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A BST R AC T   

 

Aim: The causes of prostate cancer development and molecular mechanism underlying its 

development and progression are not clearly understood. The aim of this study is to determine the 

frequency of G1733A (rs6152) polymorphism of the androgen receptor (AR) gene among patients 

with prostate cancer, and to examine the role of this polymorphism in the development of prostate 

cancer. 

Method: DNA samples isolated from 96 individuals (49 patients with prostate cancer and 47 controls) 

were analyzed with real time-polymerase chain reaction (real time-PCR) in order to determine 

G1733A (rs6152) polymorphism genotypes and allele frequencies in the AR gene. The results were 

evaluated statistically.  

Results: Genotype frequency was determined as 91% GG and 9% AG among the controls, and 67% 

GG and 33% AG among the patients. G allele frequency was 95% in controls and 83% in patients, 

whereas A allele frequency was 5% in controls and 17% in patients. There was a statistically 

significant difference between patient and control groups regarding genotype frequency (p<0.05). 

Conclusion: Based on the results of our study, we can infer that G1733A (rs6152) polymorphism of 

the AR gene plays a role in development of prostate cancer in the Turkish population. 
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Introduction 

Prostate cancer is the most common cancer in 

men, and it is the 2nd leading cause of death in 

the whole world [1]. Despite its clinical 

significance and high prevalence, the actual 

causes of development and molecular 

mechanism underlying its development and 

progression are not clearly understood [2, 3]. 

Studies have examined the role of possible 

factors such as ethnicity, regional variations, 

dietary habits and androgen levels [4, 5]. 

Among these factors, although steroid 

hormones and especially androgens seem to 

have a major role, the exact effect is not fully 

clear. Epidemiological studies examining the 

effects of androgens on prostate cancer have 

controversial results [6]. Genetic studies on 

prostate cancer suggest that the genetic 

polymorphisms of testosterone and other 

androgens especially might affect androgen 

metabolism. For example, a polymorphism 

found in CYP3A4, which has a role in 

testosterone metabolism, has been shown to 

create a tendency towards prostate cancer [7]. 

Although there are a lot of CYP genes and 

enzymes, only the enzymes belonging to 

CYP1, CYP2 and CYP3 families have been 

found to play major roles in drug metabolism; 

therefore it has been proposed that pharmaco-

genetically they may be polymorphisms that 

might create a tendency towards cancer 

development. Additionally, other CYP families 

have essential roles in intermediate 

metabolisms [8]. In the CYP2C subfamily, 

CYP2C9 and CYP2C19 enzymes show 

polymorphism and have significant roles in 

metabolism [9]. Additionally, CYP3A4 

polymorphism causes a tendency towards 

prostate cancer especially in the Caucasian 

race. Individuals carrying the polymorphic G 

allele have 6 times higher risk of developing 

prostate cancer [10]. 

The androgen receptor (AR) gene is a 

transcription factor regulating the 

physiological actions of androgens. AR gene is 

localized between Xq11-q12 in the long arm X 

chromosome, and contains eight exons [11, 

12]. AR's belong to the family of steroid 

hormone receptors, and these hormones 

include glucocorticoids, mineralocorticoids, 

thyroid hormone, retinol, estrogen and 

progesterone. Once the androgen enters the 

cell, it binds to the AR. Subsequently, this 

complex is transferred to the nucleus, and 

binds specific regions in the DNA and initiates 

mRNA synthesis [13, 14]. Exon 1 of the AR 

gene includes two polymorphic trinucleotide 

repeats (CAG and GGC) that encode 

polyglutamine and polyglycine. In vitro 

studies have shown that the length of these 

repeat sequences is associated with AR activity 

[15, 16]. Additionally, a single nucleotide 

polymorphism has previously been described, 

in which G is converted to A (G1733A) in the 

3rd nucleotide position of 211th codon 

between these two repeats [17]. 

The aim of the present study is to determine the 

frequency of G1733A (rs6152) polymorphism 

of the AR gene in patients diagnosed with 

prostate cancer. 

