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Effect of Carvedilol on Human Vascular Smooth Muscle Cell Proliferation
and Its Signal Transduction

Jehyun Park, BS., Hunjoo Ha, Ph.D.", Jae Won Oh, M.D., Myoung Soo Kim, M.D., Jiyeon Seo, B.S.
Hae Jin Kim, B.S., Kiil Park, M.D. and Yu Seun Kim, M.D.

Department of Surgery and The Research Institute for Transplantation, Yonsei University
College of Medicine, Seoul, lHycnam Kidney Laboratory, Soon Chun Hyang University, Seoul,
and 7’Depaxtmem of Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea

Purpose: Vascular smooth muscle cells (VSMCs) migration and proliferation play important roles in
transplant vascular sclerosis and restenosis after batloon vascular injury. The anti-proliferative and anti-
migratory effects of carvedilol (CA), a unique - and B-blocking anti-hypertensive drug, on the VSMCs
were confirmed previously. Since reactive oxygen species (ROS) and mitogen-activated protein kinases
(MAPK) family play important roles in proliferation of VSMCs, the present study examined the effects
of CA on intracellular ROS generation, activation of ERK1/2 and p38 MAPK, and proliferation of
VSMC:s cultured under platelet derived growth factor (PDGF). Methods: Human VSMCs obtained from
ATCC were cultured with RPMI-1640 containing 10% fetal bovine serum. Near confluent VSMCs were
incubated with serum-free media for 48 hours to arrest and synchronize the cell growth. CA was
administered 1 hour before the addition of PDGF. 5-(and-6)-chloromethyl-2',7’-dichlorodihydrofiuo-
rescein (DCF)-sensitive intracellular ROS was detected by FACS. Activations of ERK 1/2 and p38 MAPK
wete measured by Western blot analysis. Proliferation of VSMCs was assessed by [*H]-thymidine incor-
poration. Results: PDGF at 10 ng/ml, which induced human VSMCs proliferation, rapidly increased intra-
cellular ROS by 1.6-fold (P<0.01), ERK1/2 activation by 2.1-fold (P <0.01), and p38 MAPK activation
by 1.9-fold (P<0.01), respectively, as compared to the control. CA 1 and 10 uM effectively inhibited
PDGF-induced human VSMCs proliferation. CA also effectively inhibited PDGF-induced intracellular
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ROS generation as well as ERK1/2 and P38 MAPK activation. Conclusion: The present study suggests
that CA inhibits PDGF-induced human VSMCs proliferation, possibly by inhibiting intracellular ROS
generation and activation of ERK1/2 and p38 MAPK.
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protein kinases
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At 3 HEE AR FAF olFo] A=
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s A57E glolghen) gidellal AL Ax o
137t st Fe 3 AlAle ol 7R glehi-3).
ATFAELS HZoll FnPAZ AEF carvedilol
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224 AXE Axg Ydsgch o ¥ AzZg )
Falog wiswA 72 dygelA odolA FEQ
10 ng/ml®] PDGF-BBZ $ojs}o] SEEE] 484\ 7H7}
A wiokstsich. Carvedilol (10 nM~10 zM) PDGE-
BBE AM2lel7] #A7 Mol Aeisiict.

4) [PHithymidine incorporation® O|®8BF MX
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24 well AE wijofkL7lol 2 well 3 5x10')9
AE7F HEF BFate] 33 Adsidch Ayge] £
£%7] 1247+ Aol [Hithymidine (Du Pont Co.,
Wilmington, DE, USA)E Z} wellol] 14Ciimle] =%
E Hvlsiglek. Ad¥el FaHW, wiAE AAsx
B 2ug dastzden 23] AHsidch 10%
trichloro acetic acid (TCA)Z 1587F Ao 4bx]
3 ¥ 0.1% NaOH®} 1% SDSE 3087 ubxjslod A
¥E £33 ¥ 3 ml scintillation cocktailell 23 be-
ta-counter (TL 5000S, Beckman Instruments Inc., Ful-
lerton, CA, USA)E % WA 58 &A3lgch

