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——— Abstract

Background : Adenosine diphosphate (ADP), which is usually secreted from activated platelets, activates integrin avf3,
avp5, and a5p1 on human vascular smooth muscle cells. Integrins have an important role in the proliferation of vascular
smooth muscle cells. ADP may stimulate the proliferation of vascular smooth muscle cells by the activation of integrins.
Integrins mediating ADP-stimulated proliferation of vascular smooth muscle cells and signal transduction pathway of
ADP stimulation were investigated in this study. Methods : MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium
bromide) assay was used to evaluate ADP or ATP-stimulated proliferation of human aortic smooth muscle cells
(HASMC). In some experiments, HASMC were incubated with U73122, an inhibitor of phospholipase C, or monoclonal
antibodies (mAb) to integrins after ADP or ATP stimulation. Results : ADP and ATP increased the proliferation of
HASMC in a dose-dependent manner. U73122 inhibited ADP- or ATP- stimulated proliferation of HASMC.
ADP-stimulated proliferation of HASMC was inhibited either by c¢7E3, a blocking mAb to integrin f3 or by LM609.
a blocking mAb to integrin avB3 (37% and 26% inhibition, respectively; p<0.05), but neither by P1F5. a blocking mAb
to integrin avf3s nor by IBSS, a blocking mAb to integrin a581. Conclusion : These results indicate that ADP increases
the proliferation of human vascular smooth muscle cells through phospholipase C pathway, and only integrin avp3
mediates ADP-stimulated proliferation of human vascular smooth muscle cells.
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1. Al¢k

Humanized monoclonal antibody (mAb) c7E3=
CentocorAHMalvern, PA, USA), avPa-specific mAb%!
LM609, avBs-specific mAbS! PIF5, asB;-specific mAbS!
IBS5% ChemiconAK Temecula, CA, USA)IA FYH3S
t}. ADP, adencsine triphosphate (ATP), U73122,
3-[4,5-dimethylthiazol-2-y1]-2,5-diphenyltetrazolium
bromide  (MTT), (DMSQO),
4-[2-hydroxyethyllpiperazine-N'-[ 2-ethanesuifonic  acid]
(HEPES), bovine serum alburnin (BSA), thapsigargin 52
SigmasHSt.  Louis, MO, USA)9IAM, fura-2/AME
Molecular ProbeAH Eugenes, OR, USA)lA z+zt 48}
ATh

dimethyl  sulfoxide

2. AE o F

Al o= 2 (human aortic smooth muscle
cell: HASMCO)E Dr. Paul DiCorleto (Cleveland Clinic
Foundation, Cleveland, OH, USA)7} dxjel sl A|F
s FUoh AXE ujYNO=Z 10% fetal bovine serum
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(FBS; AlQA g ata{n| 2, di+-)o] H7Fe DMEM/FI2
(A LAY kA H] VS ARE3EA, CoStarAHCambridge,

MA, USA)S] 75 em” 2719] Eehag Z2tid nigg
W% B B WM HASMCS: ¥ stict

3. MTT assay

MIT assayE ARgstd AEMES F2 FASA
o} HASMCS phosphate buffered saline (PBS)Z 33
MHg I 001%9] EDTAE &H3d 025 mg/mLo
trypsin (CloneticsA}, San Diego, CA, USA)C. 2 2] 5}
MEE FZ 3}, trypsin neutralizing solution (Clonetics
Ag H7EskATh A E RS S 500 x gollM 10
E7F A4 228 & 10% FBSE 33 DMEM/F129]
5 x 107 cellsmLe] FE2 AEFAZTE 96-well plate
(CoStarAh e Z+zrel wello] ME £-& 200 pL(10
cells)® ¥y 197k vidslE ) o] 0.1%2] FBSTH &
¥ DMEM/FI2E 1¥97F sieFste] A S48 A
AlZ) % ADP && ATPS} 0.1% FBS7b =g
DMEM/F122 ejekatsitt. ADPS} ATPE 20 mMe) &
=2 200 M ¥E BastrE 28 guptt 1000 p
M, 100 pM. 10 pM, | pMe] 352 gAsign) zhzte)
TERE 4 o] wellE wiAEATE 2947 viST
T MTIT asayE APkt zhzhe] wello] 2.5 me/mL

