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Introduction

The lack of conception in a couple that has been having 
unprotected intercourse, for 1 year, is defined as infertil-
ity [1]. Infertility is a major health problem affecting about 
15 % of couples trying to have a child [2]. Nowadays, the 
declining on the birth rate is one of the most important and 
crucial social problems in developing societies. While both 
socials (e.g., social progress for women and the resulting 
increase in the age of their marriage) and environmental 
(e.g., pollution and global warming) factors are behind part 
of the go up in the number of patients with infertility, infer-
tility in the male partner contributes to nearly 50 % of occa-
sions [3]. Of all couples classified as infertile, female infer-
tility accounts for about 40–50 %. In 30–40 % of infertile 
couples, male infertility is the cause, while the remaining 
10–30 % either is attributed to both male and female infer-
tility [4]. About 20 % of Iranian couples experience an 
episode of infertility at some point during their reproduc-
tive lives [5]. In spite of enormous progress in the figuring 
out of human reproductive biology, the fundamental and 
basic cause of male infertility remains undefined in about 
50 % of cases which are referred to as idiopathic infertility, 
already affects about 5–7 % of the general male population 
and may further increase in the future [6].

DNA repair gene system is one of the most important 
systems in human body and has a key role in protecting 
against gene mutations [7]. The human apurinic/apyrimi-
dinic endonuclease 1 (ApE1), also known as ApE, APEX 
and Ref-1, is underlying enzyme in the base excision repair 
(BER) pathway. BER is a multistep process and involves 

Abstract 
Purpose In spite of variety studies in understanding of 
human reproductive and fertility, the underlying causes of 
male infertility remains undefined in about 50 % of cases. 
The polymorphism studies have a crucial role in diseases 
recognizing. Human apurinic/apyrimidinic endonuclease 
1 (ApE1) is a multifunctional protein that has an impor-
tant role in the base excision repair pathway. The pre-
sent study was aimed to evaluate whether two polymor-
phisms −656T>G and 1349T>G ApE1 are related with the 
susceptibility to idiopathic male infertility.
Methods Samples were collected from 180 patients diag-
nosed with idiopathic male infertility and 120 control sub-
jects and genotyped by tetra-primer amplification refrac-
tory mutation system PCR.
Results We observed a significant difference in genotype 
distributions of −656T>G ApE1 polymorphism between 
infertile patients and controls (P = 0.0001). Our findings 
indicated individuals with the variant TG genotypes had a 
significant increased risk of idiopathic male infertility (OR 
1.84, 95 % CI 1.09–3.11, P = 0.021), whereas the signifi-
cant association between the 1349T>G polymorphism and 
idiopathic male infertility risk was not observed (P = 0.2).
Conclusions Our data suggest that the −656T>G ApE1 
polymorphism may be associated with increased risk of idi-
opathic male infertility. Larger studies with more patients 
and controls are needed to confirm the results.

 * Zivar Salehi 
 geneticzs@yahoo.co.uk

1 Department of Biology, Faculty of Sciences, University 
of Guilan, P.O. Box 1914, Rasht, Iran

2 Cellular and Molecular Research Center, Faculty of Medical 
Sciences, Guilan University of Medical Sciences, Rasht, Iran

http://crossmark.crossref.org/dialog/?doi=10.1007/s11255-015-0979-z&domain=pdf


922 Int Urol Nephrol (2015) 47:921–926

1 3

the sequential activity of various proteins. BER protects 
cells against the effect of endogenous (chromosomal abnor-
malities, DNA variation, mitochondrial mutation, etc.) and 
exogenous (estrogens, heavy metals, radiations, cigarette 
smoking, etc.) agents, and also, BER is responsible for the 
repair of DNA brought about oxidation/alkylation damage 
[8, 9]. ApE1 is a multifunctional protein that located on 
chromosome 14q11.2–q12, consists of five exons and four 
introns spanning 2.21 kb. By hydrolyzing 3′-blocking frag-
ments from oxidized and alkylated DNA, ApE1 comes out 
with normal 3′-hydroxyl nucleotide termini that are nec-
essary for DNA repair synthesis and ligation at single- or 
double-strand breaks [10, 11].