 

Methods 

The study group consisted of 49 cases 

clinically diagnosed with prostate cancer 

(Group 2) by the Urology Department of the 

Faculty of Medicine in Bolu Abant İzzet 

Baysal University. The control group (Group 

1) consisted of a total of 47 healthy men aged 

over 50 years old, who did not have genetic 

relationship between them. The control group 

included 46 individuals who had normal 

prostate-specific antigen (PSA) levels 

according to their age, and did not show any 

abnormal findings during their digital rectal 
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examination, together with 1 case who had a 

PSA level of 14 ng/mL, and whose pathology 

result of the prostate gland biopsy specimen 

was reported as benign prostate hyperplasia 

(BPH). 

Genomic DNA was manually isolated from 3 

ml blood samples using High Pure PCR 

Template Preparation Kit (Roche Applied 

Science, Germany). G1733A (rs6152) 

polymorphism of the AR gene was analyzed 

with Light Cycler 480 device using 

LightCycler Hybridization Probe Kit. After 

PCR amplification with LightCycler 480 

device, homozygous wildtype, homozygous 

polymorphic and heterozygous genotypes 

were identified based on the degree of Tm 

peaks in melting curve analysis (Tm: In 

melting curve analysis, the temperature of 

double-stranded DNA sample is gradually 

increased, and the change in the fluorescence 

signal is plotted against temperature. The 

peaks caused by sudden decreases in the 

fluorescence signal indicate separation of the 

DNA strands from each other). While 

heterozygous genotype has two peaks at one 

Tm degree, homozygous polymorphic 

genotypes have two peaks at two different Tm 

degrees. These were Tm1: 55.16 °C for Allele 

A, and Tm2: 63.55 °C for Allele G. Statistical 

analysis was performed with SPSS ver.15 

(Statistical Package for Social Sciences) 

package software. Results were evaluated 

using chi-square and Fisher's exact test. P<0.05 

was accepted as statistically significant. 

 

Results 

The control group including healthy 

individuals had a mean age of 67.93 (51-86) 

years, and mean PSA level of 2.04 ng/mL (0.1 

– 14). The study group including patients 

diagnosed with prostate cancer had a mean age 

of 72.38 (49-86) years and a mean PSA level 

of 37.63 ng/mL (4.5 – 150). 

AR gene G1733A (rs6152) genotype 

frequency was found as 91% GG and 9% AG 

in the control group, and 67% GG and 33% AG 

in the patient group. G allele frequency was 

95% in Group 1 and 83% in Group 2, whereas 

A allele frequency was 5% in Group 1 and 17% 

in Group 2. There were statistically significant 

differences between the groups regarding 

genotype frequencies (p<0.05) (Table 1). 

 

Table 1. Distribution of androgene receptor 

gene G1733A (rs6152) genotype and allele 

between groups. 

 
PSA: prostate-specific antigen. 

*X2 test, P =0.004. **Fisher exact test, P =0.005. 

Discussion 

Studies that investigate the genetic basis of 

prostate cancer provide important clues to 

understand the nature of this cancer type and 

offer treatment strategies. Significant advances 

in the fields of molecular biology and 

epidemiology have widened the horizons in 

biology and etiology of this cancer. Although 

the etiopathogenesis of prostate cancer is not 

fully clear, the evidence suggests the disease is 

multifactorial [18]. 

Androgens are the major sex hormones in 

males, and they are responsible for secondary 

differentiation. Androgens exert their actions 
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through AR, which is a ligand-dependent 

nuclear transcription factor. AR has an 

oncogenic potential, and plays an important 

role in development of prostate cancer [19]. 

The first exon of the AR gene is very 

polymorphic and contains CAG and GGC 

repeat sequences. The most important factor in 

development of prostate cancer is advanced 

age [20]. Several studies have found 

associations between prostate cancer and short 

CAG repeats; on the other hand, some other 

studies could not find an association between 

prostate cancer and CAG length [21, 22]. 

Over 300 somatic and germ line mutations 

have been described for AR-related diseases. 

