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Abstract: Androgens are involved in prostate cancer (PCa) cell growth. Genes involved in androgen metabolism 
mediate key steps in sex steroid metabolism. This study attempted to investigate whether single nucleotide poly-
morphisms (SNPs) in the androgen metabolism pathway are associated with PCa risk in low incidence Asian ethnic 
groups. We genotyped 172 Malaysian subjects for cytochrome P450 family 17 (CYP17A1), steroid-5-alpha-reduc-
tase, polypeptide 1 and 2 (SRD5A1 and SRD5A2), and insulin-like growth factor 1 (IGF-1) genes of the androgen 
metabolism pathway and assessed the testosterone, dihydrotestosterone and IGF-1 levels. SNPs in the CYP17A1, 
SRD5A1, SRD5A2, and IGF-1 genes were genotyped using real-time polymerase chain reaction. Although we did 
not find significant association between SNPs analysed in this study with PCa risk, we observed however, signifi-
cant association between androgen levels and the IGF-1 and several SNPs. Men carrying the GG genotype for SNP 
rs1004467 (CYP17A1) had significantly elevated testosterone (P = 0.012) and dihydrotestosterone (DHT) levels (P 
= 0.024) as compared to carriers of the A allele. The rs518673 of the SRD5A1 was associated with prostate spe-
cific antigen (PSA) levels. Our findings suggest CYP17A1 rs1004467 SNP is associated with testosterone and DHT 
levels indicating the importance of this gene in influencing androgen levels in the circulatory system of PCa patients, 
hence could be used as a potential marker in PCa assessment.

Keywords: Prostate cancer, single nucleotide polymorphism, testosterone, dihydrotestosterone, insulin-like growth 
factor 1, androgen

Introduction

Prostate cancer (PCa) represents the most 
commonly diagnosed non-cutaneous malig-
nancy among men in developed countries [1]. 
The American Society of Cancer indicated that 
PCa is the second leading cause of death from 
cancer in men [2]. However, a remarkably 20 
times lower incidence has been recorded in the 
Asian population [3]. According to the latest 
cancer registry in Malaysia, PCa ranks as the 
fourth most common cancer among males and 
the incidence rates has been continuously ris-
ing from 821 cases in 2008 [3, 4] to 1186 in 
2012 [6]. The highest incidence is among the 
Chinese (15.8 per 100,000) followed by the 
Indians (14.8 per 100,000) and Malays (7.7 per 
100,000) [7].

The role of the androgen metabolism pathway 
in the etiology of PCa has been well document-
ed [7, 8]. These findings imply that the polymor-
phisms in the androgen metabolism pathway 
might be associated with PCa outcome. No- 
netheless, the underlying genetic mechanisms 
of the androgen metabolism pathway and risk 
factors of PCa remain largely undefined. PCa is 
heterogenous in nature, often complex, with 
multiple risk factors involved [10]. A study has 
reported that 42 to 57% of all PCa risk factors 
may be attributed to inherited genetics [11]. 
Racial variations could influence disease pro-
gression and incidence. Many studies have re- 
ported on gene polymorphisms conferring risk 
for PCa including gene variants involved in the 
androgen metabolism pathway [12]. As an 
androgen-regulated organ, prostate abnormali-
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ties are often associated with levels of and- 
rogens such as testosterone (T), dihydrotes- 
tosterone (DHT), dehydroepiandrosterone (DH- 
EA), dehydroepiandrosterone-sulphate (DHEA- 
S) and androstenedione. These hormones are 
essential for normal development, growth ac- 
tivities and maintenance of physiologic func-
tions of the prostate gland [13]. Androgen sig-
nalling pathway is regulated by several crucial 
candidate genes [14]. Observations that PCa is 
androgen-regulated have led to suggestions 
that genetic alterations in the androgen metab-
olism pathway could potentially confer suscep-
tibility to the disease. Some of the key regula-
tory genes involved in the androgen metabolism 
pathway are the CYP17A1, HSD3B2, CYP3A, 
AKR1C, HSB17B, and SRD5A2 genes [15].

In the present study, we examined the associa-
tion of single nucleotide polymorphisms (SNPs) 
in the androgen metabolism pathway with risk 
of PCa in the Malaysian men. While most of the 
reports are conducted in the Caucasians, there 
is a paucity of information in the Asian popula-
tion. Moreover, the South East Asian Chinese 
population may differ in terms of population 
structure from other Asians including the Ch- 
inese Han in Beijing and the Japanese as indi-
cated from the HapMap (http://www.ncbi.nlm.
nih.gov/pmc/articles/PMC2790583/). Against 
this background, we investigate the associa-
tion between the CYP17A1, SRD5A1, SRD5A2, 
and IGF-1 SNPs within the androgen metabo-
lism pathway and the risk of PCa in Malaysian 
men. We also examined the relationship be- 
tween these SNPs and levels of DHT, testoster-
one and IGF-1 hormones related to the andro-
gen metabolism pathway.

Materials and methods

Study population

A total of 172 Malaysian men consisting of 81 
prostate cancer cases and 91 benign controls 
were enrolled. Case and control groups were 
recruited from the University of Malaya Medical 
Centre, Malaysia, for conditions unrelated to 
known or likely risk factors for prostate cancer 
and benign prostatic hyperplasia which were 
then histologically-confirmed to be either pros-
tate cancer or benign prostatic hyperplasia. 
Tumour grade was evaluated in these samples 
using the Gleason scoring system. The diagno-
sis were graded as (a) the low grade group, with 
Gleason scores 2-5, (b) the intermediate group 

with Gleason scores 6-7, or (c) the high-grade 
group, with Gleason scores 8-10. Controls were 
men with benign prostatic hyperplasia condi-
tions, proven to be negative for prostate cancer 
after biopsies and digital rectal examinations. 
Clinical characteristics were obtained from 
medical records, including Gleason pathologi-
cal grade, age at diagnosis, and PSA level at 
presentation in the clinic. All subjects in both 
groups provided informed consent to partici-
pate in this study. Ethics approval (MEC Ref. 
Num: 805.12) for the study was given by the 
University of Malaya Medical Centre Ethics 
Committee and the Medical Research and 
Ethics Committee, Ministry of Health Malaysia.

