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Several platelet membrane glycoprotein
polymorphisms have been identified as
potential risk factors for cardiovascular
disease. Recently a nucleotide —5T/C di-
morphism in the translation initiation site
(Kozak sequence) of the platelet glycopro-
tein Iba (GPlba) gene was associated
with increased platelet surface levels of
the GPIb-IX-V receptor complex. The role
of this GPIb & Kozak sequence polymor-
phism in the occurrence of arterial throm-
botic disease is unknown. We performed
genotype analysis of the Kozak sequence

based study of 18- to 44-year-old women
with nonfatal myocardial infarction (Ml)
(n = 78), nonfatal stroke (n = 106), and
384 demographically similar female con-
trol subjects. Analysis of —5T/C geno-
types revealed that at least one copy of
the C allele was present in 14.1% of Ml
cases, 23.6% of stroke cases, and 23.7%
of controls. The age-adjusted odds ratio
for Ml in women carrying at least one
copy of the C allele was 0.53 (95% confi-
dence interval [CI] 0.27-1.05). The age-
adjusted odds ratio for stroke in women
carrying at least one copy of the C allele

was 0.99 (95% CI 0.59-1.65). Analyses
stratified by stroke type (ischemic, hemor-
rhagic) yielded similar results. In conclu-
sion, young women carrying the C allele
of the Kozak sequence polymorphism of
GPIba are not at increased risk of Ml or
stroke. Paradoxically, the C allele may
even be associated with a reduced risk of
Ml in this population. This finding re-
quires further study. (Blood. 2001;97:
875-879)
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polymorphism of GPIb « in a population-

Introduction
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The glycoprotein (GP) Ib-IX-V complex is the major platelet Because GPIb-IX-V receptor density may influence plate:%
surface receptor for von Willebrand factor (vWF). GPIb-IX-Vadhesion to exposed vascular subendothelium after atherosclefotic
plays a key role in the adhesion of platelets to injured vasculplaque rupture, and thus affect risk of thrombosis, we assesse@the
subendothelium and mediates shear-induced platelet activetiorielationship between the C allele of the Kozak sequence dinr-
Two polymorphisms in th&Plba gene affect the structure of the Phism of GPIba and risk of nonfatal MI and stroke among young
protein. The first is a size polymorphism resulting from a variab@omen in a population-based case-control study. To assess pgen-
number of tandem repeats (VNTR) of a 13-amino acid Sequentgél gene-environment interactions, we also performed analyses

with designated alleles A, B, C, and D. The second is a Thr/vétratified by other known cardiovascular risk factors. Finall&’,
dimorphism at position 145 located in the VWF binding domain df€cause of the possible association between the HPA-2 and VTR
GPlbx, which defines the human platelet alloantigen syste910|ym°rph'smS and risk of atherothrombotic diseéSewe also

HPA-2. The HPA-2 and VNTR polymorphisms are in SIron%onsidered the potential confounding effects of these diidba
linkage disequilibriur®s olymorphisms in our analysis.

A third polymorphism of theGPIlba gene that has been
described more recently involves -a5T/C dimorphism in the
translation initiation sequence (Kozak sequeriddjrom previous Patients, materials, and methods
studies of the translation initiation site, the nucleotides precedi
the AUG initiator codons are thought to be important in translation
efficiency in eukaryotic cell. The original consensus KozakApproval for these studies was obtained from the University of Washimig—
sequence contains nucleotide C at positie®, and therefore the ton’s institutional review board. Informed consent was provided according
switch to T at the-5 position ofGPIba may theoretically decreaseto the _Declaratlon of Helsinki. We used data and specimens fronga

