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~———— Abstract

Background : One of the most important features of ntegrins is that they exist in active and nactive states. Adenosine
diphosphate (ADP), which is usually secreted from activated platelets, may activate integrins on vascular cells. Each
integrin has its own activation-dependent ligands that have much higher affinity to active form than inactive one.
Integrins that might mediate adhesion of human vascular cells to prothrombin (PT) and bone sialoprotein (BSP) after
ADP stimulation were investigated.

Methods : PT and BSP were used as activation-dependent ligands in adhesion assay. Adhesions of human umbtlical
vein endothelial cells (HUVEC) and human aortic smooth muscle cells (HASMC) were measured after stimulating with
100 uM of ADP, using ligand-coated 24-well plate and Fluorescence Multi-Well Plate Reader

Results : ADP activated HUVEC and HASMC to increase adhesions to PT and BSP in a dose-dependent manner.
Adhesions of ADP-stimulated HUVEC to PT and BSP were almost completely inhibited by ¢7E3, a blocking monoclonal
Ab to integrin B3 (96% and 92% inhibition, respectively), but not by PSH9, a blocking monoclonal Ab to integrin a.fs.
Adhesion of ADP-stimulated HASMC to PT was completely blocked by PSH9 (92% inhibition), but was not affected
by ¢7E3. Adhesion of ADP-stimulated HASMC to BSP was partially inhibited either by PSH9 (46% mhibition) or by
JBS5, a blocking monoclonal Ab to integrin asp; (75% inhibition), but was not affected by c7E3 However, it was
completely blocked by cRGD (93% inhibition).

Conclusion : These results indicate that the adhesion of ADP-stimulated HUVEC to PT or BSP was mediated by integrin
a.P3, and several integrins appeared to be involved in the adhesion of ADP-stimulated HASMC. While the adhesion of
HASMC to PT was mediated by integrin a,Bs, the adhesion to BSP was associated with integrins a,Bs and asp.
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oAstedl, 2% I3 WY &4 F 3 STl 3
g 2e) AFEIH T o537} F24]0] A
FAE Holv YA W] HA Fo% ¢S ¢
o} 12

Ao AAFASTA A WAAE7F delE Y, 473
3hito) AW collagen, fibronectin, laminin, von Will-
ebrand factor §2 72 W) 5}7]2 (subendothelial mat-
rix)o] =& =0l AW X AT integrin anBsE &
ASIAIA, adto] Rats|y 4w o] dojupA
o) YAt Yavho] B8t W P29 dense
granule®l] ##=]o} Q)= adenosine diphosphate (ADP)7}
FHlEo] F2) Adelel A+ integrin apps S B3 A
Mo g2 dado] "t A2 ADP7L integrin
a5 ozt A Lo} FAFHG A E
= integrin avpaE AT Aol B

Integrin avBa= W H3 A (angiogenesis), NI A T
o MR B 24 ol5a T &4 F Uy
2 ol BBt Integrin avPso] BE A2 ol
Ao gtrhs 21430 F7E Bvaluation of ¢7E3 for the
Prevention of Ischemic Complications (EPIC) "ol A
grobg = =, integrin B:ol) 3k B 50] & A 3}A Q)
CTE3 Fo7} Ao AR TAZANEE oY & AP
o 9]t & AR E(revascularization)?] BRE 26% 7+A
METh olF AFW 2HEES AP SAE gow
3t Evaluation of Platelet Ub/lla Inhibitor for Stenting
(EPISTENT) &7V el A= 25 a5 2tol) 28 c7E39)
37 G5 1A 28} o) 3= integrin apfs
o ddHoz A= AFAS AHEE AFdMe
BEY 5 AAN2 2 integrin avfs7t TEY APE
o A% Aoz F2HA} ey olo) Autse A
H7t BaGNE &' integrin avBso] B AYE
o #A e o Hhe sl obF BET )