SNP selection and genotyping

A volume of 5 ml of blood was collected in EDTA 
tubes and stored in -80°C until used. DNA was 
isolated from the participants’ whole blood 
cells with the use of QIAamp DNA Blood Mini Kit 
(Qiagen, Hilden, Germany). A total of 8 single-
nucleotide polymorphisms (SNPs) within the-
four candidate genes, namely, CYP17A1 (rs- 
1004467 and rs10883782), IGF-1 (rs1242- 
3791, rs1106381 and rs5742723), SRD5A1 
(rs166050 and rs518673), and SRD5A2 (rs- 
523349) were genotyped. Genotyping was per-
formed using predesigned Taqman SNP geno-
typing assays (Applied Biosystems, Foster City, 
CA) using StepOne Real-Time PCR systems 
(Applied Biosystems, Foster City, CA). Two nega-
tive controls were included in each batch of 
samples.

Hormone analysis

Sera separated from whole blood collected in 
plain tubes were used to determine the levels 
of hormones. Measurements of testosterone, 
dihydrotestosterone and IGF-1 serum levels 
were performed using ELISA kits (Dihydrotes- 
tosterone, ELISA Kit, BLK Spain and IGF-1, 
Human, Quantikine ELISA kits, R & D Systems, 
USA) according to the manufacturer’s instru- 
ction.

Statistical analysis

Statistical analysis was performed using SPSS 
software version 20.0 (SPSS, Inc., Chicago, IL). 
Data were presented as percentage or mean ± 
standard deviation (SD). To compare the PCa 
cases and BPH, Analysis of Covariance (AN- 
COVA) using the general linear model was 
applied with age as covariate. The genetic as- 
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sociation tests were performed using binary 
logistic regression analysis to calculate the 
odds ratio (ORs) and confidence intervals. The 
models were adjusted for age and race. Test for 
normality was done using Kolmogorov-Smirnov 
test. The clinical characteristics between the 
PCa cases and BPH controls were compared 
using Student’s t-test and Mann-Whitney U 
test. Genotype distribution for each SNP was 
tested for departure from Hardy-Weinberg equi-
librium (HWE) using a goodness of fit χ2-test. 
Analysis of Variance (ANOVA) and Kruskal-
Wallis tests were used to compare parameters 
among genotypes. P value of < 0.05 was con-
sidered to be statistically significant.

Results

The demographic and clinical characteristics of 
the study subjects in this study are summarized 

librium. There were no significant differences in 
genotype frequencies for all SNPs between the 
PCa group and controls (data not shown).

Allele frequencies of CYP17A1, IGF-1, SRD5A1 
and SRD5A2 SNPs showed no significant di- 
fferences between the PCa group and controls 
(Table 2). Association between the IGF-1, 
CYP17A1, SRD5A1, SRD5A2 SNPs and clinical 
characteristics in PCa cases such as Gleason 
score, serum PSA level, DHT, IGF-1 and testos-
terone are shown in Table 3. We did not find  
any significant association between the above 
mentioned SNPs and risk of PCa in our study 
cohort. However, IGF-1 hormone level was sig-
nificantly associated with rs10883782 SNP of 
CYP17A1 gene (P = 0.018).

We investigated the association of the SNPs 
with clinical parameters such as serum PSA 

Table 1. Clinical characteristics of subjects
Characteristics Cases, n (%) Controls, n (%) P value*

Age at diagnosis, years
    < 50 2 (2.47) 1 (1.10)
    51-60 9 (11.11) 12 (13.18)
    61-70 23 (28.40) 41 (45.05)
    > 70 47 (58.02) 37 (40.66)
    Median ± SD 71.5 ± 7.94 69 ± 6.94
    Mean Age ± SD 70.33 ± 7.96 68.56 ± 7.27 0.153
PSA, ng/mL
    < 4 8 (9.87) 8 (8.79)
    4.1-10.0 13 (16.05) 55 (60.44)
    10.1-20.0 14 (17.20) 16 (17.58)
    > 20 46 (56.70) 8 (8.79)
    Median ± SD 21.61 ± 25.1 6.88 ± 9.79 < 0.0001
    Mean PSA ± SD 88.75 ± 173.4 9.98 ±9.63
Serum Sex Steroids
    DHT, pg/ml
        Median 873.76 763.38
        Mean ± SD 960.26 ± 423.27 794.77 ± 451.39 0.03
    T, ng/ml
        Median 4.38 2.81
        Mean ± SD 5.03 ± 2.79 3.53 ± 3.53 0.007
    IGF-1, ng/dl
        Median 4.63 4.06
        Mean ± SD 4.67 ± 0.42 4.13 ± 0.46 < 0.0001
Gleason Score
    Low Grade (2-5) 17 (20.89)
    Intermediate Grade (6-7) 31 (38.27)
    High Grade (8-10) 33 (40.75)
*P values obtained using ANCOVA adjusted for age as covariate. PSA, Prostate-Specific 
Antigen. DHT, Dihydrotestosterone. T, Testosterone. IGF-1, Insulin-like Growth Factor 1.

