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Abstract
Background: Vascular endothelial growth factor receptors (VEGFRs) play an im-
portant role in embryo implantation. The aim of the present study was to examine the
association of VEGFRL circulating level and gene polymorphism with in vitro ferti-
lization and embryo transfer (IVF-ET) outcome.
Methods: In this case—control study, 120 women who had unsuccessful IVF (IVF)
history and 120 women who had successful IVF outcome (IVF*) as controls were in-
cluded. Genomic DNA was extracted from blood samples. Genotyping was per-
formed using polymerase chain reaction-restriction fragment length polymorphism
(PCR-RFLP). The serum levels of soluble VEGFR1 (sVEGFR1) were measured by
ELISA. ANOVA test was used for statistical analysis.
Results: The frequency of T and C alleles in IVF* individuals were 87.5%, 12.5%
and among IVF were 75.5%, 24.5%, respectively (p=0.0006). The minor allele (C)
was associated with an increased risk of IVF failure based on results from co-
dominant (OR=3.86, 95%CI 1.19-12.47), dominant (OR=2.32, 95%CI 1.31-4.10),
recessive (OR=3.22, 95%CI 1.00-10.29), and allele models (OR=2.28, 95%CI 1.40-
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Introduction

about 15% of couples trying to have a child pregnancy after 12 months or more of regular un-
(1). Moreover, it is a disease of reproductive protected sexual intercourse. Of all couples classi-
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fied as infertile, female infertility accounts for
about 40-50%. In 30-40% of infertile couples,
male infertility is the cause, while the remaining
10-30% is attributed to both male and female in-
fertility (2).

In vitro fertilization and embryo transfer (IVF-
ET) is the most successful infertility treatment and
for many infertile women is the last chance of
pregnancy (3). Despite progress in assisted repro-
ductive technology (ART), including IVF-ET,
people undertaking IVF often face great risk of
failure. There are many possible factors that may
be responsible for this failure, including inappro-
priate stimulation protocol, genetic abnormality in
the gametes, and embryo implantation failures (4).
Embryo implantation is an important step for es-
tablishing pregnancy which requires molecular
and cellular events resulting in uterine growth and
differentiation, blastocyst adhesion, invasion, and
placental formation. Implantation is a complex
process which requires synchronization of events
in the developing embryo and receptive endome-
trium, and involves factors such as angiogenic
factors, cytokines, growth factors, and cell adhe-
sion molecules (5).

After invading the maternal endometrium, em-
bryonic development is characterized by a dra-
matic growth of vascular membranes and the for-
mation of the placenta; this is regulated mainly by
VEGF system and VEGF receptors (VEGFRS)
have been shown to be expressed by endometrium
during the time of implantation (6).

VEGFRs signaling in vertebrates play essential
roles in the regulation of angiogenesis. The
VEGFR1 gene is located on the long (q) arm of
chromosome 13 at position 12.3, spans approxi-
mately 19 Kb, and contains 33 exons. The
VEGFR-1 gene produces two major proteins: a
full-length receptor and sFlt-1. Transmembrane
VEGF receptors are expressed mostly on endothe-
lial cells and hemangioblasts, but Flt-1 could be
detected in human trophoblast and choriocarci-
noma cells (7). VEGFRL is structurally a typical
receptor tyrosine kinase of about 180 kDa. Early
in embryogenesis, null mutation of VEGFR1 re-
sults in lethality due to a disorganization of blood
vessels and an overgrowth of endothelial-like
cells, suggesting a regulatory role in vivo (8). In-
deed, VEGFR-2 knockout mice exhibit a lethal
phenotype at embryonic day 8.5 due to a lack of
vasculogenesis (9). Transmembrane VEGF recep-
tors are expressed mostly on endothelial cells and
they can be detected in human trophoblast and

choriocarcinoma cells (10, 11). Expression of
VEGF receptors occurs in endometrium at peri-
implantation stages and is involved in mediating
vascular hyperpermeability necessary for blasto-
cyst implantation (12).

Genetic polymorphism plays an important role in
the IVF-ET outcome (13-15). VEGFR signaling
has been shown to be important in placenta for-
mation by increasing blood vessels formation, and
one of the most important polymorphisms identi-
fied within the promoter of VEGFR1 gene is
rs7993418 (with minor allele frequency of 0.27),
regulating the VEGFRL1 expression; accordingly,
the purpose of the current study was to investigate
the association of VEGFR1 (rs7993418) gene
polymorphism and its serum concentration with
IVF-ET outcome.

