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Background Polymorphisms of platelet membrane glycoproteins such as human
platelet antigen (HPA)-1b, HPA-2b, the -5T/C Kozak sequence and C807T have been
described as risk factors for vascular disease. Vaso-occlusion episodes are a common
feature of sickle cell anaemia (SCA), leading to complications such as stroke, acute
chest syndrome, avascular head femur necrosis and priapism. Complex interactions
are involved in vaso-occlusion, and activated platelets may play an important role.
These data raised the question of whether platelet polymorphisms could be implicated
in occlusive vascular complications (OVC) of SCA.

Materials and Methods In this study, 97 patients with SCA were analysed in two
groups: 34 patients presenting with OVC (SCA-VC() and 63 without these complica-
tions (SCA-N). The distribution of the HPA-1, -2 and -5 systems, as well as C807T
dimorphism and -5T/C Kozak sequence alleles, was evaluated using DNA-based
methods.

Results Patients of the SCA-VC group showed a higher frequency of the HPA-5b
allele (0-324) compared with those of the SCA-N group (0-111) (Xz = 1319,
P = 0-0002). None of the other polymorphisms, isolated or associated as haplotypes,
demonstrated any correlation with the development of OVC in these patients.
Conclusions The findings of this study suggest that the HPA-5b allele is a genetic risk
factor for the development of OVC in patients with SCA. This allele could be explored
as a target for the development of new therapeutic approaches.
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Introduction

plasma, leading to vaso-occlusion, which is responsible for
most of the clinical features and complications of the disease

Sickle cell anaemia (SCA) is a disease characterized by
homozygozity for the B-globin S mutation [1]. Red cells con-
taining haemoglobin S undergo complex interactions with
endothelial cells, leucocytes, platelets and constituents of
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[2-5]. Serious complications related to vaso-occlusive crises
include acute chest syndrome, ischaemic stroke, priapism
and avascular necrosis of the femur head, and leg ulcers
[1,3,4], which are all associated with high morbidity and/or
mortality. Several studies have demonstrated that hyper-
coagulability, decreased fibrinolytic activity and increased
platelet activity are common among individuals with SCA
[6]. Antithrombotic primary prevention treatment of adults
with SCA, for occlusive vascular complications (OVCs), has
not been explored in clinical trials. It is possible that, for a
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specific group of patients with an underlying predisposition
to OVCs, preventive therapies may have a favourable out-
come. Early studies performed to identify those SCA subjects
with an increased risk of vascular complication were based
on the search for inherited risk factors for venous thrombosis,
such as factor V Leiden or prothrombin variant 20210A [7-9].
Whilst these risk factors are prevalent among Caucasian
descendants, they are present in fewer than 1% of African
descendants [10-12]. Thus, a large number of affected
subjects must be analysed to address the role of inherited
hypercoagulability in the vascular complications of SCA.

Increasing evidence suggests that the augmented adhesion
of sickle red cells to vascular endothelium has an important
role in the phenomenon of vaso-occlusion [1,4]. Of the adhe-
sive ligands identified in sickle red cell adhesion, some are
related to platelet activation or are involved in platelet
adhesion [13].

Platelet membrane glycoprotein (Gp) complexes mediate
platelet adhesion, activation, aggregation and act as immu-
nogenic targets [14]. Platelet receptors may be identified in
other cells, such as epithelial and endothelial cells, lymphocytes
and fibroblasts. Inherited polymorphisms of platelet Gps have
been shown to influence their receptor density and function
and these therefore may influence thrombus formation [15].
Some polymorphisms have been suggested as risk factors for
occlusive arterial disease, such as the HPA, Met/VNTRB and
the -5TC Kozak silent polymorphism in Gplb, the HPA-1b
allele in Gpllla, and HPA-5a and the C807T silent polymor-
phism in Gpla [16-20]. In addition, these glycoproteins may
have a role in acute vascular rejection of renal transplants,
acute idiopathic thrombocytopenic purpura [21,22], renal
scarring and as virus receptors [23,24].

