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Abstract : Infertility is a major health problem which affects approximately 22% of married

couples in reproductive age. Androgens (testosterone and dihydrotestosterone) from another
side are essential for male fertility and the maintenance of spermatogenesis, and to determine
the expression of male phenotype, and their actions are mediated by single androgen receptor
(AR).
So any mutation that disrupts (AR) functions completely or partially results in androgen
insensitivity syndrome with impaired spermatogenesis and even XY genotype.
In the present study, male patients with infertility divided as (non-obstructive azoospermia,
oligo and oligoasthenozoospermia) were studied in order to investigate the molecular genetics
and molecular analysis for androgen receptor gene alteration, as a reason of male infertility in
Iraq.
In the present study 100 patients (39 azoospermia, 16 Oligo and 45 oligoasthenozoospermia)
were examined, and 30 normal men were subjected for detection of androgen receptor gene
alteration using molecular analysis by polymerase chain reaction (PCR) for exons (1) of
androgen receptor gene.
The results show deleted exons (1) as detection by PCR in the groups of infertile men but
control group.
The Androgen receptor (AR) gene deletion was considered in most infertile groups as
compared with control group, and in exons (1) the highest percentage of deletion was
registered in oligoasthenozoospermic patients 40% from wild exon in a highly significant
differences (P<0.01), but azoospermic patients wasn’t deleted in exon (1).
The patients with deleted exon 1, registered decrease in sperm (morphology, motility,
progressive motility) and grades (A and B) of sperm motility, while grade ( D) was increased
as compared with the wild exon (1) in a highly significant differences (P<0.01).
The results demonstrated the necessity of the exons (1) presence and integrity of the AR
function and spermatogenesis process.
Keywords : Infertility, Androgen receptor, oligoasthenozoospermia, exons (1),
spermatogenesis.

I. Introduction
Infertility is defined by the failure to achieve a successful pregnancy after 12 months or more of
appropriate, timed unprotected intercourse or therapeutic donor insemination. Earlier evaluation and treatment
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may be justified based on medical history and physical findings and is warranted after 6 months for women over
age 35 years1.
Infertility is a relatively common health condition, affecting nearly (7-15) % of all couples. Clinically,
it is a highly heterogeneous pathology with a complex etiology that includes environmental and genetic factors.
It has been estimated that nearly 50 % of infertility cases are due to genetic defects2. The syndrome androgen
insensitivity is a disorder where there is resistance to androgen actions influencing both the morphogenesis and
differentiation of androgen responsive body structures, this disorder includes a spectrum of changes ranging
from male infertility to completely normal female external genitalia in a chromosomally male individual 3.
The androgen insensitivity syndromes (AIS) comprise a fascinating group of X-linked recessive disorders
of sex development (DSD), known collectively as 46 XY DSD, and identification the syndrome as “testicular
feminization syndrome” in 1953 by Dr. John Morris4.
Androgen insensitivity syndrome (AIS) or testicular feminization is a partial or complete inability of cell
response to androgen. The cause is enzymatic defect in synthesis of testosterone, resulting sexually immature
phenotypically female, with primary amenorrhea. There are three categories of AIS, complete, partial and mild,
depending on the degree of external genital masculinization5.
While a nucleotidic substitution at the level of exon 1 in the position 540 (CAG→TAG), generates the
substitution of the glutamic acid with a stop sequence. As a result there is lack of production of the androgen
receptor, genetic condition associated with “complete androgen insensibility syndrome”6.
The Mild type of syndrome represents the opposite end of the AIS continuum. It currently represents an
underexplored area full of potential for new discoveries. MAIS has been identified in a small subset of men
with male factor infertility characterized by oligospermia or azoospermia, normal serum testosterone levels and
elevated LH concentrations. Genetic studies have demonstrated a defect of the androgen receptor gene 7.
Formation of spermatozoa occurs in a sequential manner with mitotic, meiotic, and post-meiotic
differentiation phases each of which is controlled by an intricate genetic program. Genes control a variety of
physiologic processes, such as hypothalamus-pituitary-gonadal axis, germ cell development, and
differentiation8.
The gene has a length of about 90kb and includes 8 exons. The exons are separated by 7 introns. This
gene codifies the AR receptor protein that is composed by 919 amino acids with a molecular weight of 110-112
Kd,the protein is characterized by four functional regions9.
The exon (1) function is N-terminal transactivation domain (TAD): long region NH2-terminal10.as
shown in Figure(1).