MTT £42 10 gL H7Fs}ar 37°Col A 4A]7F vjoks

CAE glo] vl et 91 wellS 24 giRFoE
3}913}. a7y A 3 ZF wello| 4] 150 uLe) &9 e
ZA 228 A A AT 0.04 M HC 100 pLE Z} wellol) 3

7bete). B E formazan AN EL 72 Moz 93
AT BE AAo] & 7L E9ld F microplate
reader {EMax, Molecular DevicesA}, Sunnwvale, CA.
USA)E o]88Fa] 395 nmol|lA] 38H= (optical density) &
259 109 FBS7) TH4-H vkl & H 715 well 9]
T 4% ¥ A2 Sk 229 welld) 2%
AM ADPU ATPE =3k -2

MEe] =HRZ

lmd.‘

I 10% FBSE ¥ SAIZ] welle] A A2 oA Al
T 22 AEE AN UT3122 g% mAbe] &3}
£ =4 g ADPY ATP 100 pME A3 A 29

A2 100%2 3t WzA=2 Aok

2= Az 24

o) Fd3t= Integring =

B} A% AT A=

4. T AxFe] F
MIT assayoll A 7]sg WHOZ HEIE T
HE BFae =A] 500 x gdlA] 1087 914 283 &
10% FBSZ &3 DMEM/F12¢l 4 x 107 cells/mL9] &
T2 AFESAAT 24-well plate (CoStarAh &) ztz}e)
welloll M E 2598 500 pl(2 x 10° cells)® 23 197+
BHO shAth ©]% 0.1%9] FBSTF &% DMEM/FI2ZE 1
Fujekste ME FAE& AAAZ] T ADP & ATP
7} Z¥"E DMEMFI2 (0.1% FBS)E wjstsich
Trypsin@ &2 A g)3te] 7}7te) well®) AXE 3T &
0.4% trypan blue solution®. 2 HAs}T A =

hemocytometer 2 &7 3+

MIT assaydllA] 71&8 HHOZ MEE ST
MEZ BFAE A 500 x goliA 1027 dAlEelg
0.5% BSAS}F 2 uM fura-2/AM2- 53 DMEM/F129] 3
<10° cells/mLe] FEE A AT ALoM 3087
ket & 500 x  gollA 1087 H4EE s
Krebs-Ringer $2<4(125 mM NaCl, 3 mM KCl, 1.2 mM
MgSQO:, 11 mM glucose, 2.5 mM CaCl,, 25 miM HEPES,
pH 7.40)°1 2 x 10° cellsy/mL 8] FE2 A2FAZTh A}
Ho] w3t cuvet (Fisher ScientificA}l, Pitsburgh, PA,
USA)ell MEZR-FHE WA dual-wavelength spectro-
fluorometry (Deltascan RFK6002, Photon TechnologyA},
Lawrenceville, NJ, USA)Z EIHAE ZH3Ach
wavelength+= 3409} 380 nm. emission

oth= 510 nmZ TR AIZTH ADPY ATP 100 1
ME ¥ FRA e WE s Issigien, U310 &
HE 24¢ de ADPY ATP% 27l SRR
U731228 #E7bstgeh 32 #sle Felix (Phown
TechnologyAh) Z219-8 Abg-stod #418H

