CLINICAL OBSERVATIONS, INTERVENTIONS, AND THERAPEUTIC TRIALS

'.) Check for updates

Genetic variation in glycoprotein llb/llla (GPlIb/llla) as a determinant of the
responses to an oral GPIIb/llla antagonist in patients with unstable

coronary syndromes

Fiona F. O’Connor, Denis C. Shields, Anthony Fitzgerald, Christopher P. Cannon, Eugene Braunwald, Desmond J. Fitzgerald

This study examined the influence of the
PIA polymorphism of glycoprotein llla
(GPllla) in determining the response to an
oral GPlIb/llla antagonist, orbofiban, in
patients with unstable coronary syn-
dromes. Genotyping for the Pl A polymor -
phism was performed in 1014 patients
recruited into the OPUS-TIMI-16 (orbofi-

Overall, orbofiban failed to reduce isch-
emic events when compared with pla-
cebo, but increased the rate of bleeding.
In the whole population, Pl A2 carriers had
a significant increase in Ml (n = 33) dur-
ing follow up, with a relative risk (RR) of
2.71(95% Cl, 1.37t0 5.38; P = .004). There
was a significant interaction between

and orbofiban) and the Pl A polymorphism
for the primary end point (P = .10). How-
ever, in the patients receiving orbifiban
there was a higher risk of a primary event
(RR =155, 1.03 to 2.34; P =.04) and MI
(RR 4.27, 1.82 to 10.03; P < .001) in PIA2
carriers compared with noncarriers. In
contrast, there was no evidence that Pl A2

influenced the rate of recurrent events in
placebo-treated patients. In patients pre-
senting with an acute coronary syn-
drome, the PI A polymorphism of GPIIb/Illa
may explain some of the variance in the
response to an oral GPIIb/Illa antagonist.
(Blood. 2001;98:3256-3260)

ban in patients with unstable coronary
syndromes—thrombolysis in myocardial
infarction 16) trial, in which patients were
randomized to low- or high-dose orbofi-
ban or placebo for 1 year. The primary
end point (n = 165) was a composite of
death, myocardial infarction (Ml), recur-
rent ischemia requiring rehospitalization,
urgent revascularization, and stroke.

treatment (placebo and orbofiban) and
the PIA polymorphism for bleeding
(n = 187; P = .05). Thus, while orbofiban
increased bleeding in noncarriers
(RR =187, 1.29 to 2.71; P<.001) in a
dose-dependent fashion, it did not in-
crease bleeding events in Pl A2 carriers
(RR =0.87, 0.46 to 1.64). There was no

interaction between treatment (placebo © 2001 by The American Society of Hematology

Introduction

Platelet activation and subsequent aggregation play major rolegésponse to the GPIIb/llla antagonist, orbofiban, in patients with
initiating coronary thrombosis, the underlying event in acutenstable coronary syndromésbout 20% of the population are
coronary syndromes such as unstable angina and myocardiairiers of the PP polymorphism, which results in a proline in
infarction (MI). Platelet aggregation is mediated by glycoproteiplace of a leucine at position 33 of GPIHaPI? has been
(GP) lib/llia, the receptor for fibrinogen and von Willebrand factogssociated with Ml, coronary thrombosis, and restenosis following
(vWf). GPIlIb/llla antagonists bind to the receptor and prever@oronary angioplasty and with stroké! However, many studies
platelet aggregation to all known agonists. Yet oral GPlIb/lli®ave failed to confirm any link between the*Rhutation and
antagonists have proven ineffective and may be harmful whéardiovascular disead&! It is also unclear whether the ‘Pl
administered chronically to patients presenting with acute coronaf§tiant alters receptor function. Several studies have shown
syndromed. Three large-scale clinical trials have reported afnhanced fibrinogen binding to and aggregation of platelets from
increase in death and MI in patients on active treatment compafB@ividuals either heterozygous or homozygous fdf*Ft" The

with placebo. In the OPUS-TIMI-16 (orbofiban in patients wit!* receptor also exhibits enhanced “outside-in” signaling when
unstable coronary syndromes—thrombolysis in myocardial infar%)-(prffseol n C hlnesg_hamster ovary (CHO) éélrsnglly, carners
tion 16) trial of orbofiban, the study was terminated due to f P2 receiving aspirin have a blunted bleeding time respéhse.

