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Summary

The main platelet adhesive receptors integrin α2β1, integrin αIIbβ3 and glycoprotein (GP) Ibα are also expressed in
breast carcinoma cells. They play a key role in tumor cell-induced platelet aggregation and in adhesive interactions
necessary for tumoral invasion and metastasis. Several polymorphisms affecting these molecules, two in integrin α2
(C807T and G1648A), one in integrin β3 (T1565C) and one in GP Ibα (VNTR), influencing their levels, structure,
and possibly their function, have been previously described and associated with cardiovascular diseases. In this
study, we investigated the association of these polymorphisms with breast cancer risk or clinical presentation.
We studied 101 patients with invasive breast cancer. The main prognostic variables were recorded, and genomic
PCR analysis of these polymorphisms was performed. A group of 101 control subjects matched on age and sex
was studied and compared with patients. No association was found between VNTR (GP Ibα) polymorphism and
breast cancer risk or presentation. Genotype and allele frequencies of C807T and G1648A polymorphisms of
integrin α2 were not statistically different in breast cancer patients and controls, although we found an association
between the 1648G/G genotype and higher disease stages (III and IV) (p = 0.02). Breast cancer risk was higher in
carriers of β3 integrin T/T genotype (OR = 2.08, 95% CI = 1.04–4.16, p = 0.04). Furthermore, genotype 1565T/T
was also associated with axillary nodal metastasis (p = 0.017) and with tumoral diameter greater than 2 cm
(p = 0.02). Although confirmatory studies are needed, our results suggest that polymorphic genetic variation of
integrins expressed in platelets and epithelial breast cells could modify the risk and the biological aggressiveness
of breast carcinomas.

Introduction

Breast cancer is one of the leading mortality causes
in women from western countries. Despite great ad-
vances in its diagnosis and treatment, prognostic and
predictive factors have essentially not changed in the
last 20 years. Recent works have tried to identify new
molecular markers of biologic behavior or response
to treatment, being the Her2neu overexpression the
best example [1]. Prevention and prophylaxis of breast
cancer have also been obstructed by the lack of clear
markers of individual risk. Thus, a large proportion of
cases cannot be attributed to any known risk factor.

Implication of platelets in tumoral biology, spe-
cially in formation of metastasis, has been recognized
previously [2]. Tumor cell induced platelet aggrega-
tion is mediated by integrin αIIbβ3 and it exerts pro-
found effects in the main steps of metastatic cascade:
adherence of tumoral cells to endothelium, extrava-
sation and angiogenesis [3, 4]. Furthermore, some
platelet receptors, specially integrins α2β1 and αIIbβ3
and glycoprotein Ibα, are also expressed by epithelial
cells and their level of expression in tumoral cells is
associated with motility, invasiveness and cellular dif-
ferentiation [5–8]. These biologic differences might
explain clinical and pathologic correlation between
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expression of these two integrins and breast cancer
histologic grade and axillary nodal metastases [9–11].

Genetic polymorphisms are responsible of interin-
dividual variation and diversity. Thus, they have been
recently considered as the main genetic elements in-
volved in the development of common and complex
diseases. In this context, functional polymorphisms
affecting integrin α2β1, integrin αIIbβ3, GP Ibα and
other platelet proteins have recently been involved in
the risk of thromboembolic diseases [12]. Integrin α2
polymorphisms C807T and G1648A associate to dif-
ferent levels of expression of the whole α2β1 molecule
in the platelet surface, determining a variable adhesion
to collagen. Thus, 807T and 1648A alleles associate
with increased expression of this integrin in platelets
and other cells [13, 14]. Furthermore, the G1648A
polymorphism induces a structural change (Glu-Lys
substitution in position 505 of α2 chain) with poten-
tial relevance for its functional activity [15]. Genetic
linkage between both α2 polymorphisms has been de-
scribed by our group and others [14]. The β3 T1565C
polymorphism determines a Leu to Pro substitution at
position 33, although its functional role in platelets
is controversial [16, 17]. Finally, the variable number
of tandem repeats (VNTR) in the macroglycopeptide
region of the GP Ibα molecule is a polymorphism
with major influence in the size of the molecule,
determining the distance between the ligand-binding
domain and the platelet surface. Four VNTR alleles
have been identified. The longest, A with four repeats,
to the smallest D with one repeats [18].

