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Objective: The present study was performed to determine whether expansion of the
CAG repeat in exon 1 of the AR gene is correlated with non-obstructive azoospermia
(NOA) in Iranian infertile men.
Methods: The CAG repeat length was investigated in 307 Iranian men, 104 infertile men
with NOA and 203 fertile controls using primers ﬂanking the CAG repeat region in exon
1 of the AR gene.
Results: The most common allele in the patients and controls was 23 (18.39%) and 21
(19.70%) CAG repeats with the mean number of 21.97 ± 2.772 and 21.10 ± 2.674,
respectively (P = 0.013).
Conclusion: Although our results indicate a signiﬁcant negative correlation between the
length of CAG repeat and male infertility, however, other genetic modiﬁers may be
required in order to cause male infertility.
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1. Introduction
Androgen receptor (AR; OMIM: 313700), mediates the role
of androgens including testosterone and dihydrotestosterone in
regulating spermatogenesis and development of the male
phenotype. Therefore, abnormalities in the AR that results in the
defects in the androgen response pathway may be involved in
the etiology of idiopathic azoospermia.
The AR gene is located at Xq11.12, composed of 8 exons [1].
The gene encodes 919 amino acids that form four domains in the
protein structure, including the N-terminal transactivation
domain encoded by exon 1, DNA-binding domain encoded by
exons 2 and 3, hinge region encoded by part of exon 4,
and C-terminal ligand-binding domain encoded by exons 4–8
domains [2].
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There are two highly polymorphic CAG and GGN microsatellite repeats in the transactivation domain, which encodes for a
polyglutamine and polyglycin stretches respectively. The number
of CAG repeats varies from 9 to 36 in healthy individuals with an
average of 18–22 repeats [3]. The average number of repeat lengths
varies signiﬁcantly between different racial groups [1,3]. It has
been suggested that there is an inverse correlation between the
CAG repeat number in exon 1 and male infertility; therefore, the
longer polyglutamine tracts may be considered a risk factor for
defective spermatogenesis due to reduced AR transcriptional
activity both in vivo and in vitro [4,5]. Conﬂicting results have
been obtained from previous studies concerning the association
between the lengths of the polyglutamine tract and developing
idiopathic male infertility.
The aim of the present study was to determine the distribution of CAG repeat expansion in Iranian population and to
investigate its association with non-obstructive azoospermia.

2. Material and methods
2.1. Patients
In a case–control study that was carried out between June
2012 and July 2013 in Medical Genetics Department of Shahid
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Beheshti University of Medical Sciences, 104 non-obstructive
azoospermic patients were studied to determine the effect of
the polyglutamine tract length in male infertility. The patients
were candidates for ICSI and referred from the whole country.
Semen analysis was performed according to normal standard
parameters using the World Health Organization (WHO) criteria
[6]. Urological examination was performed in all of the patients
for anatomical integrity of genital system. Hormone analysis
including follicle-stimulating hormone (FSH) and luteinizing
hormone (LH) were also done. 203 age-matched fertile men
who had at least one child with no history of requiring assisted
reproduction technology were considered as control group.
Informed written consent was obtained from each azoospermic
and fertile control man.

2.2. Genotyping
DNA was extracted from the peripheral blood of each subject
by a salting out method. A series of 11 sequence-tagged site (STS)
markers located on Yq11 were selected for the detection of submicroscopic deletions in the azoospermia factor (AZF) region
using multiplex polymerase chain reaction (M-PCR) [7]. The STS
markers included sY84, sY86, sY176 and sY182 for AZFa; sY127
and sY134 for AZFb; and sY142, sY254, sY255, sY1191 and
sY1291 for the AZFc region. The CAG repeats in exon 1 of the
AR gene was ampliﬁed by using primers forward (50 -G
GAAGTAGGTGGAAGATTCAGCCA-30 ) and reverse (50 -A
ACGTGGATGGGGCAGCTGAGTCA-30 ).
Genomic DNA (100 ng) was added to a mixture of
200 mmol/l Tris–HCl (pH 8.3), 100 mmol/l KCl, 3 mmol/l
MgCl2, 5 mmol/l each dNTP, 10 per cent dimethyl sulfoxide
(DMSO), 5 pmol/l of primer pairs, 2 U Taq DNA polymerase
(Cynagen Co., Tehran, Iran), adjusted to a ﬁnal volume of 25 ml.
Ampliﬁcations were carried out on a Analytikjena thermocycler
(Analytic Jena Ltd., Germany) with the following program:
Initial denaturation at 94  C for 5 min and a subsequent series of
35 cycles of 94  C for 30 s (denaturation), 61  C for 45 s
(annealing), and 72  C for 1 min (extension). Final extension
was carried out at 72  C for 5 min. PCR products were
sequenced on an ABI 3730XL automated DNA sequencer
(Macrogen, Seoul, Korea).

2.3. Statistical analysis
Data were analyzed with SPSS 18 statistical software (SPSS
Inc., Chicago, Illinois, USA). Differences in the mean of (CAG)
n length between patients and controls was determined by the
independent samples t-test. P values < 0.05 were considered
statistically signiﬁcant.