Integrin avBs ©1&] ol integrin asP,, integrin afs E& B
JHBIA Fo XS] BF5Y AYR 2o HAY
7Fs/d¢] dth 3 fibronectin 48421 integrin asp; &
FAl I i3] &4 F 319 (dedifferentiated) &
BRI RN BZH” FAPL2NE} 2
3 BRYIM B4 THY o2 wds ey Boag
Integrin avBs= FHHEG2H E8 T ol g} ZAA SN

e ol
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Integrin®] 8% §4 F shte 2R 8435 &2
FA A2 EAgthe Rolth” Inegring) 843 4
HE #E3l7] YA FX A integrin® ok 8493}
¥ integrindl] thE zstHe] W & FT=(ligand) &
AHg-8t}. Prothrombin® ZEF} O (bone sialoprotein)
< FA AR 8439 integrin avBsoll ek Aol
F43] F7tete @43 oF =o'

2o dRoA phorbol 12-myristate 13-acetate
(PMAY FE Mn™' 9} 2-& ZFAE A8l inte-
gring SAFAATY 28y PMAY IFE M E
A% 1AM TFE 5 Q7] WFol ol EXAE
AHESt] P AR E ARgllA duksiAlg 5= gl
ADPE 8499 dense granuleol] A= o] Arirh Pan
o] BASEE FHEHR2 AeHoz A in-
egrin®] ZX1Ajolt}.

o] ArilMe ARZ &5 9 27k=2l prothr-
ombinZ} FetAThwl-S AR 3le] ADP7} HInHI M E
o} FAPG A L EAF= integrinS B4 5
UAE7He golr ottt ERE 7H7h9) integrind)] A3}
= YA £ -3 (monoclonal antibody) & ARR-8le] ADP
of o3iA A HE integrin® EFE THIIATH

Ag g9 3y

1. Alof

ADP, adencsine triphosphate (ATP), PMA, heparin %
< SigmaAKSt. Louis, MO, USA)YA #1353t Hu-
man prothrombin2 Enzyme ResearchAKSouth Bend, IN,
USA), humanized monoclonal antibody (mAb) c¢7E3&
CentocorAHMalvern, PA, USA), avBs-specific mAb2l
LM609, avBs-specific mAb1 P1F5, asBi-specific mAbgl
JBS5+ ChemiconAK Temecula, CA, USA)ol| A} z}zb 74l
stk ZEFA TN} ayBs-specific mAbY) PSH9S ztzb
Dr. Tatiana Byzova (Cleveland Clinic Foundation, Clevel-
and, OH, USA)$} Dr. Elizabeth Wayner (Fred Hutchinson
Cancer Research Center, Seattle, WA, USA)Z2E| A&



ADPY) ol#ix &3t Q8B X Prothrombinat e

ket

M W)k

AR WY 3] Z(human umbilical vein endothelial
cell: HUVEQ): CloneticsAHSan Diego. CA, USA)°llA
Azl kslo] WE A E Avis TFY3Th
AE vjgFN o Z 15% fetal bovine serum (BioWhittaker
A}, Walkersville, MD, USA), 150 pg/ml. endothelial gro-
wth factor (CloneticsAP), 90 pg/mL heparino] 37+l
DMEM/F12 (BioWhittakerAh) & ARE-8ted, CostarAKCa-
mbridge, MA, USA)®) 162 cm” 227)9] Ee}aE St
3 ughe 0% A% 9L w7kR HUVECS v ¥t
2o A 43 ATl gE HUVECS @t AHE-SHTh
ol 5 24 E(human aortic smooth muscle cell:
HASMO)E Dr. Paul DiCorleto (Cleveland Climic Foun-
dation, Cleveland, OH, USA)7} dapujFsted Az +
At M E wjFR 0 g 10% fetal bovine serum (BioWhi-
ttakerAb o] 718 DMEM/FL2 (BioWhittakerAh) & AHE-
sl Cosarr}el 162 em® 2719} Zapay Fepa3 wh
=g 90% o 7kx] HASMCE i Fésict

2.
<l

(o]
= Ag

30
A B2

3. HUVEC®} HASMC®) %% 3 % (Adhesion assay)
vjoksl HUVECoIW HASMCE phosphate buffered
saline (PBS)Z 33) A H3 & 001%2] EDTAS T#3
0.25 mg/ml.9] typsin (Cloneticsh) &5 Al ste] Al Z