Excitation

6. FAH EE-A (Flow cytometry)

MIT assayoll A 71&3F Wyloz N ZZE =39t
A2 FHAE SA] 500 x gollA] 1O—c7L} Ad2esh =,
0.5% BSAZ 853t DMEM/F120] 10 cells/mLe] ¥ 22
AFEFAIZ] % 500 ple] ME %% £ LM6A09 (10 p
o/mL), PIF3 (10 pug/mL). JBSS (10 pg/mL)2} 4°CollA| 1
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Fig. 1. MTT assay of ADP-stimulated proliferation of
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HASMC. ADP (A) and ATP (B) increased the proliferation
of HASMC in a dose-dependent manner. The value of no
stimulated cells was subtracted and the proliferation by 10%
FBS was assigned a value of 100%. The data shown are
means and SEM of octaplicates in one experiment and are
representative of three separate experiments. * p<0.05 vs no
stimulated cells.

ADPO) F7t S718E MIT asay 2 34T AE
AZ7H AR F7bsked 1000 wMelA HriAlol Ege
tHFig. 1A). ATPE =SR2 e 27t S7HETs
AEAEZ7F ARF 276G 00 100 pMallA] F T A] o
=23 2 1000 uMelX & 24 st ATPE 25314 &
& A ZEe} Apolrt A tHFg. 1B). Trypan blue® &A1
St 2 Al ZF2] A oA ADP 100 pMS H7HE o
oF 3ulf, ATP 100 M2 H7HAS wf oF 2.4u)9) M X &
2 a37F A hFig. 2).
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Fig. 2. Cell proliferation assay by trypan blue staining. ADP
or ATP 100 pM increased HASMC proliferation by 3 and 2.4
times, respectively. U73122  inhibited ADP- or
ATP-stimulated proliferation. The data shown are means and
SEM of triplicates in one experiment and are representative
of three separate experiments.
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ADPel| olsjd BATE RWB2 AEY 3

g3t AXW ZE 7 H
Phospholipase C7} ADP2} ATP9] HASMC 2] &3}
HoshsrtE dolrr] HsiA ADPS} ATPZ Ap=3h
HASMCO U731225 A7}ske vjkslsdth Trypan blue
2 gas =2 xS AR 5 M) U7BIRE
ADP9} ATP 100 pM9] 2] 8345 oF 33% A2t
(Fig. 2). MTT assaylAE 5 pMe} U731227F ADP 100
uMe] 2] EE 28%, ATP 100 Mo} F24] 342
22% 7+ A1 Z THp<0.05)(Table 1, Fig. 4A). Z2&it} S M
o] U731227} 10% FBSE v ¥dt M 2] 52418 12% 7+
AAA LT (p<0.05), U731229] FE7} 25 uM= F7}3)
w O Z Z2L vjEej® o At U AATH
J731227}F ADPOl} 93 M2 228 O 8ol JAlst=7}
2 dotry) flsi JAE AxE AR Bl
5 uMe] U731223= 10% FBSOl &8k 52 &}l H|siA
ADP2} ATP 100 pMol] 2]3F HASMCS] 52418 & o]
A A BF A THp<0.05) (Table 1, Fig. 4B).
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Fig. 3. ADP-induced intracellular Ca++ mobilization in

2ol #oddte Integrin®] FFG VS Hg A2

HASMC. U73122 inhibited ADP- and ATP-induced
intracellular Ca++ mobilization in a dose-dependent manner.
Thapsigargin, an irreversible sarcoplasmic reticulum (SR)
Ca++ ATPase inhibitor, was used to deplete SR Ca++ pools
in HASMC.

Table 1. Inhibition of stimulated proliferation of HASMC by
U73122, an inhibitor to phospholipase C

10% FBS ADP 100 uM ATP 105 uM No agonist

No antagonist
e 1000:3.2%
U322 3 uM «
R ﬂj‘ M 8844305
Uil 2 .

PO 17.1403%
£{No antagonisi- X

U 1164307

UT32 3 M)

The datza shown are means and SEM of hexaplicates in one
experiment and are representative of three seperate experiments.

