mAEke] FoTE AR A 24 7HA
O 88U ARISITE M A3 s AlEge]
W3S 33] W S43}9] paired t—test® H] . F4
siglom, AR 4 912 ATt g1 HiAIE trypan
blue G4 He] 1112 3Mato] 42 @And 9 he-
mocytometer& ©]g3to] AESH= AEES 75 &
A&kt

iINOS ! p21 Tt 25 HE(Western blotting)

G FHEZAES 100 mm dishS o]&38l] FBS
7} Z7Fd DMEM iAol A ©522 80% 7H4] BllF
3t U2 serum free DMEM WiA| 2 wAl|skar, wA| =Y

501



Ae]| 2.5 ng/mL %2 PDGF-BBS%} ITSE #7138t
ks, cilostazole Ag|st ¥} AHeHA] =2 F 7o
Rt 24413 B vleksielt. CilostazolS A
23t 7o Mt ¢ty 3 HEAEE 7
7} 0.25% trypsin—EDTAR #z|ato] 78 & cell
lysis buffer (50 mM HCI, 150 mM NaCl, 1% triton
X~—100, protease inhibitor cocktail, Sigma) & 37}
S 1§ G5 ol 304 <k WAg - 13,000

rpmelA 523t Qs s A

F9E Bradiord Aok 01831l W PFE & T,

71 % 50 ugS 3] 5X sample buffer'” 9} &3t
I 100CeIA 533t 83t Western blotting A&
Z AREEAY. SDS—-PAGEE 12% separating gel
¥ 5% stacking gelZ T/J% EAE 27|95 AlAE
(minigel system, Bio—Rad, USA)& o]&3to] 100
voltZ 7195213t} Monton 5] AAg W02
7130 2 3}o, Western blot kit (Bio—Rad, USA) &
2 71983 gelS nitrocellulose membrane (Hy-
bond~ECL, Amersham, USA) 2 80 voltelA 1
A]ZF &<} transfer buffer (Tris base 1.83 g, Glycine
90 g, 1 L DW)E @d #25 o]5AZ 1 dold

=

nitrocellulose membranes 5% skim milk §9°] &
oJgE E7ell Wol AellA 1AIZE 53F F2AFT
TBS ¢ (Tris—Buffered Saline, 2 M Tris—HCl
5mL, 4 M NaCl 37.5 mL, D.W. 957.5 mL, Tween20
0.05%) 2.2 33] AlHsta, 72 iNOSe|| ot ¢ &
= &4 (Transduction Laboratory, Japan) S 0.5%
skim milkell 1 : 50022 3]4ale] 4Tl 10~124]
2F 93 AJFAL) o]& TBSZE 33| A3 3 0.5% skim
milk® 1 :2,000L2.2 348 HRP conjugated anti—
goat mouse IgGE &3 2} A (Transduction
Laboratory, Japan) &} Aol 3kA7F Fet wilshd
A WESAIZ]13L, ThA] TBSZ 33] Al23E % western
blot luminol reagent (Santacruz, USA) & 183+ *g]
3kl FE(Kodak, Min—R L, 18X 24 cm, USA) ]l 10
1 ZPgste] Hhg-S ERlsIGiT) p21 o e A
9] p219) thet ¢ = &4 (Transduction Labora-
tory, Japan) & o]&3to] 22 WP o® gRISIGIT
NOS inhibitor(L-NAME) &1} ¥ p21 St 45 =
PDGF-BBZ A= wieke dt F&LAEe] cilo-
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stazol 107° M& &5 A3 73}, cilostazol 10° M
9l NOS inhibitorg] N®—nitro—L—arginine methyl
ester (L—NAME, Sigma) 4 X107 M& FAlo] A2
sk, OFFAE AR 92 Ul T Al o
Fato] 24zt woksleit) 24 41%F 3 0.05% trypsin—
EDTA A& 39S AA cell lysis bufferE H7}st
MEE 0CeA 30 & AHelst = 13,000 rpmell
A 5t dalEEleka, S Rks ARESISItE Brad-
ford AlekE o]&3to] WA =S 3kal 1 % 100
ug¥S 22 Fste] 5X sample buffere} 35t &
100°CellA 523t FRate] ARz ARSIt SDS—
PAGE ¥ p21] western blotting< <3t ¥l o]
ujek A sk