in Table 1. Mean age for 
cases and controls were 
70.33 ± 7.96 and 68.56 ± 
7.27 years respectively (Ta- 
ble 1). The mean age for 
the controls and cases 
were not significantly differ-
ent (P = 0.153). There was 
a significant difference in 
PSA levels between cases 
and controls (P < 0.0001). 
PSA is elevated to much 
higher levels in PCa cases 
compared to benign pros-
tate disease. Mean PSA 
was 88.75 ng/ml ± 173.4 
and 9.98 ng/ml ± 9.63 in 
the PCa and control group 
respectively. Serum sex 
steroids measured, DHT, 
testosterone and IGF-1, 
were all significantly higher 
in cases, P = 0.03, P = 
0.007 and P < 0.0001 
respectively. Hardy-Weinbe- 
rg equilibrium (HWE) was 
checked for CYP17A1 (rs- 
1004467 and rs108837- 
82), IGF-1 (rs12423791, 
rs1106381 and rs57427- 
23), SRD5A1 (rs166050 
and rs518673), and SRD- 
5A2 (rs523349) prior to 
genetic analysis. All SNPs 
were in agreement with  
the Hardy-Weinberg equi-
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and androgens DHT and testosterone levels as 
well as the IGF-1 hormone among cases and 
controls (Table 4). DHT and testosterone levels 
were significantly associated with rs1004467 
SNP of the CYP17A1, P = 0.024 and P = 0.012 
respectively. The rs1004467 GG homozygotes 
exhibited significantly elevated levels of mean 
circulatory DHT and testosterone compared to 
AA and AG. Likewise, significantly increased 
level of PSA was seen in the SRD5A1 rs518673 
GG homozygotes compared to the non-carriers 
(P = 0.029).

Discussion

Genome-wide association studies (GWAS) have 
been a powerful method in identifying genetic 

variants that predispose individuals to diseas-
es [16]. However, papers involving GWAS stud-
ies tend to report SNPs that achieve signifi-
cance of P ≤ 10-7. Considering this fact, possi- 
bilities exist whereby SNPs that reach signifi-
cance level for a candidate gene study (P ≤ 10-3 
or P ≤ 10-4) may be missed out in reporting of 
susceptible genes [17]. Candidate gene studies 
are therefore still worthwhile when performing 
association studies of polymorphisms with low 
allele frequencies and for conducting post-
GWAS phase study.

Many studies have been successful in report-
ing strong associations of several variants with 
PCa risk. Our study examined the association 

Table 2. Allele frequency associations between IGF-1, CYP17A1, SRD5A1, SRD5A2 and cases and 
controls

Gene SNP ID
Minor Allele Fre-

quency (MAF)
Allele Frequency

P Value* (OR, 95% CI)
Cases (n = 81) Controls (n = 91)

IGF-1 rs12423791 (G > C) 0.235 0.222 0.258 0.472 0.839 (0.520-1.354)
rs1106381 (T > G) 0.198 0.209 0.187 0.648 1.132 (0.665-1.927)
rs5742723 (G > T) 0.209 0.222 0.198 0.626 1.033 (0.991-1.077)

CYP17A1 rs1004467 (A > G) 0.247 0.246 0.258 0.739 0.919 (0.560-1.508)
rs10883782 (A > G) 0.174 0.185 0.165 0.699 1.120 (0.629-1.995)

SRD5A1 rs166050 (A > G) 0.128 0.099 0.099 0.830 0.927 (0.464-1.851)
rs518673 (G > A) 0.284 0.222 0.247 0.678 0.901 (0.550-1.475)

SRD5A2 rs523349 (G > C) 0.445 0.302 0.247 0.840 0.951 (0.587-1.543)
*P values adjusted for age. SNP, Single Nucleotide Polymorphism. IGF-1, Insulin-like Growth Factor 1. CYP17A1, Cytochrome 
P450 family 17. SRD5A1, Steroid-5-Alpha-Reductase alpha polypeptide 1. SRD5A2, Steroid-5-Alpha-Reductase alpha polypep-
tide 2. MAF, Minor Allele Frequency. OR, Odds Ratio. CI, Confidence Interval.

Table 3. Association of IGF-1, CYP17A1, SRD5A1, SRD5A2 SNPs and clinical characteristics in PCa 
cases

SNP ID
P Value*

Odds Ratio (95% CI) P value
PSA Gleason 

Score DHT IGF-1 T

IGF-1
    rs12423791 (G > C) 0.363 0.881 0.445 0.593 0.452 0.772 (0.496-1.202) 0.252
    rs1106381 (T > G) 0.331 0.741 0.446 0.282 0.366 0.946 (0.579-1.547) 0.826
    rs5742723 (G > T) 0.336 0.693 0.452 0.268 0.331 0.949 (0.596-1.510) 0.826
CYP17A1
    rs1004467 (A > G) 0.386 0.928 0.631 0.499 0.401 0.761 (0.488-1.187) 0.228
    rs10883782 (A > G) 0.586 0.282 0.649 0.018 0.419 0.923 (0.534-1.626) 0.804
SRD5A1
    rs166050 (A > G) 0.725 0.889 0.374 0.843 0.798 0.892 (0.385-2.067) 0.79
    rs518673 (G > A) 0.291 0.483 0.521 0.794 0.452 0.976 (0.659-1.445) 0.904
SRD5A2
    rs523349 (G > C) 0.443 0.256 0.498 0.379 0.385 0.851 (0.534-1.355) 0.496
CI, Confidence Interval. CYP17A1, Cytochrome P450 family 17. IGF-1, Insulin-like Growth Factor 1. OR, Odds Ratio. SNP, Single 
Nucleotide Polymorphism. SRD5A1, Steroid-5-Alpha-Reductase alpha polypeptide 1. SRD5A2, Steroid-5-Alpha-Reductase alpha 
polypeptide 2.
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of polymorphisms in the CYP17A1 (rs1004467, 
rs10883782 and rs1171624), IGF-1 (rs1242- 
3791, rs5742723, rs1106381), SRD5A1 (rs16- 
6050 and rs518673) and SRD5A2 (rs523349), 
with the risk of PCa and serum androgens as 
well as PSA and IGF-1 levels in Malaysian sub-
jects. However, our results found no significant 
association between the above mentioned 
SNPs and risk of PCa. A study conducted in 456 
Slovak patients with PCa also reported no 
association between rs523349 SNP of the 

