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Abstract

Objectives: Recurrent miscarriage (RM) is one of the most common obstetric complications. Numerous studies
have suggested that genetic variants leading to an impaired balance between coagulation and fibrinolysis may
contribute to elevated risk of pregnancy loss. The aim of the study was to investigate a possible association
between angiotensin-converting enzyme (ACE, rs1799752) I/D and plasminogen activator inhibitor type 1 (PAI-1,
rs1799768) 4G/5G polymorphisms with RM among Polish women.

Material and methods: DNA was extracted from peripheral blood samples of 152 women with a history of
22 consecutive pregnancy losses before 22 weeks of gestation, and 180 healthy controls with at least 1 live
birth at term and no history of pregnancy loss. Polymerase chain reaction (PCR) and restriction fragment length
polymorphism (RFLP) were used to identify the polymorphisms.

Results: No statistically significant differences were found in genotype and allele frequencies of the studied
polymorphisms. The most relevant difference between the study group and controls was found for the ID genotype
distribution of the ACE gene (52.6 vs. 46.7%, OR=1.27, p=0.28). The analysis of genotype coexistence revealed
a higher incidence of the combination of the ACE Il and the PAI-1 4G/4G genotypes in the control group (10.0 vs.
5.9% in control group; p=0.17).

Conclusions: The obtained results suggest no apparent association between the ACE I/D, PAI-1 4G/5G
polymorphisms and increased RM susceptibility in the analyzed Polish population.
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Streszczenie

Cel pracy: Poronienia nawracajgce sg jednym z najczesciej wystepujgcych powiktan potozniczych. Wiele badari
wskazuje, ze warianty genetyczne prowadzgce do zaburzenia rownowagi pomiedzy ukladami krzepniecia i fibrynolizy
mogg powodowac wzrost ryzyka utraty cigzy. Celem pracy byto zbadanie zwigzku pomiedzy wystepowaniem
poroniert nawracajgcych a polimorfizmami I/D genu konwertazy angiotensyny | (ACE, rs1799752) i inhibitora
aktywatora plazminogenu typu 1 (PAI-1, rs1799768) 4G/5G wsrod kobiet w Polsce.

Materiat i metody: DNA izolowano z krwi obwodowej 152 kobiet z dwoma lub wiecej nastepujgcymi po sobie
poronieniami przed 22 tygodniem cigzy i 180 zdrowych kobiet bez poronien, z co najmniej jedng cigzg zakorczong
urodzeniem zdrowego noworodka o czasie w wywiadzie. Do identyfikacji polimorfizmow zastosowano faricuchowg
reakcje polimerazy (PCR) oraz polimorfizm dfugosci fragmentow restrykcyjnych (RFLP).

Wyniki: Nie zaobserwowano statystycznie istotnych roznic w czestosci wystepowania genotypdw i alleli badanych
polimorfizmow. Najwieksza réznica pomiedzy grupg badang i kontrolng dotyczyta czestosci wystepowania genotypu
ID genu ACE (52,6 vs. 46,7%, WR=1,27, p=0,28). Analiza wspotwystepowania badanych w pracy genotypow
wykazala czestsze wystepowanie w grupie kontrolnej kombinacji genotypow ACE Il oraz PAI-1 4G/4G (10,0
vs.5,9% w grupie kontroinej; p=0,17).

Whioski: Wyniki wskazujg na brak bezposredniego zwigzku polimorfizméw ACE I/D, PAI-1 4G/5G ze zwigkszong
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czestoscig wystepowania poroniern nawracajgcych w badanej populacji polskiej.

Stowa kluczowe: uklad renina-angiotensyna / polimorfizm / PAI-1 /ACE / poronienie /