Our hypothesis was that functional polymor-
phisms (associated with variations in the structure or
expression of the molecule) affecting integrin α2β1,
αIIbβ3, and GP Ibα (molecules expressed in plate-
lets and breast cancer cells, with potential role in
tumoral biology) could influence different breast can-
cer risk or biological behavior. In order to answer this
question, we compared the prevalence of G1648A,
C807T, T1565C and VNTR genotypes in a group of
breast cancer patients and control subjects matched
by age, sex and race. We also examined the relation-
ship between the different genotypes and the clinical
presentation of breast cancer.

Methods

Subjects

The study involved 101 consecutive Caucasian
patients with histologically confirmed diagnosis of

Table 1. Demographic, clinical and pathological characteristics of
breast cancer patients at diagnosis

Characteristic Breast cancer patients,

No. (%) (N = 101)

Age at diagnosis, years, median (range) 44 (25–76)

Hormonal status

Premenopausal 70 (69.3)

Postmenopausal 31 (30.7)

Family history

Positive 14 (13.8)

Negative 82 (81.2)

Unknown 5 (5.0)

Histologic subtype

Ductal 84 (83.2)

Lobular 13 (12.9)

Other 5 (4.9)

TNM stage

pT0 2 (2.0)

pT1 30 (29.7)

pT2 46 (45.5)

pT3 15 (14.8)

pT4 5 (5.0)

Tx 3 (3.0)

PN0 15 (14.8)

pN1 60 (59.4)

pN2 23 (22.8)

Nx 3 (3.0)

M0 96 (95.0)

M1 5 (5.0)

Stage at diagnosis

I 9 (8.9)

II 51 (50.5)

III 32 (31.6)

IV 5 (5.0)

Undetermined 4 (4.0)

Tumoral diameter, cm, mean (range) 3 (0.8–13)

Number of axillary nodes involved,

median (range) 8 (0–44)

0 14 (13.8)

1–4 21 (20.8)

5–9 24 (23.8)

10 or more 38 (37.6)

Undetermined 4 (4.0)

Histologic grade

Grade I 12 (11.9)

Grade II 34 (33.7)

Grade III 33 (32.7)

Unknown 22 (21.7)
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Table 1. (continued)

Characteristic Breast cancer patients

No. (%) (N = 101)

Estrogen receptors

Positive 35 (34.7)

Negative 16 (15.8)

Unknown 50 (49.5)

invasive breast carcinoma, who were referred for
treatment to the Hematology and Medical Oncology
Unit at the University General Hospital of Murcia
(Spain). Characteristics of patients (Table 1) were
extracted from medical records and original patho-
logy reports. Age of patients at diagnosis ranged
from 25 to 76 years (median, 44 years). Most tu-
mors (83%) were invasive ductal carcinomas. We
evaluated family history (positive if at least one first
or second-degree relative affected), tumoral diam-
eter, number of axillary nodes involved, histologic
grade, and immuno-histochemically determined hor-
monal receptor expression. pTNM classification and
stage grouping are indicated in accordance with AJCC
system for breast carcinoma [19].

A group of 101 age-matched Caucasian non-
related women with no history of cancer, most of them
blood donors, was recruited as control group. The
genotype and allele frequencies of α2, β3 and GP Ibα

polymorphism in the general population of our region
was evaluated in 512, 341 and 610 healthy subjects,
respectively.

Patients and controls were fully informed of the
aim of this study, which was performed according with
the declaration of Helsinki as amended in Edinburgh
2000. Written informed consent was obtained and the
study was approved by the local ethics committee.

DNA purification

Blood samples were collected by venipuncture into
tubes coated with EDTA. Total genomic DNA was
obtained by standard procedure [20].