Figure:1 Location and structure of the human androgen receptor. Top, The AR gene is located on the
proximal long arm of the X chromosome. Middle, The eight exons are separated by introns of various
lengths. Bottom, Illustration of the AR protein, with primary functional domains labeled (not
representative of actual 3-D structure).
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The AR NH 2-terminal domain harbours the major transcription activation functions and several
structural subdomains. Within its 538 amino acids, two independent activation domains have been identiﬁed:
activation function 1 (AF-1) located between residues 101 and 370 that is essential for transactivation potential
of full-length AR and AF-5 (located between residues 360 and 485) that is required for transactivation potential
of a constitutively active AR which lacks the LBD 11.
The hormone-dependent interaction of theNH2-terminal domain with the ligand-binding domain can
play a role in stabilization of the AR dimer complex and in stabilization of the ligand receptor complex by
slowing down the rate of ligand dissociation and consequently decreasing receptor degradation 12.
However, the somatic Sertoli, PTM, Leydig, vascular endothelial and vascular smooth muscle cells of
the mature testis express androgen receptor 13, and it is widely accepted that the requirement of testosterone for
spermatogenesis is mediated by these cell types.
The AR-mediated androgen actions play key roles in the development and maintenance of male and
female phenotype and reproduction function14.
Given the complicated structure and the important function of each AR domain, it is not surprised that
AR alternative splicing would affect the AR cellular signal and result in pathologic conditions. Numerous
alternative spliced AR isoforms have been identified in different pathologic conditions including prostate
cancer, Kennedy disease, androgen insensitivity syndrome (AIS) and so on15.

2. Material and Method:
Genomic DNA was isolated from blood cells under aseptic condition according to the protocol
described by Geneaid Biotechnology Company for wizard genomic DNA purification kit. The sense primer of
exon 1 was synthesized as follows: 5’ CGG GTT CTC CAG CTT GAT GCG 3’. The antisense primer was
5’GCT CCC ACT TCC TCC AAG GAC AATTAC 3’.
The components of PCR deionized water (9 µl), Green Master mix (12.5 µl), F-Primer (1µl), R-Primer
(1µl) and DNA sample (1.5µl) at total volume 25µl. The optimization of amplification was performed under the
following conditionsTables (1).
Table (1): Optimization of PCR conditions for exon (1 ) of Androgen receptor gene.
Name of cycle
Initial danaturation
Denaturation
Annealing
Extension
Final extension
Soak

Temperature °C
95
95
55.3
72
72
4

Time
3 min
1 min
1 min
1 min
5 min
-

No of cycle
1 cycle
35 cycle
35 cycle
35 cycle
1 cycle
1 cycle

The solutions were prepared to transferred DNA by dissolved agarose 1 mg per 100 ml of T.B.E,
while to transferred PCR products the solution performed by dissolved agarose 1.5 per 100 of T.B.E buffer 16.
Electrophoresis was then run for 10 min at 30v and 70v for 1hr, and when the electrophoresis was
completed the gel was placed on a UV transilluminator17, and the DNA ladder marker (50 - 1000 bp) used for
correlation from Promega company USA.