/ SERPINE-1/

Introduction

Recurrent miscarriage (RM) has been defined as the loss of
>3 consecutive pregnancies before 22 weeks of gestation. The
experts from the Polish Gynecological Society recommend to
expand the diagnosis of RM and include 2 consecutive spontaneous
abortions. There are many well-known risk factors for RM
(anatomic, endocrine, immunologic, infectious, biochemical,
environmental and some gene variants), and the etiology of
this pregnancy complication is believed to be multifactorial.
The coagulation system during pregnancy undergoes significant
changes, leading to hypercoagulability [1, 2]. Each factor causing
an imbalance between coagulation and fibrinolysis in pregnancy
may cause thrombosis and, consequently, recurrent abortion [3].
A number of epidemiological and experimental studies have
demonstrated the existence of links between the fibrinolytic
system and the renin-angiotensin system (RAS). RAS is an
endocrine system which regulates blood pressure and electrolyte
balance. In addition, local expression of the renin-angiotensin
system has been found in a number of tissues, including human
placenta. The fetal-maternal interface comprises both, fetal
placental tissue RAS and maternal decidual tissue RAS [4].
It has been suggested that placental RAS is involved in a few
physiological processes (placental angiogenesis, proliferation,
and trophoblast invasion) and participates in the etiology of
some obstetric complications, e.g. preeclampsia [5, 6]. The key
component of RAS is angiotensin-converting enzyme (ACE; EC
3.4.15.1), which is responsible for inactivation of vasodilator
bradykinin and conversion of the inactive decapeptide,
angiotensin I, to the active octapeptide — angiotensin II. The ACE
gene is located on chromosome 17q23 and consists of 26 exons
and 25 introns. There is a genetic variation within the gene, a 278
base pair A/u sequence insertion/deletion (//D) polymorphism
(rs1799752). This variant is located in intron 16 and it does not
affect the structure of the enzyme, but is strongly connected to the
plasma level of ACE (D allele is associated with higher enzyme

272

© Polskie Towarzystwo Ginekologiczne

levels than the presence of the 7 allele). The ACE DD genotype
has been shown to be associated with enhanced conversion of
angiotensin I to angiotensin II, which increases the synthesis of
plasminogen activator inhibitor -1. Type I plasminogen activator
inhibitor (PAI-1) is the predominant inhibitor of both, tissue- and
urinary-type plasminogen activators (t-PA, u-PA). The PAI-]
(SERPINEL1) gene is located at 7q21.3-22 and contains 9 exons
and 8 introns. The 1-bp guanine deletion/insertion (4G/5G,
rs1799889) polymorphism at position -675 nucleotides relative
to the transcription start site is the commonly studied functional
variant in the PAI-1 gene [7]. The 4G allele is associated with
higher plasma PAI-1 transcription and activity than 5G. Figure 1
shows the relation between the ACE and PAI-1 polymorphisms.

Angiotensinogen

Angiotensin | ———— Angiotensin Il

RAS T
Renin ACE PAI-1
I allele ¥ 5G allele ¥
D allele 4 4G allele 4
fibrinolitic
system +-PA

Plasminogen —— Plasmin TJ,
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Figure 1. Interaction between fibrinolysis and RAS, including the role of the ACE
and PAI-1 polymorphisms.
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A number of studies on the association between RM and both, ACE
1/D and PAI-1 4G/5G polymorphisms, together and individually,
have been conducted but the results remain inconclusive [8, 9].

Therefore, the aim of the present study was to investigate the
effects of the polymorphisms in the ACE and PAI-1 genes from
the renin-angiotensin and fibrinolytic systems on the etiology of
RM in Polish women from the Wielkopolska region.

Material and methods

A total of 332 women were enrolled at the Department of
Perinatology and Women’s Diseases, Poznan University of
Medical Sciences. All patients signed their informed consent.
Local Ethics Committee approved of the study. The women were
subdivided into two groups: 152 (mean age 30.16+3.82 years,
range 21-45 years, median 30 years) with a positive history of
at least 2 consecutive pregnancy losses in the first and second
trimester, and 180 (mean age 29.46+4.26 years, range 19-42
years, median 29 years) with a negative history of miscarriage
and at least one uncomplicated pregnancy and term delivery.
All women were Caucasian and from the Wielkopolska region,
Poland.

In each case of a miscarriage, the pregnancy had been
previously confirmed by an ultrasound or histopathologic
examination performed after pregnancy loss. The exclusion
criteria were as follows:

— antiphospholipid antibodies and other pathologies which
may be associated with the occurrence of thrombotic
complications and miscarriage (chronic hypertension,
positive history of deep venous thromboembolism),

— known causes of RM (chromosomal disorders, uterine
defects, chronic diseases, infections, hormonal disorders),

— isthmic-cervical insufficiency.