SRD5A2 gene with risk of PCa and a similar 
finding was also reported by Schleutker et al. 
[18]. The rs166050C risk variant was found to 
be positively correlated with greater prostatic 
exposure to androsterone in a Caucasian popu-
lation [19]. The same variant was also found be 
associated with higher risk of biochemical 
recurrence in cohorts of Caucasian and Asian 
men after radical prostatectomy whereas rs- 
518673 was associated with reduced risk of 
PCa [20]. Association of SNPs of androgen 

Table 4. Comparison of PSA, androgens and IGF-1 hormone between IGF-1, CYP17A1, SRD5A1 and 
SRD5A2 genotypes in cases and controls

Genes SNPs Genotypes
Characteristics (mean ± SD)

Age* (Years) PSA# (ng/ml) DHT* (pg/ml) T# (ng/ml) IGF-1* (ng/dl)
IGF-1 rs12423791 GG (n = 102) 69.7 ± 7.74 43.1 ± 105.06 873.9 ± 458.4 4.09 ± 3.17 4.46 ± 0.46

CG (n = 57) 68.5 ± 6.92 37.0 ± 110.08 929.2 ± 450.8 4.88 ± 3.50 4.45 ± 0.56
CC (n = 13) 70.8 ± 7.77 98.5 ± 243.65 758.4 ± 280.4 3.70 ± 2.11 4.40 ± 0.65

    P-value 0.502 0.481 0.443 0.309 0.932
rs1106381 TT (n = 111) 69.0 ± 7.84 39.9 ± 100.60 880.3 ± 442.9 4.07 ± 2.9 4.47 ± 0.45

TG (n = 54) 70.2 ± 6.99 42.4 ± 114.58 900.9 ± 457.9 4.82 ± 3.8 4.42 ± 0.58
GG (n = 7) 69.1 ± 4.71 154.4 ± 330.35 807.1 ± 374.1 4.61 ± 3.3 4.44 ± 0.79

    P-value 0.646 0.483 0.867 0.576 0.865
rs5742723 GG (n = 110) 69.4 ± 7.61 40.2 ± 100.98 879.8 ± 442.5 4.03 ± 2.89 4.47 ± 0.46

GT (n = 52) 68.9 ± 7.17 40.6 ± 116.46 915.6 ± 463.5 4.92 ± 3.84 4.44 ± 0.58
TT (n = 10) 71.9 ± 6.91 125.3 ± 275.19 769.2 ± 354.6 4.38 ± 2.96 4.24 ± 0.67

    P-value 0.516 0.438 0.634 0.444 0.468
CYP17A1 rs1004467 AA (n = 97) 69.8 ± 7.59 49.8 ± 130.39 860.4 ± 430.0 4.27 ± 2.93 4.44 ± 0.52

AG (n = 63) 68.9 ± 6.58 35.8 ± 114.59 846.5 ± 420.6 3.86 ± 3.37 4.48 ± 0.52
GG (n = 12) 68.2 ± 11.3 32.5 ± 45.78 1231.3 ± 526.4 7.17 ± 3.68 4.42 ± 0.41

    P-value 0.642 0.164 0.024 0.012 0.89
rs10883782 AA (n = 116) 68.9 ± 7.51 51.9 ± 143.49 884.9 ± 449.4 4.25 ± 3.24 4.49 ± 0.53

AG (n = 52) 70.6 ± 7.54 34.1 ± 62.93 859.7 ± 444.4 4.64 ± 3.32 4.41 ± 0.47
GG (n = 4) 68.3 ± 3.77 11.9 ± 11.32 1132.1 ± 181.9 3.09 ± 1.79 3.94 ± 0.43

    P-value 0.367 0.541 0.501 0.607 0.085
SRD5A1 rs166050 AA (n = 141) 68.8 ± 7.67 49.9 ± 133.56 888.6 ± 451.3 4.42 ± 3.13 4.46 ± 0.53

AG (n = 28) 72.4 ± 5.67 26.1 ± 50.76 861.1 ± 425.1 4.06 ± 3.77 4.43 ± 0.41
GG (n = 3) 68.0 ± 7.81 21.8 ± 10.20 878.9 ± 199.6 3.47 ± 2.64 4.20 ± 0.41

    P-value 0.066 0.198 0.961 0.568 0.662
rs518673 GG (n = 102) 70.1 ± 7.41 53.7 ± 127.70 890.5 ± 426.6 4.20 ± 2.96 4.49 ± 0.55

GA (n = 59) 67.9 ± 7.52 36.1 ± 123.10 844.9 ± 428.3 4.26 ± 2.73 4.38 ± 0.44
AA (n = 11) 70.6 ± 7.25 16.2 ± 23.45 1024.8 ± 663.2 6.11 ± 6.81 4.46 ± 0.56

    P-value 0.176 0.029 0.524 0.988 0.546
SRD5A2 rs523349 GG (n = 44) 70.3 ± 5.51 23.6 ± 34.67 829.8 ± 439.1 4.61 ± 3.87 4.43 ± 0.47

GC (n = 103) 68.9 ± 7.69 42.2 ± 98.22 904.3 ± 421.9 4.03 ± 2.86 4.50 ± 0.55
CC (n = 25) 69.8 ± 9.40 99.7 ± 249.58 907.9 ± 531.3 4.92 ± 3.26 4.33 ± 0.46

    P-value 0.508 0.466 0.657 0.496 0.354
*P Values obtained using ANOVA. #P Values obtained using Kruskal-Wallis test. n, number of subjects. PSA, Prostate-Specific 
Antigen. DHT, Dihydrotestosterone. IGF-1, Insulin-like Growth Factor 1. T, Testosterone. PCa, Prostate Cancer. SNP, Single 
Nucleotide Polymorphism. Highlighted P-values are significant at P < 0.05.
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metabolism and hormonal milieu in patients 
with PCa in our population revealed signifi-
cance between CYP17A1 and the levels of DHT 
and testosterone while SRD5A1 was found to 
be associated with the circulatory PSA levels.

