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ABSTRACT

Sperm DNA damage is one of the associated factors of idiopathic male infertility and abnormal
spermatogenesis. This study was conducted to assess possible association between risk of male
infertility with X-ray repair cross complementing group 1 (XRCCT) Arg399GiIn (G to A) and DNA ligase
4 (LIG4) Throlle (C to T) gene polymorphisms which are involved in different DNA repair pathways. In
this case-control study 191 fertile and 191 infertile men (29-40 years old) were enrolled. The single-
nucleotide polymorphism genotypes and alleles of XRCCT Arg399GIn and LIG4 Thr9lle were assessed
using the polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) techni-
que. There was no significant association between XRCC1 Arg399GIn polymorphism and risk of male
infertility. The frequency of LIG4 Thr9lle genotypes and alleles were statistically different between
fertile and infertile men (p<0.001). We found that the CT genotype increased infertility risk more than
threefold (OR, 3.12; 95% Cl, 1.803-5.407). The LIG4 TT genotype carriers had decreased progressive
motile sperm (p<0.05) and increased non-progressive motile sperm (p<0.001) compared with the CC
genotype. Moreover, sperm concentration in subjects carrying the CT genotype was lower than that
observed in CC carriers (p<0.05). The results revealed that the GG/CT and GA/CT combinations of
genotypes increase the risk of infertility 3.5 and fourfold, respectively (p=0.021 and 0.004, respec-
tively). This study demonstrated that there was an association between LIG4 Thr9lle polymorphism
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and male infertility and suggests CT genotype as a risk factor for male infertility.

Introduction

About 50% of all infertility cases are due to male
reproductive system disorders and different studies
have shown that male reproductive function is declin-
ing [Andersson et al. 2008]. Despite developments in
diagnostic methods, more than half of the causes of
male infertility remain unknown [Dohle et al. 2005]. In
idiopathic infertile males, the semen analysis is abnor-
mal and there is no clear diagnosis for infertility pro-
blems [Ferlin and Foresta 2014].

Owing to the high levels of reactive oxygen species
(ROS) production during spermatogenesis [Fisher and
Aitken 1997], diseases such as varicocele [Koksal et al.
2003] and the effects of environmental contaminants
and drugs, the risk of genomic integrity damage is high
[Morris 2002]. Therefore, it has been suggested that
one of the major causes of male infertility and abnor-
mal spermatogenesis, especially in idiopathic cases,
might be the damage to the sperm DNA [Jahantigh
and Hosseinzadeh Colagar 2017; Wright et al. 2014].

Interestingly, high sperm DNA damage and chromoso-
mal fragility have been found in infertile men in com-
parison with fertile men [Papachristou et al. 2006].
Thus, maintaining sperm DNA integrity and repairing
the damage appear essential for male fertility. Among
the different types of DNA damage, single strand
breaks (SSBs) and double-strand breaks (DSBs) are
the most important types of damage which are caused
by different factors such as radiation, oxidative stress,
chemotherapeutic drugs, and alkylation [Lieber 2010].