3. Results and Discussion:
The results embedded in table (2) expressed the presence or absence (wild type or deleted) respectively
of exon (1) in the PCR test figure (2), for different groups of infertility and control.
The results showed that all patients in oligozoospermia group appeared a positive result for presence of
exon (1) in a highly significant differences (P<0.01) as compared to the negative result absence of exon (1) as
well as in control group.

Majid Hameed Jaffer et al /International Journal of ChemTech Research, 2017,10(12): 233-240.

236

In the same context, the present study registered highly significant differences (P<0.01) between wild
type and deletion of exon (1) in both Oligoasthenozoospermia and Azoospermia groups.
On the other hand, the results showed the highest percentage of exon (1) deleted was in
Oligoasthenozoospermia group of infertility as compared with other infertility groups and control.
Table (2): Distribution of Exon (1) in different groups of infertility and control group.
The groups
Control

No.
Percentage (%)
30
100.00
0
0.00
Azoospermia
34
87.18
5
12.82
OligoZoospermia
16
100.00
0
0.00
OligoAsthen27
60.00
zoospermia
18
40.00
Total
107
82.30
23
17.69
** (P<0.01).
** (P<0.01) means highly significant differences in each group.

Exon 1
Presence
500 bp

PCR/exon 1
Wild type
deleted
Wild type
deleted
Wild type
deleted
Wild type
deleted
Wild type
deleted

Exon 1
deleted

Chi-square
14.75
**
13.63
**
14.75
**
8.250
**

DNA
Ladder
50-1000 bp

Figure (2):show the presence of exon (1) bands on the left and right of the ladder and some bands lacked.
The results were embedded in table (3) showed the effect of the presence or absence of exon (1) on the
hormonal values and semen parameters enrolled in the present study.
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Table (3): shown the effect of the presence or absence of exon (1) on the hormonal values and semen
parameters.
Parameters
Testosterone(ng/ml)
FSH(mlU/ml)
LH(mlU /ml)
TSH(mlU/ml)
T3(nmol/L)
T4(nmol /L)
Semen volume (ml)

Mean ± SE
Wildtype /exon 1
deleted / exon 1
4.14 ± 0.17
4.12 ± 0.45
5.74 ± 0.34
6.62 ± 0.75
3.94 ± 0.16
3.84 ± 0.37
1.486 ± 0.06
1.523 ± 0.14
115.37 ± 3.01
117.29 ± 6.84
84.49 ± 1.73
87.73 ± 5.12
2.21 ± 0.09
1.89 ± 0.13