Genomic DNA was extracted from whole blood using
QIAamp DNA Blood Mini Kit (Qiagen, Germany), according to
the manufacturer’s recommendations. Genotyping was performed
at the Laboratory of Molecular Biology, Division of Perinatology
and Women’s Diseases, Poznan University of Medical Sciences,
using the PCR method for the ACE I/D polymorphism, as
described previously [10]. The -675 4G/5G polymorphism in
the PAI-1 promoter region was determined by polymerase chain
reaction and restriction fragment length polymorphism (PCR/
RFLP) method using the primers and the restriction enzyme
BseLI (ThermoScientific, USA) published by Doggen et. al [11].
The products were analyzed by electrophoresis on a 3% agarose
gel with Midori Green Advanced DNA Stain (Nippon Genetics,
Europe GmbH).

Statistical analysis

All statistical analyses were performed using the R language
(version 3.1.0, http://cran.r-project.org), package MCPerm [12].
Distribution of the genotypes in both groups was tested for
deviation from the Hardy-Weinberg equilibrium by Chi-square
analysis. Differences in allele and genotype frequencies between
the groups were evaluated by standard Chi-square tests. The odds
ratio (OR) and 95% confidence intervals (95% CI) were also
determined. The p-value of <0.05 was considered as statistically
significant. The study polymorphisms were also tested for any
association with RM using the Cochran-Armitage trend test
(CATT).
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Results

Distribution of the PAI-1 and ACE allele and genotype
frequency among the RM patients and controls is shown in Table
L.

No statistically significant differences for the -675 4G/5G
PAI-1 polymorphism between genotype frequencies were found in
RM women and controls (4G/4G 32.9% vs. 35.0%; 4G/5G 49.3%
vs. 47.2%, and 5G/5G was the same in both groups - 17.8%).
Values of the observed genotype frequencies were consistent
with the expected results, calculated using the Hardy-Weinberg
equilibrium (study group > = 0.01; p = 0.90; control group y*>=
0.13; p = 0.72). Allele frequencies for this polymorphism were:
4G (57.6% vs. 58.6% in the control group, p = 0.79), 5G (42.4%
vs. 41.4% and the control group, p = 0.79) (Table I).

No statistically significant differences were observed in the
ACE allele and genotype frequency distribution between RM
women and controls. Moreover, there were no deviations from
the Hardy-Weinberg equilibrium in the investigated groups (RM
group x*=0.47; p=0.49 and x*=0.76; p=0.38 in the control group).
The frequency of the ACE genotype /I with insertion was 21.1 vs.
24.4% in the control group. The most relevant difference between
the study group and controls was found for the /D genotype
distribution of the ACE gene (52.6 vs. 46.7%, OR=1.27, p=0.28).

The cross-tabulation of genotype combinations of ACE (I/D)
and PAI-1 (4G/5G) is displayed in Table II. The frequency of the
co-occurrence of the /I genotype of ACE and 4G/4G PAI-1 was
higher in controls than in the RM group (10.0 vs. 5.9%, p=0.17).
There was no discrepancy between the observed and the expected
values in both groups.

Discussion

Links between RAS, fibrinolytic balance, and placental
vascularization have been proven by many researchers [13].
There are also several studies concerning the ACE I/D and
PAI-14G/5G genotypes in women with RM, individually and
combined with the conflicted results. Buchholz et al., studied
184 Caucasian women with a history of at least two unexplained
pregnancy losses before 25 weeks of gestations, and 127, age-
and race-matched controls with >1 successful pregnancy and
negative history of pregnancy loss. Among women with RM,
the prevalence of the ACE DD genotype was 32.1 vs. 23.6%
in controls (p=0.11) and the PAI-1 4G/4G genotype was 39.1%
as compared to 32.3% in controls (p=0.22). Coexistence of the
4G/4G and DD hypofibrinolytic genotypes revealed a statistically
significant difference between the investigated groups (13.6% in
RM vs. 4.7% in controls, p=0.01). The Cohran-Armitrage trend
test also confirmed a relationship between the 4G/4G and DD
genotype combination /4G and DD (p=0.02). Buchholz et al.,
suggested the need for further research in this field and reflection
whether or not double homozygous individuals should be treated
with low-molecular-weight heparin [8]. Six years later, Goodman
et al., conducted a similar case-control study to evaluate the
association between RM and ACE, PAI-1 variants and obtained
contradictory results. That study involved 120 women with RM
and 84 fertile controls. No significant differences between the
groups were observed [8]. Recently, Kim et al., analyzed the
allele and genotype frequencies of the PAI-1 4G/5G and ACE I/D
polymorphisms in 227 Korean women with RM and 304 controls.
Genotype and allele distributions of both polymorphisms did not
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Table I. Distribution of genotypes and alleles of the studied polymorphisms in RM women and controls.