Therefore, we sought to determine whether OVC-related
platelet polymorphic sequences allow the identification of
individuals with SCA who are at high risk for these vascular
complications.

Materials and methods

Patient population

Ninety-seven patients of African descent with SCA
(homozygous SS), who attended the outpatient clinics of
three centres located in two cities (Campinas and Sio Paulo)
in the southeast region of Brazil, were included in the study.
The study was approved by the Ethical Committee on Research
of the State University of Campinas School of Medicine. The
median age of the patients was 27 years (range 14-66 years),
with a gender distribution of 48 females and 49 males. The
patients were divided into two groups: one group comprised
34 patients presenting one of the following OVCs (sickle cell
anaemia with vascular complications - the SCA-VC group):
acute chest syndrome, characterized by new pulmonary
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Table 1 Frequencies of occlusive vascular complications (OVCs) in patients
of the SCA-VC group

OVC complication No. of patients %
FHO 15 441
IS 9 265
ACS 5 147
IS and FHO 3 89
ACS and FHO 1 29
Priapism 1 29
Total 34

ACS, acute chest syndrome; FHO, femur head ostenecrosis; IS, ischaemic stroke.

Table 2 Clinical characterization of patients with sickle cell anaemia (SCA)
presenting vascular occlusion complications (group SCA-VC) and patients
with SCA not presenting vascular occlusion complications (group SCA-N)
enrolled in the study

SCA-VC group  SCA-N group

Number of patients 34 63
Age®: mean (range) 29-4 (16-48) 27-8 (14-51)
Gender

Male 15 34

Female 19 29
B* haplotype distribution

BEN/BEN 5 13

BEN/CAR " 23

CAR/CAR 15 20

BEN/ATP 1 1

ATP/ATP 0 1

CAR/ATP 2 4

SEN/ATP 0 1
Fetal haemoglobin level’: mean (range) 66 (1-4-16:0) 63 (1:0-24)
Years.
Oy,

infiltrate in the radiographic examination, frequently accom-
panied by fever, chest pain, hypoxaemia and leucocytosis [25];
ischaemic stroke, characterized by imaging (computed
tomography/magnetic resonance imaging) and clinical
symptoms such as hemiparesis, focal seizures, altered level
of consciousness, dysphasia, gait difficulty [26]; priapism,
clinically characterized by persistent, usually painful, engorge-
ment of the penis [27]; or femur head osteonecrosis, confirmed
by imaging (radiography/magnetic resonance imaging) [28].
The number of patients presenting each complication is
summarized in Table 1. The other group (the sickle cell anae-
mia non-complication group - SCA-N) comprised 63 patients
without these complications. Clinical data of both groups of
patients, including the B* haplotype distribution, are presented
in Table 2.
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Methods

Genomic DNA was obtained from peripheral blood samples
of the patients by using a salting-out procedure [29]. Platelet
polymorphisms of the HPA-1, -2 and -5 systems and -5T/C
Kozak sequence were analysed by polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) using
Mspl, BsaHI, Mnll and PpuMI restriction enzymes, respec-
tively, and the silent C807T polymorphism was analysed by
PCR-sequence-specific primers (SSP), as previously described
[30-32]. PCR reactions were carried out using known con-
trols for the genotypes analysed. As the HPA-5 system and
C807T polymorphisms have been described to be in linkage
disequilibrium [33], haplotype frequencies (HPA-5bb/807CC;
HPA-5aa/807TT; HPA-5ab/807CT; HPA-5aa/807CT; HPA-
5ab/807CC; HPA-5aa/807CC) were also analysed.

Statistical analysis

Comparison of categorical data was performed using the
x>-test with Yates’ correction. The odds ratio was obtained
to analyse the risk of vascular complications related to the
presence of alleles (Epi-Info, version 6:04d software; Center
for Disease Control, Atlanta, GA) [34]. Multivariate analysis
(logistic regression) using S-Plus 2000® software (MathSoft
Inc., Seattle, WA) was also performed to verify whether
there was any association between risk alleles in the occur-
rence of OVC with odds ratio correction of the presence of
each one.