Genetic determination of the α2
C807T polymorphism

Genomic polymerase chain reaction (PCR) of the α2
exon/intron 7 was performed essentially as described
elsewhere [14]. Briefly, we used two oligonucleotide

primers: 5′gatttaactttcccagctgccttc3′ and the muta-
genic 5′atggtggggacctcacaaacagatt3′, corresponding
to nucleotides 173–196 of the intron sequence, and
782–806 of the exon 7 sequence, respectively (nucleo-
tide number according to Takada and Hemler [21]).
The mutated guanine in the forward primer (bold
cursive) allows the identification of the C807T poly-
morphism of the α2 gene by restriction of the PCR
product (3 µl) with 1 U of Hinf I (New England
BioLabs, Beverly, MA) at 37◦C for 3 h. The restric-
tion pattern was analyzed in a 5% acrylamide gel,
run at 300 V for 15 min and stained with AgNO3
as reported [22]. The 807C allele of the α2 gene
corresponded to a band pattern after Hinf I restric-
tion of 209 base pairs (bp), whereas the presence
of a 231 bp band was distinctive of the 807T allele
(Figure 1(A)).

Genetic determination of the α2 G1648A
polymorphism

Amplification of the α2 genomic 274 bp fragment,
which contains position 1648, was performed as pre-
viously indicated [23], with minor modifications. The
PCR product (3 µl) was digested with 1 U of Mnl I
(New England BioLabs) at 37◦C for 3 h, and the re-
striction pattern analyzed in acrylamide gels stained
as indicated before. The 1648G allele displayed a pat-
tern of four bands of 136, 97, 33 and 8 bp, whereas
the presence of three bands (169, 97, and 8 bp) was
distinctive of the 1648A allele (Figure 1(B)).

Genetic determination of the β3 T1565C
polymorphism

PCR amplification of the β3 exon 2 was performed as
previously described [24]. The T1565C genotype was
determined by restriction analysis of the PCR product,
using 1 U of Msp I at 37◦C during 5 h. Allele 1565T
displayed a two bands pattern (227 and 45 bp), while
allele 1565C produced three bands (50, 177 and 45 bp)
(Figure 1(C)).

Genetic determination of the GP IbαVNTR
polymorphism

Two nucleotides VNTR-F3: 5′cactactgaaccaacccca
agc3′, and VNTR-B4: 5′cttgtggcagacaccaggatgg3′
(modified from Ishida) [25], were used for PCR am-
plification of the GP Ibα macroglycopeptide region.
Identification of alleles B (276 bp), C (237 bp) and
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Figure 1. Representative genotypes of the studied polymorphisms. (A) Integrin α2 C807T. (B) Integrin α2 G1648A. (C) Integrin β3 T1565C.
(D) GP Ibα VNTR. M: molecular weight marker (1 kb ladder GIBCO-BRL).

D (198 bp) was directly done after electrophoresis of
the PCR product in acrylamide gels and staining with
AgNO3. No alleles A were observed (Figure 1(D)).

Statistical analyses

Statistical analysis was made with the NCSS 6.0.9
software package. Descriptive statistics are expressed
as proportions, ranges and medians. Genotype and
allele frequencies were compared between cases and
controls with the χ2 test. Odds ratios (OR) with 95%
confidence intervals (CI) were estimated by the use of
logistic regression analysis.

Regarding analysis of variables in breast can-
cer patients, comparison of genotype and allele
proportions in 2 × 2 tables were made with non-
parametric methods, using two-sided Fisher’s exact
test and/or Kruskal–Wallis χ2 statistics. Stratified ana-
lysis was performed to establish genotype influence
on breast cancer characteristics by age at diagnosis
(before or after the median age of the group, i.e.,
<45 or ≥45 years) and by family history. Ana-
lysis of variance was used for the comparison of
quantitative variables between groups of breast cancer
patients with different genotypes. Differences were
considered statistically significant when two-sided
p ≤ 0.05.