increase in mortality.In the SYMPHONY |l (sibrafiban versus owevgr, other studies have failed to show any enhanced
. . . . . . effect20-22

aspirin to yield maximum protection from ischemic heart events

post—acute coronary syndromes Il) tdahere was an increase in

MI and death in patients on sibrafiban.
Genetic factors are postulated to modulate drug response, eitPejtients, materials, and methods

in determining efficacy or the risk of side effects. Intuitively, this is

most likely where the genetic variation influences the drug target 8fudy Population

enzymes responsible for drug metabolism. In this study, Wee analysis was a substudy of OPUS-TIMI-16, a phase Il multicenter,

examined the influence of the’Rpolymorphism of GPllla on the double-blind, and placebo-controlled trial evaluating the efficacy and safety
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of orbofiban, a GPIIb/llla antagonist, in patients with unstable coronagonclusions were to those patients lost to follow-up, we performed an

syndromeg.Between October 1997 and November 1998, 10 288 patierdgalysis where we considered all those patients lost to follow-up as

were recruited from 888 hospitals in 29 countries. Of these, 1023 providednsored event-free and then repeated the analysis assuming that observa-

separate written, informed consent for genetic analysis and 1014 providighs on those lost to follow-up were complete and represented time to first

samples. Consent was obtained after randomization for analysis of genetjient. The results were comparable, so we report only the first analysis.

variation in relation to cardiovascular disease and therapy, with analysis

performed on a database free of patient identifiers to protect anonymity.

Patients who withdrew from the study prior to genetics sampling were not

required to return to the clinic, and were therefore not sampled. Results
The protocol for the main study has been outlined in detail elsewtere.

Briefly, the inclusion criteria were ischemic discomfort at rest for at least mona the 1014 patients for whom genetic material ilabl
minutes within the previous 72 hours with one of the following: (1) new o ong the pauents for whom genetic material was avalable

presumably new electrocardiographic changes (ST segment devia@dn  (1able 1), primary end-point events were recorded in 165 patients.
mm, T-wave inversior= 3 mm in at least 3 contiguous leads, or left bundlOf these patients, 33 had a recurrent MI, 55 underwent urgent
branch block); (2) positive serum markers; (3) history of MI, angioplastyevascularization, and 72 were rehospitalized for recurrent isch-
bypass surgery, or coronary stenosis50%; (4) age= 65 years and a emia. Six patients experienced a stroke and there were 3 deaths.
history of angina or positive stress test; (5) prior transient ischemic attagfeeding occurred in 187 patients.

or nonhemorrhagic stroke; (6) peripheral vascular disease; or (7) dia- In studying effects of both treatment and genotype in a population, it
betes melitus. is important to consider possible interactions between genotype and
treatment. In the absence of an interaction between genotype and
treatment, analysis of independent effects are appropriate. However,
All patients received 150 to 162 mg aspirin daily and were randomized when there is evidence of an interaction, subpopulations should be
one of 3 groups: (1) 50 mg orbofiban twice daily for 30 days, followed bgnalyzed separately. For this reason, we present first the independent
30 mg twice daily (n= 353) (denoted the 50mg/30mg group); (2) 50 Mgyenotypic effects, and then consider possible interactions, presenting

orbofiban twice daily for 30 days, followed by 50 mg twice daily=r308) genotypic effects in treated and untreated subpopulations.
(denoted the 50mg/50mg group); (3) placebe(B853).

