
Abstract. Human platelets carry membrane glycοproteins
that cοntrol platelet aggregation and activation. A number
οf clinical studies have suggested that certain polymorphisms
of genes encοding these proteins increase the risk for
cardiovascular disease. The frequency of gene
pοlymorphisms for the fοur most common platelet
glycoproteins (HPA 1, 2, 3 and 5) was examined and
correlated with the primary cause of end-stage renal disease
(ESRD) in Greek patients on HD. Fifty-five (55) patients on
chronic maintenance haemodialysis (HD) (22 female, 33
male), aged from 23 to 87 years old, (mean age 66 years),
being on dialysis for 53±34 months, were included in the
study. HPA-1, -2, -3, and -5 genotyping was performed using
polymerase chain reaction (PCR) amplification with
sequence-specific primers (PCR-SSP). Calculated relative
frequencies of the alleles were as follows: HPA-1a/b
0.81/0.19, HPA-2a/b 0.92/0.08, HPA-3a/b 0.62/0.38 and
HPA-5a/b 0.93/0.07. There was a statistically significant
association between the HPA-1b allele and hypertension as
the primary cause of ESRD (65%  of patients with
hypertension vs 23%  of all other patients carried the HPA-
1b allele, p=0.02, Fisher’s exact test). The results suggest
that Greek carriers of the HPA-1b allele with hypertension
may be at increased risk for developing end-stage renal
disease.

Platelets possess a central rοle in acute arterial οcclusion and
platelet hyperactivity on in vitro testing may confer an
increased risk for cardiovascular disease. Platelets adhere to
subendothelial structures by specific receptors such as the

collagen receptor glycoprotein (GP) Ia/IIa, or the primary
von Willebrand factor (vWF) receptor GPIb/IX. After
adhesion, platelets becοme activated and finally aggregate by
crοss-linking via the fibrinogen receptor GPIIb/IIIa (1). The
receptors for vWF (GPIb/IX), fibrinogen (GPIIb/IIIa) and
collagen (GPIa/IIa) are encoded by polymorphic genes. Most
of these polymorphisms are caused by single base-pair
substitutions resulting in an amino acid replacement (2).

The membrane IIb–IIIa complex is a member of the integrin
family and plays a key role in platelet aggregation and
activation. The complex carries the human platelet antigen
(HPA) 1 or PlA which is polymorphic and is the binding site
for fibrinogen and (vWF), vitronectin and thrombospondin.
Polymorphism in Gp IIIa results in a substitution of proline
for leucine at position 33 (HPA-1 bp T196C, amino acid
Leu33Pro) and is described as the PLA1/A2 alloantigen
system (3). The GP IIb gene polymorphism consists of a
substitution of serine for isoleucine at position 843 (HPA-
3a/3b bp T2622G, amino acid Ile843Ser) (4). GPIba, is a
transmembranous platelet glycoprotein, with a molecular
weight of 143,000, which forms a noncovalent complex with
GPIbb, GPIX and GPV. Two polymorphisms of GPIba have
been described. One polymorphism has been shown to result
from a variable number of tandem repeats (VNTR) of 39 bp in
the macroglycopeptide region of GPIba. The second
polymorphism within the GPIba coding region (HPA-2
polymorphism bp T524C, amino acid Met145Thr, a Thr in
HPA-2a, Met in HPA-2b) (5, 6) is located close to the vWF
and the high-affinity thrombin-binding sites and might
therefore influence the receptor function of these variants.
DNA typing has recently showed that the HPA-2
polymorphism is in linkage disequilibrium with the VNTR
polymorphism. The collagen receptor GPIa/IIa carries the
HPA-5 polymorphic system. The HPA-5 polymorphism (bp
G1648A, amino acid Glu505Lys) (7) correlates with the
number of GPIa molecules on the platelet surface (8). The
HPA-5b allele is associated with increased numbers of GPIa
molecules on the platelet surface.
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In the present study, the distribution frequency of
polymorphisms of genes that encode platelet GPs was
examined in Greek haemodialysis (HD) patients. Analysis
included the four most common HPA polymorphisms in
Caucasians, i.e. HPA-1 and HPA-3 on the fibrinogen receptor
(GPIIb/IIIa), HPA-2 on the vWF receptor (GPIb/IX) and HPA-
5 on one of the platelet collagen receptors (GPIa/IIa). To the
authors’ knowledge, this is the first study that describes the
frequency of HPA polymorphisms in Greek hemodialysis
patients and suggests an association of the HPA-1b allele with
hypertension as the primary cause of end stage renal disease
(ESRD) in the population included in the study (9-12).

