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Abstract. The well accepted causes of pregnancy loss are chromosomal anomalies, uterine anomalies,
thrombophilic and immune disorders and endocrine dysfunction. During early gestation, VEGF is
essential for the maturation of oocytes, the proliferation of trophoblasts, the implantation and
development of the embryo, the angiogenesis of the placenta, and the growth of maternal and fetal
blood vessels in the uterus. The aim of this study is to establish the incidence of -634G/C VEGF
polymorphism in our study lot that included women with recurrent miscarriages as well a
comparation with the incidence of the same polymorphism in a control lot of subjects with no
reproduction faillure history. The study lot included 35 women with multiple pregnancies losses, aged
between 18 and 41 years old. The control lot consists of 59 healthy individuals that had no experience
of reproductive failure. Genotyping of -634G/C VEGF was done for both study and control lots. We
found a significant statistic difference of the alleles frequencies between the two tested cohorts, the
study lot and the control lot. Further studies should focus on testing VEGF variants in women that
experience repeated pregnancy losses in order to establish an association among VEGF
polymorphisms, endometrial VEGF expression and plasma VEGF levels in RPL patients.
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1.Introduction

Repeated pregnancy loss is reported in about 0.5-2% of the women in reproductive age [1]. The
most known causes of pregnancy loss are chromosomal anomalies, uterine anomalies, thrombophilia
and immune disorders and endocrine dysfunction [1-4]. Still the cause of pregnancy loss can not be
elucidated in more than 50% of all miscarriages [5]. Currently, more attention is paid to evaluation of
vascular mechanisms that can play an important role in embryo implantation and placental
development [6]. An inappropriate angiogenesis may lead to implantation failure or inadequate
placental development after zygote implantation [7].

Vascular endothelial growth factor (VEGF) is a prime regulator (specific protein) of angiogenesis
of vascular endothelial cells and vasculogenesis, a very important protein implicated in the
implantation of the embryo [8, 9]. VEGF is an angiogenic factor which behaves by remodeling and
improving the vascular growth, as well as by rising vessel permeability, which is decisive for the
embryo implantation and later on the process of evolution of the placenta [10].

VEGF family and their receptors ligands are known as strong angiogenic agents secreted by
placenta, endometrium and decidua [11]. VEGF is very abundant expressed in placenta
syncytiotrophoblast and trophoblast cells during pregnancy and plays a serious role in normal
embryonic development as in hematopoiesis, bone formation, chronic inflammation or wound healing
[12-14].
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Angiogenesis and also vasculogenesis are critical for fertilized egg implantation and placentation
[8,10]. During early gestation, VEGF is essential for the maturation of oocytes, the proliferation of
trophoblasts, the implantation and development of the embryo, the angiogenesis of the placenta, and
the growth of maternal and fetal blood vessels in the uterus [15].

If there occurs a decrease in blood flow, epithelial cell growth and VEGF production can be
reduced, which will deprive the endometrium of necessary angiogenesis and growth factors to achieve
just thickness for remarkable implantation [16].

There are studies reporting an association between altered expression of VEGF and unfavorable
pregnancy outcomes, including preterm birth, pre-eclampsia, intrauterine growth restrain, and
spontaneous abortion [17].

Several genetic studies testing associations of VEGF variants as genetic decisive factors in the
development of recurrent pregnancy losses (RPL) have revealed conflicting results [18].

Aim

The aim of this study is to establish the incidence of -634G/C VEGF polymorphism in our study lot
that included women with recurrent miscarriages as well a comparison with the incidence of the same
polymorphism in a control lot of subjects with no reproductive failure history.

2.Material and method

This study was performed in the Center for Genomic Medicine affiliated to University of Medicine
and Pharmacy “Victor Babes” Timisoara. The study lot included 35 women with multiple pregnancies
losses, aged between 18 and 41 years old. We noted the age of each patient, gravidity, parity, previous
abortions, and live births, as well as the gestational age of the last miscarriage. The exclusion criteria
were: patients with known cause of miscarriage, cases with cytogenetic fetal anomalies, carriers of
chromosomal aberrations, women with chronic or acute immune/infectious diseases or uterine
anomalies.

The control lot consists of 59 healthy individuals that had no experience of reproduction failure.

We collected 2 mL of peripheral blood in K2 EDTA 2 vacutainers for DNA extraction from the
women included in the study lot as well as for the control lot. DNA isolation was performed according
to the protocol provided by the manufacturer, by using the MagCore Automatic Nucleic Acid
Extractor and the MagCore Genomic DNA Whole Blood Kit (RBC Bioscience). DNA concentrations
and DNA purity were evaluated before proper testing to ensure a balanced quantity-quality ratio. DNA
samples were stored at —80 °C.

Genotyping of VEGF (-634G/C)(rs2010963)(C_8311614 10) was done for both study and control
cohorts. Allelic discrimition was performed by using a TagMan Genotyping Assay (Applied
Biosystems) and TagMan Master Mix (Applied Biosystems) according to manufacturer protocol.
Allelic discrimination was carried out on QuantStudio 7 Real-Time PCR System (Applied Biosystems)
with the following parameters: 95°C for 10 min, 40 cycles of 92°C for 15 s and 60°C for 1 min. VEGF
genotypes were determined by measuring allele-specific fluorescence using the QuantStudio 7
software for allelic discrimination (Applied Biosystems).

Statistical analysis was done by using IBM SPSS Statistics 23. The Student's t-test in conjunction
with the chi-square test were used to verify the significance between variables. The values were
considered significant if p <0.05.