T-test
0.816 NS
1.537 NS
0.757 NS
0.280 NS
13.778 NS
8.526 NS
0.393 NS

Liquefaction time
Sperm count

37.28 ± 1.02
14.79 ± 3.01

41.08 ± 2.15
5.56 ± 0.91

4.502 NS
11.98 NS

Sperm morphology
Sperm motility

31.17 ± 2.53 a
38.05 ± 3.69 a

21.28 ± 2.41 b
20.44 ± 1.78 b

9.382 **
13.27 **

Progressive motility
Sperm A %
Sperm B %
Sperm C %
Sperm D %

18.50 ± 3.12 a
1.11 ± 0.75 b
10.983 **
3.02 ± 0.80 a
0.00 ± 0.00 b
2.872 **
15.43 ± 2.51 a
1.388 ± 1.13 b
8.814 **
19.56 ± 1.82
19.33 ± 1.83
6.895 NS
62.03 ± 3.78 b
77.89 ± 2.80 a
13.790 **
** (P<0.01), NS: Non-significant.
** (P<0.01) means highly significant differences with different letters in Rows.
(a,b) represents the significant differences between values in parameters.
When compared between the patients group with presence (wildtype) of exon (1) and those with
absence (deleted) of exon (1), the results showed no significant differences between the hormonal values and
some of semen parameters (semen volume, liquefaction time and sperm count).
In contrast, the results registered highly significant differences (P<0.01) in the other semen parameters
(sperm morphology, motility, progressive motility and sperm grades A, B, D), which decreased in patients
group lacked (absence) of exon (1), while the grade (C) increased in this group.
The androgen receptor (AR), encoded by AR gene, is a steroidreceptor transcription and regulator
factor that mediates the cellular activities of testosterone (T) and dihydrotestosterone (DHT) 18.
The AR-mediated androgen function plays important roles in the development and maintenance of male
and female phenotype and reproduction activity19.
The AIS is represented by a variety of phenotypes ranging from male infertility to completely normal
female external genitalia with 46XY for both condition20.
The alternative splicing of androgen receptor may be a critical pathogenic mechanism in human
infertility21.
Moreover, the exon (1) have important role in the androgens activity within the cells, that the exon 1
encodes N-terminal domain (NTD) 18, and this domain contains the major transactivation activity of the AR,
called activation function 1 (AF-1) contains two trans-activating regions, transcriptional activation unit-1
(TAU-1) and 5 (TAU-5), which is indispensable for AR activation and regulates AR gene transcription 22.
In adult males, the function of testosterone on seminiferous tubules is important for the complete
maturation of normal sperm, in a process known to be largely mediated by androgen/AR mediated gene
changes. However, the downstream mechanisms underlying the functions of AR on Sertoli cells are not yet
fully discovered, but SOX9 is needed to regulate several aspects of testicular development and function in
mouse models23.
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The age- and stage-specific existence of SOX9 in the testicular cords and seminiferous tubules
proposes that SOX9 may play a axillary role in germ cell differentiation 24.
However, the importance of SOX9 has not yet been in human testis, and we do not yet fully understand
the physiological relevance of SOX9 in normal and pathological human testes. The studies revealed that SOX9
is highly produce in testiculopathic testes with defected spermatogenesis from Sertoli Cell Only Syndrome
(SCOS) patients compared to healthy human testes with normal spermatogenesis, mechanistically, the
decreased androgen/AR expression induce the ability of SOX9 to simulate anti mullerian hormone (AMH)
production in Sertoli cells25.
The androgen insensitivity syndrome (AIS), because of an inactivating mutation of the AR, the testes
may exhibit some degree of dysgenesis, and are at elevated risk of developing cancer in testicular germ cell 26.
The ablated AR by Endocrine disruption pathways in male sexual differentiation, and transgenesis, both
show 30–50% decreasing in Sertoli cell number at around the time of birth and a more severe decreasing (60–
75%) in adulthood27.
Another study in newborn rats has shown that interference with androgen action neonatally, via
administration of the AR antagonist flutamide, also decrease Sertoli cell number 28.
These results appear that androgens exert a proliferative action on Sertoli cells during the perinatal
period, and the Sertoli cells do not express AR for all or most of this period29.
Regardless of the mechanism of such influence, recognition the deficiency in androgen production or
action in foetal or early postnatal life is the important point, likely to result in a testis with fewer Sertoli cells.
As Sertoli cell count per testis determines how many germ cells can be supported through maturation into
spermatozoa30, it can be appreciated idea that effects on sperm counts and/or fertility in an impaired individual
are then a possibility.
The leakage of the free radicals makes mitochondria a major intracellular source of reactive oxygen
species (ROS). These unique features are probably the cause of faster accumulation of sequence variations in
mitochondrial DNA than in nuclear DNA31. The PCR amplification of mtDNA has shown a higher incidence of
mtDNA deletion in asthenozoospermic patients as compared with unaffected individuals 32.
This excessive ROS production may induce the opening of membrane permeability transition pores and
release of free radicals, cytochrome C and other apoptogenic factors that ultimately lead to apoptosis. Although
mtDNA mutations have been identified in many studies, their role as a diagnostic marker in male infertility is
still under debate. Nonetheless, male infertility due to mtDNA mutation can be successfully treated by ICSI, as
mtDNA mutations are not transmitted to the offspring33.
The results demonstrated the necessity of the exons (1) presence and integrity of the AR function and
spermatogenesis process, and the young men were highly sensitive to the alterations in the AR gene. So it is
necessary to put the detection presence and integrity of both exons (1), as well as chromosomes aberrations in
the infertility prediction and diagnosis for infertility in men.