Study group RM Control group
(n=152) (n=180)
0, a b
Genotypes Observed Expected Observed Expected oL 95%cl p p
value value value value
n (%) n (%) n (%) n (%)
PAI-1 -675 4G/5G
4G/4G 50 (32.9) 33.1 63 (35.0) 344 0.91 0.58-1.44 | 0.69 | 0.7866
4G/5G 75 (49.3) 48.9 85 (47.2) 48.5 1.09 | 0.71-1.68 | 0.70
5G/5G 27 (17.8) 18.0 32 (17.8) 171 0.99 | 0.57-1.76 | 1.00
Total 152 (100.0) 100.0 180 (100.0) 100.0
Alleles
4G 175 (57.6) - 211 (58.6) - 0.96 | 0.70-1.31 | 0.79
5G 129 (42.4) - 149 (41.4) - 1.04 | 0.77-1.4 0.79
Total 304 (100.0) - 360 (100.0) —
ACE I/D
/] 32 (21.1) 22.4 44 (24.4) 22.8 0.82 | 0.49-1.38 | 0.46 | 0.9166
ID 80 (52.6) 49.9 84 (46.7) 49.9 1.27 | 0.82-1.96 | 0.28
DD 40 (26.3) 27.7 52 (28.9) 27.3 0.88 | 0.54-1.43 | 0.60
Total 152 (100.0) 100.0 180 (100.0) 100.0
Alleles
I 144 (47.4) - 172 (47.8) - 0.98 | 0,72-1,33 | 0,92
D 160 (52.6) - 188 (52.2) - 1.02 | 0,75-1,38 | 0,92
Total 304 (100.0) - 360 (100.0) -
p?Chi-square Pearson Test
p? Cochran-Armitage trend test
Table Il. Genotype coexistence of the analyzed polymorphisms.
PAI-1
4G/4G 4G/5G 56/5G B et
n (%) n (%) n (%)
RM 9(5.9) 15 (9.9) 8(5.3) 32 (21.1)
n control | 18 (10.0) 19 (10.6) 7(3.9) 0.19 44 (24.4)
p? 0.17 0.84 0.55
RM 28 (18.4) 41 (27.0) 11(7.2) 80 (52.6)
ID control | 27 (15.0) 42 (23.3) 15 (8.3) 0.51 84 (46.7)
p? 0.40 0.45 0.71
ACE RM 13 (8.6) 19 (12.5) 8(5.3) 40 (26.3)
DD control | 18 (10.0) 24 (13.3) 10 (5.6) 0.85 52 (28.9)
p? 0.65 0.82 0.92
p° 0.55 0.96 0.63
total RM 50 (32.9) 75 (49.3) 27 (17.8) 152 (100.0)
total control 63 (35.0) 85 (47.2) 32 (17.8) 180 (100.0)

p? Chi-square Pearson Test
p? Cochran-Armitage trend test

differ between the groups. These authors concluded that both
polymorphisms, either alone or in combination, are not major
determinants of RM occurrence in Korean women [14].

In a study from the Gaza Strip, including 100 women with
a positive history of at least 3 consecutive abortions before 25
weeks of gestation and 100 controls, Al Sallout et al., found no
significant associations between ACE I/D, PAI-1 4G/5G and the
occurrence of first-trimester RM. In their study, all women from
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the control group were in the postmenopausal period to exclude
any abortion which could have occurred after the investigation.
The ACE DD genotype was present in 49% of the study group
and 54% of controls (p=0.479), genotype 4G/4G PAI-1 occurred
in both groups at the same 16% frequency [15].

The results of the performed meta- analyses are also
ambiguous. Researches of Chen and Li both showed an
association of the PAI-1 4G/5G polymorphism and recurrent
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pregnancy loss [16, 17]. In a meta-analysis by Chen et al., 18 case-
control studies were included (3684 cases and 2208 controls). No
significant association between the studied 4G/5G polymorphism
and the risk of RM under the recessive model (OR=1.70) was
found. In subgroup analysis, correlations were significant for
Asians and Africans under a recessive genetic model (OR=2.12
and 4.48, respectively) but not for Americans, Europeans and
Oceanians [16]. Li et al., performed a meta-analysis based on
22 case—control studies, with 4306 cases and 3076 controls. It
revealed that the PAI-1 4G/5G polymorphism was significantly
associated with an increased risk for RM (OR=1.89; p=0.0003).
In a race subgroup analysis, this polymorphism was associated
with an increased RM risk in Caucasians (18 studies, OR=2.23;
p=0.0003), but not in Asians (4 studies, OR=1.47; p=0.18) [17].

