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Abstract
Objective: The aim of this study was to investigate the relationship between herpesvirus-associated ubiquitin-specific
protease (HAUSP A/G, rs1529916), tumor protein p53 (TP53
Arg/Pro, rs1042522), leukemia inhibitory factor (LIF G/T,
rs929271), glycoprotein 130 (gp130 A/T, rs1900173) and vascular endothelial growth factor (VEGF G/A, rs1570360) polymorphisms and recurrent implantation failure (RIF) in Brazilian women. Subjects and Methods: A total of 120 women
with RIF (i.e. those with ≥5 cleaved embryos transferred and
a minimum of 2 failed in vitro fertilization/intracytoplasmic
sperm injection attempts) were included. The control group
involved 89 women who had experienced at least 1 live birth
(without any infertility treatment). DNA was extracted from
the peripheral blood of all participants, and the abovementioned single-nucleotide polymorphisms (SNPs) were genotyped by real-time polymerase chain reaction. The data were
evaluated using Fisher’s test. Results: A significant difference between the RIF and control groups was found in the
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VEGF gene where the GG genotype showed a 2.1-fold increased chance of not being included in the RIF group, while
the presence of an A allele increased this risk 1.6-fold. No
significant differences were found for the other polymorphisms. Conclusion: This study showed an association between the VEGF –1154G/A polymorphism and RIF in Brazilian
women.
© 2015 S. Karger AG, Basel

Introduction

Recurrent implantation failure (RIF) can be defined as
a clinical phenomenon that refers to a situation when, after the transfer of embryos, the implantation has repeatedly failed to reach a stage recognizable by ultrasonographic evidence of an intrauterine gestational sac [1].
In ‘in vitro fertilization’ (IVF) protocols, the implantation rate is approximately 25–40% [1], with unsuccessful
cases commonly being associated with RIF, an unaddressed major cause of infertility that remains poorly understood.
RIF etiology can be grouped into 3 main categories:
decreased endometrial receptivity, embryonic defects
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fore, the aim of this study was to investigate the relationship between selected polymorphisms in the HAUSP,
TP53, LIF, gp130 and VEGF genes in women from all over
Brazil presenting with RIF after IVF/ICSI (intracytoplasmic sperm injection) treatment.

