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Abstract

Objectives: To prospectively investigate whether the PI#? variant of the platelet adhesion molecule glycoprotein Iila influences the
risk of myocardial infarction. Background: The platelet glycoprotein IIb /IIla receptor plays an important role in platelet aggregation.
The I1la polypeptide is polymorphic due to a single base change at position 1565 resulting in either proline P/*/ or leucine PI4? at
position 33 in the protein. It has recently been reported that the P/ variant may be strongly associated with the risk of acute coronary
syndromes, particularly in younger subjects. Methods: P!“ genotypes of 242 prospectively collected cases of first myocardial infarction
admitted to our Coronary Care Unit were compared with those of 209 community-based control subjects. Results: We found no
difference in either P14 genotype (P = 0.65) or allele (P = 0.64) frequencies between cases and controls. The PI#? allele frequency was
18.2 and 19.4% in cases and controls, respectively. The age- and sex-stratified odds ratio for risk of myocardial infarction associated with
the P42 allele was 0.89 (95% CI 0.58-1.37, P = 0.65) and remained non-significant when the analysis was confined to subjects under
the age of 60 (odds ratio 0.77, 95% CI 0.38-1.56, P = 0.44). There was no interaction between PI4Z and other coronary risk factors. For
cases, the age at myocardial infarction was not different between those carrying the PI4? allele and those not (66.3 + 10.8 vs. 65.6 + 11.7

years, P = 0.63). Conclusions: We conclude that, in our subjects, the P

factor for myocardial infarction.

142 variant of platelet glycoprotein Ila is not an important risk
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1. Introduction

Myocardial infarction (MI) usually occurs because of
the development of an acute occlusive thrombus at the site
of a ruptured atheromatous plaque in an epicardial coro-
nary artery. Abnormalities in both the vessel wall and in
blood constituents can, therefore, contribute to the devel-
opment of MI [1,2]. At least part of the risk of MI is
inherited [3] and recent studies have identified several
genetic factors which may modify the risk [4-6].

In addition to the activation of the extrinsic clotting
cascade, activation and aggregation of platelets also plays
an important role in the formation of the occlusive throm-
bus [1,2]. Indeed, anti-platelet therapy with aspirin is a
well-established part of the acute treatment of MI [7] as
well as its primary and secondary prevention [8]. Platelet
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aggregation is mediated via the surface glycoprotein (GP)
IIb/IMla receptor complex [9], a member of the integrin
family of adhesion receptors. When activated by agonists
the receptor binds fibrinogen and von Willebrand factor,
thereby linking platelets together into larger aggregates.
An anti-GP IIb/Illa antibody has been found to be a
powerful anti-thrombotic and to be useful in prevention of
ischaemic complications following percutaneous translumi-
nal coronary angioplasty [10].

The GPIIb and GPIIla polypeptides are coded by sepa-
rate although closely linked genes {11,12]. Mutations in
both genes have been shown to result in a rare moderately
severe bleeding disorder called Glanzmann’s thrombasthe-
nia [13,14]. The GPIIla gene also contains a more common
polymorphism at position 1565 in exon 2 where the base
can be either thymidine or cytosine. This results in a
variable amino acid at position 33 in the polypeptide
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(proline or leucine) [15]. The two forms of GPIlla, termed
PI*" and PIA%, respectively, differ antigenically [15].
While no difference in platelet function has been attributed
to the polymorphism, Weiss et al. [16] recently reported a
strong association between the PI*? polymorphism and
acute coronary syndromes. In a study of 71 cases with MI
or unstable angina and 68 controls, they found the preva-
lence of PI*? to be 2.1 times higher in cases compared
with controls. In subjects under 60 years of age, the
difference was even greater with a 3.6 times higher preva-
lence of PI*? in cases. If true, PI*? would represent a
major novel risk factor for MI whose mechanism of in-
volvement would be important to elucidate, not least be-
cause it may offer new therapeutic and preventative oppor-
tunities. The purpose of our study was to further investi-
gate the association of PI*? with MI in a larger cohort of
subjects prospectively recruited specifically for genetic
studies.

