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Objectives. Recently developed anti-GFJ b/[] a agents effectively inhibit acute thrombotic occlusion of
coronary arteries after interventional treatment, and have similar inhibiting effects on plasma ligand bind-
ing to GRJb/Oa. Clinical investigation has revealed that abciximab, the chimeric monoclonal antibody
against GF1b/0 a, has superior in vivo antithrombotic effects to other agents. The inhibiting effects of
abciximab and another anti-GF b/0 a agent, tirofiban, were investigated on platelet thrombus formation
on acollagen surface under flow conditions.

Methods. Blood was drawn from 6 normal volunteers and anticoagulated with a specific inhibitor of
thrombin, argatroban, at afinal concentration of 100y M. Platel ets were rendered fluorescent by addition of
mepacrine to a final concentration of 10y M. Mepacrine is concentrated in the dense granules of platelets
and leukocytes, but does not accumulate in red blood cells, so platelet thrombi can be detected by fluores-
cence microscopy even in the presence of red blood cells. Horizontal glass slips covered with fibrillar type
O collagen were assembled in a Hele-Shaw type flow chamber.

Results. Platelet thrombi were developed on the collagen surface even in the absence of platelet activat-
ing agents. Both abciximab and tirofiban inhibited the platelet thrombus formation. Single platelet adhe-
sion on the collagen surface was inhibited only by abciximab and not by tirofiban.

Conclusions. The superior in vivo antithrombotic effects of abciximab may be partially explained by its
inhibiting effects on the platel et adhesion on exposed subendothelial matrix.
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Fig. 1 Visualization of platelet thrombusformation on collagen surface under flow conditions
Platelets stained by the fluorescent dye mepacrine and attached to a collagen surface are visualized by

inverted stage epi-fluorescent video microscopy.
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Fig. 2 Platelet thrombus formation on colla-
gen surface in the absence of anti-GP
0 b/0O aagents
Platelet thrombus formation on the colla-
gen surface was investigated by perfusing
the anticoagulated blood containing fluos-
cinated platelets on immobilized type] col-
lagen under controlled flow conditionsin a
parallel plate flow chamber. The green par-
ticles in the figure represent individual
platelets attached to the collagen surface
under a flow generating wall shear rate of
1,500 sec”?. Platelets can be visualized
only after attaching to the surface. As
shown in the figure, platelet thrombus
growth occurs under perfusion.
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Fig. 3 Inhibiting effects of abciximab and tirofiban on platelet thrombus formation occurring under
ashear rate of 1,500 sec”*
Inhibiting effects of abciximab and tirofiban were demonstrated at a final concentration of 10u g/ml and
500p M, respectively. As shown in Fig. 4, such concentrations of the anti-GPJ b/ a agents abciximab and
tirofiban are enough to achieve complete inhibition of platelet aggregation. Although both abciximab and
tirofiban completely inhibited platelet thrombus formation on the collagen surface, a single layer of platelet
deposition, which is more clear in Fig. 5, could be inhibited by abciximab but not by tirofiban.
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Fig. 4 Effects of abciximab and tirofiban on shear-
induced platelet aggregation
Platelet aggregation occurring under a high shear rate of
10,800 sec’ in an optically modified cone-plate vis-
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I

0 3 6 cometer was inhibited to a similar extent by both abcix-
. . imab and tirofiban. Maximum inhibition was achieved
Time (min) with 4p g/ml of abciximab and 200 M of tirofiban.
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Fig. 5 Visualization of single platelet attach-
ment on a collagen surface under
high power microscopy
Inhibiting effects of anti-GPJ b/C a agents
on platelet thrombus formation were inves-
tigated as described in Fig. 3, but with
higher power microscopy. Single platelet
attachment to the collagen surface was
inhibited by abciximab but not by tirofiban.
The lack of inhibition of single platelet
attachment on the collagen surface by
tirofiban is still true even in the presence of
higher concentrations up to 1 mMI data not
shown(l
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Fig. 6 Proposed mechanism of different effects of anti-GPO b/0J a agents on single platelet attach-
ment on a collagen surface
Our hypothesis to explain why abciximab and tirofiban, both of which can inhibit ligand binding to activat-
ed GPJb/0a and platelet aggregation to a similar extent, have different effects on single platelet attach-
ment on a collagen surface.
Once endothelial damage occurs and subendothelial matrix including collagen is exposed to the blood-
stream, plasma protein of von Willebrand factdr] vVWFOs immobilized on the collagen surface by its bind-
ing site for collagen. Flowing, non-activated platelets come adjacent to the immobilized vVWF and interact
with the A1 domain of VWF, through the receptor protein of GR ko .
Shear force applied to GFJ ki, aswell asintracellular signaling generated by VWF interaction with GRJba,
exposes GPJ b/ a molecules which were previously hidden in the intracellular canalicular system and
unable to interact with anti-GPJ b/(J a agents.
The difference between abciximab and tirofiban is explained by the difference in binding rate to the GR1 b/
Oa binding site of vVWF. Abciximab can inhibit stable single platelet attachment on the collagen surface,
since it can block the binding of newly exposed GP b/J a to the G b/J a binding site of VWF, so stable
binding of platelets mediated through concurrent binding of both GFOl and GR1b/0 a with the same
vWF molecules does not occur. In contrast, tirofiban, which has a lower binding rate to GFJ b/[J a mole-
cules than the GR b/00 a binding site of vVWF, could not inhibit concurrent binding of vVWF with both GRJ b
and GO b/Oa
Thus, stable single platelet attachment on collagen surface could not be inhibited by tirofiban, although the
agent can inhibit ligand binding to activated GFJ b/ alike abciximab.