The human body has developed a DNA repair mechan-
ism, which includes several repair pathways. Homologous
recombination (HR) and non-homologous end-joining
(NHE]) are two of the main repair pathways, which have
critical roles in repairing DNA throughout the cell cycle
including mitosis and meiosis. These pathways are believed
to function in germ cell formation [Rothkamm et al. 2003].
One of the mechanisms that could possibly reduce DNA
repair capacity is polymorphic variants of genes, which are
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involved in the HR and NHE] pathways. Several functional
genetic polymorphisms have been identified in these genes,
altering repair capacity [Ji et al. 2010a; Wang et al. 2003].
Association of male infertility with the polymorphisms in
genes involved in the DNA repair system have recently
been demonstrated [Anifandis et al. 2017; Jahantigh and
Hosseinzadeh Colagar 2017; Ji et al. 2012; Markandona
et al. 2015]. X-ray repair cross complementing group 1
(XRCC1) is a multi-domain protein which acts as a ‘scaf-
fold’ to draw other parts of the DNA base damage repair
pathway [Thompson and West 2000]. This 70 kDa protein
interacts with various enzymes such as DNA polymerase-b
(Pol-b), poly-ADP ribose polymerase (PARP), AP endonu-
clease-1 (APE1), human DNA glycosylase (hOGG1), and
DNA ligase IIT (LIG3) to facilitate HR and DNA SSB repair
[Schreiber et al. 2002; Vidal et al. 2001]. High expression of
the XRCCI gene has been reported in rodent and primate
testes [Walter et al. 1994]. It has also been found that the
XRCC1 protein is abundant in pachytene spermatocytes as
well as in round spermatids [Walter et al. 1996]. The
XRCCI1 gene is located on chromosome 19q13.2 and
many single nucleotide polymorphisms have been identi-
fied [Hung et al. 2005]. Arg399Gln (G to A; rs25487)
polymorphism on exon 10 is one of polymorphisms
which is likely to modify the function of the XRCC1 protein
[Hung et al. 2005]. Some studies using human lymphocytes
have reported the association of this polymorphism with
DNA repair impairment and high DNA adducts (reviewed
in [Ginsberg et al. 2011]). Also, in a Chinese population
study, the association of the Arg399GIn polymorphism
with increased risk of idiopathic azoospermia has been
reported [Gu et al. 2007a]. In addition, high levels of
sperm DNA damage have been reported in men with GG
and GA genotypes, who were exposed to genotoxic and
carcinogenic substances [Rubes et al. 2010].

DNA ligase 4 (LIG4) is an ATP-dependent DNA ligase
and in complex with XRCC4 carries out end-joining in the
NHE] pathway [Lieber et al. 2003]. It was found that
dysfunction of this complex reduces genomic integrity
and increases radiation sensitivity [Riballo et al. 1999].
The LIG4 Thr9lle (C to T; rs1805388) polymorphism
changes the N-terminal region of the LIG4 protein and
reduces adenylation and ligation activities of this protein.
Therefore, it can affect the NHE] pathway function [Girard
et al. 2004]. Considering the high expression of the LIG4
gene (13q33-34) in the testes and its important roles in
spermatogenesis, this polymorphism might be involved in
male infertility. In supporting this notion, a relationship
between the LIG4 gene (13q33-34) polymorphism with low
DNA repair capacity and high risk of male infertility has
been reported in a Chinese population [Ji et al. 2013].

Owing to the necessity of finding potential polymorphic
markers which are involved in idiopathic male infertility

and the existence of limited studies about the role of XRCC1
Arg399GIn and LIG4 Thr9lle polymorphisms in male
infertility, we have conducted a case-control study to assess
the possible association between these polymorphisms and
the risk of male infertility. Also, we have evaluated the
effects of genetic interactions between these two poly-
morphisms, which are involved in different repair pathways
in male fertility.

Results

Basic information about locus, subjects, and phenotypes are
presented in Supplementary Table 1. Semen parameters of
infertile groups are shown in Table 1 and the genotypes of
DNA repair geneswere assessed by RFLP analysis shown in
Figure 1. For example, in the XRCC1 Arg399GIn poly-
morphism, the absence of restriction site resulted in a
242bp single fragment which was referred to GG genotype
whereas its breaking down into two bands (148 and 94 bp)
represented AA genotype.