2. Methods

2.1. Case and control subjects

Cases and controls were recruited as previously de-
scribed [17]. Briefly, patients admitted to the coronary care
unit (CCU) at the Leicester Royal Infirmary, Leicester,
who satisfied the World Health Organisation (WHO) crite-
ria [18] for MI in terms of symptoms, enzyme elevations
and electrocardiographic changes were recruited. At least
two of the three WHO criteria had to be present. The
CCU, serving a population of around 300000, accounts for
the majority (> 65%) of admissions with MI in Leicester.
The period of recruitment was between July 1993 and
April 1994, and > 97% of eligible subjects were recruited.
For the purpose of this study, genotype analysis was
restricted to Caucasian cases presenting with a first MI
(see Section 4).

Control subjects were recruited from adult visitors to
patients with non-cardiovascular illnesses on general medi-
cal and surgical wards at the Leicester Royal Infirmary to
provide subjects likely to be representative of the source
population from which the cases came. Controls were
recruited concurrently with the MI cases, using informa-
tion on the age and sex distribution of MI cases admitted
to the CCU in the previous year, as a guide to recruit
controls of a mix similar to the likely MI cases although
no individual willing to participate was excluded.

Cases and controls filled in a standard questionnaire
about their personal histories, had height and weights
measured and provided blood samples for measurement of
serum total and HDL-cholesterol and DNA analysis. The
study was approved by the local clinical research ethics
committee and conformed with the principles outiined in
the Declaration of Helsinki.

2.2. DNA analysis

DNA was prepared from 1 ml of whole blood collected
in EDTA using a standard extraction protocol [19]. PI*
genotypes were determined as described [16] by PCR
amplification of a 266 base pair region encompassing exon
2 of the gene followed by restriction enzyme digestion
with Mspl and separation of the resulting fragments for
identification on 2.5% agarose gels. The cytosine residue
in (P[*?) allele causes an extra restriction site for Mspl
resulting in three fragments of 177, 50 and 45 base pairs
compared with two fragments of 221 and 45 base pairs
with PI*' [16]. Briefly, 50 ng of genomic DNA was
amplified in a 25 ul reaction containing 20 mM Tris HCl
(pH 8.3), 25 mM KCI, 1.5 mM MgCl,, 100 ug/ml
bovine serum albumin, 0.2 mM each of dCTP, dGTP,
dATP and dTTP, 2 units of Taq polymerase (Bioline, UK)
and 10 pmol each of the upstream and downstream primers
(see [20] for primer sequences). PCR was carried out for
38 cycles consisting of 1 min denaturation at 95°C, 45 s
annealing at 60°C and 75 s extension at 72°C. After
checking that the amplification had worked by running
1/5 of the product out on a 2% agarose gel, 15 ul of the
remainder was digested with 20 units of Mspl for 16 h at
37°C. The digested DNA fragments were then run out
2.5% agarose gels containing 50 ug/ml ethidium bromide
for 3 h at 80 V and visualised under ultraviolet light.
Negative controls were included with every set of amplifi-
cations.

2.3. Statistical analysis

Distribution of PI* genotypes and alleles between cases
and controls and qualitative risk factors between different
genotype groups were compared using the x? test. Quanti-
tative sample means were compared by analysis of vari-
ance (ANOVA). Odds ratios and 95% confidence intervals
(CD) estimating the relative risk of MI associated with the
PI*7 allele were calculated using logistic regression with
adjustment for other factors as specified, using the GLIM
4.0 statistical package (NAG, Oxford, UK).

