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Summary

Background: Plasminogen activator inhibitor 1 (PAI-1) is an
inhibitor of fibrinolysis. The PAI-1 4G/5G polymorphism is
associated with elevated plasma levels of PAI-1. Over-
expression of PAI-1 and impaired fibrinolysis in homozygous
carriers of the 4G/4G PAI polymorphism may lead to abnor-
mal placental formation and increased risk of fetal loss (FL).
The aim of our study was to determine the frequency of this
polymorphism in patients with FL in a Serbian population.
Methods: The study was carried out in a group of 203
women (971 controls and 112 women with FL). The presence
of PAI-1 4G/5G polymorphism was detected by PCR-RFLP
analysis.

Results: Slightly increased frequency of the PAI-1 4G/4G
genotype was observed in the study group compared to the
controls (32.1% vs. 30.8%). The frequency of PAI-1 was
highest in women experiencing FL in the second trimester of
pregnancy (50%), but this difference was not statistically sig-
nificant.

Conclusions: Our findings suggest that PAI-1 4G/4G might
be a risk factor for FL occurring in the second trimester of
pregnancy. Further studies are required in order to determine
the role of PAI-1 4G/5G polymorphism in the etiology of FL.
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Kratak sadrzaj

Uvod: Inhibitor aktivatora plazminogena 1 (PAI-1) igra zna-
¢ajnu ulogu u procesu inhibicije fibrinolize. Pokazano je da je
PAI-1 4G/5G polimorfizam povezan sa povisenim nivoom
PAI-1 proteina u plazmi. Povedana ekspresija PAI-1 i sma-
njena fibrinoliza kod homozigotnih nosilaca PAI-1 4G/5G
polimorfizma moze dovesti do poremecaja tokom formiranja
placente i povedanija rizika za spontane pobacaje (SP). U
okviru ove studije analizirali smo uéestalost PAI-1 4G/5G
polimorfizma kod pacijentkinja sa spontanim pobacajima.
Metode: Studija je obuhvatila grupu od 203 Zene (91 u kon-
trolnoj grupi i 112 Zena sa SP). Prisustvo PAI-1 4G/5G poli-
morfizama je detektovano PCR-RFLP analizom.

Rezultati: Detektovana ucestalost homozigotnih nosilaca
PAI-1 4G/5G polimorfizma je bila ne$to visa u grupi paci-
jentkinja u odnosu na kontrolnu grupu (32,1% vs. 30,8%).
Najvi$a ucestalost je detektovana kod Zena koje su imale SP
u drugom trimestru trudnoce (50%), ali ova razlika nije bila
statisticki znacajna.

Zakljuéak: Rezultati nase studije ukazuju da PAI-1 4G/4G
moze biti faktor rizika za pojavu SP u drugom trimestru trud-
noce. Potrebna su dalja ispitivanja u cilju odredivanja uloge
PAI-1 4G/4G polimorfizma u etiologiji spontanih pobacaja.

Kljuéne reci: PAI-1 4G/5G polimorfizam, inhibitor akti-
vatora plazminogena, spontani pobacaj

List of non-standard abbreviations: FL, fetal loss; PAI-1, plas-
minogen activator inhibitor-1; tPA, tissue-type plasminogen
activator; u-PA, urokinase-type plasminogen activator; bp,
base pairs; DVT, deep vein thrombosis.
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Introduction

Thrombophilia refers to a group of inherited or
acquired coagulation disorders leading to venous and/
or arterial thrombosis as well as reproductive disorders
such as fetal loss (FL) (1-3). The most frequent genet-
ic risk factors associated with thrombophilia include
factor V Leiden (G1691A), prothrombin G20210A
and PAI-1 4G/5G gene variants (1).

Plasminogen activator inhibitor-1 (SERPINE1,
also known as PAI-1) is a 55-kd glycoprotein synthe-
sized by endothelial cells, hepatocytes and megakary-
ocytes (4). PAI-1 acts as an inhibitor of endogenous
fibrinolytic activity due to its ability to inhibit the acti-
vity of tissue-type plasminogen activator (tPA) and
urokinase-type plasminogen activator (u-PA) (5-7).
Gene coding for PAI-1 is located on chromosome 7
(7921.3-g22.1) and contains eight introns and nine
exons (4).