0000000000000 0®0000o0oooo GPOb/Dal0 00000000 ® 000000000
gooboobboooboobbooboooboon O vWFO GRObOVWFO GROb/ODa0 0000000
goboobboooboobbooboooboon gogbooooboobboooboobboobogoo
O000000vWR-GPObOODODOODOOO gogbogooboobboooboobbooboon
gooooovwrODODODOOOoOoooooDbDo O0000oO0®*o0000o000oooooooon

J Cardiol 2000; 36: 113-121



0OGRlbDalOvwFOOOOOOOOOOOOOO
o0o0o0o0o0oO0OO0OO0OO0O0O0O0OO0O00vWFEO GROb/Oa
00000ooooooooooooooooooo
0% tirofiban0 00000 vVWFO GAROb/ODad0 OO O
O00O0OabciximabOOOOODODOODOOOOOO
00000000000 ooOoGAbbad oo
0000000 abciximabOOOOOOOVWFODOO
O0000oO0o0O00oooO0oooooooooooo
ooooooo?o

AbciximabO O OOOOODOOOODOOOOOOO
0o0o00doooooooooooodovwrdo GP
Ob/d0a0 000000000000 0O0O00O00ODODOO
00000000 abciximabO O OO OO O tirofiban O
oo @muoooooooogd
0000000* 0000000000 abciximabO
tirofiban0 GROb/CDal OO0 OO0 onrated 0O OO OO
0000000000oooooon vwrdO GRIbO
transientJ 00020 000000000000
GRIb/0alO0* 000000000000 abciximbO
VWFOOODOOGPb/OaDDOODODODDOvVWFDO
GROb/OaD OO OO00O0OOtirofiban0 0000000
oo oooooooboboon
O0@FigelOODOoOoooooooooooog
O00o00o00oo0ooooooooooooo
abciximabO tirofiban0 0 000000 OO GPOb/Oa
00000000000oo0o0ooooooooooo
OVvWFO GROb/Dad0 D0 O0O0Oooooooooog
O0000ooooooooooooooooooo
abciximabO0OOODOOODOOUODOOODOOOOOO
ooooooo

invivoOOOOOOOOOoOoOoooooooooo
OinvircOOO exvivoOOODODOOOOOOOO
0O00o0o0o00oo0o0ooo0ooooooooo

od

J Cardiol 2000; 36: 113-121

goooo

OO00:000000C0C000GAOpWOa00000000DO00C0O0000 GAbOab0o0nO
0ooooooooooooooooooooooooooOOoOoOoboooO0Ob000000 eGP
Dal0O0O0OO0OO0O0OO0OO0OO0COOO0OO0OOO0OOCOOOODOOOOOOCODOOODOOOO0OO0O
00000OO0O000000000000D000000000CO00000 aciximbOOOO0OO
oOoooO0oO0oo0O0ooOoO0o0O0cO00oOoO0OoOoOOOoOooOooOoooOoontrofibanDOO00OO0

OGRbOadOOOOOOO0OOO 119

ADPOOODOO0OO00OOOO0O0OOOOOOOOOOO
00o00oooo0oooooooooooooooog
00ooooOooBornDOOOOOODOOOOOO
0000ooO0o0o0ooo0o0oooooUoooooo
00o0o0ooooo0ooooooooooooooog
o0o00oooo0o0oooooU0oooooUoooooog
0000ooO0o0o0ooo0o0oooooUoooooo
000000000000 o0OovWRFOOO® O OO
o0o0o0ooooo0oooooooooooo
00O00O00OD0D0OO0O0O0D0OO00d flow chamber system
gl ooooo
gl ooooo
g ooooo
O0O0OinvivoeOOOOOOODOOOOOOODOOOO
g ooooo
oo®*0000000o00oooooooooon
g ooooo
g ooooo
00000 abciximabO OO GROb/OaD OO OO0O0O
gt oooo
pgooddooooooo

goooo

GROb/Dal 000000000 abciximabO 0O 0O
0000ooo0oooooooooooooooog
0000000 Oinvivod abciximebOODOOOOO
oo0o0oooo0ooooooooooooo