After randomization, patients received the drug as soon as possible, but
within 72 hours of the index event. Treatment was to continue for Rrevalence of the Pl A polymorphism
minimum of 6 months, and up to 24 months. The actual treatment period
ranged from 1 month to a maximum of approximately 15 months. The frequency of the M allele in all 1014 patients was similar to that
The primary end point was a composite of death, MI, recurrentischenfieund in several previous studi&s?® although lower than the 50%
at rest leading to rehospitalization or urgent revascularization, or strokeyéported in young patients with acute MThe frequencies of the 4|
clinical events committee adjudicated all end points. Additional analys%d the PR allele were 0.86 and 0.14, respectively. Thus, 26.3% of
were performed for Ml and for all recorded coronary ischemic events,

. . 0 .
Severe or life-threatening bleeding was defined as an intracranial he o?—tlents carried at least one*Phllele and 2.2% of patients were

2 2 iatri
rhage or bleeding associated with severe hemodynamic compromise; m gmozygous for P12 The PFZ allele Was evenly d'.St”bUIed among the
bleeding was that associated witl15% absolute reduction in hematocrit facial groups (data not shown). A higher p"f)pomon of tHé Eﬁm?rs
or requiring a blood transfusion; minor bleeding was (nonmajor) bleedingere male (80.5% vs 73.8% for noncarriePs=.03). PR? carrier

Trial design

that required medical treatment or laboratory evaluation. frequency varied between countrigs= .03), with the most notable
difference between Canadian (21.9% of 265 patients) and US Cauca-
Genetic analysis sians (30.0% of 477 patients). Among the 30 blacks in the study,/the PI

mi i 0,
Genetic analysis was performed at a mean of 157 days in 1014 patients,f{ﬁguency was similar to that of Caucasians (18.3%).

majority of whom were from the USA (& 537) and Canada (& 276).
Fifty-nine percent OT the patients pres_ented with acut(_e MI as the.ll’ Indei%ble 1. Baseline demographics, risk factors, and history of coronary artery
event and the remainder presented with unstable angina. Following DN@g,se for all patients, showing the number and percent
extraction?®the PR polymorphism was detected by capillary electrophoreaccording to the treatment groups

sis, as previously describég|.

Orbofiban Orbofiban
Placebo 50/30 mg 50/50 mg
Statistical analyses Characteristic (n =353) (n =353) (n =308)
Means and proportions were compared using tast or chi-square as Demographics
appropriate. Survival analyses considered the time to the first prima’? e.y (= SD) 588(112) 583 (11.0) 57.7(110)
end-point event, and also the time to the first severe, major, or min ple 0) 250 (72.5) 275 (78.8) 221 (15:2)
bleeding event. All times were measured from the day of randomizatio roker
Kaplan-Meier survival curves were compared using the log-rank test, ACUent %) 127 (36.0) 143 (409 138 (44.8)
Cox proportional hazards analysis was used when adjusting for the possibffeormer %) 121 (34.3) 112 (31.7) 84(21.9)
confounding effects of other prognostic factors. The nominal significané‘émSmo'“_er ) 105 (29.7) 98 (278) 86 (27.9)
level of 0.05 was reduced to 0.025 for comparisons between each dose BEE a1
placebo. Tests of interaction between genotype and treatment were pe’?‘1I %) 202 (57.2) 217 (61.5) 184 (59.7)
formed by fitting terms within the survival analysis for genotype and UA_ (%_) 151 (42.8) 136 (38.5) 124 (40.3)
treatment, and an interaction term. TRealue of the interaction term was "2 Nistory CVD (%) 177 (50.1) 159 (45.0) 151 (49.0)
then calculated to interpret significance. Diabetes melltus (%) 67(19.0 52 (14.1) 56 (18.2)
Sixty-four patients were removed from the study due to poor health Hl\’perChOI?Stem'em'a ) 119 (33.7) 105 (29.8) 83 (27.1)
due to the wishes of the patient or medical provider. Fifty of those removéPerension e 157 (44.5) 144 (408) 136 (44.2)
carriers (%) 97 (27.5) 100 (28.3) 70 (22.7)