The 4G/5G polymorphisms located at position
—675 bp in the PAI-1 gene have alleles with four or
five guanosines due to a single guanosine inser-
tion/deletion in the promoter region (4, 7). A 5G
allele binds both a transcriptional activator and a
repressor protein at the overlapping binding site,
which leads to normal PAI-1 expression. In contrast, a
4G allele binds only a transcriptional activator, result-
ing in an increased expression of PAI-1 (4). High lev-
els of PAI-1 due to the presence of 4G/4G may con-
tribute to the risk for deep vein thrombosis (DVT) and
myocardial infarction (4, 8). The PAI-1 overexpres-
sion and impaired fibrinolysis may also cause compro-
mised and insufficient trophoblast invasion, leading to
abnormal placental formation and increased risk of
FL (9-11).

Fetal loss is a common health problem affecting
1-5% of women of reproductive age (12). Although
several etiologies, such as anatomic defects of the
uterus, immune disorders, endocrinological abnor-
malities and chromosomal translocations and inver-
sions, have been recognized as causes of FL, the
pathophysiology still remains unexplained (9, 12,
13). It has been suggested that acquired or inherited
thrombophilia is associated with FL (9, 14).

Some studies reported significantly higher fre-
quency of the PAI-1 4G/4G polymorphism in patients
with FL (9, 15, 16), while other studies demonstrated
no difference in the PAI-1 4G gene variant prevalence
among patients with FL compared with controls
(17-19).

The aim of this study was to determine the fre-
quency of PAI-1 4G/5G polymorphism in women with
FL and healthy controls. This is the first study in which
the prevalence of this polymorphism was investigated
in a Serbian population.

Materials and Methods
Patients

Our study included 203 women divided into a
study group and a control group. The study group
included 112 women (35+5.42 years) with at least
one FL, referred to the Institute of Molecular Genetics
and Genetic Engineering for thrombophilia testing in
the period from 2002 to 2012. Women with a histo-
ry of infective, gynecological and endocrinological
disorders, chronic hypertension, diabetes, malignancy
disorders and chromosomal abnormalities were not
included in the study, as well as patients with protein
C, S and antithrombin deficiencies.

Out of 112 patients, 78 patients with available
anamnestic data on the period of FL occurrence were
divided in 4 groups. First, second and third group
included women who had FL only in one trimester
(first, second and third trimester, respectively). The
4th group (combined) included women who had mis-
carriages in two different or in all three trimesters.

Control group consisted of 91 healthy women
(40x12 vyears) with no history of miscarriages or
thrombosis. The study was approved by the local
research ethics committee.

Laboratory Methods

Peripheral blood was taken on 3.8% sodium cit-
rate as anticoagulant. Genomic DNA was purified
from 200 pL of human whole blood using the
QlAamp DNA blood mini kit (QIAGEN, Germany)
according to manufacturer’s protocol.

All women were tested for FV Leiden and FlI
G20210A mutations using PCR-RFLP analysis as pre-
viously described (20, 21).

The fragment of the PAI-1 gene that included
position —-675 in the promoter region was amplified
by PCR using previously described primers, followed
by digestion with Bsll restriction enzyme (Biolabs,
New England) (22). Normal (77 and 21 bp) and
mutated (98 bp) alleles were distinguished by the size
of the restriction fragments, using electrophoresis on
10% polyacrylamide gels and visualised by silver
staining (23) (Figure 1).
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Figure 1 Polyacrylamide gel electrophoresis of the PAI-1
4G/5G polymorphism.

L — Ladder size marker (100bp) 2,5- PAI -1 4G/5G genotype
1,4 — PAI-1 5G/5G genotype  3- PAI -1 4G/4G genotype
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Statistical Analysis

Statistical analysis was performed using Statis-
tical Package for Social Sciences 13.0 for Windows
(SPSS Inc., Chicago, lllinois, USA). Deviations of
genotype distributions from the Hardy-Weinberg equi-
librium were assessed by y2-test. The prevalence of
PAI-1 gene variants was compared between patients
and controls with the use of Fisher’s exact test. Odds
ratio (OR) and 95% confidence interval (Cl) were cal-
culated. P value less than 0.05 was considered as sta-
tistically significant.

Results

In this study, we investigated 112 women with
FL and 91 controls. There were more than 292 mis-
carriages with only 11 successful deliveries in the
study group, while in the controls 82 successful preg-
nancies and no fetal loss were recorded. Family histo-
ry of thrombotic disorders was more frequent in the
patient group (38.4% vs. 2.2%).