Recent studies have displayed that single nucleotide 
polymorphisms (SNPS) in DNA repair genes may be the 
critical molecular mechanism of the individual variation 
of DNA repair capacity [12]. Today, 18 polymorphisms in 
ApE1 have been recognized, but transversion of T to G is 
the most extensively studied polymorphism [13, 14]. ApE1 
SNP T>G found in exon 5 led to substitution of Asp > Glu 
at codon 148 which was located within the endonuclease 
domain of the protein. The ApE1 Asp148Glu (1349T>G) 
polymorphism is the only known common non-synony-
mous ApE1 coding region variant [15]. The other important 
ApE1 SNP −656T>G (rs1760944) is located in the pro-
moter region [16]. In this study, we aimed to evaluate the 
association between (−656T>G and 1349T>G) ApE1 poly-
morphisms and susceptibility to idiopathic male infertility 
in northern Iran.

Methods

Patients and controls

The current study included a total of 180 patients with idi-
opathic male infertility and 120 disease-free control sub-
jects. Controls and patients were selected from same popu-
lation living in the Guilan province, north of Iran, including 
unrelated subjects that were recruited between November 
2013 and February 2014. Data on patient characteristics 
at the study entry for each subject were collected from the 
infertility clinic of Alzahra Educational and Remedial Hos-
pital (Rasht, Iran). In this study, we tried to select the men 
in the 30–42 age range because strong evidence suggests 
that the couples who are trying to have a child become 
less fertile as they get older. All patients underwent at least 
two semen analyses, and those with a history of orchitis, 
obstruction of the vas deferens, hypogonadotropic hypog-
onadism, varicoceles, systemic diseases, sperm antibod-
ies, chromosomal abnormalities, undescended testes, tes-
ticular torsion, trauma, and exposure to cytotoxic agents 
or radiotherapy producing testicular atrophy, prostatic 

diseases and alcohol users were excluded. Patients for at 
least 2 years had an infertility history with their spouses 
with confirmed normal gynecological assessment. At least 
three seminal fluid examinations, carried out after 3–4 days 
of sexual abstinence, were performed to ascertain their 
infertility status. A spermogram was made according to 
World Health Organization (WHO) guidelines [17]. Also, 
the healthy married male volunteers who have at least one 
child without assisted reproductive technologies and had 
normal semen parameters (sperm counts ≥20 × 106/ml) 
were recruited as control group. Each subject provided 
the informal consent and donated 2-ml blood, drawn into 
EDTA-coated tubes (Venoject, Belgium), which was used 
for genomic DNA extraction. This protocol was performed 
in concord with the Declaration of Helsinki regarding the 
use of human samples.

Genotyping

Genomic DNA was extracted from whole-blood samples 
using the Gpp solution kit (Gen Pajoohan, Iran) according 
to the manufacturer’s instructions. DNA purity and concen-
tration were determined spectrophotometrically at 260 and 
280 nm. Each DNA sample was stored in TE buffer (5 mM 
Tris–HCl, 0.1 mM EDTA, pH 8.5) at −20 °C until analysis. 
Polymorphism-spanning fragments were amplified by the 
polymerase chain reaction (PCR) and performed by use of 
tetra-primer amplification refractory mutation system PCR 
(T-ARMS-PCR). Oligonucleotide primers used for ampli-
fication of the target sequences of ApE1 were designed by 
means of Oligo primer analysis software (version 7.54, 
Molecular Biology Insights Inc., Cascade, CO, USA). The 
primers sequences are given in Table 1. The PCR condi-
tions for the ApE1 were as follows: initial denaturation at 
95 °C for 5 min, 35 cycles of denaturation at 95 °C for 45 s, 
annealing at 58 °C for 30 s and 53 °C for 40 s, with a final 
step at 72 °C for 5 min to allow a complete extension of 
PCR fragment. The PCR products were separated on 2 % 
agarose gel and visualized by ethidium bromide staining.

