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Abstract: Impaired steroidogenesis at gonads or defect in the receptors mediating the actions of those 

hormones is being reported as an etiological factor for Polycystic ovary syndrome (PCOS). Of the various 

factors, variations in the expression of androgen receptor (AR) gene have been shown as a risk factor for 

women with PCOS; however the findings were not consistent among populations studied. Therefore, the present 

study was aimed to screen the prevalence of AR gene haplotype tagging single nucleotide polymorphisms (SNP) 

and its association with PCOS in south Indian women. The study population consists of a total of 198 subjects, 

of which 97 were women with PCOS and 101 healthy women as controls. Genotyping of SNPs for AR rs5919393 
(C/T), rs5919411 (A/G) and rs12014709 (G/T) were carried out by polymerase chain reaction (PCR), restriction 

fragment length polymorphism (RFLP) and DNA sequencing. Out of three SNPs examined, the rs5919393 (C/T) 

and rs5919411 (A/G) are monomorphic in both PCOS and controls. Whereas, rs12014709 (G/T) was observed 

<2% in controls samples in the present study. The results did not show any evidence of association of 

polymorphisms rs5919393 (C/T), rs5919411 (A/G) and rs12014709 (G/T) in AR gene with PCOS in south 

Indian women. 
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I. Introduction 
Polycystic ovary syndrome (PCOS) is an endocrine associated female infertility disorder affecting 6-

8% of women in their reproductive ages [1]. Either a defect in the secretions of hormone or its receptor or any 

variations in their gene expressions have been reported as an etiological factors in many of those cases. 

Hyperandrogenism and ovulatory dysfunctions have been observed as common features of PCOS, frequently 

associated with imbalanced metabolic pathways (insulin resistance, abnormal glucose metabolism), elevated 

levels of testosterone and luteinizing hormone [2]. Even though the PCOS is one of an extensively studied 

female infertility disorder, in terms of the biochemical pathways, genetic component is not yet reported in detail 

[3]. 

Androgen receptor (AR), a member of nuclear receptor superfamily, mediates the cellular actions of 

androgens. AR exon 1 CAG(n) repeat polymorphism has been widely studied in androgen associated disorders. 

Length of CAG(n) repeat had been shown as inversely proportional to AR transcriptional activity [4]. Thus, in 

short CAG(n) repeats are associated with excess ovarian androgen production and increased clinical signs of 
hyperandrogenism, acne vulgaris and serum testosterone levels [5]. In contrast, larger CAG(n) repeats are 

associated with abnormal spermatogenesis and male infertility [6]. While few studies reported short CAG(n) 

repeats have been associated with PCOS in Chinese [7] and USA populations [8], Asian and European lineage 

did not found any association [9, 10]. Furthermore, systematic and meta-analysis of AR CAG(n) repeats data 

showed an association of testosterone levels in women with PCOS [11]. Association studies of PCOS with 

(CAG)n repeats have been inconsistent and ethnicity and selection for PCOS may have a major impact in 

conflict results. In contrast to the CAG repeats, one study on Chinese women with PCOS was found to be 

associated with AR Exon 1 synonymous SNP rs6152 (G/A) [12]. 

In the present study we studied the association of AR gene haplotype tagging SNPs with PCOS in 

South Indian woman. We selected haplotype tag SNPs rs5919393 (C/T), rs5919411 (A/G) and rs12014709 

(G/T) located in intron 1, intron 2 and intron 5 respectively of AR gene. 

 

II. Materials And Methods 
2.1. Setting and study design 

The present genetic case control study was approved by Institutional ethics committee (Ref. No: IEC-

NI/08/Aug/05/32) and conducted at SMART clinic, Department of Reproductive Medicine, Sri Ramachandra 
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University. Written informed consent was obtained from all the study participants. Blood samples were collected 

from women with PCOS (n=97), who follows the 2003, Rotterdam diagnostic criteria for PCOS, showing any 

two of the following conditions: clinical or biochemical signs of hyperandrogenism, oligo and/or anovulation 

and presence of polycystic ovaries with ultra sound scan. Further, the study subjects were excluded if they have 

any signs of other related etiologies such as endometriosis, thyroid disorders, congenital adrenal hyperplasia, 

hyperprolactinemia [13]. Healthy subjects (n=101) were recruited from unrelated general population showing no 

history of infertility, clinical signs of hyperandrogenism and anovulation. 