. . . A2
had not had a previous primary event. A Cox proportional hazards analy§|s
assumes that censoring is noninformative. Clearly this is not the case for y indicates myocardial infarction; UA, unstable angina; CVD, cardiovascular
those removed prior to their first event. To assess how sensitive alifease.
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Table 2. Primary end point, all recorded coronary ischemic events, myocardial Table 4. The effect of genotype on the relative risk (95% confidence interval)
infarction, and bleeding events according to Pl A genotype, showing the for the primary end point, myocardial infarction, and bleeding
number of events by genotype and percent of genotype that in PIA2 carriers according to treatment
had events, according to the treatment groups Event Placebo Orbofiban
Orbofiban Orbofiban X )
Placebo 50/30 mg 50/50 mg Primary endpoint* 0.87 (0.49, 1.55) 1.55 (1.03, 2.34)f
Event (n = 353) (n = 353) (n=308) Myocardial infarction* 1.04 (0.28, 3.92) 4.27 (1.82,10.03)8
- - Bleedingt 1.22 (0.67, 2.22) 0.59 (0.39, 0.92)%
Primary endpoint
PIA2 carriers (%) 15 (15.5) 24 (24.0) 11 (15.7) Risks are relative to PIA2 noncarriers.
PIA2 noncarriers (%) 48 (18.8) 35 (13.8) 32 (13.5) *Results of a proportional hazards analysis adjusted for age and sex.
Myocardial infarction TResults of a proportional hazards analysis adjusted for age, sex, and country.
PIA2 carriers (%) 3(3.1) 10 (10.0) 3(4.3) ;F: 'gg'l
PIA2 noncarriers (%) 8 (3.1) 4 (1.6) 5(2.1)
Bleeding | . A . .
PIR2 carriers (%) 15 (15.5) 16 (16.0) 9(12.9) nFeractlon betvyeen the Pl A polymorphism and treatment:
PIA2 noncarriers (%) 34 (13.3) 48 (19.0) 65 (27.3  Primary end pointand M
Carrier is PIA2/A2 or PIAUA2 and PIAZ noncarrier is PIAUAL, Overall, treatment with orbofiban did not affect the primary end

point or the rate of Ml irrespective of the genotype (Tables 2 and 3).
_ _ ‘ The interaction between the effects of genotype and treatment
Primary end point and MI: genotypic effects (Tables 3 and 4) approached significance for the primary end point
. . . . . . (P =.10) and for Ml @ = .08). The RR of a primary end-point

The median follow-up time for patients without a primary end pomévem on orbofiban compared with placebo amorg drriers was

was 203 days with lower and upper quartiles of 150 and 303 da;_lls.37 (95% Cl, 0.75 to 2.51) (Table 3), and among noncarriers RR

respectively. There were 165 patients (16.5%) who had a primay s 0.73, (95% Cl, 0.51 to 1.06) (Figure 1). Although amorf§ PI
event. Thi; is lower than the 22.9% obser\{ed in the overall StUdy?frriers o,n orbofiba’m there was a trend toward a higher RR (2.46) of
10 288 patients followed to 10 monthgpssibly as the subpopula (9504 1, 0.70 to 8.67) (Table 3), this did not achieve statistical
tion studied had a lower risk profile, being younger and less oftef ificance. In addition to examining the effect of treatment
diabetic. Alternatively, some patients with serious events may haﬂ’pﬂacebo and orbofiban), we also examined the genotypic effects
been removed from the study prior to genetic sampling. ~ separately in the placebo and active treatment arms. WHgn PI
The time to first primary event was analyzed using & proportionglriers and PR noncarriers were compared while on orbofiban,
hazards model, which adjusted for age and sex. Considering the tpi@b carriers had an RR of a primary event of 1.55 (95% CI, 1.03 to
population, there was no significant association betweercatier 2 34,p = .04) (Table 4). In contrast, the primary event rate was not
status and the risk of a primary event (relative risk [RR], 1.26; 95%fluenced by genotype in patients on placebo. There was also a
confidence interval [Cl], 0.91 to 1.7B;= .17). However, the rate of Ml significantly higher risk of Ml in P¥ carriers on active orbofiban,
was significantly higher amongPlcarriers (RR= 2.71; 95% Cl, 1.37 but not in those on placebo (Table 4).
to 5.38;P = .004). This remained true even after adjusting for possible
confounding effects of treatment, country of origin, and/or race. The risk e
of a primary end-point event increased slightly with the number/of PI
alleles carried: 15.4% of fYPK! patients had events, compared with
18.4% of the 245 PHPK2 heterozygotes and 22.7% of the 22°/RI?
genotypes, although this trend was not statistically significant.