2 0

Cilostazol®| St FEIMEY FA°f OA= 20t
Cilostazolo] wiekel F¢] tie® FEAxS &
2lof mx|= gaE ERlEl] ¢lste] PDGF-BBE &
2E FXAZ G FEAREA AdaleF A 2dF
E] cilostazol 107" M<& A2lalo] A 87k nf 29
AL R trypan blue® @S § St Ar)do=
EsIgl) ozl vldl cilostazol 22| T4l Al 6
AAFE] trypan blueo] FAE 4] k= AolQl= Al
o] F2o] frelahAl A= Tk (p<0.05, Fig. 1. 1
2} AAv)7d HAAMY cilostazol?] H7k2 <13 g9 HE
DAL Z7), B, /AL ) vE T ek
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Day after subculture

Fig. 1. Effect of cilostazol on the number of trypan blue
negative vascular smooth muscle cells stimulated with
platelet-derived growth factor (PDGF-BB). Two days after
subculture, 105 M cilostazol (@) or placebo (O) was added
to Dulbecco's minimum essential medium (DMEM) su-
pplemented with PDGF-BB, which was changed every
other day. *: p<0.05.
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Cilostazolo] PDGF—BBZ $4] =
Alze A INOS 9 p21 we] Wde nx]= 35
#As A¥) cilostazols A28t FollAi= INOS 2
p218] o] BT 7k vb glxTellAe o]E0l
Ao =R S-S S 4 JUArHFig. 2, 3).

Cilostazol Control

iNOS
(130 KD)

Fig. 2. Effect of cilostazol on iINOS expression in vascular
smooth muscle cells (VSMCs). Cell lysates from VSMCs
with or without cilostazol were subjected to western blot
analysis. iINOS expression was confirmed in cilostazol
added cells (lane 1) but control did not express INOS
(lane 2).iNOS: inducible nitric oxide synthase.

Cilostazol Control

p21
(21 KD)

Fig. 3. Effect of cilotazol on p21 expression in vascular
smooth muscle cells. After subculture, 105 M cilostazol or
noting material was added to DMEM with PDGF-BB. By
western blot analysis, p21 expression was increased in
cilostazol added cells (lane 1), but p21 expression was
very weak in control cells (lane 2). DMEM: Dulbecco's
minimum essential medium, PDGF-BB: platelet-derived
growth factor.

Control Cilostazol  Cilostazol+L-NAME

p21
(21 KD)

Fig. 4. Effect of cilostazol and L-NAME on expression of
p21 in vascular smooth muscle cells. After subculture,
cilostazol only, cilostazol with L-NAME (4x 103 M) or
noting material (control) was added to DMEM with
PDGF-BB. By western blot analysis, p21 expression was
increased in cilostazol added cells (lane 2), but p21 ex-
pression was very weak in cilostazol with L-NAME added
cells (lane 3) as well as control cells (lane 1). L-NAME:
NG-nitro-L-arginine methyl ester, DMEM: Dulbecco's
minimum essential medium, PDGF-BB: platelet-derived
growth factor.

NOS inhibitor(L-NAME) A= ¥ iNOS X p21 it 2oy
o B3}

Cilostazol®] p212] #&S S7HA7]= 2o iINOS
9} E3A9l 17¢1#] INOS 92 el HAIAE 7+
H3l7] 93l cilostazol &5 AT, oFFAE A28}
A 9kt cilostazol ¥} NOS inhibitord] N°—
nitro—L—arginine methyl ester L—NAME)E £A|
of At 7 5 Al wo=E ERFate] wEAe A cilo-
stazol "k AgJgt TollX& p21 e o] Sty
AL thzrelxd= p2lo] A9 EEER] #gko cilo-
stazolZ} L-NAMES FA]o]] 2|28t Foll& p2l &
e} wgdo] wf-g- wjeksiAl Wk, cilostazolo] p21
o] Wk S F7A7]E #o] INOS ] ke v}
Ash #do] leS WEE 5 qUsich(Fig. 4).

Cilostazol {6— [4— (1 —cyclohexyl—1H—tetrazol—5—
yD) —butoxy] —3,4—dihy —dro—2— (1H) —quinolinone,
MW 36947} & dad 24 2 g3 3P 445
717 SRR 2A T ZE 7S dad, T HE
AIE, A2AE 9 A A M| EA5= phosphodie-
sterase type IS ABIZ 02 AJA5lo] o] AE
9] cyclic AMPE F7MI7CEH BRI o] A
U g3 A F3 A5AZ v FDAY
= Wgkon FEolx ¥ ol AlrE tidoR