* 1 p<0.05 vs no antagonist

+ 1 p<0.05 vs 10% FBS, no agonist

¥ . p<0.05 vs 10% FBS

W U73122 30 Y% Uraizz 25 uM

t

100 : ¥
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R
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2 40
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Fig. 4. Inhibition of ADP-stimulated proliferation of HASMC
by U73122. (A) Each proliferation in the absence of U73122
(open bars) was assigned a value of 100%. U73122 decreased
ADP- or ATP-stimulated HASMC proliferation (“p<0.05 vs
no U73122). It also decreased HASMC proliferation by 10%
FBS. (B) Inhibition by 5 uM:of U73122 was greater after
ADP- or ATP- stimulation (*p<0.05 vs 10% FBS and no

_71-



agonist; t p<0.05 vs 10% FBS). The data shown are means
and SEM of hexaplicates in one experiment and are
representative of three separate experiments.
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HASMCS] &4 EEAo)A  integrin asPy (F 3
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Fig. 5. Expression of integrins on HASMC. HASMC
contained much more integrin a5B1 (mean fluorescence
intensity 149) than avp3 (mean fluorescence intensity 27) or
avp5 (mean fluorescence intensity 57).

4. ADP9)| )3} HASMC?] 34| &3l

ADPdl] 23 HASMCS] Z-4]ol] A3l integring &
o}x 7] 314 ADPS} ATPZE 2338 HASMCo ztzte)
integrin®ll T3 X}AAAZ FUske] wjdEtz MIT
assay®2 AEATE A Fsch ADPSE ATP 100 pME
A 7}e HASMC®] Z-41-2 integrin Bl tigh 2daA<)
c7E3 (40 pg/mL)ol| 2)8iA] 747} 39%<} 33% 74EH3 3L
(p<0.05), integrin aBsl tHEiA] cTE3RTE O HolH<d
2ERA| Q1 LM609 (20 pg/mL) ol <8 = 2zt 26% S
20% A = ATHp<0.05)(Table 2, Fig. 6A). 10% FBS

integrin

%= A19¥ 13, 2004

2} HASMCS} Z4]2 ¢TE39} LM609el] ofsiA] zhz}
9%} 12% AAHAAL Y FAAA Fofde A} 2
Hu} integrin a0l et 2 32 PIFS (20 pg/mL)
U integrin asp;ol ik XpeakA|Ql JBSS (15 pg/mL)ell
o3& ADPS} ATPO) 93t HASMCS] F2]o] A=
2 &k 938 JBSSO <JsiAl ADP 100 pMell &g
HASMCS] Z4]o] 48% Z7}3FAth(p<0.05)(Table 2).
c7E39} LM6097} ADPS} 10% FBSSll 23k HASMCS} 5
218 A s AHES ¥I3F =Y 10% FBSOY| H]shA
ADP&} ATP 100 pMell &3 HASMC $241¢ ¢ #eo] 9
A FATHp<0.05)(Table 2, Fig. 6B).
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Fig. 6. Inhibition of ADP-stimulated proliferation of HASMC
by monoclonal antibodies (mAb) to integrins. Each
proliferation in the absence of mAb (open bars) was assigned
a value of 100%. (A) ADP- and ATP-stimulated proliferation
of HASMC was inhibited either by c7E3 (black bars) or
LM609 (striped bars) (*p<0.05 vs no antibody), but, not by
P1F5 (cross-hatched bar). (B) Inhibitions by c7Es and
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LM609 were greater after ADP- or ATP- stimulation
(*p<0.05 vs 10% FBS and no agonist; ¥ p<0.05 vs 10% FBS).
The data shown are means and SEM of quadriplicates in one
experiment and are representative of three separate
experiments.

