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Abstract OBJECTIVE: The aim of the study was to evaluate the prevalence of the GP Ia and 
GP IIIa polymorphisms in the group of women in labor, and to assess the risk of 
thrombosis associated with their occurrence. 
DESIGN AND SETTINGS: 245 women in labor hospitalized between 1.01.2001 and 
31.12.2003 r. were enrolled in the study. Patients were qualified for the study if 
detailed physical exam and past medical history excluded existence of known 
risk factors predisposing to thrombosis. Study group was composed of 72 women 
in childbirth, which at some point during current pregnancy or in early labor 
were diagnosed with thrombosis, and control group included 173 women in labor 
randomly picked from the group of patients with uncomplicated pregnancies. 
Polymorphic regions of platelets glycoprotein were detected using genotyping 
methods based on polymerase chain reactions (PCR).
RESULTS: 1,72% of patients were found to have thrombosis. The thrombosis was 
located in the venous system in 97,2% of cases. Arteries were affected in two 
patients (2,7%). Prevalence of individual platelets glycoprotein mutations did not 
differ between controls and study group. In both groups platelets glycoprotein 
polymorphisms moderately pro-thrombotic A1/A2 and C/T dominated, and the 
least numerous were strongly pro-thrombotic A2/A2 and T/T. 
CONCLUSIONS: Our results did not show the causative relationship between the 
existence of platelets GP IIIa / GP Ia mutations and venous system thrombosis in 
the women in labor. Probably presence of pro-thrombotic mutations of platelets 
glycoprotein in this group of patients does not represent the increased risk of 
thrombosis. 
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Abbreviations:
GP – glycoprotein
OD - optical density 
PCR – polymerase chain reaction
DNA – deoxyribonucleic acid

Introduction

Platelets response to the initiation of the clotting 
process is multistage, and results in formation of a hae-
mostatic plug. Platelets adhesion to the endothelium of 
damaged blood vessels, their spreading, secretion as well 
as the redistribution of plasma membrane phospholip-
ids resulting in phosphatidylserin exposure, represents 
their different functions. [2, 7]. Formation of the platelet 
plug is mediated through glycoprotein receptors. Two 
of them glycoprotein Ia (GP Ia) and glycoprotein IIIa 
(GP IIIa) represent the integrins, which polymorphism 
by some investigator was reported to be an inherited 
risk factor for acute coronary events [18].

Glycoprotein Ia mainly appears in the Ia-IIa com-
plex and enables formation of the cytoskeleton of the 
clot. Several GP Ia polymorphisms associated with 
coagulation disorders as effect of point mutations in 
the genome coding the glycoprotein, was described. 
Description of the polymorphism which determines 
occurrence of the plateletes HPA-5 antigen system was 
one of the first one published [5]. This particular one 
is related to the change of guanine for alanine in cyto-
plasmic Deoxyrybonucleic acid (cDNA) which which 
corresponds to the appearance of glutamine glycopro-
tein (variant a) or lysine glycoprotein (variant b) in the 
position 505. Clinically this polymorphism may present 
as alloimmune thrombocytopenia in the neonate, post 
transfusion purpura, post transfusion immunity to 
the platelets, or immune mediated thrombocytopenia 
after bone marrow transplantation [5, 19]. In the recent 
years new clinically significant polymorphisms in the 
Ia glycoprotein coding region were discovered. These 
are: a change of nucleotide in position 807 C/T – in the 
part of the chain responsible for coding phenylalanine 
in position 224 of glycoprotein Ia, a change of nucle-
otides in the position 873 A/G – in the part of the chain 
responsible for coding tyrosine in the position 246 of 
glycoprotein Ia, and a change of nucleotides in position 
837 T/C in the part of the chain responsible for coding 
alanine in the position 234 of glycoprotein Ia. Although 
above described polymorphisms do not produce 
changes in the amino acid sequence of the glycoprotein 
polypeptide chain, they do however affect the number 
of copies of the Ia-IIa receptor complex in the platelets 
and in so doing, modify their function. Very interesting 
conclusions can be drawn from the results of the studies 
based on the identification of the Ia-IIa complexes using 
tagged monoclonal antibodies anti - α2β1 and then cor-
relation of the results with the genetic tests. Assuming 
linkage of the genes coding integrin Ia, three haplotypes 
were found: Type I – (807T/837T/873A/Brb), Type II 
– (807C/837T/873G/Brb), and Type III – (807C/837C/
873G/Bra). The first type correlates with a higher level 
of the Ia-IIa complex, the other two with a low level 
of Ia-IIa. Clinically presence of the first haplotype is 