Patients and Methods

Patients. The study was approved by the Institutional Ethics
Committee. Fifty-five (55) patients on chronic maintenance
haemodialysis (HD) (22 female, 33 male), aged 23 to 87 years old,
(mean age 66 years), maintained on dialysis for 53±34 months,
gave informed consent for participation in the study. Patient
characteristics are presented in Table I. Primary disease for the HD
patients in the study is presented in Table II. 

HPA genotyping. DNA was isolated from peripheral blood collected
from these patients. DNA was extracted from the buffy coat using
the QIAamp DNA blood kit (QIAGEN GmbH, Germany) according
to the manufacturer’s instructions. The method of polymerase chain
reaction (PCR) amplification with sequence-specific primers (PCR-
SSP) was used for HPA-1, -2, -3 and -5 genotyping in Caucasians
(13-14). The primers were supplied from Sigma Genosys, UK. The
reaction tube for each allele (polymorphism) contained 5 μl of a
four-primer mix at the concentration which is written in Table III.
All tubes also contained 1.8 μl of distilled water, 1 μl of reaction
buffer, 0.2 μl of dNTPSs (each at 0.2 mmol/l), 0.07 μl of Taq
polymerase and 2 μl of DNA for a total reaction volume of 10.07 μl.
The cycling conditions used were: 1 cycle × 96˚C for 1 min; 5 cycles
× 96˚C for 25s, 68˚C for 45s, 72˚C for 30s; 1cycle x 72˚C for 3 min.
Appropriate DNA controls of known HPA genotype were used in
each PCR run.

Statistical analysis. SSPS version 11.5 software was used for
statistical analysis. A value of p≤0.05 was considered statistically
significant. Parametric and nonparametric tests were used for the
analysis. Fisher’s exact test was used for comparison of proportions,

while analysis of variance (ANOVA) and method of multiple
variances by Scheffe and Bonferroni were used where needed.

Results

Platelet genotyping. Table IV summarizes the genotypic profiles
for the patients in the study. The calculated relative frequencies
of the alleles were as follows: HPA-1a/b 0.81/0.19, HPA-2a/b
0.92/0.08, HPA-3a/b 0.62/0.38 and HPA-5a/b 0.93/0.07. These
results are similar to the findings of other studies including
populations of various ethnic and racial origin (Table V).

Platelet genotyping and primary disease for chronic renal
failure. There was a statistically significant association
between the HPA-1b allele and hypertension as the primary
cause of ESRD: 65%  of patients with hypertension vs. 23%
of patients with all other causes carried the HPA-1b allele,
p=0.02, Fisher’s exact test. 

Discussion

The main finding of this study was that the HPA-1b allele
was associated with hypertension as the primary clinical
condition leading to ESRD in Greek patients. To the authors’
knowledge this is the first study to disclose a similar
association (15, 16).

The calculated relative frequency for the HPA-1a/b
polymorphism in this study is identical (i.e. HPA-1a/b
0.81/0.19) to the relative frequency found in the Lebanese
population by Sabbagh et al. (17). This is a fact that
increases the validity of the data, since Greek and Lebanese
populations have resided together in the Eastern
Mediterranean basin for millenia and it is logical to assume
that they share common genetic origins. 