Table 2. Inhibition of stimulated proliferation of HASMC by
monoclonal antibodies to integrins

10% FBS  ADP 100 uM ATP 100 uM No agonist

No antagonist

e 00335 1000-23%  1000228% 10002365

Cikd 40 Ny s - ) <

g SLISFE 64 EUS0F NS

NV ZU UM an = % N
o BIHIT TAELTE 05249

PIFs 20 pginl ‘

s %3137

SO B9 W399

200 anconis-cTEY L .
< s 5t 0.821.3%

(.7:36%

& (No enagonis: -

7

5% R6£1.3%F
o 1

LMe(9)

113441% 2352279

The data shown are means and SEM of quadriplicates in one
experiment and are representative of three separate experiments.

* 1 p<0.05 vs no antagonist

1 p<0.03 vs 10% FBS, no agonist

F 0 p<0.03 vs no agonist
U

o] Aol 4 ADP7} phosphlipase C 213 g A2 &
EaiM Al 3 282 MEe TS SUMIFHOH,
ADPo] oJsiA] 2A451E U= A E8 HE2 A2
9] integrin =4 integrin a.f;%te] ©]2{3F ARl o]k

B HE2 A xe] S st
22 2Hcell adhesion molecule)2]
Zo=2, 1987d AE9 ol BAL ity HAshA
AZY ZA3 AEL71EL %@3}—‘&(1‘17@5’72{6) FFE
A, \dsiety 7|50 AdE HMEZEHY o]Fo)
Z A (heterodimer) & 7)&3}7] -A A1 integrinol & &0
b AL ARFUTET FAAA 17709 a 2299} 870
of B ATV B H o o] = o] ATt vl
Agstd 2093709 integring A7 Integrin©)
A e gr=e) oAt A F EAA Ao
J-L-aspartate (RCGD) 94folt} Integrin
asPi. asBi. aPi, aPi, aPs abs, afe, ams SOl BTH=SY
RGD <44l= <1251, RGD 94l adenovirus penton

base protein, collagen, decorsin, disintegrins, fibronectin,

Integrine A3

L-arginyi-L-glycy

prothrombin, tenacin, thrombospondin, vitronectin, von
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Al e g Bashr] fEide 243k inegrine] W)
3 23tEHo] = 43 & Yr=rt Qs
Prothrombin-g integrin apf:0 thelrs @443 Ae)] o
fAglel Z@ste 243 HE EE=elAvh
integrin a.B:9 WA= PMA, ADP Sl ¢JsiA 2243

< o 735"‘1‘0] FA3] Z7lete €43 oF g1
EO]E}_ vl o] A5 429DL integrin aps;e) FA43 9=
Y=o, inegrin a9 BASE HleE =0l
T} o9} 7bo] 7F7+e) integrind A AE 3 S
9 Y= E 213 YL W o]} inegrin® 243}

o]
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ATPE T8 sz Haste) HASMCY £4]& F7}

Z9 Byg §ARIATS 2y ADPE |
mMe] s&o] =2 m7ba] HASMCe| 42 S7H]
AA % ATPE 100 pM8] =M Huxjol =28 F

| mMe] FEoME 28l8 ME F2o] 7HAasta] ATP
g Fosha] &2 dzAs Zolvk glla &% vld
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TGt AP s

.5 = z}zhe] 849 FHo] Wby Z704 9
X3} w0 zpel7t A7) Wil ol ARrt AL
J=4), ADPS} ATPel] £]3 HASMCS] prothrombin®l
g 23 AN E FA18 AFE AT o9
P 2T} 1 mMe} ATPe] 9} gt v} o} pH W3lz} o
o] 9gie] & & itk

QAR ADPS} ATP7} Al 3 HEZ A9

32

rN%£;°

o
F4e F71 ]_ 7NRE AR P2Y $8AE
G-9¥i =z} AgE $8A 2 phospholipase CE F8 A%
Ag Az o]-g-b‘]-li]—m Phospholipase Coll 50131 &
AA UT3122%E ADP2] 413 Ag A2 E vots}r] ¢
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