associated with higher platelet adhesion potential and 
indirectly with intensification of prothrombotic platelet 
mechanisms. Above presented assumptions became the 
basis for the evaluation of platelets adhesion activity 
using genetic testing, by determining the frequency of 
gene polymorphisms coding glycoprotein Ia mainly 
807 C/T.

The integration of heterodimer integrin composed 
of glycoprotein IIb and glycoprotein IIIa (GP IIb-IIIa), 
with fibrinogen, von Willebrand factor or fibronectin 
is possible only after platelet activation [2, 4, 9, 15]. 
Additionally, platelet activation leads to potentializa-
tion of their adhesive abilities by the mechanism of 
translocation of the intracellular pool of GPIIb-IIIa 
to the cell surface. It has been shown that presence of 
the arginine-glycine-asparagine acid sequence (RGD) 
in the ligand molecule is required for binding with GP 
IIb-IIIa complex. RGD sequence was discovered in all 
ligands for GP IIb-IIIa so far. Moreover, it’s been proven, 
that other proteins, which molecule contains that 
sequence are also able to bind to a GP IIb-IIIa complex. 
These proteins, which belong to the disintegrin family, 
on binding with GP IIb-IIIa complex, deactivate it, and 
thereby making the platelets incapable of adhesion[14]. 
The PlA antigen system represented by two alleles PlA1 

and PlA2 deserves particular attention among other GP 
IIb-IIIa polymorphisms. Allele PlA1 coding for leucine 
in position 33 is more prevalent in the population. 
Allele PlA2 is responsible for the presence of proline in 
the same position. The relationship between the occur-
rence of cardiac complications and presence of allele 
PlA1/A2 PI of GP IIIa has been suggested. However, 
based on available data, especially lack of prospective 
studies, one cannot conclude that this polymorphism 
constitutes a hereditary risk factor for thrombosis. Up 
to now three genotypes of GP IIIa are described: two 
homozygous A1/A1 and A2/A2, and heterozygous 
A1/A2 [9, 18].

Materials and method

Study patients and control. 245 women hospitalized 
in the Fetal-Maternal Medicine and Gynecology Clinic 
of the Polish Mother’s Health Research Institute in 
Lodz from 1.01.2001 to 31.12.2003 r. was enrolled in 
the study. For the same time period there were 4162 
deliveries in our institution. Women in labor were 
qualified for the study if detailed physical exam and 
past medical history excluded existence of known risk 
factors predisposing to thrombosis. The following risk 
factors were taken into consideration: cigarette smok-
ing, obesity, metabolic diseases, especially diabetes, and 
infections. Furthermore, women in childbirth with past 
medical history positive for thrombosis were excluded 
from the control group. Study group was composed of 
72 women in childbirth, which at some point during 
current pregnancy or in early labor were diagnosed 
with thrombosis. Diagnosis was based on the pres-
ence of clinical signs, and confirmed by the Doppler 
studies showing thrombus formation in artery or vein. 
Control group included 173 women in labor randomly 
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picked from the group of patients with uncomplicated 
pregnancies. In that group of patients initial data gath-
ered from the history, and physical exam excluded the 
existence of thrombosis or hereditary pro-thrombotic 
polymorphisms. 

Extraction of the DNA. DNA was isolated from a 
whole blood sample collected into EDTA K2 tube, and 
equal volume of buffer was added for lyses (0.32 sac-
charose, 10 mM TRIS, 2 mM MgCl2, 1% Triton X-100, 
pH=7.5). After intense mixing, sample was centrifuged 
at 11000 × g for 1min. at 4°C. Supernatant was dis-
carded, and sediment was rinsed many times using the 
buffer for lyses, until it became white. Then the buffer 
composed of 50 mM KCl, 10 mM TRIS, 1 mM MgCl2, 
0.01 mg/ml gelatine, 0.45% Tween 20, pH 8.3, was 
poured over the sediment, proteinase K was added to 
the final concentration of 100 µg/ml, and mixture was 
incubated first for 1 hour at a temperature of 56°C, then 
for 10 minutes at a temperature of 95°C. Afterwards 
mixture was centrifuged at 11000 × g, for 1 minute, 
supernatant was collected (DNA solution) and stored 
at a temperature of –20°C. The DNA concentration 
was estimated with spectrophotometric method based 
on the relationship that 1 unit of optical density (OD) 
corresponds to 50 µg/ml of double stranded DNA.

