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ABSTRACT. Vascular endothelial growth factor (VEGF) regulates
endothelial cell proliferation, migration and differentiation. VEGF plays
a critical role in angiogenesis during placenta formation. We investigated
whether VEGF gene polymorphisms are associated with recurrent
pregnancy loss. Thirty-eight women with recurrent pregnancy loss and
30 control women with live-born children were recruited from 2010 to
2011 in the region of Bursa, Turkey. VEGF gene polymorphisms were
assessed with PCR-RFLP analysis of DNA samples obtained from
leukocytes. DNA fragments were investigated by using appropriate
primers. SNP scanning was performed using Mnll, Bglll, Bshl2361,
Hsp92Il restriction enzymes for 1154 G/A, 2578 C/A, 460 C/T, and 936
C/T polymorphisms, respectively. The frequencies of 2578 C/A, 460
C/T, 936 C/T polymorphisms were not significantly different between
the controls and women with recurrent pregnancy loss. However, the
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prevalence of the 1154 G/A polymorphism A/A genotype was significantly
higher in the recurrent pregnancy loss group (23.7 vs 3.4%). One of the
four common polymorphisms of the VEGF gene was found to be more
frequent in women with recurrent pregnancy loss. It is possible that
disruption of VEGF function and placental angiogenesis can contribute
to pregnancy loss in women with recurrent pregnancy loss.
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INTRODUCTION

The etiology of recurrent pregnancy loss (RPL), which affects around 5% of women of
childbearing age, appears to be diverse and controversial (Regan, 1998). Some of the reasons
for RPL are chromosomal anomalies, infections, hormonal irregularities, immunological
factors, and coagulation protein/platelet disorders, as well as unknown reasons (Wilcox et al.,
1988; Li et al., 2002). The success of the implantation of an embryo depends on the formation
of its own blood vessels (Torry et al., 2004). Therefore, the successful establishment of feto-
placental circulation is essential for the continuation of pregnancy (Letsky and Swiet, 1994;
Hellgren, 1996).

The family of vascular endothelial growth factors (VEGF) consists of seven
different factors designated VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, placenta
growth factor, and snake venom VEGF (VEGF-F). The receptors for VEGF are located on
the surface of endothelial cells. The VEGF gene is located on chromosome 6p21.3 (NCICB,
2012; Ferrara et al., 2003; Harry and Paleolog, 2003). VEGF, which has a mitogenic effect
on endothelial cells and increases their migratory capacity, is secreted from ovarian follicles
just before ovulation to increase the formation of new blood vessels. Following ovulation,
the corpus luteum takes on this process (te Velde et al., 1997; Zygmunt et al., 2003).
Immediately following implantation, VEGF is secreted by the embryonic trophoblasts.
Although VEGF secretion decreases towards the end of first stage of embryological
development, it increases drastically in organogenesis stages. Polymorphisms in the VEGF
genes have been shown to be correlated with variations in the production of the VEGF
protein (Brogan et al., 1999; Renner et al., 2000; Watson et al., 2000; Awata et al., 2002;
Mohammadi et al., 2003).

The aim of this study was to determine the relationship between polymorphisms in the
VEGF gene [1154 G/A and 2578 C/A in the promoter, 460 C/T in the 5'-untranslated region
(UTR), 936 C/T in the 3'-UTR] (Brogan et al., 1999; Renner et al., 2000; Awata et al., 2002;
Mohammadi et al., 2003) and the healthy development of angiogenesis in the embryo. This is
especially important in early implantation and embryonic stages and thereby for the continu-
ation of the pregnancy.

MATERIAL AND METHODS

Ethical approval for this study was obtained from the Local Ethics Committee before
the study was started. The principles adopted in the Helsinki Declaration were followed, and
written informed consent was also obtained from the participants.
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For the study, an experimental group of 38 women with RPL, who had a history of
at least two abortions before the 20th week of pregnancy without any other incurring reasons
were recruited. The control group comprised 30 women with children and no history of abor-
tion. It was ensured that the two groups had the same frequency of consanguineous marriages.
Detailed history was taken from all the subjects by expert physicians at Department of Obste-
trics and Gynecology, School of Medicine, Uludag University, and their pedigree was deter-
mined in addition to physical examinations. The study was also carried out at Department of
Obstetrics and Gynecology, School of Medicine, Uludag University, between 2010 and 2011.