PSA is widely used as a screening test for early 
detection, diagnosis and monitoring of PCa 
[21]. The rs3822430 and rs1691053 SNPs of 
SRD5A1 have been previously reported to influ-
ence PSA levels in Spanish men [22]. The 
SRD5A1 and SRD5A2 genes play crucial role in 
androgen metabolism [19, 23]. Variants within 
SRD5A2 have been associated with circulating 
sex steroid concentration and progression of 
disease [24]. A study had reported the role of 
PSA in increasing bioavailability of insulin-like 
growth factors that contribute towards prostate 
growth [25]. The current study shows for the 
first time that the rs518673 is associated with 
circulatory PSA levels. Clinical trials have shown 
that the administration of 5-alpha inhibitors 
such as finasteride and dutasteride influence 
the reduction of serum PSA levels [26, 27]. 
Association of the SRD5A1 SNP with the PSA 
levels in our study further strengthens the 
importance of the SRD5A variants’ role in 
androgen metabolism and drug treatment. Ph- 
armacological targets such as thalidomide and 
flavopiridol that alter PSA expression could  
also influence tumor growth [28]. Hence, the 
rs518673 of SRD5A1 might be an interesting 
gene marker for PSA and PCa treatment inter-
vention especially in men with asymptomatic 
PCa.

Androgens are required for normal growth and 
functional activities of the human prostate 
[29]. Androgens play a major role in the carcino-
genesis of PCa [30]. In the prostate, testoster-
one is converted to the more potent androgen 
DHT by the enzyme 5-alpha-reductase type 2 
(SRD5A2) [31]. Most attention has been fo- 
cused on DHT which is regulated by the SRD5A 
genes along the androgen metabolism path-
way. Some findings suggest that the 5-alpha-
reductase activity is reduced in the Asian popu-
lation consequently leading to reduction of DHT 
concentration and androgen-mediated stimula-
tion of the prostate gland [32]. Our study indi-
cates that all the SNPs of SRD5A gene anal-
ysed are not associated with the risk of prostate 
cancer, which is in agreement with another 
study carried out in other Asian population [33].

The CYP17A1 gene encodes the enzyme cyto-
chrome P450 17α-hydroxylase, an enzyme that 
influences androgen metabolism by converting 
cholesterol to testosterone and has been 
reported to be implicated in PCa [34]. A recent 
study have shown a significant association be- 
tween the A2 allele of the CYP17 gene polymor-
phism (rs743572) and PCa [35]. According to 
this study, there is 1.2- to 2.8-fold increased 
risk of PCa involving thymine to cytosine substi-
tution in the 5’ untranslated promoter region of 
rs743572 [36]. The rs1004467 of CYP17A1 
gene was found to be associated with the risk 
for PCa and disease progression among Ja- 
panese men [37]. However we did not observe 
association between this SNP and risk of the 
disease in our population. Nevertheless, we 
found an association between rs1004467 of 
CYP17A1 with both DHT and with testosterone 
levels. In our cohort, DHT level was significantly 
elevated in the GG allele of rs1004467 of 
CYP17A1 compared to AA and AG groups. Our 
study found that the SNP rs1004467 with GG 
homozygotes showed a significantly higher con-
centration of both DHT and testosterone in the 
serum of this study population. Studies have 
shown that those with higher levels of DHT 
were susceptible to the development of cas-
trate resistant PCa in the future [38].

IGF-1 hormone has been linked to carcinogen-
esis of PCa. Circulating IGF-1 contribute in cell 
proliferation as well as inhibition of apoptosis 
[39]. A prospective case-control study revealed 
that higher plasma IGF-1 level is associated 
with higher rates of prostate malignancy. Al- 
though epidemiology studies from this region 
are relatively low, there have been several stud-
ies which have shown significant associations 
between genetic markers and the risk of devel-
oping PCa. These studies involve short tandem 
repeats which was carried out in the Malaysian 
subjects [41], SNPs at chromosome region 
8q24 (rs6983561) and 17q12 (rs4430796) po- 
lymorphism in Japanese population [42] and 
rs16901966, rs1447295, rs11986220 and rs- 
10090154 polymorphisms at 8q24 region in 
Chinese population [43] were associated with 
PCa in Asian men. Epidemiological studies 
have shown an association between high circu-
lating serum IGF-1 levels and the risk of devel-
oping advanced PCa [44]. IGF-1 is known to 
stimulate the androgen receptors which in turn 
increase PSA production. These insulin-like 
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growth factor binding proteins are cleaved by 
PSA which then causes an increase in the free 
IGF-1 in the circulatory system [45]. In our 
study, we investigated the role of IGF-1 to see if 
there exists any association between the SNPs 
as well as the hormone and risk for PCa. Weiss 
et al. reported in a cohort consisting 727 inci-
dent PCa cases, and 887 matched controls, 
that there was no overall association found 
between IGF-1 and PCa risk [46]. Another case 
control study involving 210 cases and 224 con-
trols in Swedish subjects reported a significant 
(P = 0.04) association between serum levels  
of IGF-1 and risk of PCa [47]. In our study, we 
found no significant association between  
IGF-1 SNPs (rs12423791, rs1106381 and 
rs5742723) and risk for PCa. There was how-
ever, a significant association between 
CYP17A1 (rs10883782) and IGF-1 hormone 
level (P = 0.018) in our population. This could 
suggest that there exist cross-talks between 
the androgen receptor signalling pathway and 
the insulin-like growth factor, which constitutes 
a pathogenic role in tumour growth and pro-
gression of disease.