Methods

Samples: In this case—control study, 120 infertile
women who had unsuccessful IVF (IVF) history
and 120 infertile women who had successful IVF
outcome (IVF*) as control subjects were included.
The control group (IVF) consisted of women
who became pregnant with the first embryo trans-
fer. The IVF negative group included cases who
experienced three or more failed in vitro fertiliza-
tion (IVF) attempts with good quality embryos.
Patients were recruited from IVF section of Al-
zahra Hospital, Rasht, Iran. The study was con-
ducted between October 2015 and May 2016. A
structured questionnaire was used to obtain in-
formation on demographic features. The inclusion
criteria referred to women having suffered two or
more recurrent implantation failures (RIFs) after
at least 2 consecutive cycles of IVF or ICSI in
which a high-quality embryo had been transferred
during each cycle. The exclusion criteria were
anatomic abnormalities, maternal pathology, ma-
ternal inflammatory diseases, uterine malforma-
tion, diabetes, endocrine dysfunction, autoimmune
diseases, prior chemotherapy, urogenital infection,
patients with polycystic ovary syndrome (PCOS
based on Rotterdam 2003 criteria), severe male
infertility, and inflammatory pelvic diseases. Fal-
lopian tube damage or blockage, ovulation disor-
ders, endometriosis, uterine fibroids, and unex-
plained infertility were the main causes of refer-
ring patients to IVF section.

First, 2 ml of non-coagulated ethylenediaminete-
traacetic acid (EDTA) samples were collected
from both groups for DNA extraction. The ge-
nomic DNA was extracted from the whole blood
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by using DNA extraction techniques and GPP
solution kit (CinnaGen, Iran). Extracted DNA was
visualized and confirmed by electrophoresis on
0.1% agarose gel. The extracted DNA samples
were stored at -70°C until analysis. Blood samples
were collected, centrifuged within the first 30 min,
and the resulting sera were stored at -80°C to
avoid possible changes in sSVEGFR1 concentra-
tions. All samples were evaluated in duplicate
using a commercially available ELISA Kit, ac-
cording to the manufacturer's instructions. In-
formed consent was obtained from all individual
participants included in the study. The study was
accepted by the University of Guilan Ethics Com-
mittee (95- 8659) and has been carried out in ac-
cordance with the Code of Ethics of the World
Medical Association (Declaration of Helsinki).

Analysis of genetic polymorphism: For genotyping
VEGFR-1 polymorphism (rs7993418), polymer-
ase chain reaction-restriction fragment length pol-
ymorphism (PCR-RFLP) method was used. The
PCR primers were synthesized. Primer sequences
were as follows: 5’-CAGCCACTCCTGAATCC
AGA -3’ (forward) and 5’-CTGATTTCACAAC
GGACCAG -3’ (reverse). The amplification pro-
cedure was carried in a total reaction volume of
20 ul, containing 10 u/ 2X PCR Master Mix (Cin-
naGen, Iran), 1 w/ forward primer, 1 ul reverse
primer, 3 ul sterile deionized water, and 5 u/ tem-
plate DNA. The amplification included initial de-
naturation at 94°C for 5 min, amplification for 35
cycles at 94°C for 45 s, 52°C for 45 s and 72°C
for 45 s, followed by a final elongation step at
72°C for 5 min. The PCR products were visual-
ized on a 2% agarose gel containing ethidium
bromide under UV illumination. To confirm the
accuracy of genotyping results, genotyping was
randomly repeated in 10% of subjects to obtain
concordance by minimizing genotyping errors.
Then, the PCR products were digested for 2 hr at
37°C with 2 units of SnaBl (Thermo Scientific
Eco105l), and the amplified fragment of 469 bp
was cut into fragments of 264 and 205 bp and vis-
ualized on a 2% agarose gel containing ethidium
bromide under UV illumination. This method is
able to detect all three possible genotypes for the
polymorphism including homozygous wild type
(TT: 469 bp), heterozygous variant type (TC: 4609,
264 and 205 bp), and homozygous variant type
(CC: 264 and 205 bp).

Using ELISA to determine soluble VEGFR1 serum
concentration: Circulating VEGFRL1 levels were
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measured using the sensitive two site ELISA and
antiserum against human VEGFR1. Human
VEGFR1/FIt-1 ELISA kit (Abcam, UK) was used
for measurement of VEGFR1 serum concentra-
tion, according to the manufacturer's instructions.