=

E A8, typsin neutralizing solution (CloneticsAh &
Azpstdch ME g FA) 500 x gollX 10870 4
Al Balgl 5 (.5% bovine serum albumin (BSA)E &
& DMEM/F120 10 cells/mL9] A 542 Rk
24-well plate (CostarAhe] 242he} wellol] $3-8-A4(50
mM NaHCOs, 150 mM NaCl, pH 8.0)el o} U=
prothrombin 10 pg £-& FEtATHY 0.5 pgt) ¥ 57, 4°Cel
A kA A)stEn) o) PBSE 13] Al z}z}e]
wellel 2% BSAS ¥ 3L 37°ColA 1A M skt ¥
B2l Calcein AM (50 pg; Molecular  Probes,
Eugene, OR, USA)< 10 pl.e] DMSO (Sigmarbell =<1
% PBS 500 pLE A7t 3 AIZITE o] Calcein AM
£ Z 200 pLE 107/mLe] FEo] AE FF | mLot

sHal 5 37°Col|l A 2087 wikstaL, 0.5% BSAZ} Sle

TR

A8 ¥

9w
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B o)) #od3lE Integrin avp3, avps, aspiel EA4

DMEM/F12E M35t 5 x 10° cellsymLe) FE2 34
A7 ME 2849 CaCl, ImME H7HS ¥ PMA
200 nMo| Lt thekst F 28] ADP, Z-& ATPE N EE &
FIAAY A 22 SAEF P9 §9E AT
HE 2XAZ AZE 2T A 1087 43 §E2
AjE o} wre- A AT F0jE 24-well plate?) ZHzHe] well
of ME F-Ho82 300 uL ¥ ¥ 37°Ce] incubatorel] ¥
ATk 30 - 0% Fof) B3| MEE SHARLE &
238 Z(Fig. 1), Fluorescence Multi-Well Plate Reader
(Perceptive Biosystems, Framingham, MA, USA)E A%
stk 217 welle) AR A FAAZ A=A
oro M xel ¥Fx < BSA] H-2tE M xo) FAFAE
WA 22 F B Z2rME Ak 9T Fx9
ADPU ATPE M EE A3 F prothrombinol 72
AEe) BB B ZE HsiM, PMAR 238 A 9
I 100%2 3t hEA 2 Aokch Zetda

-
7h= 2 A3 AL ADPY ATP 100 pME 2=
AT AFAE 100%2 3t E2A 2 4kekeh. Z3A)
o Gy EFEA e 5348 P wj= ADP 100 pM
2 439 AL FFAZ 100%E st ZAZ %
=2

4. {AEEA(Flow cytometry)

AEe) A FFAg} TAZ WEoE HX
stk AlE BEAE FA 500 x goll A 10872
29 T, 0.5% BSAS &-4-3 DMEM/F129] 10" celly/mL
o rg ARGA F, 500 pLe AE FEAL
LM609 (10 pg/mL), P1F5 (10 pg/mL), JBS5 (10 pg/mL)
o} 4°Cell A 1417+ whgA1Z v A7HE PRSE M XS 33]
M) 28 & FITC-conjugated goat anti-mouse 1gG%+ 4°Cel
A 3087 vkl oAl A7k PBSE AIZE 39
AT T PRS 500 uLof AEE AFHAAT FAHE
EAjol| = FACScan instrument (BD Biosciences, San Jose,
CA. USA)9} CellQuest software program (ver 1.2)& A}
g3tk A E Fdo A8 integring & BlaLst
7] )&l s 3532 (mean fluorescent ntensity) & AHE
ps4=d
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PMA + ¢7E3 c

Figz 1. An example of adhesion assay. These
photomicrographs show adhesion of HUVEC to immobilized
bone sialoprotein in the absence (A) and presence (B) of 200
nM PMA ¢7E3 (40 ug/mL), a monoclonal antibody to
integrin P3, inhibited the adhesion of PMA-stimulated
HUVEC (C). Original magnification X 200.