. - population-based case-control study among women ages 18 to 44 y&ars
translation efflcn?n(_:y of the receptor. Afshar-Khargan €t ral_ living in 3 contiguous counties of western Washington state between July 1,
ported an association between the C allele of the Kozak dimQiggy, and February 28, 199514 Potential Mi and stroke cases were
phism and increased platelet GPIb-IX-V receptor levels both iRitially identified by chart review of discharge diagnoses from all 34
vitro and in vivo. hospitals and Emergency Medical Service incident reports in the study
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region. Eligible MI cases were women who had a probable M| diagnosedas classified as hypertensive, hypercholesterolemic, or diabetic if she
using criteria of the Cardiovascular Health Study (CFfSHtroke cases reported ever receiving the diagnosis by a physician. Women were
were defined as women with new neurologic deficits lasting more than 2assified as premenopausal if they (1) reported still having menstrual
hours or resulting in death in less than 24 hours and were classified by geriods, (2) were currently pregnant or nursing, or (3) had undergone
study neurologist as ischemic, hemorrhagic, venous, or “other” (includifiysterectomy but had at least one remaining functioning ovary. Family
arterial dissections) based on brain imaging studies and lumbar puncthistory of early onset Ml was defined as having at least one first-degree
results. Two hundred eight eligible MI patients and 249 stroke patients weasdative who had an acute Ml before the age of 55.

identified, and 161 of MI patients and 198 of stroke patients were living at The association of the C allele of th&Plba Kozak sequence

the time recruitment was initiated. One hundred twelve Ml and 149 strol®lymorphism with Ml and stroke was examined by calculation of the
patients were recruited and interviewed. Six hundred eighty-four agege-adjusted odds ratio (OR) and 95% confidence interval (Cl) using
matched female control subjects without history of cardiovascular diseaseconditional logistic regression. The extent to which the association of the
(CVD) were identified from the same geographic area by random digitallele with risk of Ml or stroke was modified by other cardiovascular risk
telephone dialing. Five hundred twenty-six control subjects were recruitéattors (smoking, hypertension, diabetes mellitus, hypercholesterolemia,

and interviewed for the study (Table 1). obesity, and homocysteinemia) was assessed through analyses stratified by
these other risk factors. To test for the presence of interaction between the
Data collection Kozak C allele and these other cardiovascular risk factors, multiplicative

c tient d trol subiect intervi di terms were introduced into the logistic regression model, andP thalue
ase patients and control subjects were Interviewed in person regarqangs computed for the likelihood ratio test comparing the model containing

histories of cardiovascular risk factors, including hypertension, diabetﬁ% interaction term with the model lacking the interaction term. To contgl

meliitus, hypercholesterolemig, cigargtte smpking, height gnd weigtP&, the potential confounding effects of th&Plba HPA-2 and VNTR gl
menstrual history, contraceptive practices, history of Mi in fllSt'degreﬁolymorphisms on the risk of MI and stroke due to linkage disequilibriugn
relatives, and demographic characteristics. All questions elicited infor )

tion f th iod before the Ml troke i h ient MRith the Kozak sequence C allele, we also performed separate logigtic
lon from the period betore the or stroke In each case patient or 8l o<qion models that included either (1) an indicator variable encodingghe

equivalent date for control subjects. A venous blood sample was collec r‘gsence (one copy or more) of the less common HPA-2bfjetlele or =

from 79 Mi cases, 106 strok_e cases, and 391 control subjects i % 3 indicator variables encoding the presence (one copy or more) ofghe
EDTA-treated vacuum tubes. Aliquots of plasma and buffy coat were frozgR tr_g \VNTR-C. and VNTR-D alleles. Al data were analyzed using the
at —70°C. Samples were sent to Leiden, The Netherlands, where DNA WaR g pac’kage (Car’y NC) ’ g

extracted as described by Miller et'@lAnalyzable DNA was available for
78 Ml cases, 106 stroke cases, and 384 controls.

Laboratory analysis
Results

[o14E/POO|G /AR SUOE

Platelet genotyping for th&Plba Kozak polymorphism was performed by g
polymerase chain reaction (PCR) amplification of genomic DNA, followeghe characteristics of the Ml patients, stroke patients, and corigol
by restrictiqn enzyme digestion, according to the method (_)f Kaski et a%ubjects are summarized in Table 2. The 78 women with acuter%/ll
5;?:3 rg?ﬂ?}?tscg?g”ed |100 ng DNA,l(;l pmol tc_’f ezcz prlm%r,lpzﬂt) had a median age of 39.7 years (range 23 to 44) and the 106 wotien
L g polymerase,.2. 10x reaction buffer, and 16 with stroke a median age of 36.6 years (range 18 to 44). Most ofgle

water in a total volume of 2QLL. For the amplification, the samples were . . . .
heated to 93°C for 5 minutes, followed by 35 cycles of denaturation at 95%udy patients and control subjects were white. There was a hl@er