To the best of our knowledge, this is the first 
Malaysian study that provides data on associa-
tion of SNPs with PCa risk, clinical characteris-
tics and circulating androgen levels. A major 
strength of our study is that a well-defined 
cohort was used in this study whereby partici-
pants in the PCa and control groups were 
screened for raised PSA, abnormal digital rec-
tal examination, and had their diagnosis con-
firmed with a transrectal ultrasound (TRUS) 
guided biopsy of the prostate. Future studies 
should explore the role of other genes with the 
risk of PCa and the effect of CYP17A1 SNP 
rs1004467 on development of castration re- 
sistance of PCa with a larger sample size. We 
found associations of SNPs with the levels of 
hormones involved in the clinical manifestation 
of PCa (testosterone and DHT) which might pro-
vide insights that could lead to early detection, 
diagnosis, management and potential thera-
peutic targets for PCa.

Conclusions

In conclusion, our analysis showed that the IGF-
1, CYP17A1, SRD5A1 and SRD5A2 polymor-
phisms are not associated with the risk of PCa 
in this cohort. Nevertheless, we found signifi-
cant associations between CYP17A1 gene poly-

morphism with testosterone and DHT. SRD5A1 
gene polymorphism was significantly associat-
ed with PSA levels. Our findings warrant future 
functional studies on androgen expression and 
extensive analysis of gene-gene interaction, 
SNP-SNP interaction and gene-environment 
interactions in a larger sample size.

Acknowledgements

We would like to acknowledge the participants 
in this study, members of the Pharmacogeno- 
mics Laboratory, Departments of Pharmacology, 
Surgery, Faculty of Medicine, University of 
Malaya and the medical team at the Urological 
Clinic and Daycare, University of Malaya 
Medical Centre (UMMC). This work was sup-
ported by the University of Malaya Research 
Grant (UMRG)-RG280/10HTM and University of 
Malaya Fellowship Scheme.

Disclosure of conflict of interest

None.

Address correspondence to: Azad HA Razack and 
Prevathe Poniah, Department of Surgery, Faculty of 
Medicine, University of Malaya, Kuala Lumpur 
50603, Malaysia. Tel: +6017 213 9140; +6017 523 
5178; E-mail: azad@ummc.edu.my (AHAR); pre-
vathe.poniah@gmail.com (PP)

References

[1] Giwercman C, Giwercman A, Pedersen HS, Toft 
G, Lundin K, Bonde J-P and Giwercman YL. 
Polymorphisms in genes regulating androgen 
activity among prostate cancer low-risk Inuit 
men and high-risk Scandinavians. Int J Androl 
2008; 31: 25-30.

[2] American Cancer Society. Cancer Facts & Fig-
ures 2015.

[3] Mao X, Yu Y, Boyd LK, Ren G, Lin D, Chaplin T, 
Kudahetti SC, Stankiewicz E, Xue L, Beltran L, 
Gupta M, Oliver RTD, Lemoine NR, Berney DM, 
Young BD and Lu YJ. Distinct genomic altera-
tions in prostate cancers in Chinese and West-
ern populations suggest alternative pathways 
of prostate carcinogenesis. Cancer Res 2010; 
70: 5207-12.

[4] Omar Z and Ibrahim Tamin N. National Cancer 
Registry Report 2007. 2011.

[5] Baade P, Youlden D, Cramb S, Dunn J and Gar-
diner R. Epidemiology of prostate cancer in the 
Asia-Pacific region. Prostate Int 2013; 1: 47-
58.

[6] Jemal A, Bray F, Center M, Ferlay J, Ward E and 
Forman D. Global Cancer Statistics. CA Cancer 
J Clin 2011; 61: 69-90.

mailto:azad@ummc.edu.my
mailto:prevathe.poniah@gmail.com
mailto:prevathe.poniah@gmail.com


Gene polymorphisms and prostate cancer

19239 Int J Clin Exp Med 2015;8(10):19232-19240

[7] Sothilingam S, Sundram M, Malek R and Sa-
habuddin RM. Prostate cancer screening per-
spective, Malaysia. Urol Oncol 2010; 28: 670-
672.

[8] Chang K, Ercole CE and Sharifi N. Androgen 
metabolism in prostate cancer: from molecular 
mechanisms to clinical consequences. Br J 
Cancer 2014; 111: 1-6.

[9] Margiotti K, Wafa L, Cheng H, Novelli G, Nelson 
CC and Rennie PS. Androgen-regulated genes 
differentially modulated by the androgen re-
ceptor coactivator L-dopa decarboxylase in hu-
man prostate cancer cells. Mol Cancer 2007; 
6: 38.

[10] Nwosu V, Carpten J, Trent JM and Sheridan R. 
Heterogeneity of genetic alterations in pros-
tate cancer: evidence of the complex nature of 
the disease. Hum Mol Genet 2001; 10: 2313-
2318.

[11] Lichtenstein P, Holm N, Verkasalo P, Iliadou A, 
Kaprio J, Koskenvuo M, Pukkala E, Skytthe A 
and Hemminki K. Environmental and heritable 
factors in the causation of cancer: Analyses of 
Cohorts of Twins from Sweden, Denmark, and 
Finland. N Engl J Med 2010; 343: 78-85.