Results

Frequency of polymorphisms in breast cancer
patients and control subjects

Integrin α2
The genotype and allele frequencies for α2 in-
tegrin C807T and G1648A polymorphisms in the
101 breast cancer patients, their age- and sex-
matched controls, and normal population are shown
in Table 2.

The distribution of genotypes and allele frequen-
cies of these two polymorphisms was similar between
patients and matched controls. Moreover, these results
were comparable with that observed in the general
population from our region (Table 2), which was in
agreement with the genotype and allele frequencies
described in other Caucasian populations [13, 15,
26]. Results were very similar and also not signifi-
cant when patients and controls were stratified by age
(data not shown). Combined C807T and G1648A ana-
lysis also demonstrated equal distribution of allele and
genotype frequencies in cases and controls (Table 2).

Integrin β3
Genotype and allele frequencies of the integrin β3
T1565C polymorphism in the control group and in
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Table 2. Integrin α2 (C807T, G1648A), integrin β3 (T1565C) and GP Ibα (VNTR) polymorphism distribution in breast cancer patients and
control subjects

Breast cancer patients (%) Control subjects (%) p∗ General population (%)

C807T polymorphism N = 101 N = 101 N = 512

Genotype

C/C 38.6 43.6 0.47 43.5

C/T 52.5 43.6 0.20 43.2

T/T 8.9 12.8 0.36 13.3

Allele

C 0.649 0.653 0.92 0.651

T 0.351 0.347 0.349

G1648A polymorphism N = 101 N = 101 N = 512

Genotype

G/G 73.3 72.2 0.87 77.9

G/A 26.7 24.8 0.75 20.4

A/A 0 3 0.25 1.7

Allele

G 0.866 0.847 0.57 0.881

A 0.134 0.153 0.119

T1565C polymorphism N = 100 N = 100 N = 341

Genotype

T/T 80.0 67.3 0.041 69.1

T/C 19.0 32.7 0.026 29.1

C/C 1.0 0 – 1.8

Allele

T 0.890 0.840 0.063 0.840

C 0.110 0.160 0.160

VNTR polymorphism N = 99 N = 101 N = 610

Genotype

C/C 52.5 64.3 0.089 64.4

C/B 28.3 17.8 0.078 14.6

C/D 15.2 11.9 16.3

B/B 3.0 1.0 1.4

D/D 1.0 2.0 1.1

B/D 0 3.0 2.2

Allele

B 0.171 0.114 0.115 0.098

C 0.742 0.792 0.350 0.798

D 0.086 0.094 0.774 0.103

∗ χ2 test was used to compare the distribution of a particular genotype or haplotype among breast cancer patients and controls.

the general population were within the range of those
reported in other Caucasian populations [16, 26]
(Table 2). However, the distribution of genotypes in
breast cancer patients differed significantly from that

observed in control subjects (Table 2). Thus, accord-
ing with our results, carriers of β3 integrin 1565T/T
genotype had an increased risk to develop breast
cancer (OR = 2.08, 95% CI = 1.04–4.16, p = 0.04).
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Table 3. Association of clinical and pathological variables of breast cancer and α2, β3 and GP Ibα genetic polymorphisms

p-Value (χ2)

Integrin α2 Integrin α2 Combined α2 C807T and Integrin β3 GP Ibα

C807T G1648A G1648A T1565C VNTR

Age 0.779 0.269 0.220 0.680 0.847

Menopausal status 0.803 0.728 0.946 0.330 0.456

Family history 0.256 0.316 0.118 0.450 0.400

pT 0.773 0.159 0.475 0.060 0.312

pN 0.824 0.180 0.347 0.290 0.542

Axillary node involvement 0.700 0.530 0.881 0.017 0.454

T > 2 cm 0.362 0.174 0.348 0.002 0.837

No. of positive axillary nodes 0.746 0.376 0.767 0.230 0.676

Histologic grade 0.850 0.526 0.130 0.09 0.653

Stage (I–II v.s. III–IV) 0.669 0.064 0.253 0.850 0.419

Estrogen receptors 0.330 0.128 0.382 1 0.762

GP Ibα

Distribution of allele and genotype frequencies of
VNTR polymorphism did not show any significant
difference between breast cancer patients and control
subjects (Table 2). These values were similar to those
identified in the general population (Table 2).