Detection of glycoprotein polymorphism. Polymor-
phic regions of platelet glycoproteins were detected 
using genotyping methods based on polymerase chain 
reactions (PCR). Products of PCR was subjected to 
restrictive enzymatic digestion (RFLP-PCR method). 
Products of digestion are identified by unipolar agarose 
electrophoresis, and stein with ethidine bromide. For 
GP Ia polymorphisms detection, 115 bp fragment of 
the gene for the GP Ia subunit of the collagen receptor 
containing polymorphism 807 C/T was amplified by 
the PCR method using the following oligonucleotide 
starters: 5’-GTG TTT AAC TTG AAC ACA TAT –3’ 
and 5’-ACC TTG CAT ATT GAA TTG CTT-3’ in the 
thermocycler T3 (Biometra, Germany). DNA amplifi-
cation reaction consisted of several stages: so called hot 
start with initial denaturation (85oC, 4 min), 30 cycles of 
amplification which comprised denaturation (95oC, 30 
s), incorporation (50oC, 30 s), elongation (72oC, 60 s). 
Reaction mixture (25 µl) contained: 1 ng genomic DNA, 
200 µM of each dNPT, 5 pmol of each starter and 1 unit 
Taq of DNA polymerase in 4 mM MgCl2, 50 µM KCl, 
10 µM Tris-HCl, pH 8.3. Determination of the glycopro-
tein GP IIIa polymorphism was based on the method 
described by Weiss E.J et al. [18]. Fragment 106 p.z. of 
the exon 2, of the gene coding GPIIIa was amplified 
by the PCR using a starter oligonucleotide sequences: 
5’-TGGACTTCTCTTTGGGCTCCTGACTTAC-3’, 
and 5’-CGATGGATTCTGGGGCACAGTTATC-3’ in 
the thermocycler T3 (Biometra, Germany). Reactive 
mixture (25 µl) contained: 1 µg genomic DNA, 200 
µM each of the dNTP, 50 pmol of each starter, 1.5 µM 
MgCl2, 50 µM KCl, 10 µM Tris-HCl, pH=8,3, 1 Unit 
Taq DNA polymerase. Thermal profile of the PCR 
reaction included: initial denaturation (96°C, 4 min); 
then 35 cycles, each composed of DNA denaturation 
(94°C, 30 s), incorporation of the starters (58°C, 30 s), 

elongation (72°C, 30 s); and final elongation (72°C, 7 
min).

Digestion and detection of the restrictive fragments. 
PCR product (12 µl) was digested with the restrictive 
enzyme Msp I (2 units) in the appropriate buffer (33 
mM Tris-acetic acid; 10 mM magnesium acetate; 66 
mM potassium acetate; 0,1 mg/ml bovine albumin; 
pH=7,9, 37°C) for 18 hours in the temp. 37°C. Elec-
trophoresis of the restrictive fragments was conducted 
on 12% polyacrylamide gel (acrylamide: bisacrylamide 
9,5: 0,5 weight ratio) prepared in the TBE buffer (90 
mM Tris, 90 mM boric acid, 2 mM disodium verse-
nate). TBE was also making electrophoretic buffer. 
Electrophoresis was conducted in the Mini-Protean II 
system (Bio-Rad, Germany) with a separation pathway 
7 cm, voltage 12 V/cm (initially), and 15 V/cm (after 
sample entering gel) for 1 hour. Gel was stained with 
ethydine and examined in the UV light. Parallel to 
the electrophoresis separation of the standard for the 
molecular weights was conducted. Documentation 
and gel’s analysis was done using Gel Doc 2000 system 
(Bio-Rad, Germany).