In a meta-analysis of 11 case-control studies evaluating
the association between the ACE I/D polymorphism and RM,
involving a total of 3357 subjects, Wang et al., found a significant
association between /D and DD genotypes as compared to 7/ (DD
vs. II p=0.003 and ID vs. Il p<0.001). In their meta-analysis, the
D allele contributed to an elevated risk for RM [18].

Su et al.,, conducted a meta-analysis to investigate the
association between PAI-1 and ACE polymorphisms in women
with idiopathic recurrent pregnancy loss. They included 11
association studies for the PAI-1 4G/5G polymorphism and 11
for the ACE I/D polymorphism in women with RM. Five of
these studies investigated both polymorphisms together. These
authors found a statistically significant correlation with the ACE
I/D polymorphism in studies including >2 recurrent abortions
(OR=1.29; 95% CI1 1.02-1.62) [19].

In a case-control study of 157 Czech women with RM and
74 healthy fertile women, Subrt et al., revealed a statistically
significant correlation between RM and PAI-1 (-675) 4G/4G
genotype, but no correlation between this polymorphism and
the presence of 8 antiphospholipid antibodies in serum of RM
women. Although our RM group was similar in sample size to
the study of Subrt et al., (152 and 157 women, respectively),
they observed the 4G allele frequency (61.5% vs. 57.6%) slightly
more often. In the control group from this article, the observed
genotype distribution deviated significantly from the expected
one. It is probably due to the small sample size of the control
group [20].

In our study, heterozygous ACE ID was present in 52.6%
of women with RM as compared to 46.7% of controls (p=0.16).
The DD genotype was observed in 26.3% of the RM subjects vs.
28.9% of controls (p=0.35). The frequency of the ACE deletion
allele was similar in both analyzed groups (52.6 vs. 52.2%).
Genotype and allele frequencies of the ACE gene polymorphism
in our controls were similar to those found in other studies in
Poland (II: 23-35%, ID: 42-57% and DD 18-26%) [21, 22,
23]. The obtained results revealed no correlation of the -675
4G/5G and I/D ACE gene polymorphisms with the risk of RM.
The frequency of the co-occurrence of the /7 genotype of ACE
and 4G/4G PAI-1 was higher in controls than in the RM group
(10.0 vs. 5.9%, p=0.12). Subjects homozygous for the / allele
have lower tissue and plasma ACE concentrations than /D and
DD genotypes and less angiotensin II. Low angiotensin II level
increases uteroplacental blood flow and, additionally, angiotensin
II activates the PAI-1 gene expression through ATIR, thus
inhibiting human trophoblast invasion [24].
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RAS and fibrinolysis systems are complex, dependent
on many proteins and receptors, and both undergo significant
changes in pregnancy. All of the components of RAS are
expressed already at 5 weeks of gestation in human embryos [25].
ACE may change the fibrinolytic balance because angiotensin II
increases the expression of PAI-1. Also, bradykinin undergoes
degradation, which causes stimulation of the t-PA production
[26]. During pregnancy, the PAI-1 level increases and the
placenta starts producing PAI-2. PAI-1 values are 5-fold higher at
35 weeks (37.8 AU/mL) than at 12 weeks of gestation (7.4 AU/
mL). Although its level decreases within 1 day postpartum, the
PAI-2 levels remain elevated for over 11 days [27, 28].

Conclusions

The obtained results suggest no apparent association between
the ACE I/D, PAI-1 4G/5G polymorphisms and increased RM
susceptibility in the analyzed Polish population.

Both studied genes ACE and PAI-1 are expressed in many
tissues and organs in both, the mother and the fetus. Also,
several polymorphic loci exist in these genes so further studies
of other polymorphisms and other genes involved in the renin-
angiotensin and fibrinolytic systems are needed. Despite the lack
of connection between the investigated polymorphisms and the
frequency of RM in the presented analysis, RAS and fibrinolytic
systems seem to be very promising subjects for further research.
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