0000000000000 003097705060 117703671
1999000001990 00000000000000000
0000000000000 JISPSRFTFI7I00201(0 0000
0000000190 000000000000000 1999
gooooooo




120

oooooooo oo

gob:0b00b0cbdbebbbOibb20b00bO00ODbDOODOODDbDODbOOODOO
gobobobooooooooobooboboboboboboooooobDobDobobobobooo
OOflowchamber DO 0O O0OO0OOO0ODOOODOCOOOOODOODOOOODOODOODDOO
000000001500 000000000000000000000000000O0O00OO0O
000000000 0dOabciximabO tirofiban0 000000000 OCO0ODOCOOO

gob:0booobboobboobbooobboobbooobobooobboobboo
0000000000000 0000000000000D 000 Abciximab tirofiban0D O 0O 0O O
OO000000000AbciximbOOOOOOO0O0O00000000000000O00O00OOAO tirofiban
gogbooobobooboooboo

000 :AbciximabO OOOODODOOODOOOOODOOOODOOODOODOOODOOOOOD
goood

J Cardiol 2000; 36/ 200 1130 121

ooo

10 Coller BS, Peerschke El, Scudder LE, Sullivan CA: A
murine monoclonal antibody that completely blocks the
binding of fibrinogen to platelets produces a thrombas-
thenic-like state in normal platelets and binds to glycopro-
teinsd b and/or Ja JClin Invest 1983; 72: 3250 338

20 Peerlinck K, De Lepeleire |, Goldberg M, Farrell D, Barrett
J, Hand E, Panebianco D, Deckmyn H, Vermylen J, Arnout
J: MK-388] L-700, 462[] a selective nonpeptide platelet
glycoproteinO b/0 a antagonist, is active in man.
Circulation 1993; 88: 151201 1517

30 Plow EF, Pierschbacher MD, Ruoslahti E, Marguerie G,
Ginsberg MH: Arginyl-glycyl-aspartic acid sequences and
fibrinogen binding to platelets. Blood 1987; 70: 1100 115

400 McEver RP: Role of selectins in leukocyte adhesion to
platelets and endothelium. Ann N Y Acad Sci 1994; 714
18500 189

50 The EPIC Investigators: Use of a monoclonal antibody
directed against the platelet glycoprotein J b/J areceptor in
high-risk coronary angioplasty. N Engl J Med 1994;
330: 9560 961

60 The EPILOG Investigators: Platelet glycoproteinb/Cla
receptor blockade and low-dose heparin during percuta-
neous coronary revascularization. N Engl J Med 1997;
336: 16890 1696

70 Topol EJ, Byzova TV, Plow EF: Platelet GRJb-a block-
ers. Lancet 1999; 353: 2270 231

80 The PURSUIT Trial Investigators: Inhibition of platelet
glycoprotein [0 b/ a with eptifibatide in patients with acute
coronary syndromes: Platelet glycoproteinOb/Oain
unstable angina: Receptor Suppression Using Integrilin
Therapy. N Engl JMed 1998; 339: 4360 443

90 The RESTORE Investigators: Effects of platelet glycopro-
tein0 b/0 a blockade with tirofiban on adverse cardiac
events in patients with unstable angina or acute myocardial
infarction undergoing coronary angioplasty : Randomized
Efficacy Study of Tirofiban for Outcomes and Restenosis.
Circulation 1997; 96: 14450 1453

100 Simon DI, Xu H, Ortlepp S, Rogers C, Rao NK: 7E3 mono-
clonal antibody directed against the platelet glycoprotein
Ob/0a cross-reacts with the leukocyte integrin Mac-1 and