PCR product (10 µl) was digested with restrictive 
enzyme Taq I (3 units.) for 2 hours, at 65°C in the buffer 
composed of: 10 mM Tris-HCl (pH 8), 5 mM MgCl2, 
100 mM NaCl, and 0.1 mg/ml BSA. Electrophoresis 
of the restrictive fragments was conducted on 12% 
polyacrylamide gel (acrylamide: bisacrylamide 9,5: 0,5 
weight ratio) prepared in the TBE buffer (90 mM Tris, 
90 mM boric acid, 2 mM disodium versenate). Electro-
phoresis was conducted in the Mini-Protean II system 
(Bio-rad, Germany) with a separation pathway 7 cm, 
voltage 12 V/cm (initially), and 15 V/cm (after sample 
entering gel) for 1 hour. Gel was stained with ethydine. 
Documentation and gel’s analysis was done using Gel 
Doc 2000 system (Bio-Rad, Germany).

Statistical analysis. Statistical analysis was based on 
the evaluation of the rate of appearance of the studied 
polymorphisms of the platelets glycoproteins in the 
study group and controls. Statistical significance of 
observed differences was evaluated using Chi-square 
analysis, Fisher test, or Mann-Whitney-Wilcoxon test. 
The difference was statistically significant if p value was 
< 0,05.

Results

In analyzed population 1, 72% of women in labor 
were found to have thrombosis. In 97,2% of cases 
thrombosis was located in the venous system, and in 
all cases thrombi were found only in the left lower 
extremity. Arterial thrombosis was diagnosed in two 
cases (2,7%), and in both patients arteries of the upper 
extremities were involved. Age of the patients in the 
control group was (mean, ± SD) 28,3, ± 4,9 years. 
Patients in the study group were older, their age was 
(mean, ± SD) 30,4, ± 5,3 years. The difference was 
statistically significant. (p=0,004) (Table 1). In the 
control group women delivered at 38,3, ± 2,4 (mean, 
± SD) weeks. In the study group pregnancy lasted 37,9 
± 2,7 (mean, ± SD) weeks. Difference was not statisti-
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cally significant. (p=0,325) (Table 1). Percentage of 
primiparas in the control group (43,9%) was higher 
than in the study group (15,5%) and this difference was 
statistically significant (p<0,001). Mode of delivery was 
also evaluated. In the control group 90,8% of women 
delivered via normal spontaneous vaginal delivery, 
while only in 56,9% of patients in the study group 
pregnancy ended with this mode of delivery. Difference 
was statistically significant (p<0,001). However, throm-
bosis was not considered an indication for the cesarean 
section. Among platelets glycoprotein polymorphisms 
moderately pro-thrombotic heterozygous A1/A2 and 
heterozygous C/T dominated. The least numerous were 
strongly pro-thrombotic homozygous A2/A2 and T/T. 
Table 3 presents different genotypes of platelets GP Ia 
and GP IIIa glycoprotein found in our patients. It was 
very interesting that percentage of individual genotypes 
in the control and study group was almost identical. 
Statistical analysis and comparison between groups was 
done separately for all three genotypes of GP Ia and GP 
IIIa. No statistically significant difference was found. 
Prevalence of homozygous alleles A1/A1 and CC, as 
well as pro-thrombotic alleles A1/A2, A2/A2, and C/T, 
T/T in controls and study group was also compared. 
Again the difference was not statistically different. In 
both groups most prevalent was homozygous variant 
A1/A1and heterozygous C/T. Prevalence of individual 
platelets glycoprotein mutations did not differ between 
controls and study group, nevertheless parameters 
defining the risk of thrombosis in women in labor with 
pro-thrombotic platelets glycoprotein GP IIIa and GP 
Ia mutations were evaluated. Results did not confirm 
the causative relationship between the existence of 
platelets glycoprotein GP IIIa / GP Ia mutations and 
venous system thrombosis in the women in labor. 
Presence of pro-thrombotic mutations of platelets 
glycoprotein in women in labor, probably does not rep-
resent the increased risk of thrombosis in these group 
of patients. 

Discussion

Thrombo-embolic disease in the women in labor 
is one of the very important complications occurring 
during the course of the labor and delivery [13, 14]. 
According to statistic data from many countries it is the 
number one cause of death related to pregnancy [2, 10, 
14, 17]. Estimated overall prevalence of the thrombo-
embolic complications in the women in labor is 
0,1%–0,2%. In the group of women which delivered via 
Cesarean Section these complications were diagnosed 
in 1,8% of patients [10]. 