for 30 seconds, annealing at 65°C for 30 seconds, and extension at 72°d¥gPortion of African A_mer'cans among the hemorrhagic Stfoé‘ie
1 minute, ending with a final extension step of 72°C for 5 minutes. THahd MI cases than in the control group. The frequency of
amplification products were digested in a mixture of 5 units of theéardiovascular risk factors such as smoking, obesity, hyperchofgs-
restriction enzymédadll, 1 L 10X buffer, 3.5pL water, and 5L PCR  terolemia, hypertension, diabetes mellitus, and hyperhomocyste&e-
product, which was incubated for 2 hours at 37°C. Samples were analyzaia was higher in the MI patients than control subjects. For b@&h
by electrophoresis on a 2% agarose gel and stained with ethidium brOmiF&hemic and hemorrhagic Subtypesy the frequency of Smokﬁ]g,
Thirty-eight samples were randomly selected for duplicate testing using tH?pertension, and hyperhomocysteinemia was higher in the stroke
methods previously described with consistent results. In addition, 5 samp ients than control subjects. In contrast, higher frequencie§of
of each genotype (T/T, T/C, and C/C) were selected for direct nucleoti %esity and diabetes were confined to the ischemic stroke case§
sequencing with confirmation of accuracy on all 15 samples. The distributi f thesPlba-5C/T h dc'
Platelet genotyping for the HPA-2 (Thr/MéY)'” and VNTR* polymor 'he '_Sm ution o t genotypes among t e Study
phisms ofGPIba were performed as previously described. subjects is shown in Table 3. Among the control subjects, %le
GPIlba-5C/T genotype distribution was in Hardy-Weinberg equilib-
Variable definitions and data analysis rium. Ml patients were less likely to have at least one copy of the C
) ) i allele compared with the control subjects (14.1% vs 23.7%),
Current smokers were deflqed as subjects who reported smoking currerét%ough the frequency of the5C/C genotype was similar in both
and regularly (at least 5 cigarettes per week for at least 6 consecutive

months), and all others were classified as nonsmokers. Obesity was defiflEQUPS (1.3% vs 1.6%). The age-adjusted odds ratio for women

as a body mass index (BMI) 27.3 kgfior greater. Hyperhomocysteinemia C2TYiNg at least one copy of the C allele (0.53, 95%=(0.27-

was defined as a serum homocysteine level greater thapd2.8woman ~ 1.05) was virtually identical to the unadjusted OR (0.53; 95%
Cl = 0.27-1.04). When adjusted additionally for obesity, homocys-
teine level, and diagnosis of hypertension, diabetes mellitus, or

Table 1. Recruitment of study cases and control subjects hypercholesterolemia, the OR was 0.46 (95%:(1[1.22-0.96).
Myocardial With the analysis restricted to the white population, the OR for the
infarction _ Stroke  Controls - age_adjusted model was 0.58 (95%-€D.28-1.20).

Eligible cases by chart review 208 249 When stratified according to the presence or absence of known

Living at time recruitment initiated 161 198 684 cardiovascular risk factors, the presence of the C allele was not

Recruited and interviewed 112 149 526 associated with increased risk of Ml even in women with known

Blood samples collected 79 106 391

_ _ cardiovascular risk factors (Table 4). In women with obesity, the
Analyzable DNA available for genotyping 8 106 34 age-adjusted OR was 0.81 (95% CI 0.33-1.94), with diabetes,
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Table 2. Characteristics of Ml patients, stroke patients, and control subjects

Myocardial infarction Ischemic stroke Hemorrhagic stroke Controls
(n=78) (n=41) (n =54) (n = 384)
Age (y)
Median 39.7 37.6 36.0 37.8
Mean 41 39.0 37.0 39.0
Range 23-44 21-44 18-44 19-44
Race (%)
White 87 88 78 90
African American 6 2 9 2
Other 7 10 13 8
Current smokers (%) 69.2 31.7 44.4 20.8
Obesity* (%) 56.4 48.7 25.9 26.5
Current oral contraceptive use (%) 3.8 10.0 13.0 10.9
Premenopausal (%) 89.7 92.7 88.8 95.6
Diagnosis oft
Hypercholesterolemia (%) 41.8 9.8 16.7 15.7
Hypertension (%) 34.2 317 27.8 9.7
Diabetes (%) 15.2 19.5 3.7 2.9
Hyperhomocysteinemiat (%) 51.3 35 39.6 24.2

Ml indicates myocardial infarction.