Polymorphisms and clinical presentation
of breast cancer

Integrin α2
Analyses undertaken to evaluate the association
between α2 integrin genotypes and clinical charac-
teristics of breast cancer at diagnosis were negative
for the C807T polymorphism. As detailed in Table 3,
we did not find any association of C807T genotypes
with the main prognostic variables of breast cancer pa-
tients. Stratified analysis by family history and age at
diagnosis did not demonstrate any differences between
different genotype groups (data not shown).

We did not observe any difference between
1648G/G and 1648G/A patients when considering the
age at diagnosis (p = 0.27), menopausal status (p =
0.73), histologic grade (p = 0.53), familiar history
(p = 0.32), positive estrogen receptors (p = 0.13),
pT (p = 0.18), pN (p = 0.18) or number of axillary
nodes involved (p = 0.37) (Table 3). Interestingly, the
percentage of patients with stages III–IV was higher
among women with 1648G/G genotype than with
1648G/A genotype, although this difference did not
reach statistical significance (p = 0.07). However, we
observed significant differences in breast cancer stages

according to the G1648A genotypes when patients
were stratified by age at diagnosis and family history.
As shown in Table 4, the 1648G/G genotype was as-
sociated with a significant higher risk of stages III–IV
in women with breast cancer diagnosed after age 45
(OR = 6.5, 95% CI = 1.27–33.25, p = 0.02). We also
observed this association in patients without a posi-
tive family history of breast cancer (OR = 4.0, 95%
CI = 1.04–15.13, p = 0.04). As expected, the risk was
higher in patients diagnosed after age 45 without fa-
miliar antecedents (OR = 6.76, 95% CI = 1.27–36.05,
p = 0.02).

We did not observe significant differences when
we analyzed the effect of combined C807T and
G1648A genotype in different characteristics of breast
cancer at diagnosis: age (p = 0.22), menopausal
state (p = 0.95), family history (p = 0.12), pT
(p = 0.47), pN (p = 0.35), number of axillary nodes
involved (p = 0.77), tumoral diameter (p = 0.34),
histologic grade (p = 0.13) or stage (p = 0.25)

(Table 3).

Integrin β3
T1565C genotypes of β3 integrin did not show asso-
ciation with age (p = 0.68), menopausal state (p =
0.33), familiar history (p = 0.45), pN (p = 0.29),
number of axillary nodes involved (p = 0.23), stage
(p = 0.85), hormonal receptor status (p = 0.85),
or the histologic grade (p = 0.09) (Table 3). How-
ever, genotype 1565T/T was more frequent among
patients with axillary nodal metastasis (p = 0.017)
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Table 4. Relationship between G1648A genotype and stage in breast cancer patients

Stagea No family historyb,c Positive family historyc All patientsc

G/G G/A G/G G/A G/G G/A

Earlier age at diagnosis (<45 years)

I–II 21 (84%) 4 (16%) 1 (25%) 3 (75%) 23 (76.7%) 7 (23.3%)

III–IV 11 (91.7%) 1 (8.3%) 3 (75%) 1 (25%) 14 (77.8%) 4 (22.2%)

p = 0.65 p = 0.48 p = 1

Later age at diagnosis (≥45 years)

I–II 13 (54.2%) 11 (45.8%) 3 (75%) 1 (25%) 15 (56.7%) 13 (43.3%)

III–IV 16 (88.9%) 2 (11.1%) 1 (100%) 0 17 (89.5%) 2 (10.5%)

p = 0.02 p = 1 p = 0.02

Any age at diagnosis

I–II 34 (69.4%) 15 (30.6%) 4 (50%) 4 (50%) 40 (66.7%) 20 (33.3%)