5) FACS& O|&8t MZL ®HMiAE JF

6 well AE wiok87)ofl Z well B 1x10°702] A
o} S5 F BFete] 53] Adect. Ade) Aa
=He, A AtFNeZ 23] AHE F A}
kgt 3 ¢4 AA¢} 5-(and-6)-chloromethyl-2°,7°-dich-
lorodihydrofluorescein diacetate (DCFH-DA; Molecular
probe, Eugene, Oregon, USA) 5 uME H7lsle] 108
L AE wiFTlell Whxste] AENHZ H8E £
ARt YA G2 AEE AHsld AAY F
FACS (Becton Dickinson Immunocytometry system,
Mountain View, CA, USA)Z 33§ ZHslo] HE
W AR BARESS g Act(419).

6) Western blot#® O| &8t MAPK §M3 &3

60 mm ujek&7|ell 5x10°70e) MESL HEF B
Fotel 43] Agsict. dde] $Ed F HAF o
WA F&sled immunoblotd Alefalgirct. ok}
A, AEE PAAZ JaFHez 13 MM ¥
lysis buffer (20 mM Tris, pH 7.0, 137 mM NaCl, 5
mM EDTA, 1% Triton X-100, 10% glycerol, 0.2 mM
PMSF, 1 ug/ml aprotinin, 20 4M leupeptin, 1 mM
NazVO,, 10 mM NaF, 1 mM EGTA, pH 80, 1 mM

pyrophosphate, 1 mM J-glycerophosphate)& 23 o
= SlellA 108-7F w3 AZch AZEE 12,000 rpm,
CClA 1587 UA Relste] 4ZAL Helod
Bio-Rad protein assay kit§ A}-83}o] gleizg Qe
sttt ERK12E $)5bo] 20 4 p38 MAPKE <)}
o] 50pge] AL FHE AEE sample buffer
(12 mM Tris-HCl, pH 8.0, 0.5% glycerol, 0.4% SDS,
2.88 mM 2-mercaptoethanol, 0.02% bromophenol biue)
S} E§ste] 95°Coll A SE7F 7hdstSAc}. 10% SDS-
polyacrylamide gel electrophoresis (SDS-PAGE)<j|4] &
M Ealg F nitrocellulose F2HAl Ho)AF ) &
WA o)l thit molecular markerE A}-f3to] M} A
o] AEE ;AU FAAE 5% non far dry
milk blocking -§-fell W3 4ol 147+ E<t 4t
A1}t 0.1% Tween 208 E 338} Tris 2Eofo
23] AM3 ¥ Q4HsHsl ERKSL p38 MAPK 8hA] 9
Q48k5)A) 9Fe ERKS} p38 MAPK a2 27 uh
A7 F 1534 43] ATk ERKS} 38 MAPK
off Malxl Al Cell Signaling (Beverly, MA, USA)
o] A F9)8lgdr}. Peroxidase’} conjugation®l o]x} &
A (HRP-conjugated anti-rabbit IgG; Santa Cruz, CA,
USAIZ 147 B¢ 84T & 1584 43) Alxet
9t ECL (Enhanced Chemiluminescence, Amersham,
Buckinghamshire, UK) kit-g o]&3s}o] o]z A&
AEstdet. ZH2te] WUEE Tina 21 ZRaAE A
sto] AT F AQ43tEl MAPKE A ste] di=
& 1.0e 2380 wlzalgdch(is).
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tH(P<001). Carvedilol> PDGFoll 28 ME FA
AAlsto] 1uM oAe] EEold] FAHoR §93%
24 A& SFQAHP<0.05).
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Fig. 1. Effects of carvedilol (CA) on PDGF-induced hu-

