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ABSTRACT. Cytochrome P450 17a-hydroxylase (CYP17) plays a critical role 
in androgen biosynthesis. Polymorphisms of the CYP17 promoter have been 
proposed as risk factors for prostate cancer; however, some studies have 
produced inconclusive or controversial results. We investigated the relationship 
between polymorphisms of the CYP17 gene and the risk of prostate cancer. A 
total of 176 patients with prostate cancer were enrolled in the study, and 168 
healthy individuals acted as the control group. The participants were divided 
into those <71 years old and those ≥71 years old. Restriction fragment length 
polymorphism-polymerase chain reaction was used to confirm the genotype 
of CYP17 in the samples. The prostate-specific antigen (PSA) concentrations 
were also measured in all subjects. When T/C and C/C were compared with 
T/T, the ORs were 0.478 (P = 0.489) and 0.814 (P = 0.367), respectively. There 
was no significant difference in PSA concentration among the three genotypes 
in the <71 group, whereas there were statistically significant differences in 
the ≥71 group (P = 0.003 and 0.012, respectively). There was no significant 
difference in free PSA and total PSA levels between the three groups and the 
control group. The T/C and C/C genotypes were not associated with the risk 
of prostate cancer, and there were no significant differences between them. 
In the ≥71 group, the T/C and C/C genotypes were closely associated with 
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prostate cancer, which suggests that the CYP17 gene might be a risk factor 
for prostate cancer in males of advanced age.

Key words: Prostate cancer; CYP17 gene; Polymorphism

INTRODUCTION

Prostate cancer is one of the most common causes of cancer-related death among men 
(Haider et al., 2015), and the number of cases is increasing every year. Epidemiological data indicate 
that prostate cancer is associated with advanced age, ethnicity, and genetic and environmental 
factors (Taylor et al., 1994). Further, the development and progression of prostate cancer are 
influenced by androgens (Ross et al., 1999). Many studies have suggested that common germ 
line variation in genes related to androgen biosynthesis and metabolism could alter the function 
of these genes and the proteins they encode, thus altering prostate cancer risk (Setiawan et al., 
2007).

Genetic variation in one particular gene in this pathway, the cytochrome P450 
17a-hydroxylase (CYP17) gene, has been studied extensively in relation to gonadal development 
and the synthesis of androgens and estrogens (Setiawan et al., 2007). CYP17 encodes an 
enzyme with both 17a-hydroxylase and 17,20-lyase activities, the rate-limiting steps in androgen 
biosynthesis (Halabi et al., 2003). Recently, much attention has been focused on a number of genes 
coding the 5’ promoter region of CYP17. The T-to-C substitution in the risk allele (A2) creates a new 
recognition site for the restriction enzyme MspAI, allowing the designation of wildtype (A1) and risk 
alleles. The polymorphism is thought to induce CYP17 gene expression resulting in higher levels 
of androgens and, consequently, in a higher risk of the development and progression of prostate 
disease (Gsur et al., 2000; Luo et al., 2012).

To assess whether there is any association between CYP17 gene polymorphisms and 
prostate cancer risk, we determined the frequencies and the odds ratios (ORs) of CYP17 gene 
polymorphisms in a case-control study that included 176 patients with histologically verified, 
previously untreated prostate cancer and 168 age-matched healthy people.

MATERIAL AND METHODS

Subjects

Our study included 176 patients with prostate cancer diagnosed at the Tangshan Gongren 
Hospital between May 2014 and May 2015. The control group comprised 168 healthy people. 
The mean age was 72.8 years old for the cases and 71.4 years for the controls, the median for 
both being 71.1 years. The study was approved by the hospital Ethics Committee, and written 
informed consent was obtained from all participants. The inclusion and exclusion criteria were 
those described in a study by Kwon et al. (2012).

Polymorphism genotyping

Blood samples were obtained from all subjects in the morning following overnight fasting. 
Venous blood (5 mL) was withdrawn using Vacutainer tubes containing ethylenediaminetetraacetic 
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acid as anticoagulant. To separate plasma, blood samples were centrifuged at 3000 g for 10 min. 
The supernatant was used for the biochemical experiments, and the buffy coat and red blood cell 
pellet were used for DNA extraction.