2] AT E Ws JPE T APas Fo

T e HE BaEo] g, A9 4 s
A 5 AFE Aol o FEAEe] 52
oAlehE 71 ofx WEs] ARlEo] A Ytk

Z7] Aol = cilostazolo] PDGFE A=3F 2]
Ols® JEIAES F4S oAl &2t glom,
ol:= cAMP2] F7tell W& o]kl AU Hlolekar
HijekEl AR s FELAEE o]
23 Hayashi 5179 @17 cyclic AMP7} 83
HEZAES] PDGF A=l st 52415 oJAlstaA
p53 9l p21 T WS FAle| TR Bl
skGith FF9] F5F tie® AHE o] &8 Aol
L Gilostazolo] dagtolut Pk HELAE UlofA]
cAMPE 7P ofet WAl oA o At
s WS STHIIIE eSS dREE
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faksithar Bl 3o cilostazol )} AteFE 9] #HA 9
S st I3 FEIAE JF A 71He] T
A Sk AR A (nitric oxide) & W AE
b5 sk A 9 o] &3l da 3
SAIEE] F24 9 71 T 34 T die] s
B oAshEA] Guede frshs Bl of
+ nitric oxide synthase NOS)®l| 2]3] L—arginine
o] L—citrulline®% 3=AA A=, A
NOS+= A Ul M|EZef| - k= constitutive eNOS
oF YIAIZ &4 3 Az s g3 FEaAE
5ol 495+ inducible NOSGNOS) 2] F 714 &
gz gt 7)e sk sz 245 wed o
cilostazol®] 3 FEAHEL F2A 282 o] oF
A2l Abshd A 574 283 Fo] Qs Zlow T

ek T

% 9 PDGF
of 2Ja) INOS 2| wH&lo] ojA|so] Z7}
7} mleksitirt o] F 7ARE 309 7RAlE iNOS2|

W oAl P49 glycoprotein 1b/Illa =83 243
Al Fofo] 23] AAHS Bslh

2 AT Ao, gizTelMs INOSY who] vln|sht
cilostazol& A&t FellA= INOSE] o] 571
o] cilostazolo] PDGF—BB& A=% F o] o 2
I FEAE] A INOS = E S
TN Z=M] AbslAA] S SRS BEE
Pibel=g

s AHE Ale & AFE s 913 Ad-

enovirusZ W7lE 8 eNOS 58 Ho]x| g0
Al 2 FolokA Fof A7 o] AsL oljgl A
P A0 AP A 719 sbEA METT] oA
iRl p21, p27 T2 FHSTPE TE JSS
AR p21 9 p27- A FEIAES] MET
71 & Gl 7dellA S o ok & Ahdshe
2R e FRTAE] AL oA w8
o FLLAIE 4] ejAlel p21
1:0 [e)

A ol ng

=)

o] Fa¥ ATS Piaia ol Buw up Uk
o] ¥ p21< p273= el A ddelds Ao 2

Z2E oAlshs 7140 Bttt @ 7 A7k 99
ou}, 1 sk Qivie vk Aol wela gk,

nitroso—N—acetylpenicillamine (SNAP)2- ], SNAP
°] 10% FBS$} bFGF= AF=8k Algre] Al 7 &
7 BEZA EoA DNATAS AAIshEA cyclin—
dependent kinase2(Cdk2) ¢ /3 ¥ retinoblastoma
(Rb) protein®] phosphorylations JA|EH-S ® 1138}
Stk Tt o] AdoA = SNAPO] cyclin A W E2
messenger RNA @& ZAAIZ S} cdk2—ass-
ociated p21 ©¥e] B FVIAFITIY. Btk
Cdk2—associated cyclin A2} E 9 proliferating cell
nuclear antigen(PCNA)-2 WIA ¥ A & Fuk g
T FEAES] SR S AETT] GL AdellA S
o sl WS FIM7IE 2AAAE A
ATk wd AMEFET] Gl Aol S Fom Qe
o] 342 retinoblastoma #-3Ake] AHEQl st
phosphorylated Rb(pRb) ¥ cyclin—dependent ki-
nase inhibitorgl p21 5ol o8] A, A= da
HELA R S IAaA ek

Sharma 5”& adenovirusE "7|Z 3 eNOS
2z Ao] ¢AtellA, PDGF—BBZ A=-% guinea pig
s BEAEAA eNOS Mool <Js] PCNA
4 cyclin A2l o] AL, cyclin EQ] e
AAER o, p21 H p278] WHL eNOS 32k A
olo] oal] HrE TS WA WSS RaEich
4%t Ishida 52 AT A¥shks g o]52 Al
2o o8t A HEZAE F2lolA 7)Ho] p21olt
p27 e Z7lRt), PDGF A= 23t cyclin A,
cyclin E 2 PCNA 2&l9] ofA9} o] §lg A o=
Huspgick