In contrast, the existence of three bands (242, 148,
and 94 bp) was assumed as heterozygous GA genotype
(Figure 1A). For LIG4 Thr9lle polymorphism, the
absence of restriction site resulted in a 121 bp fragment
indicating homozygous TT genotype, while its breaking
down into two bands (65 and 56 bp) represented CC
genotype and observing three bands (121, 65, and 56
bp) was considered as heterozygous CT genotype
(Figure 1B). Data summaries are presented in Tables
2 and 3. The data were presented according to the
“standardization of reporting genetics of male inferti-
lity” suggested by Traven et al. [2017]. The distribution
of both polymorphisms was not in Hardy-Weinberg
equilibrium. There were no significant differences in
frequencies of XRCCI1 Arg399Gln genotypes and alleles
between fertile and infertile groups (p>0.05), as shown
in Table 2. Moreover, logistic regression analysis
revealed the lack of association between this poly-
morphism and the risk of male infertility. However,
the distribution of LIG4 Thr9lle genotypes was signifi-
cantly different between the fertile and infertile groups
(Table 3). The frequency of the CC genotype was sta-
tistically higher in the fertile men than in infertile men

Table 1. Semen profile of infertile males.

Infertile
Semen Parameters (n=191)
Sperm concentration (million/ml) 41.96+29.44
Sperm normal morphology (%) 19.98+14.09
Progressively motile sperm’ (%) 15.35+11.71
Non-progressively motile sperm1 (%) 16.78+12.52
Immotile sperm’ (%) 55.38+27.37

Results are presented as mean + SD. 'Grade of sperm movement according
to WHO [2010] criteria.
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Figure 1. RFLP analysis of XRCCT and LIG4. Polymorphisms were investigated by RFLP technique using Mspl and HpyCH4 Il (Thermo Scientific,
USA) as restriction enzymes for ARCCT and LIG4, respectively. Digested products have been checked by electrophoresis on 3.0% agarose gel
and then visualized under UV light. (A) XRCCT Arg399GIn (G to A). Lane 1 is 50 bp DNA ladder (Jena Bioscience, Germany); Lane 2 is GG
genotype (242bp); Lane 3 is GA genotype (242, 148 and 94 bp); Lane 4 is AA genotype (148 and 94 bp); (B) LIG4 Thr9lle (C to T). Lane 1 is 50 bp
DNA ladder (Jena Bioscience); Lane 2 is CC genotype (65 and 56 bp); Lane 3 is CT genotype (121, 65 and 56 bp); Lane 4 is TT genotype (121 bp).

Table 2. The frequency of XRCCT Arg399GIn (G to A) genotypes, alleles, and odds ratios in fertile (n = 191) and infertile (n = 191)

males using X2 test and regression logistics analysis.

Gene and polymorphism information

Genotypes frequencies

0Odd ratio, 95% Cl

p-Value (xz, df) (Lower-Upper, p)

Gene name/symbol X-ray repair cross
complementing 1/XRCC1 n (%)
Entrez ID/location 7515/19q13.31 GG
Race/Number of participants Iranian/191-191 GA
(infertile-controls)
Study approach PCR-RFLP AA

Disease/Ontology ID Male infertility/12336

Polymorphism ID/location rs25487/exon 10

Genomic coordinate of the 43551524-43551624 G
polymorphism (start-end)
Polymorphism Missense/Arg399GIn A

biotype/Residue change

107 (28.01%) 120 (31.41%)

Fertile Infertile

n (%)

92 (48.16%) 78 (40.84%) 0.149 ()(2:2.077, df=1) Reference group
91(47.64%) 106 (55.5%) 0.125 ()(2:2.358, df=1) 1.347 (0.910-2.074,

p=0.130)

8(4.2%) 7 (3.66%) 0.792 (x*=0.069, df=1) 1.032 (0.358-2.974,

p=0.953)

GA+AA 99 (51.84%) 113 (59.16%) 0.149 (x*=2.077, df=1) 1.346 (0.898-2.018,

p=0.150)

Alleles frequencies
275 (71.99%) 262 (68.59%) 0.303 ()(2=1.059, df=1) Reference group

1.177 (0.863-1.606,
p=0.304)