[12] Hatcher D, Daniels G, Osman I and Lee P. Mo-
lecular mechanisms involving prostate cancer 
racial disparity. Am J Transl Res 2009; 1: 235-
248.

[13] Heinlein C and Chang C. Androgen receptor in 
prostate cancer. Endocr Rev 2004; 25: 276-
308.

[14] Montgomery R, Mostaghel E, Vessella R, Hess 
D, Kalhorn T, Higano C, True L and Nelson P. 
Maintenance of intratumoral androgens in 
metastatic prostate cancer: A mechanism for 
castration-resistant tumor growth. Cancer Res 
2008; 68: 4447-4454.

[15] Fernandez P, Zeigler-Johnson CM, Spangler E, 
Van Der Merwe A, Jalloh M, Gueye S and  
Rebbeck T. Androgen Metabolism Gene Poly- 
morphisms, Associations with Prostate Can- 
cer Risk and Pathological Characteristics: A 
Comparative Analysis between South African 
and Senegalese Men. Prostate Cancer 2012; 
2012: 798634.

[16] Kingsmore SF, Lindquist IE, Mudge J, Gessler 
DD and Beavis WD. Genome-wide association 
studies: progress and potential for drug discov-
ery and development. Nat Rev Drug Discov 
2008; 7: 221-230.

[17] Wilkening S, Chen B, Bermejo JL and Canzian 
F. Is there still a need for candidate gene ap-
proaches in the era of genome-wide associa-
tion studies? Genomics 2009; 93: 415-419.

[18] Schleutker J. Polymorphisms in androgen sig-
naling pathway predisposing to prostate can-
cer. Mol Cell Endocrinol 2012; 360: 25-37.

[19] Lévesque É, Laverdière I, Lacombe L, Caron P, 
Rouleau M, Turcotte V, Têtu B, Fradet Y and 

Guillemette C. Importance of 5α-reductase ge- 
ne polymorphisms on circulating and intra-
prostatic androgens in prostate cancer. Clin 
Cancer Res 2014; 20: 576-584.

[20] Audet-Walsh E, Bellemare J, Nadeau G, La-
combe L, Fradet Y, Fradet V, Huang SP, Bao BY, 
Douville P, Girard H, Guillemette C and Léve- 
sque E. SRD5A polymorphisms and biochemi-
cal failure after radical prostatectomy. Eur Urol 
2011; 60: 1226-1234.

[21] Thompson IM, Ankerst DP, Chi C, Goodman PJ, 
Tangen CM, Lucia MS, Feng Z, Parnes HL and 
Coltman CA. Assessing prostate cancer risk: 
Results from the Prostate Cancer Prevention 
Trial. J Natl Cancer Inst 2006; 98: 529-534.

[22] Henríquez-Hernández LA, Valenciano A, Foro-
Arnalot P, Álvarez-Cubero MJ, Cozar JM, Suá- 
rez-Novo JF, Castells-Esteve M, Fernández-
Gonzalo P, De-Paula-Carranza B, Ferrer M, 
Guedea F, Sancho-Pardo G, Craven-Bartle J, 
Ortiz-Gordillo MJ, Cabrera-Roldán P, Rodríguez-
Melcón JI, Herrera-Ramos E, Rodríguez-Gal-
lego C and Lara PC. Genetic variations in genes 
involved in testosterone metabolism are asso-
ciated with prostate cancer progression: A 
Spanish multicenter study. Urol Oncol 2015; 
33: 331, e1-7.

[23] Ntais C, Polycarpou A and Tsatsoulis A. Molec-
ular epidemiology of prostate cancer: Andro-
gens and polymorphisms in androgen-related 
genes. Eur J Endocrinol 2003; 149: 469-477.

[24] Jiang J, Tang N, Ohlsson C, Eriksson A, Vanden-
put L, Liao C, Wang X, Chan F, Kwok A, Orwoll E, 
Kwok T, Woo J and Leung P. Association of 
SRD5A2 variants and serum androstane-3al-
pha, 17beta-diol glucuronide concentration in 
Chinese elderly men. Clin Chem 2010; 56: 
1742-1749.

[25] Doherty A, Smith G, Banks L, Christmas T and 
Epstein R. Correlation of the osteoblastic phe-
notype with prostate-specific antigen expres-
sion in metastatic prostate cancer: Implica-
tions for paracrine growth. J Pathol 1999; 188: 
278-281.

[26] D’Amico AV and Roehrborn CG. Effect of 1 mg/
day finasteride on concentrations of serum 
prostate-specific antigen in men with andro-
genic alopecia: a randomised controlled trial. 
Lancet Oncol 2007; 8: 21-25.

[27] Grubb RL, Andriole GL, Somerville MC, Ma-
honey C, Manyak MJ and Castro R. The RE-
DUCE follow-up study: Low rate of new prostate 
cancer diagnoses observed during a 2-year, 
observational, follow-up study of men who par-
ticipated in the REDUCE trial. J Urol 2013; 189: 
871-877.

[28] Dixon SC, Knopf KB and Figg WD. The control 
of prostate-specific antigen expression and 
gene regulation by pharmacological agents. 
Pharmacol Rev 2001; 53: 73-91.



Gene polymorphisms and prostate cancer

19240 Int J Clin Exp Med 2015;8(10):19232-19240

[29] Sobti RC, Gupta L, Thakur H, Seth A, Singh SK 
and Kaur P. CYP17 gene polymorphism and its 
association in north Indian prostate cancer pa-
tients. Anticancer Res 2009; 29: 1659-1663.