Subjects and Methods
Study Participants
Written informed consent was obtained from all the participating women and the Institutional Ethics Committees approved the
study. The study patients were women presenting with RIF, and a
total of 120 women subjected to IVF/ICSI protocols between 2011
and 2014 in the Center for Human Reproduction were included.
All women enrolled in the study group met the following inclusion
criteria: ≥5 cleaved embryos (of good morphological quality) had
been transferred and ≥2 failed IVF/ICSI attempts (an RIF definition), a maternal age ≤39 years (at the time of embryo transfer), a
normal karyotype and negative for uterine defects, ultrasonographic evidence of hydrosalpinx, infections, endocrine problems,
coagulation defects or thrombophilia and autoimmune defects
(including antiphospholipid antibodies).
The control group consisted of 89 postmenopausal volunteers
who had had at least 1 live birth (without infertility treatment) and
with no history of recurrent miscarriage. This inclusion criterion
was chosen based on the literature [17, 18], with the important bias
of avoiding possible miscarriage after the women were recruited
for the study.
Genotyping
A sample of peripheral venous blood from each woman was
collected in an EDTA-containing tube. The DNA was extracted
using QIAamp® DNA blood mini kit (Qiagen, Hilden, Germany)
following the manufacturer’s instructions. The chosen SNPs
were: HAUSP A/G, rs1529916, C_9688119_1; TP53 72 (Arg/Pro,
rs1042522, C_2403545_10); LIF G/T, rs929271, C_7545904_10;
gp130 A/T, rs1900173, C_12014431_10; VEGF –1154G/A,
rs1570360, C_1647379_10. The genotyping was performed by
real-time polymerase chain reaction (PCR) amplification, using a
TaqMan® SNP genotyping assay following the manufacturer’s instructions with a 10-μl composition consisting of 1 μl genomic
DNA (100 ng/μl), 5 μl UMM (TaqMan genotyping master mix),
0.5 μl of each probe and 3.5 μl DNase-free water. The amplification
protocol was performed as following: denaturation at 95 ° C for 10
min, 40 cycles at 95 ° C for 15 s and at 60 ° C for 1 min. The products
were analyzed on the Applied Biosystems® TaqMan genotype
software v1.3. Some samples were also sequenced to validate the
genotyping results.
Statistical Analysis
Statistical analysis was performed using StatsDirect v2.7.9 software and the Hardy-Weinberg equilibrium was performed using
an online calculator, available on http://ihg.gsf.de. The differences
in the frequencies of SNP genotypes and/or alleles in the RIF and
control groups were evaluated using Fisher’s test. A p value <0.05
was considered statistically significant. The odds ratio (OR) was
calculated for allele frequencies and grouped genotypes.
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bryonic tissues [2]. Successful implantation of the embryo in decidualized endometrial stroma is crucial for
early pregnancy, and endometrial receptivity plays a key
role in this process [2–4]. The effort to maximize implantation rates involves the search for molecular markers of
endometrial receptivity.
Genetic factors appear to be highly associated with
these etiologies and RIF [5]. Overexpression or underexpression of genes that encodes the proteins necessary for
successful implantation may be a reason for decreased
endometrial receptivity [6]. Single-nucleotide polymorphisms (SNPs) in the p53 pathway have been linked to
fertility in humans [7, 8]. An important regulator of this
pathway is herpesvirus-associated ubiquitin-specific protease (HAUSP), a specific deubiquitinase that stabilizes
the p53 protein [7, 8]. Protein p53-encoding by the p53
tumor suppressor gene (TP53), in turn, plays a critical
role in regulating maternal reproduction and blastocyst
implantation via the regulation of the expression of the
leukemia inhibitory factor (LIF) and vascular endothelial
growth factor (VEGF) genes [8–10].
LIF is a pleiotropic cytokine of the interleukin 6 family, with a variety of effects on many different cell types
[11, 12]. In the reproductive system, LIF is produced and
secreted by the endometrial glands of the uterus and
plays an essential role in blastocyst implantation [11–
13]. It acts via binding to LIF receptor and recruitment
of its coreceptor glycoprotein 130 (gp130), forming
high-affinity signaling complexes [4, 12, 13]. LIF expression is higher during the onset of implantation than in
other phases of a woman’s cycle, preparing the uterus to
be receptive to the blastocyst [4, 7, 14]. Following the invasion of the blastocyst into the endometrium, it must
stimulate its own blood supply; this involves VEGF signaling to increase angiogenesis and vascularization [14,
15].
Given the importance of these genes in embryo implantation, a better understanding of the association between the polymorphisms in the genes mentioned above
and RIF may improve the ability to diagnose and potentially treat, thereby increasing a couple’s chances of conception [16].
The polymorphisms in genes that encode the important proteins that are functionally responsible for endometrial receptivity and their association with RIF have
already been reported [2, 4, 8]. However, in women with
RIF, the variable prevalence of such polymorphisms
among ethnic groups, along with the high occurrence and
the ‘diagnostic gap’ of this situation, highlights the needs
for further investigation in different ethnic groups. There-

group
Variables

RIF

Controls

Number of women
Age, years
Live births, n
Previous implantation failures, n
Previous embryos transferred, n
Infertility diagnosis (etiology)
Male
Idiopathic
Endometriosis
Tuboperitoneal
Male + endometriosis
Tuboperitoneal + endometriosis
Male + tuboperitoneal
Male + tuboperitoenal +
endometriosis

120
34.6 ± 2.9
–
3.6 ± 1.5
8.9 ± 4.6

89
51.4 ± 11.9
2.4 ± 0.9
–
–

40.8% (49/120)
20.0% (24/120)
15.0% (18/120)
11.7% (14/120)
5.8% (7/120)
3.3% (4/120)
2.5% (3/120)

–
–
–
–
–
–
–

0.8% (1/120)

–

Results

Table 2. Genotypic and allelic frequencies of the HAUSP, TP53,
LIF, gp130 and VEGF polymorphisms among women with RIF
(n = 120) and the control group (n = 89)

RIF,
n (%)
HAUSP
Genotype
G/G
A/G
A/A
Allele
G
A
TP53
Genotype
Arg/Arg
Arg/Pro
Pro/Pro
Allele
Arg
Pro
LIF
Genotype
T/T
G/T
G/G
Allele
T
G