(p<0.001). A significantly higher frequency of the CT
genotype was also observed in the infertile group com-
pared to the fertile men. Our results revealed that the
CT genotype could increase infertility risk by more
than three-fold (OR, 3.122; 95% CI, 1.803-5.407). This
negative effect on male fertility was also observed in T
allele carriers which could increase the risk of male
infertility more than 2.5-fold (OR, 2.506; 95% ClI,
1.641-3.826). Association between various genotypes
and semen parameters in the infertile group are pre-
sented in Table 4. The results demonstrated the lack of

association between XRCCI Arg399Gln polymorphism
with sperm motility and morphology. However, sperm
concentration in AA carriers was significantly lower
than that of subjects carrying GG and GA genotypes
(p<0.05). The results revealed that LIG4 Thr9lIle homo-
zygous TT genotype carriers had decreased progressive
motile sperm (p<0.05) and increased non-progressive
motile sperm (p<0.001) compared with the wild type
CC genotype. Also in subjects with the CT genotype,
the percentage of non-progressively motile sperm was
higher than that of the CC genotype (p<0.001).
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Table 3. The frequency of LIG4 Thr9lle (C to T) genotypes, alleles, and odds ratios in fertile (n = 191) and infertile (n = 191) males

using X2 test and regression logistics analysis.

Gene and polymorphism information

Genotypes frequencies

0Odd ratio, 95% Cl

p-Value (x?, df) (Lower-Upper, p)

Gene name/symbol DNA ligase 4/L1G4

Entrez ID/location 3981/13933-34 cc

Race/Number of participants (infertile- Iranian/191-191 cT
controls)

Study approach PCR-RFLP T

Disease/Ontology ID Male infertility/

12336

Polymorphism ID/location rs1805388/exon 2

Genomic coordinate of the polymorphism  108211193- C
(start-end) 108211293

Polymorphism biotype/Residue change Missense/Thr9lle T

Fertile n (%)

36 (9.42%) 79 (20.68%)

Infertile
n (%)

162 (84.82%) 125 (65.45%) <0.001 (x2=19.181, df=1) Reference group
22 (11.52%) 53 (27.75%) <0.001 (x*=15.944, df=1) 3.122 (1.803-5.407,

p<0.001)
0.168 (x’=1.899, df=1) 2.407 (0.933-6.211,
p=0.069)

7 (3.66%) 13 (6.8%)

CT+TT 29 (15.18%) 66 (34.55%) <0.001 (x*=19.181, df=1) 2.95 (1.798-4.839,

p<0.001)

Alleles frequencies
346 (90.58%) 303 (79.32%) <0.001 (x2:18.927, df=1) Reference group

2506 (1.641-3.826,
p<0.001)

Table 4. Semen parameters according to the various genotypes of XRCCT Arg399GIn and LIG4 Thr9lle polymorphisms in infertile

group (n=191).

Sperm motility (%)

Progressively motile Non-progressively motile Immotile Sperm concentration ~ Sperm normal morphology

Genotypes sperm sperm sperm (million/ml) (%)
XRCCT Arg399Gin

GG 15.65 = 12.86 16.70 £ 11.66 53.61 + 28.46 40.66 + 27.51 19.43 + 13.88

GA 1494 + 1043 1712 £ 13.27 57.66 + 26.02 44.63 + 30.67 20.63 + 14.47

AA 18.31 £ 17.51 12.45 £+ 10.69 40.65 £ 33.14 1821 + 16.00°"" 16.42 = 11.07
LIG4 Thr9lle

CcC 16.46 £ 10.13 9.56 = 8.52 52.59 + 28.58 50.73 £ 28.32 19.56 = 14.18

T 15.46 £ 12.36 N 15.72 + 13.01*7 59.56 + 21.86 40.96 + 31.82% 21.47 £ 14.07

T 9.79 + 10.55° 19.69 + 11.65%" 65.25 3299 3837 £ 29.12 13.92 + 11.80

Results are presented as mean + SD; 'Grade of sperm movement according to WHO [2010] criteria. Statistical comparison: Variant vs. Wild type;
bHeterozygous variant vs. Homozygous variant; Statistical significance: **p<0.001; *p<0.05.

Moreover, sperm concentration in subjects carrying the
CT genotype was lower than that observed in the CC
carriers (p<0.05).