5. 574 ¥4

thet Fx 2] ADPS} ATPO) oJafA] 2} HUVEC
# HASMC®] prothrombin §2-& #x] Afeje] 22z}
H|8}7] YsiA) ANOVAS} Scheffe's test & A3 813},
Pgto] 0.05 mvkel A9 A4 F94& 9AFsdch

4 3

1. ADPY ATP A=} ¥ prothrombin &2 Zejligt
ol By AYAA ¥

ADPY ATP 5 =7} 571845 prothrombin®] -2} =)

& HUVEC &2 HASMCo] A&} 2718 100 pMollA]

Mo etm o sk A A 188 13, 2003

Ao =&3l¥]HFig. 2). HUVECS prothrombin®i]
thet Hu) B2 ADPS ATP A5 F zZhzh thxx|
(PMA 200 nM &) 9] F£-3h)¢] 36%2 31%2, HASMC
o] Hul 22 117%} 116%°0 Hl)A] AR5k 2214
2 AT @& M X R vsiA FAFoZ F
o3l F7hE o] AT FERATER | g HUVECH
HASMCS®] R&% ADPS} ATPS] o) B3| 3le 7}
&9 3(Fig. 3), PMAZ A€ M X9 2238 gxA=2
¥ w3l & =, HASMC®} F-3}of ®]sjA| HUVECS] #
Zo] AYTHAR AA IHE). o] A= PMA
ofyg}, B} el el 2242 ADPY ATPE HUVEC
I HASMC X 9ol 9+ integring EASIAIAA proth-
rombin# FefN M) it NE AFE FIHE F
AS VeRdTL
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Fig. 2. ADP and ATP increased adhesion of HUVEC (A) and
HASMC (B) to prothrombin in a dose-dependent manner.
PMA-induced adhesion to prothrombin at the concentration
of 200 nM was assigned a value of 100% and increases in
%adhesion were calculated (See details in Method). The data
shown are means and SEM. * P<0.05 vs nonstimulated cells.
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Fig. 3. ADP and ATP increased adhesion of HUVEC (A) and
HASMC (B) to bone sialoprotein in a dose-dependent man-
ner. ADP- or ATP-induced adhesion to bone sialoprotein at
the concentration of 100 uM was assigned a value of 100%
and increases in %adhesion were calculated (See details in
Method) The data shown are means and SD of triplicates in
one experiment and are representative of three separate
experiments,

2. HUVEC# HASMCOll ¥ ¥3}:= integrin®] £57

HUVEC®] FAHIEEA A integrin asf (B B3
663)°] 71 Wo] EA3IA L, integrin afs(BF FFH
22)7v 7P¢ AUk Integrin af(B o FFF 153)= 4
F B ¥ 5o} AATKFig 4). HUVECETH= A g
HASMCY = integrin asfi (B H3F 149)0] 713 Hol
E2 3133t HASMCol| A &= HUVECZH= 94 integrin a.Bs
(H+# ¥33 27) Bk integrin a.ps(BF F2F 577}
o @ol] = o] ANATKFg. 5).

8 84 Anti-
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58 53.
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84 Anti-o 8, 84 Anti-a B,
8 83
-F

w0 10 w0t

' w1 w0t w10

Fluorescence, relative unit

Fig. 4 Expression of integrins on HUVEC. HUVEC contai-
ned much more integrin asB; (mean fluorescence intensity
663) than a.,f; (mean fluorescence intensity 153) or a,Bs
(mean fluorescence intensity 22).
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ol Wi o] o
e;o° o AR 1ot °;o° ' 1?2 w0 st

Fluorescence. relative umt

Fig. 5. Expression of integrins on HASMC. Like HUVEC,
HASMC contained much more integrin asp; (mean flu-
orescence intensity 149) than a,8; (mean fluorescence inten-
sity 27) or a,fs (mean fluorescence intensity 57).

3. ADP] 9Js|A @A 3H+ integrin
HUVEC3} HASMCOA ADPe) o&iA] &AstE &=
integring Yolr 7} e A EE integrindl] thdt et
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A2 A7 s §F prothrombinZ et Tdlol] tigh ¥
zhg A3