Sato 598 10% FCSZ 52 279 w4 35
@ BHLAF] AdenovirusE wi7HE 3 eNOS F-
AxF HolA|, p21 W p278] o] 7o M2
AR S WA gkl eNOS 84 HolA|
RO 3 FEAE F29A] 71-o] p21 9 p279]
dlg] Z7to)| o8t Zlojgta Hausiylon, o] Ay A
%% Sharma 57 9] A7 Aze}l Ahikg A9 1o
T gltk @9 Tanner 5”& FCS & PDGF—BB
2 A AR dlsw @3 H A2 Adeno-
virusE "I7IE eNOS §44F oA, cyclin A°] ¥
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2 HAaslal p219 BEle 715H, cyclin E9F p27
o] S tzarel] HEl xlel7} YISE Hasksich
o9} o] ofg] AT-e] Aifso] thatl 2lo|E Ho|
A A AT 3 HEEARES] SAE dAlskE
172 o} A ka1, cilostazole] iNOS
p218] e nx|= gkl F e vk o] gt
of tistoli= ALl Bt ¢lSick
A i PDGF-BBZ 54 £31% 9 s
W FHIAES o] 85t cilostazol A2, ¥k 3
GAze] FAo] AAEHA el B3] INOS
[e)

By
2
x

w9 p21 ghae] wo] B @ASH F7I9L

©] &¥H= NOS inhibitor?! L-NAME 7}l °Jal] 2
s s 4= QI8ItE & AT AyE 8 B
u] cilostazol®] ¥ HIAE S 9A 7L 7]
Eof| 4 cAMP F7tell stk & FAv Y cyelin—
dependent kinase®} THEE 7]A 9lof INOS wha b
d 7t mE AbsA A4 9 p2] o e &
7ol eJgt AZ AN A|EF7] AR FAdet FA=io] gl
o AEF7] A el p212] Wd2 cilostazol
el 23t iINOS = vk Frtol &8s wz
e 4 ASlt

deHor Aug wdss SAXE F cilostazol
=

=

o AR oA ayh= INOS T e

AEF7] A o] 1 F3 7ol s A
o7 AREEQIE e &5 p2l whe] e <
TS VA F U v s e Aes 1
B} §Es 71 1Y 9 571 p2lo] AR du
BELAEY T2 G AETT] Al mXE IS
FHd 5 Qe Tedd v UM Ak 2.
O ApaETh

)
ot
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Cilostazol- & @43 2hg 4 g3 &7 2-8-5 7}

il

A AARA Fo AL V1A Ead, 3 BEIAE,

ATAIE 2 AAANEof| EAS= phosphodiesterase
type IIE AEA 0% AAsto] o] A3 €] cyclic
AMPE T7MZIC =M BHdHL) o] eHAlE 58 ¥
ofE} AFEE Ve R St o] AFtellx] AF)E #

TN AAYE $ APEE F9F & e Ao® By
o gkor, oli= cAMP F7tel| o3t FdAw 2R,
ksl el A S7F 2D METT] A T de
S o] Qe AR FAET glov oA |
S 71 A= A gk

=N

Platelet—derived growth factor (PDGF—BB) & %
21 2417 Sprague Dawley rat®) wjoks s &
- HEZAHEA cilostazolo] AIES] 213} INOS
9 p21 whe] o) wX|= 95 NEF 53 Y
Western blotting ©. & #2513, NOS JAAA L—
NAMES 7Kt & p21 v vk o] wisls s}
Sk
3 It

Cilostazol>- PDGF—BBZ 2] 3% wjoke F 9
7 AL F2AE gzl vls] f2]shA
AAIBIFTHp<0.05). Western blot A3} cilostazol
PDGF-BBE F4] Zx1 vijoke # <] 3 JdA
ZolA INOS 9 p21 @] S B STAFIL
o]2|8t 3= NOS inhibitor®] L-NAME ]| 2]
3 2AE o o= cilostazololl 23k p21 v vk
o] S7P7FINOS vl o) o]&AQl BUS AlAL
Ey=g
3 B

Cilostazol PDGF—BBZ 2] £X% wjoke g3
FEZA A INOS o] e F7lel] SEF O R
p21 ©¥e] WS SIAITIEA AE S8 oAsE

of o

Stk olefsh iNOS 2JE49] p21 Id Skl &gt A
AR 3 FHEAETT] A 2Ho] B I
T FANE F cilostazol®] AFHE A a9E A

sk a3 71Ko] & £ Qs AoE s, &

o] 7149 nrk B FHS AT FAHA AT

Bey Aoz Amr

N o of o

3™ OO : Cilostazol ; Nitric oxide synthase ; Pro-
tein p21 ; 3 FEIAE
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