man VSMC proliferation at 24 hours and 48
hours. Human VSMC proliferation was measured
after exposure of quiescent VSMC to serum free
RPMI-1640 containing different concentrations of
CA for 1 hour before the addition of PDGF 10
ng/ml. Data are presented as the means +SE of 3
experiments. **P <0.01 vs. control, TP<0.05 and
TTp<001 vs. CA 0 group.
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Fig. 3. PDGF-induced ERK1/2 and p38 MAPK activation of
human VSMC. ERK1/2 and p38 MAPK activation of
human VSMC was measured after exposure of
quiescent VSMC to serum free RPMI-1640 containing
different concentrations of CA for 1 hour before the
addition of PDGF 10 ng/ml. At the end of experiments,
cells were washed with PBS and lysed by lysis buffer
containing phophatase inhibitors. ERK1/2 and p38
MAPK was detected by Western blot analysis using
phospho- and total-specific antibody.
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Fig. 2. PDGF-induced intracellular ROS generation by human VSMC. Intracellular ROS generation by human VSMC
was measured after exposure of quiescent VSMC to serum free RPMI-1640 containing different concentrations
of CA for 1 hour before the addition of PDGF 10 ng/ml. At the end of the incubation, cells were washed with
PBS of two times and exposed to DCFH-DA for 20 minutes. The fluorescence activity of cells was quantified
by FACS. A: PDGF-treatment (time-course), B: Effect of CA at 5 minutes after PDGF-treatment. Data are pre-
sented as the means * SE of 4 experiments. **P <0.01 vs. control, "P<005and T'P<0.01 vs. CA O group.
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ol dzFd wlwste] 16uf FIHAZHP<0.01)
(Fig 2A). Carvedilol2 ¥52|&3 22 PDGFol| 23t
B A4EZF Z7HE JAlste] 100 nM o] FellA FA)
Hoz FosiAl AL AASIAHP <0.05)(Fig. 2B).
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Fig. 4.

Z7MA HuxE BJem@P<001), ofE Aj7ke]
Akoll whe} 7hastglch(Fig. 3, Fig. 4A). Carvedilol
2 PDGFell 93 ERK QI4F3HE o lste] 1 uMefl4]
583 1586 57159 ERKS] A43HE SAIH
2 $osbA A F P <0.05)(Fig. 4B).
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B 2.5 1 5 min
M 15min

3 207 o et

8 wH *t

o 1.5+ Tt

3

2

g 104

Rl

®

X 0.5

T T T
Control CAO 100nM  1uM 10 uM
PDGF 10 ng/mi

ERK 1/2 activation of human VSMC. In the Western blot analysis, each band was quantified by densitometer.

A: PDGEFE-treatment (time-course), B: effect of CA at 5 minutes and 15 minutes after PDGF-treatment. Data are
presented as the means+SE of 3 experiments, *P<0.05 and **P<0.01 vs. control, 'P<0.05 and " "P<0.01

vs. CA 0 group.
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Fig. 5. p38 MAPK activation of human VSMC. In the Western blot analysis, each band was quantified by densitometer.
A: PDGF-treatment (time-course), B: Effect of CA at 5 minutes after PDGF-treatment, Data are presented as
the means+SE of 3 experiments, **P<0.01 vs. control, T'P<0.01 vs. CA O group.
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QLARE soll =T wlEsted 226 ZAIAA
HojA & HomP 00D, ol Azt ¢l 2k
#1chFig. 3, Fig. 5A). Carvedilol> PDGFell 2]3}
p38 MAPK A8HE AAlste] 1uMollA 5ol F
7Fst3iTl p38 MAPKS| Q4I3HE BAIF o2 fojst
Al A=A FcHP <0.05)(Fig. 5B).
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Qi N ES €47 1o w2 cytokines I
AAAzre] Aaak Bule "3 et F4] 9wk
AR Al veRdE dawe] Fafielor o
HA glow I AEe] £4L B &4
< & o e npdgEgE 046 sl
WAsE, o] 2 Qlsted o] cytokines W AJA <A}
7} A =A=7] dfFoll A cytokinee]tt Azk
AAE EHo g 3lo] o] AA w AAlsle A
< & A& Z7t Yok ke, "3 Jgs A
o olE3 F4 9 AT 7|He 4 Wy
o] 3F <dAZA o] vy AL AFNHog o
Agtchd wHel wAn APg A 32 JAY
T W ez Azt dagd #Alel carve-
dilolg oln] B QAFZ (453 & AF3617)el
sted Hi HHZAEE] o]F2t F4o Y ¢A
317t WA de FAHEA of=sldHA a8t S
SAA B FAsA 1 F oohdd Z9E AVw
Ae <fAlolct
s G0 BETNF F4e fsle PDGF
AER AZALA 8,197 vl & WA
A olAloln] PDGFoll ol&t €3 Ha-ZA T 9
AEW 4 A442ZF7 MAPK G457 AE Z40)
F2% 9EQoE 7] diel, ¥ dAFoAe B84
A%l MAPKoll o3t carvedilole] HIHE A B