ADP 100 pME 232 ¥ prothrombindll & &
HUVECS integrin Bsoll thdh xbeabalel c7E3 (40 p
g/mL)ell 2siA 96% A = o1t integrin afsoll that
AaHAQl PSHOO oJliMe B3-S wA] FUrHFg.
6). ADP 100 pME. =¥ HASMC®] prothrombin®l] o
3 F2Re TE3Cl 2J8iA AA A kO™, integrin a.fs
ol thslA c7E3RT © Eo|AHl XdakAl LM609
(20 pg/mL)o 2eix 30% A = AKFig. 6).
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Fig. 6. ADP-stimulated adhesion of HASMC to prothombin
required integrin a,Bs. Adhesion in the presence of 100 uM
ADP without inhibitors (open bars) was assigned a value of
100%. A monoclonal antibody against integrin Bs;, c7E3
(black bars), inhibited ADP-stimulated adhesion of HUVEC,
but not HASMC. cRGD (gray bar) inhibited ADP-stimulated
adhesion of HASMC. LM609 (cross-hatched bar), a monoc-
lonal antibody against integrin a.fs, decreased ADP-stimul-
ated adhesion of HASMC by 30%. P5H9 (striped bars), a
monoclonal antibody against integrin a,§s, blocked ADP-stim-
ulated adhesion of HASMC, but not of HUVEC. The data
shown are means and SD of triplicates in one experiment and
are representative of three separate experiments.

e 27=9) RGD A4 E 43k integring ¥
Eoldo g adslE cRGD (10 pM)oll ¢l8iA 97%
A H R =], o]A-L integrin a.p; ©]2¢] THE integrin®]
HASMC®} prothrombin 2ol B sl RS A|ALS}
Stk Integrin a.Bsol] 3l xbek A ¢l PSHOC 2 X&) sk

g&= A13W 1E, 2003

FollE 2% AA = o (Fg. 6, 7), A-5F HASMCS) prot-
hrombin 2ol & integrin aps7F FE AEE siATh
o] A= ADP7}F HUVEC®] A& integrin afsE 843 38H
Al Z 29, prothrombine integrin a.B;o e 233 <
Z Y7t=ddg oujditt a2k HASMCOlM & ADP7}
integrin a.ps= A1 2.8 prothrombin integrin a.fs
o tisiM = 8438 9 et== 8Pt

Fig. 7. ADP-stimulated adhesion of HASMC to prothrombin
was inhibited by P5H9. ADP activated integrin a.fs to
increase the adhesion (A), and this was prevented by PSH9
(B). Original magnification X 200.

Zefdghalo] tigk HUVECS] 22 prothrombin®]
7$-9F 7ol integrin a.B;ol siA miAAEATE ADP
100 pME. 245 & FEpthil o]l oj gk HUVECS #-2h-2
integrin ;o thE XAl c7E3 (40 pg/ml)ol o) s)

A 92% AA Qo integrin afsoll i3 AerEkAQl
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ADPe)] 9l3|A] 8A43le Q8P4 £2] Prothrombins} Ferfth

PsHOS SjsiME BT B hrh(Fig. 8). HASMC
o] ZElithlo] st BA-L prothrombinol| thet F3F
Fe o2 4L HAY ADP 100 pME ASE
HASMCS] TEjoichulol thah 22he ¢TE30) 2siA] o
A=z o PsHOM A 46% A= A THFig.
3).

140
120
100 1
80
60 -
40 1

Increase in % adhesion

20

£588y ¢

S w g oo 3

8 3]

a g
HASMC HUVEC

Fig. 8. ADP-stimulated adhesion of HASMC to bone sialo-
protein required integrin asp; and a.fs Adhesion in the
presence of 100 uyM ADP without inhibitors (open bars) was
assigned a value of 100%. c7E3 (black bars). inhibited
ADP-stimulated adhesion of HUVEC, but not HASMC
cRGD (gray bar) inhibited ADP-stimulated adhesion of
HASMC. P5H9 (striped bars) decreased ADP-stimulated
adhesion of HASMC by 46%, but not of HUVEC. JBSS
(cross-hatched bar), a monoclonal antibody against integrin a
sp1, decreased ADP-stimulated adhesion of HASMC by 75%.
The data shown are means and SD of triplicates in one
experiment and are representative of three separate

experiments.

a8}, cRGD (10 pMel osiA 93% A= o,
integrin a.B39} a.ps ©19) ¢l ThE integrino] HASMC®] &
glolicha pizlo)] FddHS orAlslth 217k=e] RGD
B2 QA5 O integrin® SEE Lotr 7] £13)
A integrin aspioll et A IBSS AHE-EE
JBSS (15 pg/mL) 2 8] & HASMCe| Fepeeha .3
o] 75% A= = PSHOZ JBSS EF A=
HASMC®) ZEtoiohulg 282 02 ka3l vhFig 9).