3. Results
Seventeen patients (16.35%) showed Y chromosome microdeletions and therefore were excluded from our study. The mean
value for FSH concentration in patients with Y chromosome
microdeletions was 44.90 mIU/ml compared with 35.50 mIU/ml
in patients with no microdeletions (P < 0.001). These values
were 13.91 and 13.69 mIU/ml for LH concentration respectively
(P = 0.178). The mean serum FSH and LH levels were significantly higher in patients than that in the fertile controls
(P < 0.0001). The mean number of CAG repeats in exon 1 of the

AR gene were 21.97 ± 2.772 and 21.10 ± 2.674 for infertile men
and controls, respectively (P = 0.013) (Table 1). The distribution
of CAG repeat lengths in the studied groups is shown in
Figure 1.

4. Discussion
The CAG repeat lengths in the exon 1 of the AR gene were
analyzed in several studies worldwide. The ﬁrst report on association between CAG tract length variation and male infertility
was published by Tut et al. in 1997. They showed that a CAG
repeat of 28 or more results in fourfold increase risk for impaired
spermatogenesis [4]. This observation was conﬁrmed by Mifsud
et al. who showed that having >26 (CAG)n repeats is associated
with sevenfold increase of being infertile [8,9]. However, the
association between the length of CAG repeat and male
infertility has been questionable. Some investigators have
reported a statistical signiﬁcant longer CAG tracts in infertile
men [1,2,10–12], while, others showed no association [3,5,12–16].
Decrease in CAG repeats in the androgen receptor gene has
been also reported in men with defective sperm production
[12,17]. The results of the present study indicate a signiﬁcant
difference in the mean length of the CAG repeats in
azoospermia patients (21.97 ± 2.772) compared with fertile
controls (21.10 ± 2.674) (P = 0.013).
Several factors including ethnicity, sample size and the inclusion criteria may explain the observed discrepancies among
previous studies concerning the association between CAG repeat
number and male infertility. The ﬁrst and most important factor
is differences in the ethnicity and the genetic backgrounds of the
studied patients. It has been shown that the size of CAG repeats
varies in a race speciﬁc manner. Short CAG repeats are more
prevalent in black Americans than Asians [2]. Interestingly,
conﬂicting results have also obtained from studies on the same
population with mixed ethnic origin. In two previous studies
conducted by Barden et al. and Mosaad et al., the association
between CAG repeat length and male infertility was
investigated in Egyptian population and contradictory results
were obtained. The main reason was that the genetic
background of the studied people in these regions is quite
different [2,3]. This issue should be concerned in similar
studies on other heterogeneous populations such as Iranian
population due to mixed ethnicity.
Another factor that may explain the observed discrepancies is
different diagnostic criteria that may affect the results. In some
studies karyotype analysis, detection of Y chromosome microdeletions, and screening for the CFTR and AR gene mutations
were performed in the patients. However, not all of these
excluding criteria were considered in all studies. In addition, in
the majority of studies a heterogeneous group of infertile men
including non-obstructive azoospermia, oligozoospermia, severe
oligozoospermia and oligoasthenoteratozoospermia were

Table 1
Comparison of CAG repeats length between non-obstructive azoospermia patients and fertile controls.
Groups

CAG repeat

P value

No. of alleles Range Mean ± SD Median
Azoospermia
Fertile

13
14

17–30 21.97 ± 2.77
12–28 21.10 ± 2.67

23
21

0.013
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Figure 1. Distribution of the CAG repeat lengths in the studied groups.

investigated. The CAG expansion situation may be different in
each type of male infertility. In addition separate statistical
analysis in each infertile group may result in the reduction in the
sample size that is not preferred when a genetic variant is
incompletely penetrant. Finally, the inclusion criteria for the
control group were different in the previous studies. It should be
noted that not all individuals with normal spermiogram are
fertile and proven fertility does not always mean to have normal
sperm parameters.
It was mentioned that longer CAG repeat lengths result in
reduced AR transcriptional activity. However, the molecular
mechanisms beyond this situation are not clearly understood.
Some of the hypotheses postulate that the increase in the length
of the CAG tract might impair the interaction between androgen
receptor and coactivator molecules such as p160 that result in
the alteration of the activation function 1 (AF1) located in the Nterminal region of the AR [18]. Others have also suggested that
longer than normal CAG repeats results in a reduced amount
of AR messenger RNA and protein [19]. There are also some
clinical evidences for this inverse correlation between the
length of CAG repeats in the AR gene and its transcriptional
activity. In patients with Kennedy disease, characterized by
spinal and bulbar muscular atrophy associated with reduced
virilization and defective spermatogenesis, the CAG repeat
lengths are more than 40 repeats [2,5]. Moreover, Zinn et al.
have suggested that the polyglutamine length might inﬂuence
the phenotype of klinefelter syndrome [20].
In conclusion, the present study showed a signiﬁcant correlation between CAG repeat length and risk of non-obstructive
azoospermia in Iranian population. The variability of the

reported results might be mainly due to different ethnicity and
genetic modiﬁers in the studied populations.
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