5 Placebo
TR o p=0.63

Table 3. Effect of orbofiban on the relative risk (95% confidence interval) for
the primary end point, myocardial infarction, and bleeding

Probability of survival
g

20z aunf 80 uo 3sanb Aq pd 96ze0 1 0£Z8U/ESL8.91/95ZE/Z L/86/4Pd-Bl01IE/POO|q/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumog

P value for
treatment . . . .
Event PIA2 noncarrier P12 carrier interaction* : : : ! . : ' . : R :
Mornths after randomization
Primary endpointt
Orbofiban 0.73 (0.51,1.06)  1.37(0.75, 2.51) .10
50/30 mg 0.74 (0.48,1.14) 1.61 (0.84, 3.08) ety
50/50 mg 0.73 (0.46,1.14)  1.04 (0.47, 2.26) LS
ial i i aos] Orbofiban
Myocardial infarctiont — Lt p=0.04
& :
X > K S
Orbofiban 0.59 (0.23,1.53)  2.46 (0.70, 8.67) .08 S T
50/30 mg 0.50 (0.15,1.65)  3.24(0.89, 11.82) 3 ey e,
— B e 1
50/50 mg 0.70 (0.23,2.14)  1.37(0.28, 6.80) 5 izt gy —
Bleedingt = l—"x—L
Orbofiban 1.87§ (1.29,2.71)  0.87 (0.46, 1.64) .05 § H
50/30 mg 155 (1.02,2.36)  0.82(0.39, 1.69) 8 o |
50/50 mg 2.23§(1.49,3.34)  0.94 (0.44, 2.03) 5_9
Dose effects shown in bold. Risks are relative to the placebo group.

*Analysis of the interaction between orbofiban and placebo, and the PIA2 ; T T T T T T T T T T

z F “ s & 1 a s o " 1z

genotype. L
TResults of a proportional hazards analysis adjusted for age and sex. Months after randomization
FResults of a proportional hazards analysis adjusted for age, sex, and country. Figure 1. Kaplan-Meier estimates of the primary event survival for Pl A2 carriers

§P < .001 relative to placebo. (®) and noncarriers ( O) on placebo and orbofiban.
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Interaction between the Pl A polymorphism and
treatment: bleeding

increase in platelet activity as a consequence of th& PI
polymorphism!>1° Thus, there is an increase in fibrinogen
SO . 5
Severe, major, recurrent, or minor bleeding occurred in 18.4%:”;'2?];Znilséele::t;fefa:enrf ggr;:zt)ég?;; fc?(;r:::]eén?!teizloens of
of patients during the study (Tables 2 and 3). For the total cohdit . P . ggreg .
onistst>17 PIA2 carriers are also reported to have increased

studied, bleeding was increased with orbofiban relative bi . h -, d with .
placebo P < .002). A Cox analysis of the time to first bleedingt rombin generation w €n on aspirin compare wit noncarr-
s?5However, other studies have failed to show any functional

was performed, adjusting for age and sex and stratified W -
country (Table 3). The risk of bleeding relative to placebo (RITect of the PA? polymorphismo-22

and 95% CI) was 1.35 (0.94 to 1.93) and 1.88 (1.33 to 2.67) for In this substudy of the OPUS trial of orbofiban, the frequency of
the low dose and high dose orbofiban groups, respectively. Tthe PP2 allele was no higher in patients presenting with an unstable
interaction between genotype and treatment (placebo and orb&fronary syndrome compared with that reported by several investi-
ban) on the risk of bleeding was significant. Thus, while ther@ators in stable coronary syndromes or noncardiac patiéHts.
was a highly significant, dose-dependent increase in bleediMgreover, there was no association between thgBlymorphism
events in P homozygous patients, there was no increase and the subsequent occurrence of the primary end point of the
PIA2 carriers (Table 3, Figure)2As with the efficacy end points, study, a composite of death, M, recurrent ischemia at rest leading
we also examined the genotypic effects separately in the placeborehospitalization or urgent revascularization, or stroke. How-
and active treatment arms. WherfPtarriers and PP noncarri  ever, of these only Ml has been consistently linked to coronary
ers while on orbofiban were compared, the risk of bleeding wasrombosis and our data demonstrated an association between the
lower for PP2 carriers relative to PP noncarriers (RR, 0.59; PP polymorphism and subsequent M. In previous stuéfB}*2