Peripheral blood was collected from the subjects in 2-mL EDTA tubes, and genomic
DNA was isolated using a Puregene DNA isolation kit. To determine the polymorphisms 1154
G/A, 2578 C/A, 460 C/T, and 936 C/T, genomic DNA was amplified using the primers (F5'-
TCCTGCTCCCTCCTCGCCAATG-3") (RS'-GGCGGGGACAGGCGAGCATC-3"), (F5'-GGAT
GGGGCTGACTAGGTAAGC-3") (R5'-AGCCCCCTTTTCCTCCAAC-3"), (F5'-TGTGCGTG
TGGGGTTGAGCG-3") (R5'-TACGTGCGGACAGGGCCTGA-3"), and (F5'-AAGGAAGAG
GAGACTCTGCGC-3") (R5'-TATGTGGGTGGGTGTGTCTACAG-3"). The PCR conditions
were as follows: 5 min at 95°C, followed by 35 cycles of denaturation at 94°C for 45 s,
annealing at 60°C for 45 s, extension at 72°C, and a final extension at 72°C for 7 min (Table
1). The PCR products were detected on a 2% agarose gel. Afterwards, the PCR products were
digested with the restriction enzymes Mnll, Bglll, Bsh12361, and Hsp921l, and the digested
products were detected on a 3% Nusieve agarose gel.

The Statistical Package for Social Sciences program was used for statistical analysis,
and all data were compared using the Student #-test. Final analysis was carried out using the
Fisher chi-square test.

RESULTS

The average age of the subjects in the RPL group was 30.11 + 6.62 years, while that
for the control group was significantly higher (36.77 + 9.32; P < 0.05). From the pedigree in-
vestigations, 9 women in each group were found to be in consanguineous marriages [9 in the
RPL group (23.7%), 9 in the control group (30%)]. There was no statistically significant differ-
ence between the number of women in consanguineous marriages in the two groups (P> 0.05).

RFLP produced the following bands for the polymorphisms. For 1154 G/A, homozy-
gote G showed 3 bands with sizes of 150, 34 and 22 bp, homozygote A showed two bands of
184 and 22 bp, and heterozygote G/A showed 4 bands of 184, 150, 34, and 22 bp. For 2578
C/A, homozygote C showed a single band of 324 bp, homozygote A showed two bands of 202
and 122 bp, and heterozygote C/A showed three bands of 324, 202 and 122 bp. For 460 C/T,
homozygote T showed a single band of 175 bp, homozygote C showed two bands of 155 and
20 bp, and heterozygote C/T showed three bands of 175, 155 and 20 bp. For 936 C/T, homo-
zygote C showed a single band of 198 bp, homozygote T showed two bands of 112 and 86 bp,
and heterozygote C/T showed three bands of 198, 112 and 86 bp (Table 1).

The RFLP-PCR data indicated that the frequency of the 2578 C/A, 460 C/T and 936
C/T polymorphisms of the VEGF gene was statistically insignificant between the two groups.
On the other hand, the frequency of the A/A genotype in the 1154 G/A polymorphism was
found to be significantly higher in the RPL group than in the control group. Genotypes and
their frequencies are shown in Table 2.
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Table 1. Primer sequences, restriction enzymes, PCR and enzyme digestion product sizes.
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Polymorphism  Primer F

Primer R

PCR
product

Restriction
enzyme

RFLP
products

1154 G/A 5'-TCCTGCTCCCTCCTCGCCAATG-3'

2578 C/A 5'-GGATGGGGCTGACTAGGTAAGC-3'

460 C/T 5-TGTGCGTGTGGGGTTGAGCG-3'

936 C/T 5'-AAGGAAGAGGAGACTCTGCGC-3'

5'-GGCGGGGACAGGCGAGCATC-3'

5-AGCCCCCTTTTCCTCCAAC-3'

5'-TACGTGCGGACAGGGCCTGA-3'

5-TATGTGGGTGGGTGTGTCTACAG-3'

206 bp

324 bp

175 bp

198 bp

Mnll

Bglll

Bsh12361

Hsp921Il

(&)
150 bp
34 bp
22 bp
(A)
184 bp
22 bp
(A)
202 bp
122 bp
©)
324 bp
©)
155 bp
20 bp
(T)
175 bp
©)
198 bp
(A)
112 bp
86 bp

Table 2. VEGF 1154 G/A, 2578 C/A, 460 C/T, 936 C/T polymorphism genotype frequencies in the recurrent

pregnancy loss (RPL) and control groups.