We have also investigated the distribution of differ-
ent genotype combinations of XRCCI Arg399GlIn and
LIG4 Thr9lle polymorphisms in the studied population
(Table 5). In total, 7.85% fertile men and 18.33% of
infertile men had variant genotypes at both loci
(XRCC1 Arg399GIn and LIG4 Thr9lle). A statistically
higher frequency of the GG/CC combination was
observed in fertile men compared to infertile indivi-
duals (p=0.001) whereas any genotype combinations of
XRCCI Arg399GIn polymorphism with heterozygous
CT genotype from LIG4 Thr9lle polymorphism (i.e.,
GG/CT and GA/CT) were found markedly higher in

infertile men (p=0.021 and p=0.004, respectively), as
shown in Table 5. Accordingly, logistic regression ana-
lysis confirmed the likelihood of interaction of XRCCI
Arg399GIn and LIG4 Thr9lle polymorphisms due to
the increased risk of male infertility observed in GG/
CT and GA/CT carriers compared with those that have
the GG/CC homozygous wild type genotype.

Discussion

Idiopathic male infertility accounts for a large propor-
tion of all infertility cases with unknown mechanisms
[Dohle et al. 2005; Kothandaraman et al. 2016].
Previous studies have suggested that genetic factors
and DNA defects could be involved in idiopathic male

Table 5. Interaction of XRCC7 Arg399GIn and LIG4 Thr9lle polymorphisms for male infertility risk.

Fertile n (%) Infertile n (%)

p-Value ()(2, df) 0dd ratio, 95% Cl (Lower-Upper, p)

GG/CC 78 (40.84%) 48 (25.13%)
GG/CT 11 (5.76%) 24 (12.57%)
GG/TT 3 (1.57%) 6 (3.14%)
GA/CC 76 (39.79%) 71 (37.17%)
GA/CT 11 (5.76%) 28 (14.66%)
GA/TT 4 (2.09%) 7 (3.67%)
AA/CC 8 (4.19%) 6 (3.14%)

0.001 (x*=10.658, df=1) Reference group

0.021 ({’=5.316, df=1) 3.545 (1.595-7.883, p=0.002)
0312 ({=1.024, df=1) 3.250 (0.776-13.605, p=0.107)
0599 (x’=0.276, df=1) 1.518 (0.936-2.462, p=0.091)
0.004 (’=8.253, df=1) 4.136 (1.887-9.066, p<0.001)
0359 (’=0.824, df=1) 2.844 (0.791-10.228, p=0.110)
0.586 (>=0.297, df=1) 1.219 (0.398-3.727, p=0.729)

Seven combinations were analyzed. AA/CT and AA/TT genotype combinations were not included in the table due to the statistical limitations and the low
number of cases. df: degrees of freedom, Cl: confidence interval, x* Chi-square.
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infertility [Ferlin and Foresta 2014]. Single nucleotide
mutations or polymorphisms could be abundantly
found in different genes and studies have shown that
the mutation in a gene, sometimes could alter activity
of the gene product [Fung et al. 2014]. A very recent
study has shown that polymorphisms in genes includ-
ing XRCC5 VNTR, XRCC6, and XRCC7 6721G>T are
associated with male infertility [Jahantigh and
Hosseinzadeh Colagar 2017]. Polymorphisms in genes
such as XRCCI and LIG4 could be important, because
the products of these genes play crucial roles in major
pathways of DNA repair [Caldecott 2014; Park et al.
2014]. These genes are highly expressed in testis [Ji
et al. 2013; Walter et al. 1994], so any decrease in
activity of these proteins could disrupt the DNA repair
system and lead to the accumulation of mutations and
breaks in sperm DNA. According to the above descrip-
tion, polymorphisms in these genes could affect the
quality of sperm and decrease infertility. This study
aimed to investigate the association of XRCCI
Arg399GIn and LIG4 Thr9lle polymorphisms with
male infertility.