blocks adhesion to fibrinogen and ICAM-1. Arterioscler
Thromb Vasc Biol 1997; 17: 5280 535
110 Tam SH, Sassoli PM, Jordan RE, Nakada M T : Abciximab
0 ReoPro, chimeric 7E3 Fab[tlemonstrates equivalent affini-
ty and functional blockade of glycoproteind b/00 a and
alphél v(beta3 integrins. Circulation 1998; 98: 10850
1091
1200 Born GVR: Aggregation of blood platelets by adenosine
diphosphate and itsreversal. Nature 1962; 194: 9270 929
130 Goto S, Handa S: Coronary thrombosis: Effects of blood
flow on the mechanism of thrombus formation. Jon Heart J
1998; 39: 5790 596
140 Goto S, Ikeda Y, Saldivar E, Ruggeri ZM : Distinct mecha-
nisms of platelet aggregation as a consequence of different
shearing flow condition. J Clin Invest 1998; 101: 4790
486
1500000 0dddoodooooooo.goooa
1998; 6: 19024
1600 Goto S, Sakai H, Goto M, Ono M, lkeda Y, Handa S,
Ruggeri ZM : Enhanced shear-induced platelet aggregation
in acute myocardial infarction. Circulation 1999; 99:
6080 613
170 Fuster V, Badimon L, Badimon JJ, Chesebro JH: The
pathogenesis of coronary artery disease and the acute coro-
nary syndromes 100 N Engl JMed 1992; 326: 24200 250
180 Fuster V, Badimon L, Badimon JJ, Chesebro JH: The
pathogenesis of coronary artery disease and the acute coro-
nary syndromes 21 N Engl JMed 1992; 326: 3100 318
190 Dise CA, Bursh JW, Goodmann DBD: Direct interaction
of mepacrine with erythrocyte and platelet membrane phos-
pholipid. JBiol Chem 1982; 257: 47010 4704
200 Alevriadou BR, Moake JL, Turner NA, Ruggeri ZM, Folie
BJ, Phillips MD, Schreiber AB, Hrinda ME, Mclntire LV :
Real-time analysis of shear-dependent thrombus formation
and its blockade by inhibitors of von Willebrand factor
binding to platelets. Blood 1993; 81: 12630 1276
210 Ruggeri ZM, Dent JA, Saldivar E: Contribution of distinct
adhesive interactions to platelet aggregation in flowing
blood. Blood 1999; 94: 17201 178
2200 Usami S, Chen HH, Zhao Y, Chien S, Skalak R: Design
and construction of alinear shear stress flow chamber. Ann
Biomed Eng 1993; 21: 770 83

J Cardiol 2000; 36: 113-121



230 Ikeda Y, Murata M, Goto S: Von Willebrand factor-depen-
dent shear-induced platelet aggregation: Basic mechanisms
and clinical implications. Ann N 'Y Acad Sci 1997; 811:
3250 336

240 |keda Y, Handa M, Kawano K, Kamata T, Murata M,
Araki Y, Anbo H, Kawai Y, Watanabe K, Itagaki |, Sakai
K, Ruggeri ZM : Therole of von Willebrand factor and fib-
rinogen in platelet aggregation under varying shear stress. J
Clin Invest 1991; 87: 12340 1240

250 Savage B, Almus-Jacobs F, Ruggeri ZM : Specific synergy
of multiple substrate-receptor interactions in platelet throm-
bus formation under flow. Cell 1998; 94: 6570 666

260 Goto S, Salomon DR, Ikeda Y, Ruggeri ZM : Characte-
rization of the unique mechanism mediating the shear-
dependent binding of soluble von Willebrand factor to
platelets. JBiol Chem 1995; 270: 23352(] 23361

270 Goto S, Eto K, Ikeda Y, Handa S: Abciximab not RGD
peptide inhibits von Willebrand factor-dependent platel et
activation under shear. Lancet 1999; 353: 809

2801 Savage B, Saldivar E, Ruggeri ZM : Initiation of platelet
adhesion by arrest onto fibrinogen or translocation on von
Willebrand factor. Cell 1996; 84: 2890 297

2900 Miyata S, Ruggeri ZM : Distinct structural attributes regu-

J Cardiol 2000; 36: 113-121

OGRbOadOOOO0OO0OO0OO 121

lating von Willebrand factor A1 domain interaction with
platelet glycoproteinb alpha under flow. J Biol Chem
1999; 274: 65860 6593

300 Niiya K, Hodson E, Bader R, Byers-Ward V, Koziol JA,
Plow EF, Ruggeri ZM : Increased surface expression of the
membrane glycoproteindb/00 a complex induced by
platelet activation: Relationship to the binding of fibrino-
gen and platelet aggregation. Blood 1987; 70: 4750 483

310 Bellinger DA, Nichols TC, Read MS, Reddick RL, Lamb
MA, Brinkhous KM, Evatt BL, Griggs TR: Prevention of
occlusive coronary artery thrombosis by a murine mono-
clonal antibody to porcine von Willebrand factor. Proc Natl
Acad Sci USA 1987; 84: 81000 8104

320 Miyazaki Y, Nomura S, Miyake T, Kagawa H, Kitada C,
Taniguchi H, Komiyama Y, Fujimura Y, Ikeda Y,
Fukuhara S: High shear stress can initiate both platelet
aggregation and shedding of procoagulant containing
microparticles. Blood 1996; 88: 345601 3464

330 Savage B, Shattil SJ, Ruggeri ZM : Modulation of platelet
function through adhesion receptors: A dual role for glyco-
proteinJb-0 & integrin alphallb beta 3Cmediated by fib-
rinogen and glycoprotein (0 b-von Willebrand factor. J Biol
Chem 1992; 267: 113000 11306