III–IV 27 (90%) 3 (10%) 4 (80%) 1 (20%) 31 (83.8%) 6 (16.2%)

p = 0.04 p = 0.56 p = 0.09

a Stage according to American Joint Commission on Cancer classification. Stage undetermined for four patients.
b Family history positive if at least one first or second-degree relative affected. Family history missing for five patients.
c Numbers are number of patients and percents are the proportion of each stage in each genotype. Statistical comparisons are made by two-tailed
Fisher’s exact Test.

and patients with a tumoral diameter greater than
2 cm (p = 0.002) (Table 3). After stratification
by age at time of diagnosis, we detected that these
associations were restricted only to the group of pa-
tients ≥45 years (OR = 4.05, 95% CI = 1.21–13.60,
p = 0.01 for nodal metastasis, and OR = 4.57, 95%
CI = 1.63–12.8, p = 0.005 for tumoral diameter).

GP Ibα

We did not find any association between the previously
enumerated clinical and pathological characteristics of
breast cancer patients and the genotype and haplotype
for the VNTR polymorphism of the GP Ibα (Table 3).

Discussion

Several genetic polymorphisms, most of them of car-
cinogen or steroid metabolism genes, have been asso-
ciated with breast cancer risk or prognosis [27]. Our
hypothesis was that polymorphisms affecting adhe-
sive molecules could have a role in breast cancer. This
hypothesis is supported by data about participation of
the main platelet adhesive molecules (integrin α2β1,
integrin αIIbβ3, and GP Ibα), specially integrins, in
cellular adhesion mechanisms and in tumoral progres-
sion [28, 29]. The integrin α2β1, the major integrin
expressed by breast luminal cells, plays an import-
ant role in the morphogenesis of normal mammary

tissue and in human mammary epithelium [30, 31].
In breast carcinomas, down-regulation of α2-integrin
expression has been related to metastatic behavior and
to loss of adhesive properties. Moreover, a significant
decrease of α2 expression has been observed mainly in
carcinomas of high-grade or associated with axillary
node metastasis [7, 9, 10]. In addition, re-expression
of the α2β1 integrin in a poorly differentiated breast
carcinoma cell line diminishes ‘in vivo’ tumorigeni-
city and restores both non-malignant phenotype and
ability to normal morphogenesis [32]. Integrin αIIbβ3
is also expressed in breast cancer and other neoplasms.
Its role in tumoral biology, specially in formation of
metastasis, has been suggested to be associated with
its function in platelet-mediated tumor cell adhesion
to the extracellular matrix, a key step in metastatic
cascade [3–5, 33]. Finally, GP Ibα also participates
in tumor cell induced platelet aggregation [34], and
its level of expression in breast carcinomas associates
to higher stages and to nodal and distant metastasis
[11]. Therefore, polymorphic genetic variation af-
fecting the expression or function of these adhesive
receptors could modify the risk of development and
the biological aggressiveness of breast carcinomas.