95% Cl, 0.39 to 0.92P = .02, Table 4). P¥ carriers were has shown an interaction with age (an increased risk of developing
protected against bleeding most clearly in the high dose groyg| at a young age) and smoking. We found no significant
since their bleeding rate was no higher than that of placebgteraction with age, although the combination of th&2Rillele
whereas P#/A1 homozygotes had a large increase in bleeding,q smoking or diabetes mellitus was weakly associated with an
risk (Table 2). Thg resul_ts may be explained by a partial agonist.reased event rate (data not shown).

effect of the drug in carriers of F. The underlying hypothesis for the study was that thé PI
genotype would influence the response to a GPIIb/llla antagonist.
Orbofiban had no significant impact on the frequency of primary
events in the subset of patients studied. Although the overall
interaction of genotype with treatment was not quite significant,

Previous studies have implicated'®In acute MI, even among 4mong patients on active treatment there was an increase in events
patients who are heterozygous for the mutaidhThis might among PA? carriers that was particularly striking for MI, with an

be expected if the mutation enhanced the function of tng of 4.27. In contrast, within the placebo group?Riarriers were

receptor and indeed several studies demonstrate a mo r?osttatahigher risk. The results of the analyses for bleeding and for

MI are internally consistent and suggest that at the very least the

P2 variant blunts response to treatment. The results are also

consistent with the hypothesis thaf*Pis a prothrombotic variant,
Placebo increasing events and reducing bleeding, although in this study
such effects are absent in the placebo arm and only observed in the
treated groups.

The OPUS-TIMI-16 trial showed an increase in death that was
P evident in both active treatment arrmSubsequent analysis has
shown that many of the deaths reflected new coronary events. Two
other large-scale clinical trials of oral GPIIb/llla antagonists in
patients with unstable coronary syndromes confirm these findings
(SYMPHONY I and I1)2 Our study shows that it is possible that the
increase in coronary events occurs largely if?Riarriers. Why
oral GPIlIb/llla antagonists increase cardiac events is unknown.

Discussion

=38

Probability of bleeding
ﬂ

- ==y

Months after randomization

GPlIb/llla is not a passive receptor, but upon fibrinogen binding it
. 0'}39;353" transmits signals that amplify platelet activation, so-called “outside-
gﬂ B r in” signaling. This signaling is critical for platelet activity, as
3 PSS - defects in outside-in signaling prevent platelets from aggregating
2 P despite fibrinogen binding.
5 o p g
- S T There is evidence that GPIlIb/llla antagonists may also
5 ,a:’,, = trigger outside-in signaling and so act as partial agoriists.
s "fjx"!‘ Thus, increased platelet activity, detected as expression of CD62
e 7 (P selectin), has been reported in patients on orbofib&h.
* : : : : s Compared with the P} variant, the P¥ variant of GPIIb/Illa

Months after randomization

Figure 2. Kaplan-Meier estimates of the probability of bleeding for Pl
(®) and noncarriers ( O) on placebo and orbofiban.

exhibits greater outside-in signaling detected as phosphoryla-
tion of focal adhesion kinase when cells expressing the mutated
receptor are exposed to fibrinog&iVhether the PP variant of
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GPIlIb/llla is also more susceptible to the partial agonisghort-term intravenous administration of this class of drugs is as
activityinduced by smaller ligands, such as GPIIb/Illa antaggret unknown.
nists, and whether this explains why the response to GPIIb/llla
antagonists is modified in patients carrying the variant, has yet
to be addressed. It is worth noting that primary events and M|
were more common at the low dose of orbofiban (Table %cknowledgment
where partial agonism would be more evident.