While AR mutations cause androgen 

insensitivity syndrome, they result in 

hypersensitivity and increased receptor 

function in prostate cancer cells [23]. Length 

of CAG repeats generally vary from 11 to 31 

copies; however it was found to be shorter in 

African Americans [15]. While some studies 

investigating the relationship between CAG 

repeats and stage of prostate cancer have found 

longer repeats in patients with advanced stage 

disease, others did not detect a difference in 

CAG repeats [24-27]. Zhai et al. studied the 

Han population and reported that development 

and progression of prostate cancer was 

intensified as the number of CAG repeats in 

AR gene decreased [28]. Biolchi et al. 

examined the effect of GGC repeats in the AR 

gene on development of prostate cancer and 

BPH in the Brazilian population. They found 

that individuals with numbers of GGC repeats 

>19 had higher testosterone levels, BPH 

frequency and prostate cancer rates [29]. 

Single point mutations can sometimes lead to 

shifts, increases or decreases in repeat 

sequences. These mutations can also increase 

the cancer risk directly [10]. A polymorphism 

in the CYP3A4 which functions in testosterone 

metabolism was shown to create a tendency 

towards prostate cancer [7]. Additionally, 

similar to our study, Esteban et al. detected 

G1733A (rs6152) polymorphism in prostate, 

breast, colon and esophagus cancers in 

Mediterranean countries [30]. The same study 

showed that frequency of polymorphism 

increased in the normal population as we move 

from North Mediterranean towards Europe. 

Francesco et al. examined, the genotype A of 

the androgen receptor (AR) gene rs6152, 

which was presented in 45 (18.2%) patients, 

was the only gene significantly associated with 

an increased risk of prostate cancer pathologic 

grade group 4-5 and pT3b/4 disease (all 

p<0.05) [31]. 

In another study, Fernandes et al examined that 

Rs743572, rs6162, rs6163, rs1256049 and 

rs2293275 are promising biomarkers for 

Prostate Cancer aggression but they did not 

find any significant association with Prostate 

cancer for G1733A (rs6152) and rs9332969 

[32]. 

When limitations of our study are considered, 

first of all control group is not with a 

previously negative prostate biopsy. Another 

limitation is that study group seems very 

heterogeneous in relation with the PSA values 

(4,5-150). But it is known that the positive 

predictive value was 24 % when PSA was 

suspicious but digital rectal examination was 

not, only 10% when digital rectal examination 

was suspicious but PSA was not and 49% when 

both tests were suspicious [33]. 

Our study is the first study from Turkey to 

examine the relationship between prostate 

cancer and G1733A (rs6152) polymorphism of 

the AR gene. Based on our findings, we can say 

that G1733A (rs6152) polymorphism of the 

AR gene might play a role in the development 

of prostate cancer in the Turkish population. 

We believe our results will guide future 
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studies, and studies with larger sample sizes 

would support our results. 

 

Conclusion 

As a result of our study, we can infer that 

G1733A (rs6152) polymorphism of the AR 

gene plays a role in development of prostate 

cancer in the Turkish population. Prospective 

new researches are needed to assess and 

support the role of G1733A (rs6152) 

polymorphism of the AR gene. 

 

Ethics Committee Approval: The study was 

approved by the Ethics Committee of Bolu 

Abant İzzet Baysal University School of 

Medicine (13.04.2011 No: 

B.30.2.ABÜ.0.20.05.04.-050.01.04-45). 

Informed Consent: Written informed consent 

was obtained from patients who participated in 

this study. 

Conflict of Interest: No conflict of interest was 

declared by the authors. 

Financial Disclosure: Bolu Abant Izzet Baysal 

University Scientific Research Projects 

Coordination Unit. 

 

References 

[1] Jemal A, Bray F, Center MM, Ferlay J, 

Ward E, Forman D. Global cancer statistics. 

CA Cancer J Clin. 2011;61(2):69-90.  

[2] Davis M, Sofer M, Kim SS, Soloway MS. 

The procedure of transrectal ultrasound 

guided biopsy of the prostate: a survey of 

patient preparation and biopsy technique. J 

Urol. 2002;167(2):566-70. 

[3] Novik KL, Nimmrich I, Genc B, Maier S, 

Piepenbrock C, Olek A, Beck S. 