Statistical analysis

The MedCalc software (version 12.1, Mariakerke, Bel-
gium) was used for all statistical analysis. Genotype fre-
quencies between cases and controls were compared by 
the χ2 test. To estimate the association between the ApE1 
−656T>G and 1349T>G variants and risk of idiopathic 
male infertility, odds ratios and 95 % confidence inter-
vals (95 % CI) were calculated by logistic regression, and 
P values were assessed by Chi-square (χ2) analysis. Also, 
we performed analyses for cases and controls by age (two 
groups: ≤30 years and >30 years), smoking status, family 
history of infertility and semen parameters. The association 
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between the ApE1 −656T>G and 1349T>G variants 
and risk of idiopathic male infertility was investigated by 
treating the three genotypes (major allele homozygous, 
heterozygous and variant allele homozygous) as ordinal 
variables in the analysis. The homozygosity with the more 
frequent allele among controls was set as the references 
group. A value of P < 0.05 was considered statistically 
significant.

Results

In the present study, 300 subjects containing 180 men with 
idiopathic male infertility and 120 healthy men on the control 
group were evaluated. The mean age of cases (36.2 ± 2.1) 
at diagnosis was slightly older than the reference age for 
controls (34.5 ± 2.3) and was no significantly different 
between infertile patients and controls (P > 0.05). Genotyp-
ing of −656T>G and 1349T>G was done by T-ARMS-PCR 
method. In −656T>G, PCR products for each T and G alleles 
were 384 and 446 bp in size, which are presented in Fig. 1 as 
amplified for three patients and also, in about 1349T>G, were 
152 and 450 bp, respectively, which are shown in Fig. 2. The 
main characteristics of the infertile patients are summarized 
in Table 2. Analysis indicated that age, smoking status and 
family history of infertility were not significantly different 
between cases and controls (P > 0.05). All information about 
allele and genotype frequencies and associated ORs (95 % 
CI) for infertility cases and controls is presented in Table 3. 
The frequencies of the TT, TG and GG genotypes of ApE1 
−656T>G were 33.3, 51.6 and 15.0 % in controls and 25.0, 
71.6 and 3.3 % in cases, respectively. Significant association 
were observed in genotypes distributions of ApE1 −656T>G 
between infertility cases and controls (P = 0.0001); in the sub-
group with TG genotypes, the results suggested that the asso-
ciation was more apparent among others (P = 0.021, OR 1.84, 
95 % CI 1.09–3.11), but not in allele frequencies (P = 0.7). 

Table 1  Primers sequences 
that used for target sequences 
of ApE1

Polymorphism Allele Length (bp) Sequence of primers (bp)
5′ → 3′

−656T>G T 384 F: 5′-TGTTTTTTTCCCTCTTGCACAT-3′

R: 5′-TTAAGGGTCCTGACTCAAGC-3′
G 446 F: 5′-TGTTTTTTTCCCTCTTGCACAG-3′

R: 5′ -CATTTCATAGTGCCTTGTACC-3′

1349T>G T 152 F: 5′-GACCCTATTGATGCCTAATGCC-3′

R: 5′-GCCTTCCTGATCATGCTCCACA-3′

G 450 F: 5′-GACTGTTTAACCCGTGCGTA-3′

R: 5′-GCCTTCCTGATCATGCTCCACC-3′

Fig. 1  Agarose gel electrophoresis stained by ethidium bromide after 
tetra-primer amplification refractory mutation system PCR. Lanes 
1 fragments presenting T and G alleles for heterozygous patients; 
2 fragments indicating the G allele for the mutant homozygous 
patients; 3 fragments showing the T allele for the wild-type homozy-
gous patients, M: 50bp DNA marker

Fig. 2  Detection of 1349T>G polymorphism at codon 148 by 
T-ARMS-PCR. The T allele is represented by fragments of 152 bp, 
while the G allele is of 450 bp. The molecular weight marker is 
shown in the left part of the gel. Lanes 1, 2 and 3 show the heterozy-
gous TG, the homozygous TT and the homozygous GG, respectively
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Furthermore, the frequencies of the TT, TG and GG genotype 
of ApE1 1349T>G were 45.0, 50.0 and 5.0 % in controls and 
also 36.1, 55.5 and 8.3 % in patients, respectively. No signifi-
cant differences were found in allele and genotype distribu-
tions of ApE1 1349T>G between infertility cases and controls 

(P = 0.1 and P = 0.2). Moreover, the variant (GG and TG/
GG) and wild-type (TT and TG/TT) genotypes were evaluated 
that the results did not suggest any statistical evidence of an 
association between that and male infertility.