In conclusion, the Pigenotype may modify the response to amwe thank the OPUS-TIMI-16 investigators for theirimmense effort
oral GPIIb/llla antagonist and may in part explain the variance in the collection of the clinical data and blood samples for DNA
the response to these drugs in humans. Whether this applies alsoged in this study.

References

O’'Neill WW, Serruys P, Knudtson M, et al. Long

term treatment with a platelet glycoprotein-recep-
tor antagonist after percutaneous coronary revas-
cularization. N Engl J Med. 2000;342:1316-1324.

netic variants of platelet glycoprotein receptors
and risk of stroke in young women. Stroke. 2000;
31:1628-1633.

22.

association with platelet fibrinogen binding. Br J
Haem. 1999;105:664-666.

Andrioli G, Minuz P, Solero P, et al. Defective

12. Scaglione L, Bergeroe S, Gaschino G, et al. Lack platelet response to arachidonic acid and throm-

2. Cannon CP, McCabe CH, Wilcox RG, et al. Oral of relationship between the PIA/PIA2 polymor- boxane A(2) in subjects with PI(A2) polymorphism
glycoprotein Ilb/llla inhibition with orbofiban in phism of platelet glycoprotein llla and premature of beta(3) subunit (glycoprotein llla). Br J Haema-
patients with unstable coronary syndromes myocardial infarction. Eur J Clin Invest. 1998;28: tol. 2000;110:911-918.

(OPUS-TIMI 16) trial. Circulation. 2000;102:149- 385-388. 23. Miller SA, Dykes DD, Polesky HF. A simple salting
156. 13. Ridker PM, Hennekens CH, Schmitz C, Stampfer out procedure for extracting DNA from Human

3. SYMPHONY Il Investigators. Randomized trial of MJ, Lindpaintner K. PIAUA2 polymorphism of Nucleated Cells. Nucleic Acid Res. 1988;16:
aspirin, sibrafiban, or both for secondary preven- platelet glycoprotein Illa and risks of myocardial 1215-1215.
tion after acute coronary syndromes. Circulation. infarction, stroke, and venous thrombosis. Lan- 24. O’Connor F, Fitzgerald DJ, Murphy RP. An auto-
2001;103:1727-1733. cet. 1997;349:385-388. mated heteroduplex assay for the PIA polymor-

4. Newman PJ, Derbes RS, Aster RH. The human 14. Laule M, Cascorbi |, Stangi V, et al. AL/A2 poly- phism of glycoprotein IIb/llla, multiplexed with two
platelet alloantigens, PIAl and P12, are associ- morphism of glycoprotein Illa and association prothrombotic genetic markers, factor V Leiden,
ated with a Leucine®*/Proline** amino acid poly- with excess procedural risk for coronary catheter and methylenetetrahyrofolate reductase. Throm
morphism in membrane glycoprotein lila, and are interventions: a case-controlled study. Lancet. Haem. 2000;83:248-252.
distinguishable by DNA typing. J Clin Invest. 1999;353:708-712. 25. Undas A, Sanak M, Musial J, Szczeklik A. Platelet
198_9’83'1778_1781' 15. Feng D, Lindpaintner K, Larson MG, et al. In- glycoprotein lila polymorphism, aspirin, and

5. Weiss EJ, Bray PF, Tayback M, et al. A polymor- creased platelet aggregability associated with thrombin generation. Lancet. 1999;353:982-983.

phism of a platelet glycoprotein receptor as an
inherited risk factor for coronary thrombosis.
N Engl J Med. 1996;334:1090-1094.

platelet GPllla PI*2 polymorphism. Art Throm
Vasc Biol. 1999;4:1142-1147.

26.

