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Abstract
Purpose This is a case- control study to determine whether
G1733A polymorphism of androgen receptor gene is asso-
ciated with an increased risk for recurrent spontaneous abor-
tion (RSA).
Method A total of 85 women with at least two recurrent
spontaneous abortion before 20th week of gestation com-
posed the study group. Subjects were genotyped by the
polymerase chain reaction restriction fragment length poly-
morphism method.
Results The observed frequencies of GG, GA and AA gen-
otypes of the G1733A polymorphism were 5.89 %, 82.35 %
and 11.76 %, respectively, for the patient group and
71.76 %, 23.51 % and 4.71 %, respectively, for the control
group. Allele frequencies of the G1733A polymorphism
among patients and controls were 0.47 and 0.84, respective-
ly, for the dominant allele (G) (wild type) and 0.53 and 0.16,
respectively, for the A allele (mutant type).
Conclusions These results indicated that the androgen re-
ceptor G1733A polymorphism is strongly associated with
increased risk for RSA.

Keywords Recurrent spontaneous abortion . Androgen
receptor . Polymorphism . RFLP PCR

Recurrent spontaneous abortion (RSA) is a reproductive prob-
lem that occurs in women in reproductive age with a frequen-
cy of 1 %–3 % [20]. It is defined as two or more repeated
pregnancy losses before the 20th week of gestation [14]. The
risk of miscarriage is enhanced by a variety of factors
including chromosomal abnormalities, uterine abnormali-
ties, hereditary thrombophilia, endocrinologic disorders,-
immunologic factors, infections, and nutritional and
environmental factors [18, 19]. In women with a history of
recurrent miscarriage, the risk of miscarriage in a subse-
quent pregnancy is about 40 % to 50 %. It has a major
influence on the wellbeing and psychological status of
patients, therefore improved diagnosis and development of
treatment strategies is essential [6, 16, 23]. In the past years,
research interest has been focused on the association studies
between different genetic polymorphisms and recurrent
spontaneous abortion.

Androgens are lipophilic hormones with several physio-
logical effects in both sexes [17]. Androgen signaling in
female is very important for the differentiation of human
endometrial stromal cells into decidual cell; a process is
called decidualization that critically controls embryo im-
plantation and placentation [11]. The effect of androgens
such as testosterone and dihydrotestosterone mediated by
androgen receptor (AR) that is a nuclear receptor [3]. An-
drogen receptor is widely expressed in female reproductive
tissue such as endometrium [1] and binds to a steroid ligand
and then is transferred into the nucleus, where it regulates
the transcription of androgen-responsive genes [5]. The AR
gene is located on the X chromosome between q11 and q12
loci and is composed of eight exons [2] that encode a 110-kd
protein that contains an N-terminal transactivation domain,
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a central DNA-binding domain, and a C-terminal ligand-
binding domain [8].

Exon 1 of the gene contains two polymorphic trinucleotide
repeats (CAG and GGC) that code for polyglutamine and
polyglycine tracts. In vitro studies have shown that there is a
relationship between the length of both repeats and AR activ-
ity [7, 9]. Between these two microsatellites, a single nucleo-
tide polymorphism determined as a G to A substitution
(G1733A) in the third nucleotide position of the 211 codon
has been previously described [15]. This codon resides in the
N-terminal domain of the AR that harbors the major transcrip-
tion activation functions [10]. Increased androgen bioactivity
may result from higher circulating androgen concentrations or
from increased AR transactivational activity, which is influ-
enced by AR gene polymorphisms and can cause increased
endometrial proliferative activity [12, 13]. The aim of our
study was to determine whether the AR G1733A polymor-
phism is associated with an increased risk for RSA.

Methods

This study was done from April 2011 till February 2012 on
85 patients aged 20 to 42 years (mean 29.63±4.7 years).