3. Results

A total of 451 subjects (242 cases and 209 controls)
were analysed. Table 1 shows the GPIIla PI* genotype
distributions for the two groups. There was no difference
in either genotype distribution (P =0.64) or allele fre-

Table 1

Distribution of GPIIla PI* genotypes in MI cases and controls
Genotype pitt/pIA! P14/ PIAZ Pi4?/ p1A?
Cases 157 (64.9) 82(33.9) 3(1.2)
Controls 133 (63.6) 97 (34.0) 5(2.4)

PI* s PI*! = homozygote for GPIlla PI* allele; PI* /P14 =
heterozygote; PI4?/ PI*? = homozygote for GPIlla PI4? allele. Number
of subjects (% of group) are shown.
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quencies ( P = 0.65) between cases and controls. The allele
frequencies of the P/*? variant were 18.2 and 19.4% in
cases and controls, respectively, and the three genotype
frequencies in both cohorts were consistent with the fre-
quencies predicted by the Hardy-Weinberg equilibrium.

Cases were significantly older than controls (65.8 + 11.4
(s.d.) years versus 56.0 + 12.5 years, P <0.001). How-
ever, there was no age-dependent variation in the preva-
lence of the PI*? allele in either cases or controls. Thus,
the frequencies of the PI#? allele in subjects <55 years,
56-65 years and > 65 years were 12.2, 20.8 and 19.3%
respectively, in cases (P = 0.28), and 18.0, 20.2 and 21.1%
respectively, in controls (P =0.76). 65.3% of cases were
males compared with 58.9% of controls (P = 0.16). The
age- and sex-stratified odds ratio (OR) for risk of MI
associated with carriage of the P[4 allele (i.e. PI*’
homozygotes + heterozygotes versus PI*/ homozygotes)
was 0.89 (95% CI 0.58-1.37, P =0.65). The odds ratio
remained non-significant when the analysis was confined
to subjects under the age of 60 (n = 67 for cases and 118
for controls) (OR =0.77, 95% CI 0.38-1.56, P = 0.44).
Likewise, the odds ratios were non-significant for the two
sexes analysed separately (males OR =0.85, 95% CI
0.50-1.46, P =0.62; females OR = 0.97, 95% CI 0.45-
2.08, P=0.92).

Distribution of demographic variables and coronary risk
factors in subjects grouped by their PI* genotype are
shown for both cases and controls in Table 2. As expected,
several classical risk factors for CAD were significantly
increased (P < 0.01) in cases compared with controls.
However, there was no association of any of the risk
factors with the PI#? allele and in logistic regression
analysis none of the risk factors either considered singly or
in combination had any significant influence on the risk of
MI associated with P/*2.

Finally, in the MI group there was no difference in the
age at time of MI between those subjects carrying a PI*?
allele (n=85) and those not (n= 157) (66.3 + 10.8 vs.
65.6 + 11.7 years. P =0.63).

4. Discussion

Epidemiological studies have established several com-
mon risk factors for coronary atherosclerosis and MI [21].
However, taken together these predict no more than 50%
of the cases of MI. Family studies have repeatedly high-
lighted the importance of genetic factors in influencing the
risk of coronary heart disease [3] and with developments in
molecular biology, the potential use of genetic techniques
to improve identification of subjects at increased risk has
aroused interest. Studies have shown, for example, an
association of specific polymorphisms in the genes for
apolipoprotein B100 and angiotensin converting enzyme
(ACE) and the risk of MI [4,5]. The list of polymorphisms
in relevant genes such as those regulating vascular biology,
haemostasis and lipid metabolism that require epidemio-
logical evaluation is rapidly expanding.

In this study we have investigated the association with
MI of a polymorphism in the gene for GPIla, recently
reported to strongly predict the risk of acute coronary
syndromes [16]. Given the important role of platelets in the
pathogenesis of MI [1,2] and the central role of the GP
IIb /1lla complex in mediating platelet aggregation [9], the
reported finding has biological plausibility. However, in
contrast to the original study [16], in a population three-fold
larger we found no evidence of an association between
PI*? form of GPIIla and ML