In the study group, 40.2% of women were het-
erozygous and 31.2% were homozygous carriers of

Table | Genotype frequencies of PAI-1 4G/5G polymor-
phism in women with fetal loss and control group.

the PAI-1 4G/5G gene variant, which was similar to
the frequency in controls (49.5% heterozygous and
30.8% homozygous) (Table I). Control group was in
the Hardy-Weinberg equilibrium, while the study
group was not (x2=4.25) due to a slight excess of
homozygotes for the 4G allele, which was probably
the result of small sample size.

The four groups of patients, divided according
to FL occurrence period, included: st trimester — 52
women, 2nd trimester — 10 women, 3rd trimester — 6
women and a combined group — 10 women. Charac-
teristics of these groups are shown in Table Il. No sta-
tistically significant differences in the PAI-1 4G/5G
frequency were found between the control group and
groups of patients divided according to trimesters.
The highest frequency of the PAI-1 4G/4G genotype
was found in women who have had miscarriages in
the second trimester. In this group, the risk of FL was
2.25-fold higher than in controls (Table III).

In order to determine whether the PAI-1 gene
variant may increase the risk of FL in combination
with other thrombotic mutations, we evaluated the
number of PAI-1 4G/4G carriers heterozygous for FV

Table Il Characteristics of the study group according to
trimesters.

Genotypes Controls Patients P OR st trim. | 2nd trim. | 3rd trim. |combined
n=91 n=112 (95% CI) (n=52) | (n=10) | (n=6) | (n=10)
(%) (%)
PAI 18 31 019 Age (years+SD) | 36+3.9 | 34+4.4 | 32+3.4 | 34+4.2
5G/5G (19.8%) (27.7%) 1.55 0.8-3.01 Number of 3 2 2 None
successful
PAI-1 45 45 0.18 pregnancies
4G/5G (49.4%) (40.2%) 0.69
0.39-1.20 Number of FL 131 20 10 35
PAI-1 28 36 0.8 Family history 481 40 50 40
4G/4G (30.8%) (32.1%) 1.06 of thrombotic
0.59-1.93 disorders (%)
Table Il Genotype frequencies of PAI-1 4G/5G polymorphism in women with fetal loss according to trimesters.
Controls | 1sttrim. | 2"d trim. | 3rd trim. |combined pa pb pc pd
Genotypes n=91 n=52 n=10 n=6 n=10 ORa ORP ORce ORd
(%) (%) (%) (%) (%) (95% ClI2) | (95% CIb) | (95% Clc) |  (95% Cld)
18 12 2 2 2 0.64 0.98 0.43 0.98
PAI-1 5G/5G| (19.8%) (23.1) (20) (33.3) (20) 1.22 1.01 2.03 1.01
0.53-2.78 | 0.20-5.20 |0.34-2.91| 0.20-5.20
45 18 3 3 6 0.09 0.25 0.97 0.53
PAI-1 4G/5G| (49.4%) (34.6) (30) (50) (60) 0.54 0.44 1.02 1.53
0.27-1.09 | 0.11-1.80 | 0.2-5.33 | 0.41-5.80
28 22 5; 1 2 0.16 0.23 0.47 0.48
PAI-1 4G/4G| (30.8%) (42.3) (50) (16.8) (20) 1.65 2.25 0.45 0.56
0.81-3.35 | 0.60-8.40 |0.05-4.03| 0.11-2.82

a /st trim. patient group vs. control group were tested
b 2nd trim. patient group vs. control group were tested

¢ 3rd trim. patient group vs. control group were tested
d combined patient group vs. control group were tested
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Leiden and Fll G20210A. In the study group, 1.8% of
women with FL were homozygous carriers of the
PAI-1 polymorphism and heterozygous for FV Leiden
mutation, while in controls the frequency of these
mutations was 1.1%. In the study group, 2.7% of
women homozygous for PAI-1 were heterozygous car-
riers of Fll G20210A mutation, but none of the
women in the control group had both of these two
mutations.