*Defined as BMI = 27.3 kg/m2.

TEver received the diagnosis, based on subject interview.
FDefined as plasma homocysteine = 12.6 mg/dL.
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hypercholesterolemia, or hypertension was 0.83 (95%CI 0.3&djusting for VNTR. Furthermore, there was no evidence of efféct
1.99), and with hyperhomocysteinemia was 0.92 (95% CI 0.3#odification of the risk of Ml associated with the Kozak C aIIeIg
2.48). By contrast, in certain subgroups of women withouwvhen the subjects were stratified according to presence or absence
traditional cardiovascular risk factors, the risk of Ml associatedf the HPA-2b allele (Table 4).
with the C allele was particularly low. The age-adjusted OR in Stroke patients overall were as likely as control subjects to hﬁve
women without obesity was 0.20 (95% CI 0.05-0.87), withouat least one copy of the C allele (23.6% vs 23.7%). The aQe-
diabetes, hypercholesterolemia, or hypertension was 0.22 (95%a@justed OR associated with ischemic stroke for women w%o
0.05-0.96), and without hyperhomocysteinemia was 0.36 (0.1@essessed at least one copy of the C allele was 0.99 (95%
1.05). However, none of these interactions between traditioral = 0.59-1.65). When analyzed according to stroke subtype, th§re
cardiovascular risk factors and the Kozak5C allele were was no association between carrying at least one copy of th& C
statistically significant (Table 4). allele and risk of hemorrhagic or ischemic events (Table ¥).
Examination of theGPlba genotypes in cases and controlsAdditional adjustment for the HPA-2 and VNTR polymorphisn§
revealed strong linkage disequilibrium between the Koz&8C did not appreciably change the results (data not shown). Th§ 3
allele and theGPlba HPA-2a/VNTR-C haplotypes. For example,stroke cases who possessed the C/C genotype all had thromb&m-
analysis of the 551 subjects (1002 haplotypes) who are geneticdiblic events (2 had ischemic strokes and one had a cerebral ve@bus
informative for the HPA-2 and-5C/T dimorphisms (ie, homozy- thrombosis). The frequency of the C/C genotype in the |schem|c
gous for one or both dimorphisms) revealed that all 120 of thetroke cases (4.9%) was higher compared with controls (1.6%), ‘g)ut
haplotypes that contain the5C allele also contain the HPA-2athe difference was not statistically significant. The age-adjusted §)R
allele. In contrast, all 83 HPA-2b haplotypes were associated witissociated with ischemic stroke for women who possessed 2 CO;EIES
the —5T allele. In the remaining 899 haplotypes, th&T allele of the C allele was 3.21, but the confidence interval is wige
was associated with HPA-2a. Because tBPlba HPA-2 and (0.62-16.54), reflecting the small numbers of subjects.
VNTR polymorphisms have been associated with risk of athero-
thrombotic disease in other population studiésye reanalyzed
the risk of MI associated with the Kozak sequence polymorphispiscussion
in our subjects, while separately controlling for the effects of the
HPA-2 and VNTR polymorphisms. The OR for Ml associated witfThe nucleotide—5C Kozak sequence variant @&Plba was
the presence of the Kozak C allele was 0.53 (95% CI 0.27-1.0vEcently associated with increased translational efficiency and
after adjusting for HPA-2, and 0.50 (95% CI 0.25-0.99) afteincreased platelet surface density of the GPIb-IX-V receptor on

Y20z aul

Table 3. Kozak genotype frequencies for Ml cases, stroke cases, and control subjects

TT (%) TC (%) CC (%) Total OR* (95% CI)y*

Control subjects 293 (76.3) 85 (22.1) 6 (1.6) 384
Ml cases 7 (85.9) 10 (12.8) 1(1.3) 78 0.53 (0.27-1.05)
Total stroke cases 1(76.4) 22 (20.8) 3(2.8) 106 0.99 (0.59-1.65)
Ischemic stroke (75.6) 8 (19.5) 2(4.9) 41 0.89 (0.44-1.82)
Hemorrhagic stroke 41 (75.9) 13 (24.1) 0 54 1.01 (0.51-1.99)