In vitro studies have shown that the presence of one or two
HPA-1b alleles is associated with a proportional increase in
platelet responsiveness to adrenaline and fibrinogen binding.
The latter may be due to an effect of the HPA-1b
polymorphism on the function of the fibrinogen-binding site
as well as by lowering the threshold for the GPIIb-IIIa
complex activation (18).
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Table I. Patient characteristics.

Number of patients 55
Gender (male/female) 33/22
Age (years) 66 (range: 23-87)
Months on dialysis (years) 53 (range: 19-87) 
Hours on dialysis per week 1±0.5
Dose of erythropoietin-a (IU) 8000±3000
Type of dialysis HD/HDF 30/25
Type of dialyzer low/high flux 30/25

Table II. Primary disease for the study patients.

Primary disease No. of patients

Hypertension 16
Diabetes mellitus 14
Glomerulonephritis 9
Polycystic disease 6
Obstructive nephropathy 7
Autoimmune disease 3



An increased prevalence of the HPA-1b/PlA2 allele has
been described among black patients with hypertension (19).
The GPIIIa HPA-1b/PlA2 allele has also been associated
with increased mean arterial pressure (MAP) and pulse
pressure (PP) in women. Boudoulas et al. (20) showed that
the GPIIIa HPA-1b/PlA2 polymorphism may function as a
modifier for the effect of estrogen on platelet aggregation.
Nevertheless, only a third of the patients included in the
study were female and therefore association of HPA-1b with
hypertension as a cause of ESRD is probably not attributed
to gender-related factors. 

The GPIIb–IIIa GP is also expressed in the endothelium
and in vascular smooth muscle cells (VSMCs) (21). After
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Table III. Characteristics of primers.

Primer Nucleotide sequence Product size (bp) Final concentration (μM)

HPA-1a 5’ TCACAGCGAGGTGAGGCCA 3’ 90 0.35
Common-1 5’ GGAGGTAGAGAGTCGCCATAG 3’ 0.35
HPA-1b 5’ TCACAGCGAGGTGAGGCCG 3’ 90 0.35
Common-1 5’ GGAGGTAGAGAGTCGCCATAG 3’ 0.35
HPA-2a 5’ GCCCCCAGGGCTCCTGAC 3’ 258 0.35
Common-2 5’ TCAGCATTGTCCTGCAGCCA 3’ 0.35
HPA-2b 5’ GCCCCCAGGGCTCCTGAT 3’ 258 0.35
Common-2 5’ TCAGCATTGTCCTGCAGCCA 3’ 0.35
HPA-3a 5’ TGGACTGGGGGCTGCCCAT 3’ 267 0.50
Common-3 5’ TCCATGTTCACTTGAAGTGCT 3’ 0.50
HPA-3b 5’ TGGACTGGGGGCTGCCCAG 3’ 267 0.50
Common-3 5’ TCCATGTTCACTTGAAGTGCT 3’ 0.50
HPA-5a 5’ AGAGTCTACCTGTTTACTATCAAAG 3’ 246 0.50
Common-5 5’ CTCTCATGGAAAATGGCAGTACA 3’ 0.50
HPA-5b 5’ AGAGTCTACCTGTTTACTATCAAAA 3’ 246 0.50
Common-5 5’ CTCTCATGGAAAATGGCAGTACA 3’ 0.50
HGH 5’ GCCTTCCCAACCATTCCCTTA 3’ 429 0.10
Controls 5’ TCACGGATTTCTGTTGTGTTTC 3’ 0.10

Table IV. Genotypic profile for study patients.

Pt HPA-1 HPA-2 HPA-3 HPA-5 Pt HPA-1 HPA-2 HPA-3 HPA-5
No. No.