Results

Based on the presence of at least one event of OVC, we
divided the study population into two groups. The general
characteristics of those subjects are shown in Table 1. The
distribution of B haplotypes, the other clinical parameter, as
well as age, gender distribution and fetal haemoglobin levels
did not differ between the groups.

The analysis of Gpla-Ila polymorphisms demonstrated that
19 patients (55-8%) in the SCA-VC group presented at least
one HPA-5D allele, which was homozygous in three patients
(8-89%). In the SCA-N group, fewer patients (n = 14; 22-2%,
x* = 11-15, P = 0-0008) carried the HPA-5b allele compared
with the SCA-VC group, and no patient was homozygous.
Analysis of allelic distribution of the HPA-5 system poly-
morphism showed a higher prevalence of the HPA-5b allele
among SCA-VC patients, compared with the SCA-N group
(0-324 and 0-111, respectively, x> = 13-19, P = 0-0002). The
prevalence of this allele in both groups of patients was
compared with that previously described among healthy
Brazilian Blacks [30]. A higher prevalence of the HPA-5b
allele was also seen among the SCA-VC group of patients
(0-324 and 0-124, respectively, x> = 16-50, P = 0-00005). The

presence of this allele in patients with SCA led to a 3-83-fold
higher risk of OVCs (1:70 < OR < 8-7, P = 0-0006). The analysis
of Gpla haplotypes 1, 2 and 3 (HPA-5a/807T, HPA-5a/807C
and HPA-5b/807C, respectively) showed a higher frequency
of haplotype 3 in the SCA-VC group than in the SCA-N group
(0-324 vs. 0-111, respectively, Xz = 13-19, P = 0-000282). The
frequencies of HPA-5aa/807TT; HPA-5ab/807CT; HPA-5aa/
807CT; HPA-5ab/807CC; HPA-5aa/807CC and HPA-5bb/807TT
genotypes did not differ between groups (8:8%, 14-7%, 14-7%,
32-49%, 20-6%, 8:8% and 17-5%, 6-3%, 30-2%, 15-9%, 30-2%,
0%, respectively). Multivariate analysis, including all high-risk
alleles, showed that the HPA-5b allele was still correlated with
a higher risk of OVC (OR = 4-2, 1-3 < OR < 14-0, P = 0-020).
Evaluation of C807T allele frequencies alone showed a simi-
lar distribution between the groups (0-750 and 0-250, 0-643
and 0-357, respectively).

The distribution of platelet HPA-1a and HPA-1b (of Gpllb-
IITa) alleles was similar in SCA-VC and SCA-N groups (0-809
and 0-191, 0-857 and 0-143, respectively).

The analysis of polymorphisms of Gplb showed no signific-
ant differences in allele a and b distributions of the HPA-2
system between the groups (0-868 and 0-132, 0-778 and 0-222,
respectively). In addition, there was no correlation between
the presence or absence of OVC and allele distribution of the
-5T/C Kozak sequence (0-208 and 0-792, 0-220 and 0-780,
respectively). Kozak polymorphism could not be analysed in
23 patients (10 of the SCA-VC group; 13 of the SCA-N group),
because of refusal to donate further blood samples.

No differences in allele distribution of the polymorphisms
studied were found when OVC were stratified according
to each of the complications, although the number of
samples in each analysis was too small to permit conclusive
results.

These results are summarized in Tables 3 and 4.

Discussion

The present study investigated two groups of patients in
which clinical data such as fetal haemoglobin level and -
globin S haplotypes were similar, suggesting that other factors
may affect the development of OVC in these patients.