Statistical analysis: Statistical analysis was done
using y? by MedCalc software vs. 12.1.4 (Med-
Calc Software Ltd, Belgium) in order to estimate
the association between polymorphism of
VEGFRL1 gene and IVF-ET outcome. Odds ratio
was calculated using Cochran-Mantel-Haenszel
test. Data were analyzed by chi square test, analy-
sis of variance (ANOVA), and by calculating 95%
confidence interval (Cl). ANOVA was used to
determine if there is a statistically significant dif-
ference between the groups. The p-value of less
than 0.05 was considered statistically significant.
Tukey test was applied for post hoc analysis.

Results

In the present study, 240 subjects including 120
IVF and 120 IVF* were recruited. The IVF failure
group had a mean age of 31.15+6.12 (age range,
23-42) and in IVF positive group, the mean age
was 32.45+7.41 years (age range, 22-40). No sig-
nificant difference was seen in the age between
the two groups (p=0.54).

The length of PCR product for VEGFR-1 was
469 bp (Figure 1). Genotyping of VEGFR-1 was
done using PCR-RFLP method (Figure 2). All
information about allele and genotype frequencies
for IVF and IVF* groups is presented in table 1.
During genotype analysis, post hoc analysis re-
vealed significant differences between TT-TC (p<
0.0001), TT-CC (p<0.0001), and TC-CC (p<
0.0001) in both IVF* and IVF" groups.

4 3 2 | M

4500 bp

455 g 4400 bp

4300 bp

4200 bp

Figure 1. Agarose gel electrophoresis stained by safe stain
after PCR amplification of VEGFRL1. "M" represents "Mark-
er". The size of PCR product was 469 bp
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> 469bp

»264bp
»205bp

Figure 2. PCR-RFLP products. M=Molecular marker, TT=
469 bp (lane 1), TC=205, 264, 469 bp (lane 2), and CC=205
and 264 bp (lane 3)

The frequencies of T and C alleles in IVF* indi-
viduals were 87.5% and 12.5% and among IVF
were 75.5% and 24.5%, respectively (y*=11.60,
p=0.0006). The minor allele (C) was associated
with an increased risk of IVF failure based on re-
sults from co-dominant (OR=3.86 [95%CI 1.19-
12.47] p=0.02), dominant (OR=2.32 [95%ClI
1.31-4.10] p=0.003), recessive (OR=3.22, [95%ClI
1.00-10.29] p=0.04), and allele models (OR=2.28
[95%CI1 1.40-3.69] p=0.0008).

Using enzyme linked immunosorbent assay
(ELISA), it was shown that levels of serum
SVEGFRL in the IVF group (98.12+12.12 pg/ml)
was significantly lower than in IVF* group
(119.45+13.11 pg/ml) (p=0.006) (Figure 3).

It was also shown that TT genotype is signifi-
cantly associated with increased serum sVEGFR1
concentration in IVF~ group (TT, CT, and CC se-
rum levels were 106.55+11.04, 94.33+10.75, and
83.33+9.13 pg/ml, and in IVF* were 156.11+
18.08, 120.66+16.51, and 84.66+20.31 pg/ml, re-
spectively) (Figures 4 and 5).

Discussion
Infertility has become an increasingly common
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Figure 3. s-VEGFR1 level in the serum samples of IVF- and
IVF* groups (pg/ml)
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Figure 4. Association of SVEGFR1 serum concentration and
genotypes in IVF group

health problem and has been estimated to affect
approximately 10% of women in the reproductive
age. Since the first successful treatment with con-
ventional in vitro fertilization (IVF) in 1978, as-
sisted reproductive technology (ART) has become
an integral part of modern medicine and now
plays a key role in the fulfillment of family plan-
ning. At least five million infants have been born

Table 1. Genotype frequencies of VEGF promoter polymorphism in IVF-and IVF* groups

IVF* IVF
(o) -
Model Genotype N (%) N (%) OR (95%CI) p-value
TT 94 (78.33) 73 (60.83) 1.00 -
Co-dominant TC 22 (18.33) 35 (29.16) 2.04 (1.10-3.78) 0.02
cc 4 (3.33) 12 (10) 3.86 (1.19-12.47) 0.02
Domi TT 94 (78.33) 73 (60.83) 1.00 -
ominant
TC+CC 26 (21.67) 47 (39.17) 2.32 (1.31-4.10) 0.003
R TT+TC 116 (96.67) 108 (90) 1.00 -
cc 4 (3.33) 12 (10) 3.22 (1.00-10.29) 0.04
Over-dominant TT+CC 98 (81.67) 85 (70.84) 1.00 -
TG 22 (18.33) 35 (29.16) 1.83 (0.99-3.36) 0.05
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Figure 5. Association of SVEGFR1 serum concentration and
genotypes in IVF* group

as a result of ART and in some countries, the pro-
portion of infants born after ART now exceeds
5% (16, 17). In general, 60% of women undergo-
ing in vitro fertilization (IVF) treatments fail to
become pregnant after the first embryo transfer
and nearly 20% of patients are suffering from un-
explained recurrent implantation failures (RIFs)
and repeated pregnancy loss (RPL). It has been
suggested that uterine receptivity is one of the
important causes for implantation failure (18).