Genotype RPL (N =38) Control (N = 30) Total (N = 68)
VEGF-1154
G/G 16 (42.1) 17 (56.7) 33 (48.5)
A/A 9 (23.7) 1(3.4) 10 (14.7)
G/A 13 (34.2) 12 (40) 25(36.8)
VEGF-2578
C/C 20 (52.6) 16 (53.3) 36 (52.9)
A/A 8 (21.1) 4(13.3) 12 (17.65)
C/A 10 (26.32) 10 (33.3) 20 (29.4)
VEGF-460
C/C 1(0.38) - 1(0.68)
T/T 37 (97.4) 29 (96.7) 66 (97.05)
C/T - 1(0.3) 1(0.68)
VEGF-936
Cc/C 27 (10.26) 23 (6.9) 50 (34)
T/T 4(3.2) 2(0.6) 6(4.08)
C/T 7 (2.66) 5(1.5) 12 (8.16)

Data are reported as number of individuals with percent in parentheses.

Of the 28 subjects who experienced only first-trimester abortion, the genotype fre-
quency of the 1154 G/A polymorphism was found to be 39.3% G/G, 35.7% G/A and 32.14%
A/A. The genotype frequency for the 2578 C/A polymorphism was found to be 50% C/C,
32.1% C/A and 17.9% A/A. In these subjects, for the 460 C/T polymorphism, T/T genotype
was found for all, and for the 936 C/T polymorphism, the genotype frequency was found to be
75% C/C, 21.4% C/T and 3.6% T/T (Table 3).
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Table 3. VEGF 1154 G/A, 2578 C/A, 460 C/T, 936 C/T polymorphism genotype frequencies in 28 recurrent
pregnancy loss women with only first-tremester pregnancy losses.

Genotype N (%)
VEGF-1154 G/G 11 (39.3)
1154 A/A 9 (32.14)
1154 G/A 10 (35.7)
VEGF-2578 C/C 14 (50.0)
2578 A/A 5(17.9)
2578 C/A 9(32.1)
VEGF-460 C/C -
460 T/T 28 (100.0)
460 C/T -
VEGF-936 C/C 21(75.0)
936 T/T 1(3.6)
936 C/T 6(21.4)
DISCUSSION

VEGF belongs to a multifunctional family of growth factors, and is especially important
in endothelial cells (Yancopoulos et al., 2000). It is responsible for the proliferation, migration
and differentiation of endothelial cells (Bikfalvi, 2004). VEGF, in both developmental stages
and in adults, is necessary for vasculogenesis and angiogenesis (Shalaby et al., 1995). The
gene has 8 exons and there are 6 known isoforms, designated VEGF , , VEGF , VEGF ,
VEGF ,, VEGF ,, and VEGF, .. VEGF is synthesized in many different cells in the body such
as ovarian follicles, corpus luteum, lung alveolar cells, renal glomeruli, visceral epithelial cells,
kidney proximal tubular cells, all cells of the adrenal cortex, Leydig cells, active macrophages,
fibroblasts surrounding arterioles, bronchial and choroid plexus epithelial cells, and hepatocytes.

VEGEF is especially important for a successful pregnancy. Studies carried out on VEGF
knock-out mice, showed that VEGF plays an important role in the early stages of pregnancy
during the process of angiogenesis (Ferrara et al., 1996; Rowe et al., 2003). VEGF is responsible
for increased vascular permeability and the proliferation of endothelial cells for the successful
implantation of the embryo (Brogan et al., 1999; Rowe et al., 2003). Any dysfunction or reduced
expression of the gene and its products may lead to failure of implantation.

Recent studies have shown that 30 single nucleotide polymorphisms (SNPs) of
the gene, especially VEGF-1154A, VEGF-2578A and VEGF-936T, are related to lowered
expression of VEGF and are responsible for the reduced production of the protein (Watson et
al., 2000; Awata et al., 2002; Mohammadi et al., 2003; Papazoglou et al., 2005).