Epigenomics: genome-wide study of 

methylation phenomena. Curr Issues Mol 

Biol. 2002;4(4):111-28. 

[4] Hsing AW, Tsao L, Devesa SS. 

International trends and patterns of prostate 

cancer incidence and mortality. Int J 

Cancer. 2000;85(1):60-67. 

[5] Hsing AW, Reichardt JK, Stanczyk FZ. 

Hormones and prostate cancer: current 

perspectives and future directions. Prostate. 

2002;52(3):213-35. 

[6] Ntais C, Polycarpou A, Tsatsoulis A. 

Molecular epidemiology of prostate cancer: 

androgens and polymorphisms in androgen-

related genes. Eur J Endocrinol. 

2003;149(6):469-77. 

[7] Rebbeck TR, Jaffe JM, Walker AH, Wein 

AJ, Malkowicz SB. Modification of clinical 

presentation of prostate tumors by a novel 

genetic variant in CYP3A4. J Natl Cancer 

Inst. 1998;90(16):1225-59. 

[8] Frye RF. Probing the world of cytochrome 

P450 enzymes. Mol Interv. 2004;4(3):157. 

[9] Spatzenegger M, Jaeger W. Clinical 

importance of hepatic cytochrome P450 in 

drug metabolism. Drug Metab Rev 

1995;27(3):397-17. 

[10] Hiatt RA, Armstrong MMA, Klatsky 

MAL, Sidney S. Alcohol consumption, 

smoking, and other risk factors and prostate 

cancer in a large health plan cohort in 

California (United States). Cancer Causes 

Control. 1994;5(1):66-72. 

[11] Brown C, Goss S, Lubahn D, Joseph D, 

Wilson EM, French FS, et al. Androgen 

receptor locus on the human X 

chromosome: regional localization to 

Xq11-12 and description of a DNA 

polymorphism. Am J Hum Genet. 

1989;44(2):264-69. 

[12] Lonergan PE, Tindall DJ. Androgen 

receptor signaling in prostate cancer 

development and progression. J Carcinog. 

2011;10(1):20. 

[13] Brinkmann AO, Blok LJ, de Ruiter PE, 

Doesburg P, Steketee K, Berrevoets CA, et 

al. Mechanisms of androgen receptor 



Yagli et al.  Exp Biomed Res 2018; 1(4):128-134 

   
 

133 
 

activation and function. J Steroid Biochem 

Mol Biol. 1999;69(1-6):307-13.  

[14] Maughan BL, Antonarakis ES. Androgen 

pathway resistance in prostate cancer and 

therapeutic implications. Expert Opin 

Pharmacother. 2015;16(10):1521-37. 

[15] Chamberlain NL, Driver ED, Miesfeld RL. 

The length and location of CAG 

trinucleotide repeats in the androgen 

receptor N-terminal domain affect 

transactivation function. Nucleic Acids Res. 

1994;22(15):3181-86. 

[16] Ding D, Xu L, Menon M, Reddy G, Barrack 

ER. Effect of GGC (glycine) repeat length 

polymorphism in the human androgen 

receptor on androgen action. Prostate. 

2005;62(2):133-39. 

[17] Lu J, Danielsen M. A Stu I polymorphism 

in the human androgen receptor gene (AR). 

Clin Genet. 1996;49(6):323-24. 

[18] Kazemi-Esfarjani P, Trifiro MA, Pinsky L. 

Evidence for a repressive function of the 

long polyglutamine tract in the human 

androgen receptor: possible pathogenetic 

relevance for the (CAG) n-expanded 

neuronopathies. Hum Mol Genet. 

1995;4(4):523-27. 

[19] Glass-Holmes M, Aguilar BJ, Gragg RD, 

3rd, Darling-Reed S, Goodman CB. 

Characterization of 2-amino-1-methyl-6-

phenylimidazo[4,5b]pyridine at androgen 

receptor: mechanistic support for its role in 

prostate cancer. Am J Cancer Res. 

2015;5(1):191-200.  