High rate of thrombo-embolic complications found 
in our population of patients (1,72%), much differ-
ent from the data published by other authors, can be 
explained by the profile of the patients hospitalized in 
the Polish Mother’s Health Research Institute in Lodz. 
Institute serves as a referral center for high risk preg-
nancies from the macro region. It is well known, that 
the risk of thrombo-embolic complications especially 
in the venous system increases 5-fold during pregnancy 
[10, 14]. 

Pro-thrombotic factors associated with pregnancy 
include physiological changes of homeostasis, venous 
stasis in the lower extremities related to the increased 
intra abdominal pressure, decreased vessel walls ten-
sion secondary to some hormonal changes associated 
with pregnancy, perinatal or surgical trauma, and in 
some cases thrombophilia. [3, 10, 14, 17, 20]. Accord-
ing to some authors, thombo-embolic complications in 
the venous system in the women in labor with throm-
bophilia are associated with the deficiency of one, or 
several natural coagulation inhibitors (antithrombin 
III, protein C, protein S), Leiden V factor mutation, 
G20210A prothrombin gene mutation [1, 3, 8, 19, 20].

Our observations are in agreement with previous 
study showing that thrombi in the venous system are 
most commonly found in the vessels of the left lower 
extremity (femoral/iliac vein) [14]. In our material 

 Table 1. Clinical characteristics of the patients 

Parameters
Controls Study group Test results

Mean SD Mean SD

Age 28,3 4,9 30,4 5,3 Mann-Whitney-Wilcoxon test 
p=0,004

Weeks of pregnancy at delivery 38,3 2,4 37,9 2,7 Mann-Whitney-Wilcoxon test
p= 0,325

Table 2. Clinical characteristics of the patients

Parameters
Controls Study group Test results

N % N %

Parity

Primiparas 76 43,9 11 15,5 Fisher test 
p<0,001Multiparas 97 56,1 61 84,5

Mode of delivery

Normal sponatenous vaginal delivery 157 90,8 41 56,9 Fisher test 
p<0,001Cesarean Section 16 9,2 31 43,1
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Table 3. Summary of studied GP IIIa and GP Ia glycoprotein polymorphisms 

Paramter
Controls Study group Test results

N % N %

GPIIIa

A1/A1 130 76,5 53 76,8
 Fisher test p=1,00A1/A2 38 22,4 15 21,7

A2/A2 2 1,2 1 1,4
A1/A1 130 76,5 53 76,8

Fisher test p=1,00
A1/A2 and A2/A2 40 23,6 16 23,1

GPIa

CC 61 35,7 24 34,3
Fisher test p=0,935CT 93 54,4 38 54,3

TT 17 9,9 8 11,4
CC 61 35,7 24 34,3

Fisher test p=0,935
CT and TT 110 64,3 46 65,7

 

Table 4. List of parameters for the risk of thrombosis in the women in child birth with platelets glycoprotein 
 polymorphism. 

Polymorphism GP Ia Polymorphism GP IIIa

Odds ratio (OR) 1,062 1,014
Relative risk (RR) 1,021 1,017
Assigned (AR) 0,010 0,002
Proportional assigned risk (PAR) 0,020 0,010 
Relative risk (χ2) 0,019 0,002

veins of the left lower extremities were most commonly 
involved, and only in two cases thrombo-embolic proc-
ess developed in the arterial vessels. Slow blood flow in 
the venous system, secondary to hemodynamic changes 
caused by enlarging uterus are predisposing pregnant 
women to the thrombosis. 

In our study percentage of pro-thrombotic plate-
lets glycoprotein mutations in the study and control 
group were not statistically different, and prevalence 
of individual genotypes was comparable with the 
data published by other investigators [11]. Thrombo-
embolic complications in the arterial system are very 
rarely observed in the pregnant women [10], and 
usually develop in the people who are carriers for the 
pro-thrombotic platelets glycoprotein GP IIIa and GP 
IIa mutation [5, 6, 11, 15, 16, 18].