3.Results and discussions
The study group included 35 females with pregnancy loss aged between 18-41 years, with median
age of 31,82 + 5,38. Descriptive statistic is shown in Table 1.
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Table 1. Descriptive statistics for the study lot

N Minimum Maximum Mean Std. Deviation
Maternal Age 35 18.0 41.0 31.829 5.3824
Number of pregnancies 35 1.0 5.0 2.057 1.0556
Valid N (listwise) 35

The study lot includes females with one, two, tree, four or a maximum of 5 pregnancy losses. We
sumed the number of pregnancies and number of abortions to see the exact ratio outcome. These 35
females totals 73 pregnancies and 71 pregnancies losses with a ratio of 0.97.

We found three genotypes for both study and control lot: GG, GC and CC. We tested the -634G/C
VEGF genotype frequencies for both study and control lots, the results being presented in Table 2.

Table 2. VEGF genotype frequencies

VEGF Genotype for study lot
Frequency Percent Valid Percent Cumulative Percent
Valid GG 3 5.1 8.6 8.6
GC 16 27.1 45.7 54.3
cC 16 27.1 45.7 100.0
Total 35 100.0 100.0
VEGF Genotype for control lot
Valid GG 15 254 254 254
GC 28 47.5 47.5 72.9
cc 16 27.1 27.1 100.0
Total 35 100.0 100.0

By comparing genotype frequencies in the study lots we found that the most frequent genotypes are
GC (45.7%) and CC (45.7%), equally represented; while in the control lot the most frequent genotype
was GC (47.5). We observed a statistically significant difference between genotype frequencies in
study and control lot (p=0.007).
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Figure 1. VEGF genotypes distribution
in the study and in control lots

We found a statistically significant difference between the VEGF frequency of the genotypes for
the study group: GG (8.6%), GC (45.7%) and CC (45.7%) (p=0.008).
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Figure 2. VEGF genotypes distribution on the study lot

VEGF genotypes frequencies in the control lot were: GG (25.4%), GC (47.5%) and CC (27.1%)
and shown no statistical significance (p=0.07).
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Figure 3. VEGF genotypes distribution on the control lot

Repeated miscarriage is one of the major challenges that reproductive medicine faces due to the
multiple causative factors. Therefore, the identification of genetic variants that predispose to repeated
pregnancy loss opens new research area to improve the reproductive fitness for these patients [19].

Determining optimal vascularization and placental blood flow it’s critical for successful pregnancy
result [20]. There is evidence showing that VEGF could participate in the ovulation cycle, more
exactly in follicles development, which would lead to premature birth and recurrent miscarriage [21].

VEGF gene have an important role in vasculogenesis and angiogenesis. Deregulated VEGF
expression contributes to the development of several diseases that are characterized by abnormal
angiogenesis. Serum VEGF was significantly higher in patients with vascular malformations,
compared with controls [22]. The importance of identifying vascular malformations prior to
radiological or surgical intervention is necessary in order to prevent possible complications [23-24].

VEGEF is essential for placental trophoblast proliferation and differentiation, the development of
embryo vascularization, and growth of maternal and fetal blood cells in utero. Diminished placental
trophoblastic VEGF expression was linked with heightened risk of spontaneous miscarriages [19].

There are several studies that evaluate a posible correlation between VEGF genotype and RPL [15-
16]. One specifically study ended with the assumption that VEGF contributes to successful
implantation and support of pregnancy by rising vascular permeability in the decidua [17].

We found only a few manuscripts regarding the role of -634G/C VEGF gene variant in
reproduction failure. We found contradictory results regarding a posible correlation between VEGF
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variants and pregnancy loss as well as data about the incidence of those variants on specific
populations, with no possibility to extend the conclusion for the general population.

A recent meta-analysis by Zhang et al. suggested that -634G/C VEGF gene variant was associated
with an increased risk of RPL under specific genetic models. Another study showed that —634G/C
allele increased the risk of RPL in the codominant model (C vs. G: OR = 1.16, p = 0.01), homozygous
comparison (CC vs. GG: OR = 1.36, p = 0.02), and the recessive model (CC vs. GC+GG: OR =0.79, p
= 0.04), but without any significant associations found between the heterozygous and dominant models
[25]. Due to very little data, there was no solid concusion drawn, and other studies need to confirm
these results [25].

Our results are in line with those obtained on the Russians populations in a study in which

—634G/C VEGF gene variant was associated with increased tendency to RPL during pregnancy. [26-
27].
A good point of view for the improvement of placental development, is shown in the studies of the
intake of Aspirin in women with RPL. Meta-analysis of low-dose aspirin to prevent pre-eclampsia
suggest that the incidence of preterm birth might be decreased, particularly if initiated before 14-16
weeks of gestation with 150 mg of aspirin [28-29].

Our study has several limitations that should be taken into account. First, the sample size was
relatively small, which may lead to a lack of sufficient statistical power in order to estimate the role of
—634G/C VEGF variant in RPL. Therefore, further studies on a larger cohort is still needed. Second,
we did not provide a direct evidence in order to support our hypothesis regarding the implication of
—634G/C VEGF variant in RPL. Third, we did have no records of VEGF plasma level nor about the
endometrium VEGF expression in our study and control lots.

4.Conclusions

We found a significant statistical difference of the alleles frequencies between the two tested
cohorts, the study lot and the control lot. We also found a statistical significance between VEGF
frequency of the genotypes for the study group. We conclude that -634G/C VEGF gene variant might
be correlated with an increased risk of repeated pregnancy losses. Further studies should focus on
testing VEGF variants in women that experience repeated pregnancy losses in order to establish an
association among VEGF polymorphisms, endometrial VEGF expression and plasma VEGF levels in
RPL patients.
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