1 ab aa bb aa 31 aa aa ab aa
2 ab aa bb aa 32 ab ab bb aa
3 bb aa ab aa 33 aa aa ab aa
4 aa aa ab ab 34 aa aa ab aa
5 aa aa aa aa 35 aa ab ab aa
6 aa aa bb aa 36 aa aa ab aa
7 aa aa ab aa 37 aa aa ab aa
8 aa aa ab aa 38 ab ab ab aa
9 ab ab bb aa 39 aa aa aa aa

10 aa aa ab aa 40 aa aa ab aa
11 aa aa aa aa 41 aa ab ab aa
12 ab aa bb aa 42 ab aa aa aa
13 ab aa aa aa 43 aa ab ab aa
14 ab aa ab aa 44 ab aa bb aa
15 aa aa aa aa 45 aa ab aa aa
16 ab aa ab aa 46 aa aa ab aa
17 ab aa bb aa 47 aa ab bb ab
18 aa aa aa aa 48 ab aa ab aa
19 aa aa aa aa 49 ab aa ab ab
20 aa ab aa aa 50 aa aa aa ab
21 aa ab aa aa 51 ab bb aa aa
22 aa ab ab aa 52 aa aa aa aa
23 aa aa ab - 53 aa aa ab aa
24 aa ab ab aa 54 aa aa ab aa
25 aa ab ab aa 55 aa aa aa aa
26 bb aa bb aa
27 bb aa ab aa
28 ab aa aa aa
29 aa ab bb aa
30 aa aa ab aa

Table V. Prevalence (% ) of HPA in various populations.

Antigen Netherlands Finland USA Japan Korea China
(Caucasians)

HPA-1a 97.90 99.00 98.00 100.00 99.50 >99.90
HPA-1b 28.80 26.50 20.00 0.30 2.00 <0.15
HPA-2a 100.00 99.00 97.00 99.20 99.00
HPA-2b 13.50 16.50 15.00 19.70 14.00
HPA-3a 81.00 83.50 88.00 85.10 82.50 78.54
HPA-3b 69.80 66.50 54.00 66.20 71.50 71.85
HPA-4a 100.00 100.00 100.00 100.00 >99.99
HPA-4b 0.00 0.00 2.00 2.00 <0.17
HPA-5a 100.00 99.50 98.00 99.00 100.00 99.29
HPA-5b 19.70 10.00 21.00 7.00 4.50 17.73
HPA-6aw 100.00 99.70 100.00
HPA-6bw 2.40 4,80 4,00



endothelial injury, the GPIIb–IIIa complex mediates VSMC
growth (22). The association of the HPA-1b allele with
hypertension may be therefore independent of platelet
function and actually the result of altered VSMC growth in
response to endothelial injury (23, 24). 

In 1996, a significant association between the HPA-1b
(PlA2) allele and the risk of myocardial infarction and
unstable angina was reported (25, 26), but results of
subsequent studies were conflicting (27-31). A number of
clinical studies have also suggested the association of the low
frequency HPA-1b allele with an increased risk for myocardial
infarction and stroke among young adults (32-34) although it
was not found in all reports (35-38). Consistent with the
suggested platelet hyper-reactivity and higher thrombotic
activity associated with this variant (39-41) is the finding that
the HPA-1b allele (PlA2) of platelet GPIIIa significantly
reduces the risk of subarachnoid hemorrhage (42). 

Of the HD patients included in the study, carriers of the
HPA-1b allele showed no statistically significant difference
in the frequency of a major vascular event (defined as stroke,
myocardial infarction or an episode of deep vein thrombosis)
for an observation period of three years (unpublished data)
in comparison to other HD patients. It is therefore probable
that the effect of the HPA-1b allele in the pathophysiology
of ESRD is mainly expressed in early stages and in later
stages is offset by the metabolic derangement of uremia. 

Although this study is limited by the sample size, data
suggest that the presence of the HPA-1b allele together with
hypertension may contribute to an accelerated decrease in renal
function and the development of ESRD in Greek patients.
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