According to our case-control study, we observed
no differences in genotype or allele distribution of two
α2 polymorphisms between breast cancer patients and
healthy controls. Therefore, although our study was
neither population-based nor stratified by other risk
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factors, α2 polymorphisms do not seem to have a role
in the etiology of breast cancer. However, we detected
a significant association between the 1648G/G geno-
type and higher stages at diagnosis. This genotype
has been correlated with reduced expression of this
integrin in platelets and other cells [13, 14, 24]. If
this polymorphism plays a similar role in breast epi-
thelial cells, low number of α2β1 molecules in breast
cancer cells might associate with decreased adhesion
to collagen, and thus with increased metastatic behav-
ior, explaining our results. However, we did not find
any association between the C807T polymorphism
(a polymorphism with stronger influence in platelet
expression of α2β1 [13, 14]), and the biological ag-
gressiveness of breast carcinomas. In order to explain
these differences, we could speculate that both poly-
morphisms could have a different role in the regulation
of α2-integrin expression in epithelial cells, specially
in tumor cells. Certainly, regulation of α2 expression
in epithelial cells could be different than in platelets,
accordingly to the existence of epithelial-specific re-
gions in the α2 gene promoter [35]. Recently, it has
been described a new polymorphism (C-52T) in the
core promoter of α2 integrin gene, probably impli-
cated in transcriptional regulation [36]. Moreover, this
polymorphism disrupts a Sp1 site (of paramount im-
portance for c-erbB2 effect on α2 transcription) [37,
38]. It is very important to point out that the -52T
allele seems to be in linkage disequilibrium with the
1648A allele [36]. Thus, patients with breast cancer,
specially those cases expressing c-erbB2, who carry
the 1648G/G genotype might have high stage tumors
because of the low expression of α2β1 determined by
the C-52T polymorphism. It is crucial to investigate
the role of C807T and G1648A polymorphisms as
determinants of α2β1 levels in normal and malignant
epithelial cells, and the relevance of the new C-52T
polymorphism in breast cancer. Alternatively, the role
of the 1648 polymorphism in breast cancer could be
explained by the structural change associated with this
polymorphism. Binding of collagen to integrin α2β1
requires divalent cations (Mg2−) and the substitution
of a Glu by a Lys in position 505 of α2-chain is located
between two of the three extracytoplasmic domains
involved in cation binding [39]. Thus, this missense
change could influence the epithelial-cell adhesion
to collagen or laminin of the extracellular matrix or
cell–cell adhesive interactions and, consequently, the
invasive and metastatic behavior of malignant cells.

Regarding the T1565C polymorphism affecting
the β3 chain, our study shows that 1565T/T geno-

type is significantly associated with higher breast
cancer risk. Moreover, this genotype also associates
with higher tumoral diameters and with axillary nodal
metastasis. These results could be explained by the
functional consequences of the Leu33Pro change in
αIIbβ3-mediated tumor cell induced platelet aggre-
gation. However, this is unlikely, because functional
studies performed in platelets suggest that the geno-
type T/T has minor effect in platelet function, or
results in slightly reduced platelet reactivity [11, 40,
41]. Therefore, it is possible that the importance of
this polymorphism in breast cancer could be related
with other roles of the αIIbβ3 integrin, specially in
epithelial cells. Alternatively, this missense change af-
fecting the β3 chain could also have relevance in the
function of the αvβ3 integrin, of critical importance
for angiogenesis and whose activation status has been
recently associated with biological aggressiveness of
breast carcinomas [42, 43].

The lack of impact of GP Ibα VNTR polymor-
phism in breast cancer risk or clinical presenta-
tion could be explained because this protein has a
minor role in tumor cell induced platelet aggregation.
Moreover, this polymorphism has minor influence in
the expression of GP Ibα, at least in platelets [18].

In the interpretation of our results we also must
take in account two considerations: First, the hospital-
based approach of this study has lead to an overrep-
resentation of high-risk patients and earlier age cases.
As the influence of α2-integrin 1648G/G and of β3-
integrin 1565T/T genotypes was statistically signifi-
cant in women with later age diagnoses, we could
suppose that their influence would be larger for a
group with a more representative age distribution.
Second, the small size of our sample and other po-
tential confounding environmental risk factors may
have influenced our results. Therefore, further stud-
ies, population-based and including a higher number
of patients, should be performed to definitely clarify
the role of α2 and β3 polymorphisms in breast cancer
biology.

In summary, we report the association between two
integrin polymorphisms and clinical presentation of
breast cancer. We also describe a higher risk of breast
cancer in women carrying the integrin β3 1565T/T
genotype. To the best of our knowledge, this is the first
study showing the relationship between a genetic poly-
morphism of adhesive proteins and behavior of breast
cancer or other neoplasms. Our data suggest that
these polymorphisms could to be involved in the eti-
ology and progression of breast cancer. These results
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might have potential clinical and therapeutical impli-
cations, including a better prognostic characterization
of patients, and the selection of higher risk groups of
women for screening or prophylaxis purposes.
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