Law DA, DeGuzman FR, Heiser P, Ministri-Ma-
drid K, Killeen N, Phillips DR. Integrin cytoplasmic
tyrosine motif is required for outside-in oypB3 Sig-

6. Walter DH, Schachinger V, Elsner M, Dimmeler 16. Goodall AH, Curzen N, Panesar M, etal. In- i i 1401:
" s Zether A Platele?glyéoprotein a polymor- creased binding of fibrinogen to glycoprotein Illa- gglglg”églfnd platelet function.Nature. 1999;401:
pr’1ism and ri§k of coronary stent thrombosis. Lan- proline33 (HPA-1b, PIA2, Zwb) positive platelets e f ; ot
t 1997:350:1217-1219 : in patients with cardiovascular disease. Eur 27. Honda S, Tomiyama Y, Aoki T, et al. Association
, Ze- AN,I O- .G- - N Wilkon 3. Grant P3 Heart J. 1999:20:742-747. between ligand-induced conformational changes
. Carter AM, Ossei-Gerning N, Wilson 1J, Grant PJ. . ’ i i -medi i
Association of the pIateIe?PIA polymorphism of 17. Michelson AD, Furman MI, Goldschmidt-Cler- ocf';tfgr,m ”?63 aBnld ILbﬁlsg%(_jggdexrgzggmar
glycoprotein llb/llla and the fibrinogen B 448 poly- mont P, et al. Platelet GP llla PI* polymorphisms oc signaing. B0 o ) '
28. Peter K, Schwarz M, Ylanne J, et al. Induction of

morphism with myocardial infarction and extent of
coronary artery disease. Circulation. 1997;96:
1424-1431.

Carter AM, Ossei-Gerning N, Grant PJ. Platelet
glycoprotein Illa PIA polymorphism in young men
with myocardial infarction. Lancet. 1996;348:485-

18.

display different sensitivities to agonists. Circula-
tion. 2000;101:1013-1018.

Vijayan VK, Goldschmidt-Clermont PJ, Roos C,
Bray PF. The PI2 polymorphism of integrin 83
enhances outside-in signaling and adhesive func-
tions. J Clin Invest. 2000;105:793-802.

29.

fibrinogen binding and platelet aggregation as a
potential intrinsic property of various glycoprotein
lIb/Illa (o pB3) inhibitors. Blood. 1998;92:3240-
3249.

Cox D, Smith R, Quinn M, Theroux P, Crean P,
Fitzgerald DJ. Evidence of platelet activation dur-

486. 19. Szczeklik A, Undas A, Sanak M, Frolow M, Wegr- ing treatment with a GPIIb/llla antagonist in pa-
9. Ardissino D, Mannucci PM, Merlini PA, et al. Pro- zyn W. Relationship between bleeding time, aspi- tients presenting with acute coronary syndromes.
thrombotic genetic risk factors in young survivors rn, and.the PIA1/A2 polymorphism of platelet gly- JAm Col Cardiol. 2000:36:1514-1519.
of myocardial infarction. Blood. 1999;94:46-51. coprotein llla. Br J Haematol. 2000;110:965-967. 30. Holmes MB, Sobel BE, Cannon CP, Schneider
10. Pastinen T, Perola M, Niini P, et al. Array-based 20. Bennett JS, Catella-Lawson F, RutAR, etal. Ef- DJ. Increased platelet reactivity in patients given
multiplex analysis of candidate genes reveals two fect of the PI(A2) alloantigen on the function of orbofiban after an acute coronary syndrome: an
independent and additive genetic risk factors for beta(3)-integrins in platelets. Blood. 2001;97: OPUS-TIMI 16 substudy: orbofiban in patients
myocardial infarction in the Finnish population. 3093-3099. with unstable coronary syndromes. Thrombolysis
Human Mol Genet. 1998;7:1453-1462. 21. Meiklejohn DJ, Urbaniak SJ, Greaves M. Platelet In Myocardial Infarction. Am J Col Cardiol. 2000;
11. Reiner AP, Kumar PN, Schwartz SM, et al. Ge- gylcoprotein llla polymorphism HPA 1b (PIA2): no 85:491-493.

20z aunf 80 uo 3sanb Aq pd 96ze0 1 0£Z8U/ESL8.91/95ZE/Z L/86/4Pd-Bl01IE/POO|q/ABU"SUOKEDIIGNdYSE//:dBY WOy papeojumog