Some studies have shown that the XRCCI
Arg399GIn polymorphism alters XRCC1 protein func-
tion and reduces the ability of DNA damage removal
after irradiation and exposure to genotoxic compounds
more than three-fold [Girard et al. 2004; Li et al. 2006].
However, our results indicated that genotype and allele
distribution of XRCCI Arg399GIn polymorphism did
not significantly differ between fertile and infertile men,
and therefore, no association was found between this
polymorphism and male infertility. Our findings are
consistent with the results observed by Ji et al
[2010b], who have reported the lack of relationship
between this polymorphism and the risk of male infer-
tility and sperm DNA damage. In the other study,
Zheng and colleagues investigated the association
between Arg399GIn polymorphism and infertility with
idiopathic azoospermia and their results revealed that
the SNP Arg399GIn of XRCCI could be a marker of
genetic susceptibility to idiopathic azoospermia [Zheng
et al. 2012]. In a similar study on idiopathic azoosper-
mia subjects, no differences were found in allele and
genotype distribution of the Arg399GIn polymorphism
between patients and healthy men [Gu et al. 2007b]. In
this study, however, it has been noted that the AA
genotype may reduce the risk of idiopathic azoosper-
mia. It was reported that the repair efficiency of the
wild type genotype is higher than that of the AA geno-
type which could be due to decreased XRCCI activity
[Li et al. 2006]. Rubes et al. [2010] have also shown
higher sperm chromatin damage and repressed sper-
matogenesis in men carrying the GG and GA genotypes

SYSTEMS BIOLOGY IN REPRODUCTIVE MEDICINE @ 5

compared with AA genotype carriers. While this poly-
morphism is located in the structural region of the gene
and most likely could affect protein activity, it has
recently been claimed that the A allele increases
XRCCI gene expression [Zipprich et al. 2010]. The
Arg399GIn polymorphism occurs in the BRCT1 bind-
ing domain and the role of this domain in XRCCI gene
structure is unclear, but according to the previous stu-
dies and the results of this study, it seems that this
polymorphism has little effect on the protein activity
and cannot endanger male fertility under normal con-
ditions [Ginsberg et al. 2011]. There is compelling
evidence for increased sperm DNA damage in A allele
carriers compared with the G allele [Ji et al. 2010b].
Therefore, it is plausible that A allele carriers require
higher activity of DNA repair pathway and XRCCI
gene expression to prevent reducing sperm quality
and male infertility. Thus, any alteration in XRCCl1
activity due to the Arg399GIn polymorphism may dis-
rupt the function of DNA repair machinery and impact
male fertility.

Results of the present study showed that there were
significant differences in genotype and allele distribu-
tions of LIG4 Thr9lle polymorphism between fertile
and infertile men. There was a higher frequency of
CC genotype in the fertile group compared to infertile
subjects, whereas fertile men showed a lower frequency
of CT genotype than the infertile group (p<0.001). Also,
results revealed a higher frequency of T allele in infer-
tile men compared with fertile men. Regression analysis
showed that the CT genotype could be a risk factor for
infertility and increases the risk of male infertility by
more than three-fold. Similar to our results Ji et al.
[2013] have demonstrated that the CT and TT geno-
types are associated with increasing the risk of male
infertility more than 1.5-fold and 2.5-fold, respectively.
Due to the importance of the NHEJ pathway in the
removal of DNA damage and the key role of LIG4 in
this pathway, any disruption in the activity of LIG4 can
cause male infertility. Since LIG4 Thr9lle polymorph-
ism alters the N-terminal region of the LIG4 protein,
which is essential for its ligase activity, and based on
previous studies confirming a two- to three-fold reduc-
tion in LIG4 ligase activity induced by this polymorph-
ism [Girard et al. 2004], it seems that our results are in
accordance with previous observations.