Association studies are an important first step in identi-
fying new risk factors. However, they can be prone to
several biases [22]. A strict phenotype definition is impor-
tant. In this study a single phenotype (MI) was analysed
and its diagnosis was unequivocal. Further, cases were
recruited prospectively and as soon as possible (all within
24 h) after diagnosis. Ethnic differences exist for many
genetic polymorphisms and indeed this has been reported
for PI* [23,24] and we have preliminary evidence for a
lower frequency of P/#? amongst Indian Asians (~ 10%).
For this reason we confined our analysis to Caucasian
cases and controls only and the overall frequency of PI*’

Table 2
Prevalence of coronary risk factors in MI cases and controls grouped by PI* carrier status

MI cases Controls

PIA? —ve PIA? +ve P PI*? —ve PI*? +ve P

n=157 n=85 (n=133) (n=176)
Age 65.6 (11.7) 66.3 (10.8) 0.63 55.8(12.3) 56.5 (13.1) 0.81
Males (%) 66.2 63.5 0.67 57.1 61.8 0.51
Hypertension (%) * 29.2 37.8 0.18 15.8 18.4 0.62
Diabetes (%) * 9.6 9.6 0.98 3.8 2.6 0.66
Current smokers (%) ° 383 333 0.45 19.5 19.7 0.97
BMI (kg/m?) ® 26.1(3.9) 254 (4.7) 0.28 25.3(3.6) 25.5(3.9) 0.71
Total cholesterol (mmol /1) ® 5.6 5.8(1.2) 0.64 5.5(1.0) 5.8 (1.1) 0.14
HDL cholesterol {mmol /1) ® 1.27(0.34) 1.26 (0.33) 0.86 1.21 (0.36) 1.19(0.31) 0.73

PI4? —ve, non-carriers of PI*2; PI*? +ve, carriers of PI*?; BMI, body mass index. * These risk factors all significantly (P < 0.01) higher in cases

compared with controls; b BMI, total cholesterol and HDL-cholesterol were available for 76.0, 78.9, 68.6% of cases respectively, and for 100, 97.1, 96.2%

of controls respectively. Values in parentheses are standard deviations.
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we observed (~ 18%) agrees well with that previously
reported in other European populations [24] and also the
control subjects in the study by Weiss et al. [16] Finally, to
avoid any bias due to a possible influence of the PI*?
polymorphism on prognosis after MI we confined our
analysis to only subjects presenting with a first MI. De-
spite these measures aimed at trying to obtain as homoge-
neous a group for analysis as possible, we could not
confirm the finding of Weiss et al. [16] More specifically,
while our study cannot exclude a small effect of PI4? (as
defined by the 95% CI to the odds ratios), it rules out the
magnitude of effect reported by them.

There was a significant age difference between our
cases and controls. However, we observed no age-related
decline in the frequency of the PI#? allele in either cases
or controls, adjustment for age made no difference to the
association of MI with PI“?, and the association remained
similarly non-significant when analysis was confined to
subjects under the age of 60. Therefore the age difference
is very unlikely to have confounded the results, and the
absence of a greater association of P/#? in younger sub-
jects also argues against it being a major risk factor where
thrombotic factors may be more important. Indeed none of
the MI cases under the age of 60 was homozygote for
PI#2. Weiss et al. [16] also found a significant difference
of more than 7 years in the age at onset of disease between
their PI/*?-positive and PI*2-negative patients. However,
in keeping with our overall findings, we saw no such
difference in our cases. Finally, we found no association of
the PI#? allele with several other risk factors for coronary
artery disease or any evidence of interaction between P[4?
and these factors in determining the risk of ML

A critical feature of any association study is the selec-
tion of control subjects. They need to provide a reliable
estimate of the prevalence of putative risk factor in the
base population from which the cases are recruited. We
therefore chose to recruit our controls from individuals
visiting patients on non-cardiac wards in the same hospi-
tal, rather than from other patients with non-cardiovascular
diseases where unrecognised selection biases could exist.

In summary, in a cohort of prospectively recruited cases
of first MI we found no evidence of an excess of the PI4?
allele of the GPIlla polypeptide compared with a commu-
nity-based control population. Our findings raise serious
doubts as to whether PI*? is a novel and important risk
factor for ML
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