Controls,
n (%)

p value

58 (48.3)
53 (44.2)
9 (7.5)

45 (50.6)
36 (40.4)
8 (9.0)

0.84

169 (70.4)
71 (29.6)

126 (70.8)
52 (29.2)

0.93

53 (44.2)
60 (50.0)
7 (5.8)

48 (54.0)
31 (34.8)
10 (11.2)

0.06

166 (69.2)
74 (30.8)

127 (71.3)
51 (28.7)

0.63

41 (34.2)
70 (58.3)
9 (7.5)

37 (41.6)
47 (52.8)
5 (5.6)

0.52

152 (63.3)
88 (36.7)

121 (68.0)
57 (32.0)

0.32

0 (0.0)
23 (19.2)
97 (80.8)

2 (2.2)
19 (21.4)
68 (76.4)

0.23

23 (9.6)
217 (90.4)

23 (12.9)
155 (87.1)

0.28

45 (37.8)
62 (52.1)
12 (10.1)

49 (56.3)
30 (34.5)
8 (9.2)

0.03

152 (63.9)
86 (36.1)

128 (73.6)
46 (26.4)

0.04

The characteristics of the women included in the RIF
and control groups are given in table 1.
Although this was a small study, the genotype frequencies observed are in agreement with the Hardy-Weinberg
equilibrium law.
The genotypic and allelic frequencies of HAUSP, TP53,
LIF, gp130 and VEGF among all women from the RIF and
control groups are given in table 2. The polymorphism
studied in the HAUSP gene, a regulator of the p53 pathway, showed an apparent prevalence of GG homozygous
genotype as well as G allele in both the RIF and control
groups (OR 1.01, 95% CI 0.65–1.59). For the TP53 gene,
the investigation of polymorphism revealed 50.0% of a
heterozygous genotype in the women presenting with
RIF. In the control group, the Arg/Arg genotype was
slightly more frequent (54.0%) than in the RIF group (not
statistically significant). However, in both groups, the Arg
allele had a frequency of approximately 70% (OR 1.11,
95% CI 0.71–1.74). The analysis of LIF gene polymorphisms appeared to show a prevalence of heterozygous
genotype in both groups (58.3% in the RIF group and
52.8% in the control group) with a T allele frequency of
63.3% in the RIF group and 68.0% in the control group
(OR 1.22, 95% CI 0.79–1.89). The gp130 polymorphism
seemed to show a prevalence of the AA genotype in both
groups, with the frequency of the A allele being 90.4% in
the RIF group and 87.1% in the control group (OR 1.40,
95% CI 0.72–2.71). For the VEGF –1154G/A polymor-

phism, a prevalence of heterozygosis was found in the RIF
group; in the control group, a GG homozygous genotype
was significantly more frequent (p = 0.03; table 2) than in
the RIF group. In this SNP, the G allele frequency was
high in both groups (63.9% in the RIF group and 73.6%

VEGF –1154G/A as a Potential Biomarker
for Implantation Failure

Med Princ Pract
DOI: 10.1159/000437370

gp130
Genotype
T/T
A/T
A/A
Allele
T
A
VEGF
Genotype
G/G
A/G
A/A
Allele
G
A
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Table 1. Characteristics of the women with RIF and the control

HAUSP
Genotype
G/G
G/A + A/A

OR

95% CI

p value
(Fisher’s test)

1.09

0.61 – 1.96

0.78

0.82 – 2.66

0.21

0.74 – 2.51

0.31

TP53
Genotype
Arg/Arg
1.48
Arg/Pro + Pro/Pro
LIF
Genotype
T/T
G/T + G/G
gp130
Genotype
T/T
A/T + A/A
VEGF
Genotype
G/G
A/G + A/A

1.37

infinity 0.25–infinity

2.12

1.16 – 3.87

0.18

0.01

in the control group), showing significant differences between them (p = 0.04; table 2). However, in the RIF group,
the presence of the A allele was more frequent and demonstrated a 1.6-fold increased risk of implantation failure
(OR 1.57, 95% CI 1.01–2.48, p = 0.04).
The study of the effect of the allele presence in each
SNP, isolating 1 homozygous genotype and then comparing this with the rest, showed a significant difference for
VEGF –1154G/A polymorphism (GG vs. AG + AA). The
patients with the GG genotype had a 2.1-fold chance of
not being included in the RIF group (table 3). These findings corroborate the results shown in table 2.