The study demonstrated that the presence of the HPA-5b
(Br") allele of Gpla in patients with SCA led to an approxi-
mately fourfold higher risk of the development of vascular
complications. The frequency of HPA-5b was higher among
patients of the SCA-VC group than among patients of the SCA-
N group, as previously described among Brazilian African
descendants [30]. The HPA-5 system has been described to
be in genetic linkage with the C807T polymorphism of Gpla
[33,35,36]. The HPA-5/C807T haplotype frequencies were
also evaluated and analysis demonstrated no significant
differences between SCA-VC or SCA-N groups. The HPA-5
system is located in the Gpla (o) of the o8, complex, which
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Table 3 Genotypes, number of alleles and allelic frequencies of human platelet antigen (HPA)-1, -2 and -5 systems in patients with sickle cell anaemia with

(SCA-VC) or without (SCA-N) occlusive vascular complications

SCA-VC (n = 34) SCA-N (n = 63)
No. of Allele No. of Allele

Genotype (%) alleles frequency Genotype (%) alleles frequency

aa ab bb a b a b aa ab bb a b a b P?
HPA-1 647 32:4 29 55 13 0-809 0-191 730 254 16 108 18 0-857 0143 NS
HPA-2 76'5 20-6 29 59 09 0-868 0-132 60-3 349 4-8 98 28 0778 0222 NS
HPA-5 441 471 88 46 22 0676 0-324 77-8 222 0-0 12 14 0-889 01 X2 =1319

P =0-0002

2y? P-values were obtained by comparing allele frequencies of each polymorphism between the groups.

Table 4 Genotypes, number of alleles and allelic frequencies of the Gpla C807T polymorphism and -5T/C Kozak sequence in patients with sickle cell anaemia

with (SCA-VC) or without (SCA-N) occlusive vascular complications

SCA-VC (n = 34) SCA-N (n = 63)
No. of No. of
Genotype (%) alleles Allele frequency Genotype (%) alleles Allele frequency
cc CT T c T C T CcC CT T C T C T
C807T 61-8 265 11-8 51 17 0750 0-250 46:0 365 17-5 81 45 0643 0-357 NS
Kozak 00 47 583 10 38 0-208 0:792 60 32:0 62:0 22 78 0220 0:780 NS

NS, not significant.

is a collagen receptor on the platelet surface and is important
for platelet adhesion under both static and flow conditions
[37]. This receptor is essential for stable thrombus formation
and generates intracellular signals when coupled with its
ligand [38] that may have a significant role in pathological
thrombosis, especially in individuals exposed to increased
prothrombotic risk, such as that found in sickling events. The
HPA-5a (Br) allele has been described as a risk factor for
arterial vascular occlusion [20,39], in contrast to the finding
of this study, in which the HPA-5b allele was correlated to
OVC in patients with SCA. A role for this allele has been
previously described in the development of acute idiopathic
thrombocytopenic purpura (ITP) [22] and with acute vascular
rejection of renal transplants [21].

Indeed, the o3, complex is also expressed in endothelial
cells, fibroblasts, epithelial cells and activated lymphocytes
[36]. This complex mediates the cell-matrix interaction
and is involved in collagen-induced angiogenesis, mediating
fibroblast-collagen interactions, among other functions
[23,40]. The HPA-5 polymorphism and the higher incidence
of OVC in SCA may not involve platelet-mediated mechanisms.
The effect of the HPA-5 polymorphism on the level of vessel
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stenosis (intimal hyperplasia, fragmentation and duplication
of internal elastical lamina) seen in patients with SCA [41]
has not been studied. However, the o3, complex is known
to participate in vascular modelling [40]. Agents that prevent
signalling by o.,3, may therefore represent a potential novel
therapy that could lead to a better long-term outcome in
patients with this disease.

None of the other vascular occlusion-related platelet
polymorphisms (HPA-1b, HPA-2b, -5TC Kozak) studied here
showed any correlation with OVC among patients with SCA,
suggesting that they are not markers of risk for these compli-
cations in these patients.

In conclusion, the results presented herein suggest that
HPA-5b is a genetic risk factor for the development of vascular
complications in patients with SCA. Further studies with a
larger number of patients and of different ethnical backgrounds,
presenting each of the complications studied, may be of inter-
est to evaluate whether this polymorphism can influence
their occurrence as well as their outcome. In this setting, the
development of agents directed against this target could lead
to a new approach in long-term follow-up, with a lower incid-
ence of OVCs in patients with SCA.
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