References:
1.
2.
3.
4.

5.

American Society for Reproductive Medicine. Definitions of infertility and recurrent pregnancy loss: a
committee opinion. FertilSteril., 2013, 99(1);63.
Zorrilla M, Alexander N. The Genetics of Infertility: Current Status of the Field, Curr Genet Med Rep.,
2013, 1:247–260.
Tarafdar RL, Sheikh SA. Androgen Insensitivity Syndrome- A Case Report, American Journal of
Clinical and Experimental Medicine., 2015, 3(4); 133-136.
Yuan X, De-fen W, Xiao-ying L, Jun Y, Wei W. S578N mutation of the androgen receptor in an
adolescent with complete androgen insensitivity syndrome, Chinese Medical Journal., 2010, 123(11);
1473-1476.
Farhud DD, Yeganeh MZ, SadighiH, Zandvakili S. Testicular Feminization or Androgen Insensitivity
Syndrome (AIS) in Iran: a Retrospective Analysis of 30-Year Data * Iran J Public Health., 2016, 45
(1);1-5 .

Majid Hameed Jaffer et al /International Journal of ChemTech Research, 2017,10(12): 233-240.

6.

7.

8.
9.

10.
11.

12.
13.
14.
15.
16.

17.
18.
19.

20.
21.
22.

23.

24.
25.

26.
27.

28.