Control group was 85 healthy women with at least one normal
child. Cases and controls were matched according to their age.
The study was approved by the ethics committee of recurrent
abortion clinic of Yazd Reproductive Sciences Institute, which
is a referral center for reproductive disorder, and our patients
came from all over the Iran and also informed consent was
signed by all participants. The patient group consisted of
subjects presenting at least two recurrent spontaneous abor-
tions before 20 weeks of gestation. The patients were investi-
gated to exclude established causes of RSA, such as
chromosomal abnormalities, uterine abnormalities, hereditary
thrombophilias, endocrinologic disorders, immunologic fac-
tors and infections. The control group consisted of women
with at least two live births and without history of abortions.
Genomic DNA was extracted from peripheral blood leuko-
cytes of the patients and controls, by salting-out method. The
genotyping of the G1733Apolymorphism was carried out
using the polymerase chainreaction (PCR)–restriction frag-
ment length polymorphism method. The PCR amplification
primers were as follows: forward primer: 5′–CTG GAT GAG
GAA CAG CAA CC-3′; reverse primer: 5′-CGT TGT CAG
AAATGG TCG AA-3′.Deoxyribonucleic acid was amplified
for 35 cycles, each cycle comprising denaturation at 94 °C for
2 min, annealing at 64 °C for 45 s, and extension at 72 °C for
45 s, with a final extension time of 1 min at 72 °C. The 379-
base pair (bp) PCR product was digested with the restriction
enzyme Stu1 at 37 °C for 5 min and inactivated 80 °C for
10 min. The restricted fragments were separated on 2 %
agarose gels with ethidium bromide staining. The presence
of the A variant (379-bp fragment) or the G variant (313-bp
fragment) indicated by two alleles (Fig. 1). The results of the
study and control groups were analyzed for statistical
significance at the 95 % confidence interval using chi
square test. A P value of<.05 was considered statistically
significant. The odds ratio was used as measure ofthe
strength of the association between allele frequencies and
RSA. Statistical analysis was performed with the Statistical
Package for the Social Sciences for Windows, version 16.

Results

Demographic data of the patient group and control group are
shown in Table 1. The mean age between two groups was

1 2 3 4 5

Fig. 1 Photograph of 2 % ethidium bromide stained agarose gel used to
resolve the restriction fragment length polymorphism G1733A in andro-
gen receptor of 6 randomly selected case and control. The wild type G
allele is represented by a 313 bp band. The mutant A allele is represented
by a 379 bp band. Column 1,2,4,5 show homozygous wild type, column 3
shows homozygous mutant and column 6 shows heterozygous pattern

Table 1 Characteristics of women with recurrent spontaneous
abortions

Characteristic Patients (n=85) Controls (n=85)

Age 30.84±5.2 (22–42) 29±4.4 (20–41)

Abortions 3±1.3 (2–7) 0

Live births 0 2.3 (2–5)
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similar. All 85 patients and 85 controls were examined for the
G1733A polymorphism of the AR gene. The results are
shown in Table 2. The frequencies of the GG, GA, and AA
genotypes of the G1733A polymorphism were 5.89 %,
82.35%and 11.76 %, respectively, for the patient group and
71.76 %, 23.51%and 4.71 %, respectively, for the control
group. Allele frequencies of the G1733A polymorphism
among patients and controls were 0.47 and 0.84, respectively,
for the dominant allele (G) (wild type) and 0.53 and 0.16,
respectively, for the A allele (mutant type). Statistical analysis
of the genotype frequencies showed that there are significant
differences between the two groups (P-Value<0.0001). Fur-
thermore, as shown in Table 2, analysis of allele frequencies
indicated significant differences (P-Value<0.0001, odds ratio
5.92) between women with RSA and controls.

Conclusion

The outcome of pregnancy relies on the success rate of
various early events, such as implantation, establishment
of feto-maternal circulation and maintenance of increased
blood flow to the implantation site [12, 13]. The develop-
ment of RSA is complex and is regulated by multiple
genetic pathways. Different genes encoding for proteins
involved in various biologic pathways have been reported
to be associated with recurrent spontaneous abortion [4, 22].

There is evidence that androgens and their receptor are
involved in uterine cell proliferation in rats [26]. Recent
studies have further explained the important role of andro-
gen receptor in normal female reproduction as described
above [21, 24]. So, we hypothesized that it is possible that
polymorphisms in this gene may affect normal gene func-
tion and it could be associated with RSA.

In the present study we investigated the potential effect of
the G1733A polymorphism of the AR gene in the patho-
genesis of RSA.

Our result shows that the frequency of A allele in Iranian
population is 0.53. The observed frequency of homozygous
AA is 0.04 and 0.11in the control and patient groups re-
spectively, whereas the frequency of heterozygous GA is
0.23 for the control group and 0.82 for the patient group.

Statistical analysis of the results indicates significant differ-
ence between the two groups for studied polymorphism.
Although heterozygote females initially display similar fer-
tility to wild-type females, they exhibit recurrent spontane-
ous miscarriages and this indicates that quantitative
variations in AR activity via gene dosage may play a role
in determining female fertility [25]. Our findings are com-
parable with study performed by Karvela et al. They man-
aged a case–control study with 131women with RSA and
found that there are significant differences between the two
groups in terms of both genotype distribution and allele
frequencies (2008).

We concluded that the presence of the A allele of the
G1733A polymorphism seems to be associated with an in-
creased risk for recurrent miscarriage and it could be a useful
genetic marker for the assessment of a woman’s risk for RSA.
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