 

2.2. Haplotype Tag SNPs (htSNPs) selection 
The AR htSNPs were selected based on the International hapmap data available for Gujarathi Indians in 

Houston (GIH) population. We used web based SNPinfo LD TAG SNP bioinformatics tool [14] 

(http://snpinfo.niehs.nih.gov/snpinfo/snptag.htm) to select the htSNPs using GIH hapmap data for AR gene by 

pairwise tagging and r2 of 0.8 and minor allele frequency in the range of 0.05-0.5. 

 

2.3. Genotyping of AR htSNPs 
Genomic DNA was extracted from whole blood using standard phenol chloroform method [15]. 

Genotyping was carried out by PCR-RFLP for rs5919393 (C/T) and rs5919411 (A/G) and by direct sequencing 

of PCR products generated for rs12014709 (G/T). All the PCR reactions was carried out in 20uL reaction 
containing 10ul of 2X PCR master mix (Ampliqon, Dutch), 20 picomoles of forward and reverse primers each 

and 5.6uL of Nuclease free water and 50ng of genomic DNA. PCR cycling conditions were for initial 

denaturation at 95ºC for 5 minutes, followed by 34 cycles at 95ºC for 1 minute each; annealing of primers was 

at 63.4ºC (for rs5919393), 64.8ºC (for rs5919411) and 61.2ºC (for rs12014709) for 35 seconds and extension for 

72ºC for 60 seconds respectively and single step of final extension at 72ºC for 7 minutes. Primer sequences and 

PCR product size were provided in Table 1. Amplified PCR products of rs5919393 (C/T) were subjected to 

restriction digestion by XcmI (New England Bio) for C/C genotype give three products 262, 248, 89 bp size, C/T 

will give four bands of 337, 262, 248, 89bp and T/T will yield in to two bands of 337 and 262 bp in size. 

Restriction digestion of rs5919411 (A/G) with AjuI (Fermentas) give three bands of 316, 245 and 32bp for A/A 

genotype, four bands of 593, 316, 245 and 32bp size and single band without digestion of 593bp size for G/G. 

Few samples were subjected to DNA sequencing for confirmation of RFLP results. SNP rs12014709 (G/T) PCR 

products were subjected to direct DNA sequencing by using standard BigDyeTM cycle sequencing protocol and 
analyzed by Applied Biosystem 3730 DNA analyzer. 

 

Table 1. PCR primers, product size (bp) and methodology for AR gene htSNPs 

SNP Primer 
Size 

(bp) 
Method Reference 

rs5919393 (C/T) 
ATGATCTGGAGCTGGTTAAGTGAAGTC 

599 PCR-RFLP This study 
ACAAAATATTATATGCCCATTTTGAGGC 

rs5919411 (A/G) 
TTTGTAGCCCTACACCAAACACACCTTT 

593 PCR-RFLP This study 
TGCTGTGCCAGACTTCTGACTTACAAAA 

rs12014709 (G/T) 
CTAGTGCCTGTTGGAGACAAGAT 

850 PCR - Sequencing This study 
GAAGGTCAATTCCTGTCCTGACT 

 

III. Statistics 
Allele frequencies and geneotype count for AR htSNPs were calculated using plink software[16]. 

 

IV. Results 
The age of groups is 26.20 ± 4.12 (Mean ± SD) in PCOS and 26.11 ± 4.10 (Mean ± SD) in control 

subjects. The allele and genotype frequency obtained for the three SNPs for the PCOS and control subjects are 

given in Table 2. PCR amplification of rs5919393 and rs5919411 yield a product size of single band of 599bp 

and 593bp respectively. All the samples subjected to restriction digestion for SNP rs5919393 (C/T) with XcmI 

enzyme produced two bands, indicating the study subjects has only homozygous wild (T/T) genotype and 

complete absence of heterozygous (T/C) and homozygous variant (C/C) genotypes (Table 2). Similarly, the SNP 

rs5919411 (A/G), subjected to restriction digestion with AjuI also shows only G/G genotype and without any 

presence of G/A or A/A genotype (Table 2). The genotype results obtained with RFLP were further confirmed 

by DNA sequencing of randomly selected samples (Fig 1 A and B). The third SNP rs12014709 (G/T) was 
analyzed by direct sequencing of PCR products of which <2% of control samples were found be heterozygous 

and remaining were homozygous wild (T/T) (Table 2) (Fig 1 C and D). 
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V. Discussion 
Clinical phenotypes like hyperandrogenism and ovulatory dysfunctions have been observed as common 

features of PCOS. In parallel an imbalanced metabolic pathways (insulin resistance, abnormal glucose 

metabolism), elevated levels of testosterone and luteinizing hormone had been associated with PCOS [2]. In 
women with PCOS, hypersecretion of LH in pituitary, stimulates the androgen production in ovarian theca cells, 

whereas, relative low levels of FSH failed to induce aromatization of androgens into estrogens in granulosa cells 