[20] Carlsson S, Assel M, Ulmert D, Gerdtsson 

A, Hugosson J, Vickers A, et al. Screening 

for Prostate Cancer Starting at Age 50-54 

Years. A Population-based Cohort Study. 

Eur Urol. 2017;71(1):46-52. 

[21] Bratt O, Borg Å, Kristoffersson U, 

Lundgren R, Zhang Q, Olsson H. CAG 

repeat length in the androgen receptor gene 

is related to age at diagnosis of prostate 

cancer and response to endocrine therapy, 

but not to prostate cancer risk. Br J Cancer. 

1999;81(4):672-76. 

[22] Kizilay F, Kalemci MS, Şimşir A, Turna B, 

Nazli O, Berdeli A. The place of androgen 

receptor gene mutation analysis in the 

molecular diagnosis of prostate cancer and 

genotype–phenotype relationship. Turk J 

Med Sci. 2014;44(2):261-66. 

[23] Crocitto LE, Henderson BE, Coetzee GA. 

Identification of two germline point 

mutations in the 5′ UTR of the androgen 

receptor gene in men with prostate cancer. J 

Urol. 1997;158(4):1599-601. 

[24] Balic I, Graham ST, Troyer DA, Higgins 

BA, Pollock BH, Johnson-Pais TL, et al. 

Androgen receptor length polymorphism 

associated with prostate cancer risk in 

Hispanic men. J Urol. 2002;168(5):2245-

48. 

[25] Mononen N, Ikonen T, Autio V, Rökman A, 

Matikainen MP, Tammela TL, et al. 

Androgen receptor CAG polymorphism and 

prostate cancer risk. Hum Genet. 

2002;111(2):166-71. 

[26] Coughlin SS, Hall IJ. A review of genetic 

polymorphisms and prostate cancer risk. 

Ann Epidemiol. 2002;12(3):182-96. 

[27] Nelson KA, Witte JS. Androgen receptor 

CAG repeats and prostate cancer. Am J 

Epidemiol. 2002;155(10):883-90. 

[28] Zhai X-L, Qu X-W, Guo L, Ha Q-H.  

Correlation study between the 

polymorphism of repetitive sequence in 

gene CAG of androgen receptor and the 

occurrence and progression of prostate 

cancer. Asian Pac J Trop Med. 

2014;7(4):301-4. 

[29] Biolchi V, Neto BS, Pianta DB, Koff WJ, 

Berger M, Brum IS. Androgen receptor 

GGC polymorphism and testosterone levels 



Yagli et al.  Exp Biomed Res 2018; 1(4):128-134 

   
 

134 
 

associated with high risk of prostate cancer 

and benign prostatic hyperplasia. Mol Biol 

Rep. 2013;40(3):2749-56. 

[30] Esteban E, Via M, Gonzalez-Perez E, 

Santamaria J, Dugoujon J, Vona G, et al. 

Original Research Article An Unexpected 

Wide Population Variation of the G1733A 

Polymorphism of the Androgen Receptor 

Gene: Data on the Mediterranean Region. 

Am J Hum Biol. 2005;17:690-95. 

[31] Cucchiara V, Mirone V, Lazarevic D, 

Cittaro D, Tonon G, Zoccolillo M, Bianchi 

ME, Montironi R, Gandaglia G, Fossati N, 

Shariat SF, Montorsi F, Briganti A. 

Association between Rs6152 

polymorphism in the androgen receptor 

gene and disease aggressiveness in a 

prospective cohort of prostate cancer 

patients undergoing radical prostatectomy. 

J Urol. 2018;l:199(4):372.  

[32] Robles-Fernandez, Martinez-Gonzalez LJ, 

Pascual-Geler M, Cozar JM, Puche-Sanz, 

Serrano MJ, Lorente JA, Alvarez-Cubero 

MJ. Association between polymorphisms in 

sex hormones synthesis and metabolism 

and prostate cancer aggressiveness. Plos 

One. 2017;12(10):e0185447   

[33] Sivaraman A, Bhat KRS. Screening and 

detection of prostate cancer-review of 

literature and current perspective. Indian J 

Surg Oncol. 2017 ;8(2):160-68.  

 