Ml indicates myocardial infarction; OR, odds ratio; Cl, confidence interval.
*OR and 95% ClI calculated for presence of C allele (homozygous or heterozygous) compared with TT genotype, and adjusted for age.
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Table 4. Risk of Ml according to presence of Kozak C allele: analysis stratified by cardiovascular risk factors

Ml cases (n = 78) Controls (n = 384)

o - 7V =7 P value for
Risk factor T/CorCIC TIT T/CorC/C TIT OR* (95% ClI)* interaction
Overall 11 67 91 293 0.53 (0.27-1.05)
Current smoking
No 4 20 74 231 0.62 (0.21-1.88) 0.88
Yes 7 47 17 62 0.55 (0.21-1.46)
Obesity
BMI < 27.3 kg/m? 2 32 66 213 0.20 (0.05-0.87) 0.09
BMI = 27.3 kg/m? 9 35 25 77 0.81 (0.33-1.94)
Hypertension, diabetes, or hypercholesterolemia
No 2 28 70 218 0.22 (0.05-0.96) 0.10
Yes 9 39 21 75 0.83 (0.35-1.99)
Early family history of Ml in first degree relative
No 7 43 75 249 0.55 (0.24-1.26) 0.88
Yes 4 22 14 39 0.43 (0.11-1.62)
Plasma homocysteine
<12.6 mg/dL 4 34 70 216 0.36 (0.12-1.05) 0.21
=12.6 mg/dL 7 33 19 74 0.92 (0.34-2.48)
Factor V or prothrombin mutations
No 10 56 88 272 0.55 (0.27-1.13) 0.93
Yes 1 11 3 18 0.61 (0.05-6.88)
HPA-2b allele
No 57 10 242 79 0.54 (0.26-1.10) 0.87
Yes 1 10 12 51 0.45 (0.05-3.89)

Ml indicates myocardial infarction; OR, odds ratio; ClI, confidence interval; BMI, body mass index.
*OR and 95% Cl calculated for presence of C allele (homozygous or heterozygous) compared with TT genotype, and adjusted for age.
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platelets as well as transfected cells expressing the corfiflessse a preliminary report indicated no association with unstable
findings support the possibility of the Kozak sequence C allele agma?® In contrast to these findings, another preliminary repgt
candidate genetic susceptibility marker for atherothrombotic diseted an increased frequency of the C variant ofGifdbe Kozak &
ease. However, the role of th@Plba Kozak sequence polymor- sequence in men younger than 55 and women younger thar§65
phism in the pathophysiology of arterial thrombotic disease has naars of age with a family history of early onset Ml, but only Whé\ﬂl
been well characterized. We have assessedGRéba Kozak individuals with a history of diabetes mellitus, hypertension, aad
polymorphism in young women, a study sample that we havgpercholesterolemia were excludéd.
previously used to demonstrate the importance of other geneticIn addition to the absence of an association with increased gsk
prothrombotic factors in atherothrombotic disease and their potesf-atherothrombotic disease in young women, our data suggestfnat
tial interaction with other cardiovascular risk factété3We found the C allele may even be associated with reduced risk of Ml in t@ls
no increased risk of Ml or stroke in young women who carry one gropulation. However, because of the relatively small numbers_%bf
more copies of the C allele of the Kozak sequenc@Bfba. subjects and multiple subgroup comparisons, these findings shéuld
MI and stroke are unusual events in young women, thus obe interpreted cautiously. This trend toward an inverse associaﬁon
study population is unique and well suited for analyzing potentidletween the Kozak C allele and the risk of Ml in young women
prothrombotic risk factors. The incidence of cardiovascular rislearly requires confirmation in larger studies.
factors such as smoking and obesity are quite high in our The mechanism for the possible inverse relationship of tth
population, allowing us to analyze potential interactions betweatiele of theGPIba Kozak sequence is not readily apparent. Oie
these known risk factors and new genetic factors. We haweay speculate that the “high expression” C allele is associated @iot
previously shown that factor V Leiden and prothrombin 20210 G tonly with higher levels of the receptor on the platelet surfaoet =
A each increase the risk of Ml in young women and intera@tlso with increased circulating levels of the soluble extracellular
synergistically with other cardiovascular risk factors such gsortion of GPlba glycocalicin. Alternatively, the C allele may have
smoking!213 |t is therefore important to note that we find nofunctional consequences fdBPIba on another cell type (eg,
association between tl@@Plba-5C allele and increased risk of Ml endothelial cells) that may influence the development of athero-
in the same study population even in subgroups of women withrombotic disease via a causal pathway distinct from increased
other cardiovascular risk factors. platelet adhesion. Finally, because we analyzed only nonfatal Ml
Our negative findings with respect to the C allele of @Relba  cases, it is theoretically possible that the apparent inverse associa-
Kozak sequence and increased risk of atherothrombotic eventgion results from selection bias due to a strong effect of the Kozak C
young women are consistent with several recent reports involviaglele on case fatality (discussed below).
predominantly middle-aged to older men. In a case-control study of As previously reported in the Spanish populatiayr results
539 patients with nonfatal MI, Croft etdlfound no association indicate strong linkage disequilibrium between @¥elba Kozak C
with carriership of the C allele either overall (OR 1.03) or irallele and theGPlba HPA-2a/VNTR-C haplotype. The less
subgroups of patients younger than 55 years old or defined by otkemmon HPA-2b/VNTR-B haplotype, which appears to be linked
cardiovascular risk factors. In a smaller hospital-based case-contmthe Kozak T allele, has been associated with increased risk of Ml
study, Corral et &P observed no association between Kozaknd acute cerebral ischemia in some case-control sftidiest not
genotype and acute coronary or cerebrovascular disease. Simildarlypthers!®2224 Thus, it is possible that the apparent inverse
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association between the KozaksC allele and risk of Ml could only assess the relationship between genotype and nonfatal events,