[17,18,19]. AR expressed on ovarian granulosa cells in several mammalian species, most abundantly in pre- and 

early antral ovarian follicles and gradually declined upon maturation of the ovarian follicle [20]. Recent studies 

on both human and animals models underlines the importance of AR in follicle growth and survival, FSH 

mediated dominant follicle selection and conversion of androgens to estrogens in granulosa cell and its impact 

on its altered expressions [21, 22]. Differential expressions of AR at different stages of folliculogenesis, implies 

the essential role of this receptor on normal functions of ovary. AR gene knockout mice studies, provided 

information related to defective regulation of pituitary gonadotropins and ovulation leading to subfertility [23]. 

 

Table 2. AR gene htSNP allele frequencies and genotype distribution in PCOS and Controls 
SNP Subjects Minor allele Major allele Genotype(n) 

rs5919393 (C/T) 
PCOS C: 0.00 T: 1.00 C/C: 00 C/T: 00 T/T: 97 

Controls C: 0.00 T: 1.00 C/C: 00 C/T: 00 T/T: 101 

rs5919411 (A/G) 
PCOS A: 0.00 G: 1.00 A/A: 00 A/G: 00 G/G: 97 

Controls A: 0.00 G: 1.00 A/A: 00 A/G: 00 G/G: 101 

rs12014709 (G/T) 
PCOS G: 0.00 T: 1.00 G/G: 00 G/T: 00 T/T: 97 

Controls G: 0.02 T: 0.98 G/G: 00 G/T: 02 T/T: 99 

 

 
Figure 1. AR gene SNP genotype confirmation by DNA sequencing; (A): rs5919393 (T/T) genotype; (B): 

rs5919411 (G/G) genotype; (C): rs12014709 (T/T) genotype and (D) rs12014709 (G/T) genotype with 

heterozygous double peak. 

 

In the present study we tested the association of AR gene htSNPs rs5919393 (C/T), rs5919411 (A/G) 

and rs12014709 (G/T) in women with PCOS. Our study did not found any significant association of AR gene 
htSNPs with PCOS. SNP rs5919393 and rs5919411 are monomorphic in the present study and rs12014709 

(G/T) is absent in PCOS and less prevalent (<2%) in control subjects (Table 2). RFLP analysis of rs5919393 

(C/T) and rs5919411 (A/G) showed the presence of only wild homozygous T/T and G/G genotypes respectively 

in both PCOS and control subjects. However, for rs12014709 (G/T), showed only T/T genotype in all PCOS 

samples and controls with exception of two controls samples are heterozygous (T/G). These results are in 

comparison with HapMap data for Asian populations like Japanese in Tokyo, Japan (JPT) and Han Chinese in 

Beijing, China (CHB) and Korean population data obtained from allele frequency database [24]. In contrast to 

African population like Yoruba in Ibadan, Nigeria (YRI) showed the complete absence of wild homozygous 

genotype (T/T) and the presence of wild homozygous (C/C), but seems to be polymorphic in other African 

populations like Maasai in Kinyawa, Kenya (MKK) and African ancestry in Southwest USA (ASW) and 

European population like Utah residents with Northern and Western European ancestry from the CEPH 
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collection (CEU). SNP rs5919393 (C/T) found to be associated with endometrial cancer [25], and androgenetic 

alopecia in European population [26]. However, SNP rs5919393 is found to be monomorphic in Chinese 

population [27] and in the present study (Table 2). SNP rs5919411 (A/G) reported in prostate cancer [28], and 

rs12014709 (G/T) in spontaneous preterm birth [29] and Hypospadias [30], but failed to found any significant 

association.  

In conclusion, the present study on AR gene htSNPs rs5919393 (C/T) (T/C), rs59191411 (G/A) and 

rs12014709 (G/T) (T/G) did not show any significant association with PCOS in South Indian women. These 
SNPs are rare in South Indian, Japanese, Chinese and Korean populations, but are polymorphic in other 

populations like African and European ancestry. 
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