Discussion

In this study, there was a significant difference only in
the polymorphism of the VEGF gene, suggesting that the
presence of the A allele is associated with RIF. However,
the prevalence of alleles and genotypes of the other polymorphisms were also noteworthy. All these genes have
been shown to be involved to an appropriate extent of
4
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trophoblastic proliferation and enzyme digestion, leading
to a blastocyst invasion into the endometrium and the
stimulation of angiogenesis [4, 9, 19]. The analysis of the
polymorphisms in some of the genes involved in the p53
pathway (i.e. HAUSP, TP53, LIF and gp130) did not reveal
any significant difference between genotypes in the RIF
and control groups. The A allele for the A/G polymorphism (rs1529916) in the HAUSP gene has been shown to
be associated with infertility [8]; however, in our study, a
prevalence of G allele and GG genotype were observed in
both the control and RIF groups, with no prevalence of A
allele in either group. The analysis of the TP53 polymorphism showed a prevalence of the heterozygous genotype
in the RIF group. It has been shown that the Pro72 codon
is involved with higher levels of G1 cell cycle arrest than
the Arg72 codon [20]; this leads to decreasing proliferation that can cause inadequate trophoblastic growth.
Therefore, the presence of the Pro allele in the heterozygous patients of the RIF group could have been responsible for the implantation failure. Although there was
similar distribution of the Arg allele in the control and
RIF groups, a prevalence of the Arg/Arg genotype was
observed in the control group, similar to in other studies
that showed a relationship between the Arg allele and regulated cell proliferation [8, 21, 22].
Regarding the p53 pathway, no significant difference
for the LIF polymorphism was found, although we did
observe a prevalence of the T allele in both groups. Additionally, in the RIF group, the TT genotype was slightly
more frequent than in the control group, thereby confirming the results of a study that demonstrated an association of the G allele with infertility [8].
The genotyping of the gp130 polymorphism showed
similar distribution of the AA genotype in both groups,
without any significant difference between them. The
presence of the T allele was very rare, and the TT genotype
was only observed in the control group, representing
2.2% of this population. This observation confirmed the
study of Malki [23] who found similar values in the study
of this polymorphism in women presenting with infertility of an unexplained cause.
A significant difference was found only in the VEGF
gene; the A allele was more frequent in the RIF than in the
control group. Furthermore, when comparing the presence of the A allele (AG + AA grouped genotypes) with
the homozygous GG genotype, a significant difference
was also found, suggesting that the A allele could be involved in RIF. In fact, the homozygosity of the VEGF
–1154AA gene has been associated with RIF [14, 19, 24].
VEGF is the best-characterized regulator of angiogenesis,
Vagnini et al.

Downloaded by:
198.143.56.1 - 8/21/2015 12:51:06 PM

Table 3. Odds ratio analysis of grouped genotypes of the HAUSP,
TP53, LIF, gp130 and VEGF polymorphisms among women RIF
and the control groups

an essential process for successful embryo implantation,
since inadequate angiogenesis is related to implantation
failure [25]. Polymorphisms of the VEGF gene have been
correlated with variations in VEGF protein production
[26]. The VEGF –1154AA polymorphism characterized
in the promoter region of the VEGF gene [26] is a ‘low
expression’ genotype, expected to result in low expression
of VEGF protein, which may decrease angiogenesis and
blastocyst invasion, thereby leading to implantation failure [14, 19, 24].
We therefore speculate that a single gene mutation is
not the only cause of reduced endometrium receptivity,
which can result in implantation failure, but rather that
a combination of mutations in the different genes involved in the implantation process could increase the
risk of RIF.

Conclusion

In this study, we found an association of the VEGF
polymorphism and RIF in Brazilian women. We did not
find any association between the other gene polymorphisms studied and RIF. Further studies could lead us to
a set of genetic biomarkers to define endometrial receptivity, which, in association with other clinical parameters, could contribute to diagnosis and treatment to reduce rates of RIF.
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