[30] Debes JD and Tindall DJ. The role of androgens 
and the androgen receptor in prostate cancer. 
Cancer Lett 2002; 187: 1-7.

[31] Cai LQ, Cai J, Wu W and Zhu YS. 17α-Estradiol 
and genistein inhibit high fat diet induced pros-
tate gene expression and prostate growth in 
the rat. J Urol 2011; 186: 1489-1496.

[32] Li Q, Zhu Y, He J, Wang M, Zhu M, Shi T, Qiu L, 
Ye D and Wei Q. Steroid 5-alpha-reductase 
type 2 (SRD5A2) V89L and A49T polymor-
phisms and sporadic prostate cancer risk: A 
meta-analysis. Mol Biol Rep 2013; 40: 3597-
3608.

[33] Hsing AW, Chen C, Chokkalingam AP, Gao YT, 
Dightman DA, Nguyen HT, Deng J, Cheng J, 
Sesterhenn IA, Mostofi FK, Stanczyk FZ, Reich-
ardt JK. Polymorphic Markers in the SRD5A2 
Gene and Prostate Cancer Risk: A Population-
based Case-control Study. Cancer Epidemiol 
Biomarkers Prev 2001; 10: 1077-82.

[34] Loukola A, Chadha M, Penn S, Rank D, Conti D, 
Thompson D, Cicek M, Love B, Bivolarevic V, 
Yang Q, Jiang Y, Hanzel D, Dains K, Paris P, 
Casey G and Witte J. Comprehensive evalua-
tion of the association between prostate can-
cer and genotypes/haplotypes in CYP17A1, 
CYP3A4, and SRD5A2. Eur J Hum Genet 2004; 
12: 321-332.

[35] Karimpur-Zahmatkesh A, Farzaneh F, Poures-
maeili F, Hosseini J, Azarghashb E and Yaghoo-
bi M. A2 allele polymorphism of the CYP17 
gene and prostate cancer risk in an iranian 
population. Asian Pac J Cancer Prev 2013; 14: 
1049-1052.

[36] Sarma AV, Dunn RL, Lange LA, Ray A, Wang Y, 
Lange EM and Cooney KA. Genetic Polymor-
phisms in CYP17 SRD5A2, IGF-1, and IGFBP-3 
and Prostate Cancer Riskin African-American 
Men: The Flint Men’s Health Study. Prostate 
2008; 68: 296-305.

[37] Yamada T, Nakayama M, Shimizu T, Nonen S, 
Nakai Y, Nishimura K, Fujio Y, Okuyama A, Azu-
ma J and Nonomura N. Genetic polymorphisms 
of CYP17A1 in steroidogenesis pathway are as-
sociated with risk of progression to castration-
resistant prostate cancer in Japanese men re-
ceiving androgen deprivation therapy. Int J Clin 
Oncol 2013; 18: 711-717.

[38] Liu C, Nadiminty N, Tummala R, Chun JY, Lou 
W, Zhu Y, Sun M, Evans CP, Zhou Q and Gao 
AC. Andrographolide targets androgen recep-
tor pathway in castration-resistant prostate 
cancer. Genes Cancer 2011; 2: 151-159.

[39] Cheng I, Stram D, Penney K, Pike M, Marchand 
L, Kolonel L, Hirschhorn J, Altshuler D, Hender-
son B and Freedman M. Common genetic vari-
ation in IGF1 and prostate cancer risk in the 
Multiethnic Cohort. J Natl Cancer Inst 2006; 
98: 123-134.

[40] Chan J, Stampfer M, Giovannucci E, Gann P, 
Ma J, Wilkinson P, Hennekens C and Pollak M. 
Plasma insulin-like growth factor-I and prosta- 
te cancer risk: a prospective study. Science 
1998; 279: 563-566.

[41] Nargesi MM, Ismail P, Razack AHA, Pasalar P, 
Nazemi A, Oshkoor SA and Amini P. Linkage 
between prostate cancer occurrence and Y-
chromosomal DYS loci in Malaysian subjects. 
Asian Pac J Cancer Prev 2011; 12: 1265-
1268.

[42] Yamada H, Penney K, Takahashi H, Katoh T, 
Yamano Y, Yamakado M, Kimura T, Kuruma H, 
Kamata Y, Egawa S and Freedman M. Replica-
tion of prostate cancer risk loci in a Japanese 
case-control association study. J Natl Cancer 
Inst 2009; 101: 1330-1336.

[43] Liu M, Wang J, Xu Y, Wei D, Shi X and Yang Z. 
Risk loci on chromosome 8q24 are associated 
with prostate cancer in northern Chinese men. 
J Urol 2012; 187: 315-321.

[44] Cohen P. Serum insulin-like growth factor-I lev-
els and prostate cancer risk-interpreting the 
evidence. J Natl Cancer Inst 1998; 90: 876-
879.

[45] Yu H and Rohan T. Role of the insulin-like 
growth factor family in cancer development 
and progression. J Natl Cancer Inst 2000; 92: 
1472-1489.

[46] Weiss JM, Huang WY, Rinaldi S, Fears TR, Chat-
terjee N, Chia D, Crawford ED, Kaaks R and 
Hayes RB. IGF-1 and IGFBP-3: Risk of prostate 
cancer among men in the Prostate, Lung, 
Colorectal and Ovarian Cancer Screening Trial. 
Int J Cancer 2007; 121: 2267-2273.

[47] Johansson M, McKay J, Wiklund F, Rinaldi S, 
Verheus M, van Gils C, Hallmans G, Balter K, 
Adami H, Gronberg H, Stattin P and Kaaks R. 
Implications for prostate cancer of insulin-like 
growth factor-I (IGF-I) genetic variation and cir-
culating IGF-I levels. J Clin Endocrinol Metab 
2007; 92: 4820-4826.