Discussion

In this case–control study, we investigated the role of 
−656T>G (rs1760944) and 1349T>G (rs1130409) vari-
ants in the ApE1 promoter and coding region in 180 infer-
tile patients and 120 infertile-free controls. The results of 
our study indicated that −656T>G (rs1760944) polymor-
phism is related to male infertility. Significant association 
was came across in genotype distributions between infer-
tility cases and controls (P = 0.0001), and the individuals 
with TG genotypes were associated with increased risk of 
idiopathic male infertility (OR 1.84, 95 % CI 1.09–3.11, 
P = 0.021).

A high level of DNA damage in the male germ line is a 
sign of human infertility. Loss of genetic integrity can be 
found in the associations that have been observed between 
DNA damage in human spermatozoa and a wide range of 
reproductive disorders [18, 19]. DNA BER is the main 
pathway to repair DNA base damages caused by oxidation, 
radiation and the loss of bases. There are several enzymes 
that take part in this pathway, such as DNA polymerase β, 

Table 2  Characteristics of idiopathic male infertility patients and 
controls enrolled in the study

Variable Controls 
(n = 120) 

Cases (n = 180) P value

No. (%) No. (%)

Age (mean ± SD) 34.5 ± 2.3 36.2 ± 2.1 0.965

 ≤30 10 (8.4) 14 (7.8)

 >30 110 (91.6) 166 (92.2)

Smoking status 0.066

 Never 72 (60.0) 90 (50.0)

 Former 16 (13.3) 43 (23.8)

 Current 32 (26.7) 47 (26.2)

Family history of infertility 0.055

 No 99 (82.5) 130 (72.2)

 Yes 21 (17.5) 50 (28.8)

Semen parameters 
(mean ± SEM)

 Concentration (×106/ml) 100 ± 2.4 80.7 ± 4.21 <0.001

 Motility (%) 63.5 ± 1.21 35.7 ± 0.63 <0.001

 Volume (ml) 2.9 ± 0.05 2.85 ± 0.06 0.867

 Normal morphology (%) 81.8 ± 0.8 29.5 ± 1.7 <0.001

Table 3  Allele and genotype 
frequencies of ApE1 −656T>G 
and 1349T>G polymorphisms 
among cases and controls and 
the associations with risk of 
infertility

* Significant at 5 % level of significance (P < 0.05)
a Allele and genotype frequencies in cases and controls were compared using χ2 test
b Significance level for allele and genotype frequencies in cases and controls

Controls (n = 120) Infertile cases (n = 180) Pa Pb

n (%) n (%) OR (95 % CI)

Alleles (–656T>G)

 T 142 (59.0) 219 (60.0) 1.00 (reference) 0.746 –

 G 98 (41.0) 141 (40.0) 0.93 (0.66–1.30) 0.682

Genotypes (–656T>G)

 TT 40 (33.3) 45 (25.0) 1.00 (reference) 0.0001* –

 TG 62 (51.6) 129 (71.6) 1.84 (1.09–3.11) 0.021*

 GG 18 (15.0) 6 (3.3) 0.29 (0.10–0.81) 0.019

 GG + TG versus TT 80 (66.6) 135 (75.0) 1.50 (0.90–2.49) 0.117

 GG versus TT + TG 102 (85.0) 174 (96.6) 0.19 (0.07–0.50) 0.0008

Alleles (1349T>G)

 T 168 (70.0) 230 (63.0) 1.00 (reference) 0.143 –

 G 72 (30.0) 130 (37.0) 1.31 (0.92–1.87) 0.121

Genotypes (1349T>G)