W 2t Zejdh= Integrin avp3, avBs, asBlel 54

o]8 3 Axbs Fellvhio] HUVECH ¢+ mntegrin afs
o] th§ B43} 9& =YL on| gkt HASMCOIAM
= ADP7} integrin a,fs9} integrn asi& A SAIH o1,
ZElA TN L integrin afs2 integm asp ol i3t A4St

[l

& D=

w— 2T

Fig. 9 ADP-stimulated adhesion of HASMC to bone sialo-
protein was partially inhibited by PSHS or JBSS. ADP
activated HASMC to increase the adhesion (A), which was
nearly completely inhibited by cRGD (B). Integrin a,Bs (C)
and asp; (D) were responsible for the adhesion of HASMC
Original magnification X 200.

aFE

o] A-tolx &43td Tol| A BH]E ADP7F
ol & A Eof] ZE3}E integrin afbs, afs, aspr T& &
2812 4 9o, prothrombin integrin a.p32t a.fs,
ZEpN 2 integrin a.Bs a.Bs aspie B &E
7hegl= Aoyl th HUVECT HASMCY o] Al &
29| integrino] 25 EAstg o, Alxe] FFol wet

A prothrombin¥ ZEtA ez} A sk integrinoll &}
°|7} A
Integrin& M EX-2HE2H(cell adhesion molecule)2} A
zoz 1937d HME o]FF ¥ vi/f3tr] A
AU A7 A2Y7EAS Teteinegrae) 75
x waslaty 7)5Ho 7 A%y MEEHL o|Fo]

Z A (heterodimer) & 7158171 918141 integrine] & &0
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7t A AHRHJATT AR 17719} @ 2899} 87)
o p AT wEH o, o] F e ATt HFf
A3t 20970 9) integring AL Integrinel
A sl Ytz olpixAt A F HEHQL Aol
L-arginyl-L-glycyl-L-aspartate (RGD) <#je]t}. Integrin
@By, asPy, ashi, abi, a.Bs, abs, afe, anhs SOl EAHF=Y
RGD 94& <4)8m, RGD ¥4 adenovirus penton
base protein, collagen, decorsin, disintegrins, fibronectin,
prothrombin, tenacin, thrombospondin, vitronectin, von
Willebrand factor, SFEFATH HF4Y SoA] A=
2

Integrino] B/ stE|ojo} 2j7h=ete] Aol F7A 3
F7Hthe AL ALY s 2% Bl 9
o} & SolM Aol A8l integrin apPs FA
deolM e dradst dgsiA feh v FA4 A
Bjo] Fago] dfida AFsohd M) d iyt
S o] AEI}A B Aolth Integrin amps= ADP,
thrombin, epinephrine 3} 7+ 2 A0 2JsliA A
ENE o 4497 AEste] ado| G
AWM Tl Q& integrin a.ps= BASHE Fof M X
o} NE7|AR9) o)F} FHo| Frlalny M halx
o) #Ado)] 7l o g ARE/NE Stk Integring] &
A3t FHE Adely) AsiMe 8438kd inegrinl o)
g z1stHo] & A3t o E 2 7h=7} P8 E) Prot-
hrombin-2 integrin amP;ll H3M = 8433} defol #4
flol Adgtete 843 vlo)E 7o) A3t integrin aps
oA their= PMA, ADP Sl 9sir 843 50e o
AgYol |43 Frtske 848t o& g7s=ol} w
Aol H-H4YL integrin anhs2] A3} 2)F 7o)
3, integrin ;2 @43} ¥]E F=olr} Y o)z
o] Z}z}e] imegrine A Afd= T H) YU=E
23 02 ¥ ohjah™ integring] 8493} Abeiof] whaky
35 o] b @43t & = zhy itk

Prothrombin2 e 3 Azt2 EAT Rk of
Yz}, &4 e gaddie #aEy, dagde
Ao M E FHE wekA] prothrombino] 8
TR EY T FAFEZH X o) F 3} F2df Hods}
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o] BARW Y 424 ¥ AYLE(constrictive vasc-
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