Lanska D.J.et al. reviewed the national data from 50 
million deliveries in USA. They’ve found 17,7 cases of 
stroke, and 11,4 cases of intracranial venous thrombo-
sis per 100 000 deliveries [12]. In that study, pregnant 
women who developed thrombo-embolic complica-
tions, all had additional risk factors like antiphospholi-
pid syndrome, ovaries hyper stimulation syndrome (in 
vitro fertilization), pregnancy associated hypertension, 
preeclampsia. In our material thrombo-embolic com-
plications in the arterial system occurred in 0,05% of 
cases, and developed in both cases in the arterial vessels 
of the upper extremities. When compared to the data 
published in the literature, prevalence rate in our study 
was lower. One possible explanation might be related 
to the fact that pregnant women qualified for our stud-
ies did not have any other known risk factors for the 

thrombo-embolic complications. Studies performed 
in the number of centers indicate that pro-thrombotic 
platelets glycoprotein GP IIIa and GP IIa mutations are 
one of the risk factors for the coronary artery disease 
and stroke [6, 11, 15, 18, 21]. We did not observe these 
complications in our patient, even though the preva-
lence of individual mutations in our study was similar 
to reported by others [6, 11, 15, 16, 18, 21]. It is possible 
that different percentage of thrombo-embolic compli-
cations observed in the group of patients we analyzed is 
related to their lower mean age. This thesis as well as a 
possibility of existence of other protective mechanisms 
associated with pregnancy and puerperium decreasing 
the frequency of this type of complications requires 
further studies. Because of a small number of patients 
in our study more meaningful statistical analysis could 
not be done. At this time it is difficult to unequivocally 
determine the role of GP Ia and GP IIIa polymorphisms 
in the pathogenesis of thrombo-embolic complications. 
Many investigators believe that presence of the pro-
thrombotic platelets glycoprotein genotypes by itself 
does not increase the risk of thrombo-embolic compli-
cations. Our results are in agreement with above stated 
thesis. Surprisingly prevalence of individual platelets 
glycoprotein genotypes potentially pro-thrombotic, and 
not associated with thrombosis in controls and study 
group were similar. So, probably causative relationship 
between the presence of specific genotype and throm-
bosis does not exist. Pathogenesis of thrombo-embolic 
disease in pregnant women is probably complex, and 
determined not only by the presence of pro-thrombotic 
polymorphisms of the platelets glycoprotein. Thrombo-
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embolic complications in our group of women in labor, 
manifested mainly in the venous system, are probably 
related to other factors than polymorphisms of the GP 
Ia/ GP IIIa. 

In conclusion, prevalence of pro-thrombotic poly-
morphisms of platelets glycoprotein GP IIIa /GP Ia is 
similar in the group of women in labor with thrombosis 
and without thrombosis. Polymorphisms of platelets 
glycoprotein GP Ia and GP IIIa are not the genetic 
risk factor for developing thrombosis in the women in 
labor. 

Acknowledgments

The authors thank Professor Cezary Watala, Head of 
the Coagulation Research Laboratory, Medical Univer-
sity in Lodz, for the invaluable help and expertise with 
DNA extraction and genotyping. 

The study was partially funded by the grant from 
Polish Academy of Science.

  REFERENCES
 
 1 Arruda VR, Annichino-Bizzacchi JM, Goncalves MS, Costa FF. 

Prevalence of the prothrombin gene variant (nt20210A) in ve-
nous thrombosis and arterial disease. Thromb Haemost 1997; 
78:1430–3.

 2 Bick RL.Syndromes of disseminated intravascular coagulation in 
obstetrics, pregnancy, and gynecology. Objective criteria for di-
agnosis and management. Hematol Oncol Clin North Am 2000; 
14:999–1044.

 3 Bokarewa MI, Bremme K, Blomback M. Arg506-Gln mutation in 
factor V and risk of thrombosis during pregnancy. Br J Haematol 
1996; 92:473–8.

 4 Calvette JJ. Clues of understanding the structure and function of 
a prototypic human thrombosis during pregnancy. Brit. J. Hae-
matol 1994; 72:1–15.

 5 Carlsson LE, Greinacher A, Spitzer C, Walther R, Kessler C. Poly-
morphisms of the human platelet antigens HPA-1, HPA-2, HPA-
3, and HPA-5 on the platelet receptors for fibrinogen (GPIIb/
IIIa), von Willebrand factor (GPIb/IX), and collagen (GPIa/IIa) are 
not correlated with an increased risk for stroke. Stroke 1997; 
28:1392–5.