Discussion

In our study, we investigated the prevalence of
the PAI-1 4G/5G polymorphism in women with FL
and healthy women who had no history of miscar-
riages. Our results show that the PAI-1 4G/4G geno-
type was slightly more frequent in the study group
(32.14%) compared to controls (30.77%), but the
difference was not statistically significant. These
results are in concordance with the study of Buchholz
et al. (18) which reported that the PAI-1 4G/4G poly-
morphism frequency was higher in women with FL
(39.1%) compared to controls (32.3 %), but the
difference did not reach statistical significance
(P=0.22). Similar data was reported in a study by
Goodman et al. (19). Conversely, Jeddi-Tehrani et al.
(9) and Coulam et al. (2) have shown that the fre-
quency of homozygous PAI-1 4G allele carriers was
significantly higher in women with FL compared to
controls.

In our study, the frequency of PAI-1 4G/4G car-
riers in patients who have had FL in the first trimester
(42.3%) was slightly higher compared to controls
(30.8%). Dossenbach-Glaninger et al. (24) showed
that homozygosity for the PAI-1 4G polymorphism
might contribute to increased risk of early pregnancy
loss by disrupting fibrin cross-linking and fibrinolysis
(OR 2.4; 95% ClI 1.1-5.5).

Our study shows that the frequency of homozy-
gous carriers of the PAI-1 gene variant was highest in
patients suffering from FL in the second trimester
(50%). This group of patients had 2.25-fold increased
risk of FL. The difference was not statistically signifi-
cant compared to controls (P=0.23), but it indicates
that the PAI-1 4G/4G polymorphism might play a role
in the pathogenesis of FL in the second trimester of
pregnancy. This result is consistent with the study of
Glueck et al. (25) who reported that in a group of
women homozygous for the PAI-1 4G allele, heritable
hypofibrinolysis was the major cause of prematurity
(P=0.001) and second- and third-trimester fetal
death (P=0.025). They also suggested that the
4G/4G genotype is associated with complications of
pregnancy, probably by acting through thrombotic
induction of placental insufficiency (25).

In our study, only six women experienced FL in
the third trimester. In this group, the frequency of PAI-

1 4G/4G genotype was lower (16.8%) compared to
controls, which indicates that PAI-1 4G/5G polymor-
phisms might not represent risk factors for late FL.
However, further larger studies are needed to confirm
our findings.

It has been reported that the prevalence of mul-
tiple thrombophilic mutations was significantly higher
in patients with FL compared to controls (26). We
have investigated whether PAI-1 4G/4G might in-
crease risk for FL in FV Leiden and Fll G20210A
mutation carriers. Martinelli et al. (27) showed that
the presence of FV Leiden and FIl G20210A muta-
tions alone are risk factors for FL. Recent studies elu-
cidate the relevance of PAI-1 4G/5G polymorphism
as a potential risk factor contributing to FL in FV
Leiden and Fll G20120A carriers (28). Glueck et al.
(29) showed that the hypofibrinolytic 4G/4G PAI-1
genotype is associated with FV Leiden mutation in
women with severe preeclampsia, abruptio placentae,
fetal growth restriction and stillbirth. Our data show
that patients homozygous for the PAI-1 4G allele and
heterozygous for FV Leiden (1.8%) are not at
increased risk for FL occurrence compared to controls
(1.1%). These data might be the result of small sam-
ple size and larger further studies are needed to con-
firm our results.

The concomitant presence of PAI-1 4G/4G geno-
type with the FIl G20210A mutation in patients with ve-
nous thromboembolism was related to an increased risk
for venous thrombosis (30). In our study, heterozygosi-
ty for FIl G20210A and homozygosity for the PAI-1 4G
allele were more common in patients with FL (2.7%)
compared to controls, where none of the women had a
combination of these two mutations. This suggests that
heterozygous carriers of the Fll G20210A mutation
might be at increased risk for FL in combination with
the PAI-1 4G/4G polymorphism.

In conclusion, this is the first study in which the
prevalence of the PAI-1 4G/5G polymorphism was
determined in a Serbian population. Our findings
suggest that women carrying the PAI-1 4G/4G geno-
type might be at increased risk of FL, and indicate
that during pregnancy, the second trimester might be
the most critical for FL to occur. The limitation of our
study was a small sample size, but our results high-
light the possible role of PAI-1 4G/5G polymorphism
in FL, so further larger studies are needed to establish
the significance of the PAI-1 4G/5G polymorphism in
the etiology of FL and validate our findings.
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