Of these SNPs, the polymorphisms 1154 G/A and 2578 C/A, 460 C/T (found in the
5'-UTR), 936 C/T (found in the 3'-UTR), were investigated in 38 Turkish women with a his-
tory of RPL and 30 control women who had no history of RPL in the current study.

To reduce any effects of recessive genetic defects on early termination of pregnancy,
the percentage of consanguineous marriages in the RPL group (N =9, 23.7%) and the control
group (N =9, 30%) was kept at levels that were not significantly different (P = 0.559). The age
difference between the groups was found to be statistically significant (P < 0.05). The reason
for this is that efforts were made to choose healthy subjects for the control group who are fer-
tile and about to complete their fertile stage so that any likelihood of RPL could be eliminated.

Various studies on RPL in different communities have shown that the frequency of the A al-
lele in the 1154 G/A polymorphism is significantly higher (Papazoglou et al., 2005; Lee et al., 2010).
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In our study, a similar result was observed such that 1154 A/A phenotype in the RPL group was found
to be higher than that in the control group (23.7%) (P < 0.034). The 1154 A/A polymorphism leads
to a reduction in VEGF protein expression by reducing the transcription of the VEGF gene (Watson
et al., 2000; Awata et al., 2002; Mohammadi et al., 2003). This results in anomalies in fetal and pla-
cental angiogenesis and failure in implantation (Ferrara et al., 1996; Carmeliet et al., 1996). In similar
previous studies, the frequency of 1154 A/A was also found to be higher in the RPL group than in the
control group (Papazoglou et al., 2005; Coulam and Jeyendran, 2008; Lee et al., 2010).

A complete linkage has been reported between the presence of the 2578 C allele in the
promoter region of the VEGF gene and an 18-bp deletion/insertion fragment at position -2549,
where this appears to be related to the level of VEGF protein expression. The structure carrying
the 18-bp deletion shows a 1.95 times higher transcriptional activity compared to the structure
carrying the insert (Yang et al., 2003). The individuals with 2578 A have the 18-bp insert while
the individuals with 2578 C lack this insert (Awata et al., 2002; Krippl et al., 2003; Jin et al.,
2005; Liu et al., 2009). In our study, the frequency of the 2578 C/C genotype was found to be
higher in both study groups, but the difference in the frequency of the 2578 C/A genotype was
not statistically significant. Papazoglou et al. (2005) and Lee et al. (2010) reported similar results.

In the 460 C/T polymorphism, the C allele increases basal promoter activity of the gene
and it has been reported that the CC genotype is found more frequently (Awata et al., 2002; Liu
et al., 2009). Our study showed that the frequency of the C/T genotype was not significantly dif-
ferent between the two groups. The T/T genotype frequency in RPL and control groups was 37
(97.4%) and 29 (96.7%), respectively. We are the first to report on this SNP in a group with RPL.

It has been shown that the 936 C/T polymorphism is correlated with a reduction in
gene expression and that it drastically decreases plasma VEGF levels in VEGF 936 T allele
carriers. This effect was thought to be due to the loss of a specific region of interaction be-
tween VEGF and angiopoetin 4 or due to post-transcriptional regulation, leading to a trans-
formation of the 3'-UTR, which may prolong the half-life of the mRNA (Yancopoulos et al.,
2000; Krippl et al., 2003). In our study, the frequency of this genotype did not differ in the two
groups, while the 936C allele was found to be higher in both groups. Papazoglou et al. (2005)
and Lee et al. (2010) have reported similar results for this polymorphism. In this study, of the
4 polymorphisms that we studied, only the 1154 A/A was found to occur at a higher frequency
in the RPL group. Although it is not enough to explain miscarriage, it may be proposed as one
of the factors that may lead to miscarriage in pregnancy.

In conclusion, in the light of this and other similar studies, it is possible that these
SNPs are not enough to explain all the reasons for miscarriages. The risk of a miscarriage
is less likely to result from one specific gene; rather, the likelihood of it occurring due to a
combination of thrombophilic mutations and angiogenic polymorphisms appears to be higher.
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