fr

2 AFe4E PDGFY A7bxl 2% 2 b2 29
% 24 ZEpl dE Aoz oA Ux
PDGF-BB(2)E A+-£319v}. PDGF-BB 10 ng/ml-&
Agrel Wy BT FAL 20703 4847
ol 27t ZANARL, carvedilole 1M ol4ellA o]
£ Aalstict

JHALZS BA WABHAA LAsted R
4, 7l 9 DNAGl £48 F& 4 23z A

E AEE fx3te Aoz AZ=Egied, 29
AFellA 75 HAEN AZHDNA Yoz =4
EAEA Fedsle Zog dA3 Qld(i3). PDGF
10 ng/ml & Aghe] Y3 HYTAEL] HEN B4
AaF S YHGEE o) FUHIZleH, oe
Sundaresan$-(22)8] Raol%E Ut} ARz A
3}A9] catalase®} N-acetylcystein® PDGFol| 2]3F &
T HITAE] FAE dAIZTH22). Carvedilol &
5%l F7HERE MEW FAALFS 100 1M o]
49 FxeA o] & Aalst). Carvedilolo] AE
FAGEF F7HE JAlsle JF-ed didiA FHAHA
A AAZTG w3 AR w4 HAYIE Y
Z-go] A= k).

PDGF-BB 10 ng/ml Abzhe] ¥ FEITA|E9)
ERK1/29} p38 MAPKE 44 #A43l Az}l Nel-
song(23)2 Aol EAAY FHEE AEE o)}
of, PDGFel| 9%t 7] 158 o|Wle] ERK #43&
Ao o)l Boistm, 1A7bollA 4X]7 Apolo)
ERK #4137} MEo] F4o foighcln Haslg]
o1}, B Ad =7dollMe PDGF o 3 30871%
ut ERK #4137} ool Al E7ketde}l. CarvedilolS-
PDGF-BBell olal| £A425I9lw] ERKE 10 #Moll4]
AgUA AAlste] SungF(24H)e Hmel YAkt
carvedilolo] 1 uMollA 5 F2]-& Alsing Y42 =
EolA ERK #A3lo) nlxe ks Adsle 3%
AF7E adAez AgHd.

24, p38 MAPKY A Ed| AU 7]el AEAHe
AZADA Fod € sk Aoz LA
21}, 3 YamaguchiE(25)2 p38 MAPK7} 313 &
¥ HFH2AHE cyclooxygenase-2 ¥A-g zHsto
A5 WhEell Hodgcin Eaelglst, Kanda$(26)-2
thrombinell 28t Algh €F FRFIAEL F4A o
p38 MAPKSl A3t7t Fojgirln Hasigid. o
AN7EA] PDGFell €13} p38 MAPK #4317 &3 5
ALY FAo FoiFtE AFERE glor}
¥ AN ol 2He ¥B FHULNES
o] &% AgelA] p38 MAPK <z|al|7} PDGFol| 2}3t
AE FAE 2ogiA dASS daste] B vl
et 3 PDGFell 23 A#tel €3t HPZAE
Sl p38 MAPK7} fredsls Hea 714& 24
slodol & Aoz AgEc)
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