239

Barbarom M, Oscarson M, Almskog I, Hamberg H, Wedell A. Complete androgen insensitivity without
Wolffian duct development: the AR-A form of the androgen receptor is not sufficient for male genital
development. ClinEndocrinol (Oxf)., 2007,66; 822-826.
Goglia U, Vinanzi C, Zuccarello D, Malpassi D, Ameri P. Identification of a novel mutation in exon 1
of androgen receptor gene in azoospermic patient with mild androgen insensitivity syndrome: case
report and literature review. FertilSteril., 2001, 96; 1165-1169.
Shamsi MB, Kumar K, Dada R. Genetic and epigenetic factors: Role in male infertility. Indian J Urol.,
2011, 27;110-20.
Yang J, Zhang C, Hu Zh, Zhan YX, Cao JQ, Ren H. Study on clinical manifestation, genotype and
genetic characteristics of two kennedy disease pedigrees. Zhonghua Yi Xue Yi ChuanXueZaZhi., 2010,
27; 125-131.
Xu C, Li1 SY, Zhang JY, Liu Y, Pan JX, Li1 C, Huang HF. Androgen Receptor Alternative Splicing
and Human Infertility. Mol Biol., 2015, 4;3.
Lavery DN, McEwan IJ. Structural characterization of the native NH2-terminal transactivation domain
of the human androgen receptor: a collapsed disordered conformation underlies structural plasticity and
protein-induced folding. Biochemistry., 2008,47; 3360–3369.
Centenera MM, HarrisJM, TilleyWD, Butler LM. The contribution of different androgen receptor
domains to receptor dimerization and signaling.MolEndocrinol., 2008, 22; 2373–2382.
Zhou Q, Nie R, Prins GS. Localization of androgen and estrogen receptors in adult male mouse
reproductive tract. J Androl., 2002, 23(6);870-81.
Zhou X. Roles of androgen receptor in male and female reproduction: Lessons from global and cellspecific androgen receptor knockout (ARKO) mice. J Androl., 2010, 31; 235-243.
Liu LL, Xie N, Sun S, Plymate S, Mostaghel E. Mechanisms of the androgen receptor splicing in
prostate cancer cells. Oncogene., 2014, 33; 3140-3150.
Melo CO, Danin AR, Silva DM, Tacon JA, Moura1 KK, Costa EO, da Cruz AD. Association between
male infertility and androgen receptor mutations in Brazilian patients.Genet. Mol. Res., 2010, 9 (1);
128-133.
Maniatis T, Fritsch E,Sambrook J. Molecular Cloning, A laboratory Manual. Cold Spring Harbor
Laboratory Press. Cold Spring Harbor, N.Y., 1982, 471.
White R, Parker M. Molecular mechanisms of steroid hormone action. Endocrine-Related Cancer.,
1998, 5; 1-14.
Walters KA, Simanainen U, Handelsman DJ. Molecular insights into androgen actions in male and
female reproductive function from androgen receptor knockout models. Hum ReprodUpdate., 2010, 16;
543-558.
Dehm SM, Tindall DJ. Alternatively spliced androgen receptor variants, EndocrRelat Cancer., 2011,
18; 183-196.
Wang RS, Yeh S, Tzeng CR, Chang C. Androgen receptor roles in spermatogenesis and fertility:
Lessons from testicular cell-specific androgen receptor knockout mice. Endocr Rev., 2009,30;119-132.
Jenster G, van der Korput HA, Trapman J, Brinkmann AO. Identification of two transcription
activation units in the N-terminal domain of the human androgen receptor. J Biol. Chem., 1995, 270;
7341-7346.
Gao F, Maiti S, Alam N, Zhang Z, Deng JM. The Wilms tumor gene, Wt1, is required for Sox9
expression and maintenance of tubular architecture in the developing testis. ProcNatlAcadSci U S A.,
2006, 103; 11987-11992.
Fröjdman K, Harley VR, Pelliniemi LJ. Sox9 protein in rat sertoli cells is age and stage dependent.
Histochem Cell Biol., 2000, 113; 31-36.
Lan K-C, Chen Y-T, Chang C, Chang Y-C, Lin H-J. Up-Regulation of SOX9 in Sertoli Cells from
Testiculopathic Patients Accounts for Increasing Anti-Mullerian Hormone Expression via Impaired
Androgen Receptor Signaling.PLoS ONE., 2013, 8(10); e76303.
Toppari J, Kaleva M, Virtanen HE. Trends in the incidence of cryptorchidism and hypospadias, and
methodological limitations of registry-based data. Human Reproduction., 2001, 7;282–286.
Tan KAL, De Gendt K, Atanassova N. The role of androgens in Sertoli cell proliferation and functional
maturation: studies in mice with total (ARKO) or sertoli cell-selective (SCARKO) ablation of the
androgen receptor. Endocrinology., 2005, 146; 2674–2683.
Atanassova N, Walker M, Fisher McKinnell C. Evidence that androgens and oestrogens, as well as
FSH, can alter Sertoli cell number in the neonatal rat. The Journal of Endocrinology., 2005, 184; 107–
117.

Majid Hameed Jaffer et al /International Journal of ChemTech Research, 2017,10(12): 233-240.

29.
30.
31.
32.
33.

240

Sharpe RM. Sertoli cell endocrinology and signal transduction: androgen regulation. In Sertoli cell
biology. New York: Academic Press., 2005, 199–216.
Sharpe RM, McKinnell C, Kivlin C. Proliferation and functional maturation of Sertoli cells, and their
relevance to disorders of testis function in adulthood. Reproduction., 2003, 125; 769–784.
Wallace DC, Brown MD, Lott MT. Mitochondrial Genetics. London: Churchill Livingstone., 1997.
Shamsi MB, Kumar R, Bhatt A. Mitochondrial DNA Mutations in etiopathogenesis of male infertility.
Indian J Urol., 2008, 24(2); 150-4.
Dada R, Shamsi MB, Venkatesh S. Attenuation of oxidative stress and DNA damage in
varicocelectomy: Implications in infertility management. Indian J Med Res., 2010, (132); 728-30.

*****