 6 Carter AM, Ossei-Gerning N, Wilson IJ, Grant PJ. Association of 
the platelet Pl(A) polymorphism of glycoprotein IIb/IIIa and the 
fibrinogen Bbeta 448 polymorphism with myocardial infarction 
and extent of coronary artery disease. Circulation 1997; 96:1424–
31.

 7 Carter AM, Catto AJ, Bamford JM, Grant PJ. Platelet GP IIIa PlA and 
GP Ib variable number tandem repeat polymorphisms and mark-
ers of platelet activation in acute stroke. Arterioscler Thromb 
Vasc Biol 1998; 18:1124–31.

 8 Conrad J HM, Van Dreden P, Lecompte T, Samama M. Thrombosis 
and pregnancy in congenital deficiencies in AT III, protein C or 
protein S: study of 78 women. Thromb Haemost 1990; 63:319–
320

 9 Durante-Mangoni E, Davies GJ, Ahmed N, Ruggiero G, Tudden-
ham EG. Coronary thrombosis and the platelet glycoprotein IIIA 
gene PLA2 polymorphism. Thromb Haemost 1998; 80:218–9.

 10 Eldor A. Thrombophilia, thrombosis and pregnancy. Thromb Hae-
most 2001; 86:104–11.

 11 Hermann SM PO, Marques-Vidal P, Evans A, Arveiler D, Luc G, 
Emmerich J, Cambien F. The Leu 33/Pro polymorphism (P1A1/
P1A2) of the glycoprotein IIIa (GPIIIa) receptor is not related to 
myocardial infarction in the ECTIM Study. Etude Cas-Temoins de 
l’Infarctus du Myocarde. Thromb Haemost 1997; 77:1179–1181.

 12 Lanska DJ, Kryscio RJ. Stroke and intracranial venous thrombosis 
during pregnancy and puerperium. Neurology 1998; 51:1622–8.

 13 Lockwood CJ. Inherited thrombophilias in pregnant patients: de-
tection and treatment paradigm. Obstet Gynecol 2002; 99:333–
41.

 14 Lopaciuk S. Zakrzepy i zatory. 2nd ed. Warszawa: Wydawnictwo 
Lekarskie PZWL; 2002.

 15 Mamotte CD, van Bockxmeer FM, Taylor RR. PIa1/a2 polymor-
phism of glycoprotein IIIa and risk of coronary artery disease and 
restenosis following coronary angioplasty. Am J Cardiol 1998; 
82:13–6.

 16 Ridker PM, Hennekens CH, Schmitz C, Stampfer MJ, Lindpaintner 
K. PIA1/A2 polymorphism of platelet glycoprotein IIIa and risks 
of myocardial infarction, stroke, and venous thrombosis. Lancet 
1997; 349:385–8.

 17 Tripodi A, Mannucci PM. Laboratory investigation of thrombo-
philia. Clin Chem 2001; 47:1597–606.

 18 Wagner KR, Giles WH, Johnson CJ, Ou CY, Bray PF, Goldschmidt-Cl-
ermont PJ, Croft JB, Brown VK, Stern BJ, Feeser BR, Buchholz DW, 
Earley CJ, Macko RF, McCarter RJ, Sloan MA, Stolley PD, Wityk RJ, 
Wozniak MA, Price TR, Kittner SJ. Platelet glycoprotein receptor 
IIIa polymorphism P1A2 and ischemic stroke risk: the Stroke Pre-
vention in Young Women Study. Stroke 1998; 29:581–5.

 19 Wu KK. Genetic markers: genes involved in thrombosis. J Cardio-
vasc Risk 1997; 4:347–52.

 20 Yamada H, Kato EH, Kobashi G, Ebina Y, Shimada S, Morikawa M, 
Yamada T, Sakuragi N, Fujimoto S. Recurrent pregnancy loss: eti-
ology of thrombophilia. Semin Thromb Hemost 2001; 27:121–9.

 21 Zhu MM, Weedon J, Clark LT; Meta-analysis of the association of 
platelet glycoprotein IIIa PlA1/A2 polymorphism with myocardial 
infarction. Am J Cardiol 2000; 86:1000–5, A8.