It should be mentioned that the observed distribu-
tion for XRCCI and LIG4 polymorphisms were not in
Hardy-Weinberg equilibrium. Such deviation from the
equilibrium could reflect different reasons including
biological selection effects, small sample size, or geno-
typing errors [Nielsen et al. 1998]. In order to confirm
the accuracy of data collection and genotyping method
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we rechecked the data and re-genotyped at least 20% of
the samples. Also the existence of several studies on
similar polymorphism of XRCCI among the Iranian
population of even lower sample sizes have consistently
reported a genotype distribution in equilibrium [Fard-
Esfahani et al. 2011; Jahantigh and Hosseinzadeh
Colagar 2017; Saadat et al. 2008]. This made us con-
sider ethnic bias as a possible underlying reason. In
support of this explanation, previous studies on a popu-
lation of the same region (Hamadan city) with a differ-
ent sample size showed inconstancy with the Hardy-
Weinberg equilibrium [Hassanzadeh et al. 2013;
Khosropour et al. 2017] which could be due to inter-
ethnic marriage. However, this does not exclude a
possible effect of approximately small sample size in
the present study, and thus further studies with larger
sample sizes are required. Investigation of the associa-
tion between XRCC1 Arg399Gln polymorphism and
semen characteristics in infertile men revealed that the
AA genotype carriers have significantly lower sperm
concentration compared to men with GG or GA geno-
types. Such a difference could be due to the role of
XRCCl1 in spermatogenesis as a high level expression
has been seen in the testes, pachytene spermatocytes,
and round spermatids [Walter et al. 1994; Walter et al.
1996]. Since the XRCC1 Arg399GIn polymorphism
decreases XRCCI1 activity and functionality [Hung
et al. 2005], it can reduce spermatogenesis and conse-
quently sperm concentration. However, owing to fewer
infertile men with AA genotype in our study (seven
patients), it is difficult to draw a proper conclusion.

In the LIG4 Thr9lle polymorphism, we observed that
infertile men with the TT genotype had lower sperm moti-
lity than the wild type carriers. An increased percentage of
non-progressive motile sperm and decreased sperm con-
centration was observed in infertile patients with CT geno-
type in comparison with CC genotype carriers. LIG4 has a
role in spermatogenesis and DNA repair machinery in the
sperm [Ji et al. 2013]. Reducing the activity of LIG4 due to
the polymorphism could disrupt cell cycle and meiosis and
lead to sperm reduction. It has also been observed that this
polymorphism is associated with increased sperm DNA
damage [Ji et al. 2013] and previous studies have shown
negative correlations between sperm DNA damage and
semen parameters such as motility [Zini et al. 2001].
Results of the present study are consistent with the results
of a previous study showing negative association between
LIG4 Thr9]le polymorphism and sperm concentration in
infertile men [Ji et al. 2013].

Further investigation assessed the likelihood of asso-
ciation of different genotype combinations of XRCCI
Arg399GIn and LIG4 Thr9lle polymorphisms with
male infertility. The results revealed that the GG/CT

and GA/CT combinations of genotypes can increase the
risk of infertility more than 3.5- and four-fold, respec-
tively. Since XRCC1 and LIG4 are members of different
DNA repair pathways, at the moment the mechanism
underlying  likelihood interactions of XRCCI
Arg399GIn and LIG4 Thr9lle polymorphisms is not
well understood. Considering that the AA genotype
increases XRCCI expression [Zipprich et al. 2010] and
has protective effects against idiopathic azoospermia
[Gu et al. 2007b], there is a possibility that in the
condition of reduced sperm quality due to the LIG4
Thr9lle polymorphism, carrying GG or GA genotypes
of XRCC1 paves the way for male infertility.

There were some limitations in the present study
such as: (1) we did not have access to fertile men’s
semen samples, (2) we did not evaluate sperm DNA
damage and its association with these polymorphisms,
and (3) the number of homologous variant carriers was
low. Therefore, large scale studies together with DNA
damage assessment are needed to overcome these
limitations.