 TT 54 (45.0) 65 (36.1) 1.00 (reference) 0.223 –

 TG 60 (50.0) 100 (55.5) 1.45 (0.89–2.35) 0.132

 GG 6 (5.0) 15 (8.33) 2.17 (0.78–6.00) 0.132

 GG + TG versus TT 66 (55.0) 115 (63.8) 1.44 (0.90–2.31) 0.123

 GG versus TT + TG 114 (95.0) 165 (91.6) 1.72 (0.65–4.58) 0.272
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DNA ligase III and APE1 to protect the genome entirety. 
The DNA repair activity of APE1 resides in the C-terminal 
region, and its endonuclease function makes a nick directly 
adjoining to 5ʹ of an apurinic/apyrimidinic (AP) site and 
produces a hydroxyl group at the 3ʹ terminus upstream of 
the nick [20]. These findings led us to hypothesize that 
functional polymorphisms within ApE1 gene might be 
linked to infertility and repair process after DNA damage 
in germ line cells.

The relations between inter-individual variations with 
DNA damage and repair process are clear. It is known that 
the only renowned non-synonymous ApE1 coding region 
variant is the 1349T>G polymorphism [21], and the other 
important SNP of ApE1 that is located in the promoter 
region is −656T>G (rs1760944), only −141 bp upstream 
from the transcription initiation site. The promoter and 
3′UTR region of a gene have several functions, and the 
most important of these functions are mRNA stability, reg-
ulating transcription and gene production. Variants in the 
promoter region can function by modulating transcription 
and leading to unusual protein expression [22, 23]. Func-
tional studies on these polymorphisms have shown that G 
allele may have altered endonuclease and DNA-binding 
activity and reduced ability to communicate with other 
BER proteins [16] and also is associated with an increased 
cell cycle G2 delay [15].

To our knowledge, this is the first genetic variation 
study on the association between ApE1 these two poly-
morphic regions and risk of idiopathic male infertility. 
Accomplished studies about this gene have explained that 
its genetic variations have an important role in susceptibil-
ity to many kinds of diseases. Zhou et al. [24] found that 
the variant ApE1 rs1760944 GG genotype has a protec-
tive effect for susceptibility to glioblastoma in a Chinese 
Han population. At nearly, similar observations have been 
reported by Zhou et al. [16]. Their findings suggested that 
ApE1 −656T>G polymorphism has a possible protective 
effect on cancer risk among Asian population, whereas 
1349T>G polymorphism does not contribute to the devel-
opment of cancer. In another major study, Kang et al. [25] 
investigated that the variant genotypes of the −656 T>G 
were significantly associated with decreased breast cancer 
risk but did not observe any significant association between 
the 1349 T>G polymorphism and breast cancer. A recent 
study determined that the G allele of the ApE1 T1349G 
variant increased gastric cancer risk (OR 1.69, P = 0.003) 
in a Chinese population [26]. Li et al. [27] demonstrated 
that ApE1 1349T>G polymorphism was associated with 
the susceptibility to colorectal cancer. Moreover, Vural 
et al. [28] detected that the polymorphic variant of APE1-
148 is not significant risk factor for preeclampsia develop-
ment. According to probable effect of these SNPs on DNA 
repair activity of ApE1, which in male germ line cells may 

be effective on fertility, in the present study we investigated 
the association between (−656T>G and 1349T>G) ApE1 
SNPs and susceptibility to idiopathic male infertility. Some 
limitations of our study include as follows: we only evalu-
ated two SNPS in the ApE1 gene, which was inadequate to 
assess male infertility risk for the gene studies. In addition, 
our population that was studied was not large enough.

In conclusion, our results suggested that the ApE1 
−656T>G polymorphism is associated with susceptibility 
to idiopathic male infertility. We also found that 1349T>G 
appeared to be unrelated to the risk of idiopathic male 
infertility in our population. Further studies using differ-
ent methods and larger numbers of samples are required to 
confirm our results.
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