Angiogenesis, invasion, and decidualization play
an important role in implantation and embryo de-
velopment. Expressions of VEGF, VEGFR1, and
VEGFR2 in endometrium were shown to play key
role in embryo implantation (19). Increased ex-
pression of VEGFR in the endometrium, especial-
ly VEGFR-1 and -3, may be related to the recep-
tivity of the endometrium (20).

It has been shown that change in gene expression
of VEGF and its receptors in endometrium and
changes of serum VEGF might play important
roles in pathogenesis of unexplained recurrent
spontaneous abortion (URSA) (21). Elevated ma-
ternal serum concentrations of VEGF, as early as
11 days after embryo transfer, were shown to be
associated with ectopic pregnancies after IVF
(22). 1t was shown that elevated follicular fluid
VEGF concentrations are related with failure of
conception in IVF cycles and may serve as mark-
ers in clinical practice (23).

It was documented that serum VEGF level is
significantly lower in women with recurrent preg-
nancy loss compared with women with successful
term pregnancy, implicating its role in maintain-
ing pregnancy (24). It was also shown that serum
SVEGF concentration in the follicular fluid de-
creased in patients with endometriosis (25).

Chen et al. have shown that the VEGF 936 C/T
gene polymorphism may be associated to IVF-ET/

Moeinfar S, et al. JRI

ICSI treatment outcome, and C allele may be a
susceptibility gene for IVF-ET/ICSI failure (26).
It was shown that the VEGF-2578AA genotype,
-634G allele, and -2578A/-1154A/-634G/936C
haplotype may be genetic markers for susceptibil-
ity to recurrent implantation failure (RIF) (27).
Jung et al. have shown that the VEGF rs833061/
rs3025020 polymorphism is correlated to the de-
velopment of recurrent pregnancy loss (RPL)
(28). It has been shown that idiopathic recurrent
spontaneous miscarriage (IRSM) frequency may
depend on GC and CC genotypes of rs2010963
VEGF polymorphism (29). It has been suggested
that there is significant correlation between the
VEGF-1154G/A polymorphism and RIF in Bra-
zilian women (30). In fact, VEGF-1154 G/A gene
serves as a susceptibility factor affecting the
chances of recurrent implantation failure (31).
VEGFR1 (rs7993418) gene polymorphism was
suggested to be associated with neovascular age-
related macular degeneration (AMD) and meta-
static clear-cell renal cell carcinoma (m-ccRCC)
(32, 33). It was shown that VEGFR gene variation
is associated with the risk of endometriosis and
plays a crucial role in preparing the endometrium
for implantation (34). Park et al. suggested that
changes in VEGF concentrations in the follicular
fluid are associated with poor conception rates in
the IVF-ET cycles (35). It was suggested that
VEGF-A concentrations were significantly ele-
vated in women with RIF compared to normal
controls (36).

In this study, there was showed that there is sig-
nificant association between VEGFR1 gene pol-
ymorphism and serum concentration with IVF-ET
outcome. Moreover, CC genotype is associated
with decreased serum SVEGFR1 concentration
and related to IVF-ET failure. The results of this
research should be interpreted considering some
limitations. Firstly, the size of sample has been
relatively small and therefor the result should be
interpreted with caution. Secondly, in this re-
search only a population in the north of Iran has
been included that may limit the application of
these results to other populations. Thirdly, since
only one SNP of VEGFR1 has been examined in
this project, the possibility that other genetic vari-
ants could play a role in IVF-ET outcome can not
be excluded. Finally, many factors act individual-
ly and together to influence IVF-ET outcome.
Therefore, more factors should be included in our
future research.
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Conclusion

It is thus concluded that VEGFR1 circulating
levels and genetic polymorphism are related with
IVF-ET outcome in our population. We also sug-
gest that CC genotype is associated with de-
creased serum sVEGFR-1 concentration and may
be regarded as a risk factor for IVF-ET outcome.
However, in order to obtain a final conclusion and
confirm the results, larger studies with more sam-
ples are needed. Investigation of the relation be-
tween the frequency of SNPs in VEGFR-1 and
regulation of its expression, and detailed molecu-
lar studies for the role of top-candidate genes in-
volved in IVF-ET outcome are highly suggested
for future research.
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