In conclusion, this study demonstrated that there
was an association between the LIG4 Thr9lle poly-
morphism and male infertility. Thus, the existence of
CT genotype could be a risk factor for male infertility.
Moreover, an association between LIG4 Thr9lle geno-
type distribution and sperm motility and concentration
was revealed. However, there was no association
between XRCC1 Arg399GIn polymorphism and male
infertility and a lower sperm concentration in AA gen-
otype carriers compared to that of subjects with GG
and GA genotypes was observed.

Materials and methods
Specimen collection and processing

In this case-control study, a total of 382 Iranian men
(191 fertile and 191 infertile) were included. Infertile
men (aged 29-40 years old) with abnormal semen ana-
lysis according to World Health Organization (WHO)
metrics were selected from patients referred to the
Fatemieh Fertility Clinic of Hamadan University of
Medical Sciences. Infertile individuals had no children
after one year (or more) of unprotected sexual inter-
course. According to WHO [2010] guidelines for
semen analysis, sperm motility was categorized as: pro-
gressive motility (PR), non-progressive motility (NP),
and immotility (IM). The lower reference limits (5th
centiles and their 95% confidence intervals) for semen
parameters were: sperm concentration 15 million/ml,
PR 32%, and normal sperm morphology 4%. In addi-
tion, asthenozoospermia was defined by the percentage
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of PR spermatozoa below the lower reference limit
[WHO 2010]. In our study, the infertile group con-
sisted of asthenozoospermic individuals. Patients with
certain infertility causes (e.g., abnormal karyotype,
infectious diseases, and varicocele) were excluded
from our study. Fertile individuals had children (one
to three children and less than five years had passed
since they had children) without benefit from assisted
reproductive technologies and did not differ in age
from the patients. All patients gave written informed
consent before sample collection and this study was
approved by the Ethical Committee of Hamadan
University of Medical Sciences. After three d of sexual
abstinence, semen samples were collected from infertile
men and semen parameters were analyzed according to
the WHO procedures by CASA [WHO 2010]. Blood
samples were obtained from all participants by venous
puncture and collected in heparin containing tubes.
After centrifugation, the cell containing part was stored
at -80°C for DNA extraction.

Genotyping

Genomic DNA was extracted from leukocyte pellets
using phenol/chloroform extraction methods. A ratio
of A260/A280 absorbance was used to qualify extracted
DNA. PCR was performed (PCR PreMix; BIONEER
kit, Korea) to amplify 242 bp and 121 bp fragments
which contained XRCC1 Arg399GIn (G to A) and LIG4
Thr9lle (C to T) polymorphismic sites, respectively
(Supplementary Table 1). Previously described primers
were used as the following: XRCCI Arg399GlIn: for-
ward, 5'-CCCCAAGTACAGCCAGGTC-3' and reverse,
5-TGTCCCGCTCCTCTCAGTAG-3" [Duell et al
2000]; LIG4 Thr9lle: forward, 5'-TCTGTATTC
GTTCTAAAGTTGAACA-3" and reverse5-TGCTT
TACTAGTTAAACGAGAAGAT-3' [Yin et al. 2012].
The size of all amplified PCR products was confirmed
on a 1% agarose gel. XRCCI and LIG4 genes were
genotyped by restriction fragment length polymorph-
ism technique using Mspl and HpyCH4 III enzymes
(Thermo Scientific, USA), respectively. Digested sam-
ples were checked by electrophoresis on 3.0% agarose
gel and then visualized under UV light.

Statistical analysis

Data were analyzed using SPSS V.16 software and the
results were expressed as mean * standard deviation. The
genotypes distribution was checked for Hardy-Weinberg
equilibrium. To confirm normal distribution of data One-
Sample Kolmogorov-Smirnov test was applied. The allele
and genotype frequencies were compared between the
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groups using Chi-Square test. Also, for further evaluation
of the polymorphisms, the relative risk on male infertility
logistic regression analysis was used. Semen parameters
among three genotypes were compared by One-way
ANOVA analysis and differences between two genotypes
were analysed using Tukey post-hoc test. Statistical signifi-
cance was assumed at the p<0.05 level.
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