result from its association with the “low risk” HPA-2a/VNTR-C and an association may have been missed if the C allele is strongly

haplotype. In our study population of young women, there wasassociated with a high case fatality rate immediately after the acute

trend toward an increased risk of ischemic stroke associated withent. However, the case-control study design is the only practi-

HPA-2b?25 but no evidence of an association between HPA-2 armhble approach, because Ml and stroke among women under the

risk of MI (manuscript submitted). Furthermore, adjustment faaige of 45 are very rare. Furthermore, it is highly improbable that

HPA-2 and VNTR did not significantly alter the estimates of effeatarly mortality is strongly influenced b@Plba Kozak genotype.

for the GPlba Kozak C allele in our current analysis. AlthoughHowever, this issue can be resolved empirically only by genotype

Afshar-Kharghan et &ldescribed a dose-dependent increase amnalysis of blood or tissue from fatal cases.

GPIb-V-IX receptor levels associated with the C allele among In conclusion, our results suggest that young women carrying

healthy platelet donors, Corral eflvere unable to confirm any the C allele of the Kozak sequence polymorphisre&iba are not

difference in receptor levels between T/T and T/C individuals inat increased risk of MI or stroke. Paradoxically, the C allele may

larger number of subjects. Thus, another possible explanation fogwen be associated with a reduced risk of Ml in this population.

possible inverse association with Ml is that the Kozak polymoiFhese findings require confirmation in studies that involve larger

phism may be linked to a nearby gene that is important imumbers of subjects and fatal events, as well as further elucidation

atherosclerosis or thrombosis. of the phenotypic consequences of B&lba Kozak sequence
Our study has several limitations, including a small number ofariant.

subjects and multiple subgroup comparisons, which can potentially

lead to spurious associations arising by chance. The small sample

size also lacks the statistical power to detect some associatioAgknowledgments

including the effect of the C/C genotype. Lastly, the cases from

whom blood specimens for DNA analysis were obtained includétfe thank Fran Chard, Karen Graham, Carol Handley-Dahl, JLBjy

only women who survived at least 3 months after their MI oKaiser, Marlene Bengeult, Carol Ostergard, Denise HorIan@r

stroke. This resulted in exclusion of approximately 20% of thBarb Twaddell, Sandy Tronsdal, and Jill Ashman for as&starai:e

dny wouy pspeojumoq

cases initially identified by chart review. Thus, our study design camwith the study.
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