Using the method described by Carey et al. (1994), we obtained the CYP17 PCR 
fragment, which contains the variation, using the following primers: 5ꞌ-CATTCGCACTCTGGA-3ꞌ 
and 5ꞌ-GGCTCTTGGGGTAC-3ꞌ. Amplification was for 30 cycles with denaturation at 94°C for 1 
min, annealing at 57°C, and extension at 72°C for 1min. An initial denaturation step of 5 min at 
94°C and a final extension at 72°C for 10 min were used. The PCR products were digested for 3 
h at 37°C using MspAI and the resulting fragments were analyzed on 2-2.5% agarose gels. The 
digested products were classified into T/T, C/C, and T/C genotypes.

Statistical analysis

All single nucleotide polymorphism (SNP) data were evaluated for Hardy-Weinberg 
equilibrium. Data are reported as median and range or means and standard deviation. Data 
were analyzed using the c2-test and the Fisher exact test where appropriate. Differences in the 
frequencies of cytokine gene polymorphisms between the case and control groups were compared 
using logistic regression analysis. All tests were two-tailed with 95% confidence intervals. Statistical 
analysis was performed using the SPSS software (version 20.0). A P value <0.05 was considered 
statistically significant.

RESULTS

Relationship between CYP17 gene polymorphisms and risk of prostate cancer

The three genotypes of the CYP17 prostate cancer gene are shown in Table 1. The results 
showed that there was no difference in the T/C and C/C genotypes between the patients with 
prostate cancer and the control group (P = 0.489 and 0.367, respectively), which suggests that the 
C allele increases the risk of prostate cancer.

#Comparison with the T/T group (P < 0.05 considered statistically significant).

Table 1. Relationship between CYP17 polymorphisms and risk of prostate cancer [N (%)].

Relationship between CYP17 gene polymorphisms and risk of prostate cancer in 
different age groups

The samples were divided into two groups according to mean age. In the prostate cancer 
group, 87 cases were <71, and 89 cases were ≥71. There was no significant difference between 
the three genotypes. In the ≥71 group, comparing T/C and C/C with T/T, the ORs were 0.481 (P = 
0.003) and 0.484 (P = 0.012), respectively, which suggests that the CYP17 gene might be a risk 
factor for prostate cancer in males of advanced age. The results are shown in Table 2.
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Table 2. Relationship between CYP17 polymorphisms and risk of prostate cancer in different age groups.

*Comparison with the T/T group (P < 0.05 considered statistically significant).

Relationship between CYP17 polymorphism and blood PSA in the control group

The control group was divided into three groups according to genotype, and the free 
prostate-specific antigen (fPSA), total PSA (tPSA), and free/total ratio (f/t) were measured. The 
results showed that there was no significant difference in fPSA, tPSA, and f/t between the T/C, C/C, 
and T/T groups, which suggests that allele A2 had no effect on the PSA level (Table 3).

Table 3. Relationship between CYP17 polymorphisms and prostate-specific antigen (PSA) value in the control 
group (µg/L).

Comparison with the T/T group. fPSA = free prostate-specific antigen; tPSA = total prostate-specific antigen.

DISCUSSION

Oxidative stress and free radicals have been associated with the increased risk of various 
cancers (Goldstein and Witz, 1990; Carey et al., 1994). All higher species have evolved complex 
xenobiotic enzyme systems for protection against environmental genotoxins (Nebert et al., 1996). 
The human body has a number of endogenous free-radical scavenging systems. These include 
the cytochrome P-450 (CYP) enzyme, which metabolically activates pro-carcinogens to genotoxic 
electrophilic intermediates. Those intermediates include glutathione S-transferases, which play 
a central role in the inactivation of toxic and carcinogenic electrophiles (Hayes and Pulford, 
1995), and paraoxonase, which principally conjugates the intermediates to excretable hydrophilic 
derivatives. Paraoxonase also binds to high-density lipoprotein, contributing to the detoxification 
of organophosphorus compounds (paraoxon) and carcinogenic lipid-soluble radicals from lipid 
peroxidation (Humbert et al., 1993; Shih et al., 1998). Moreover, CYP17 is well known to mediate 
two key steps in sex steroid synthesis, and there is accumulating evidence that endogenous levels 
of androgens are associated with the development of prostate cancer (Partin and Coffey, 1998). 
Polymorphisms in several genes are believed to be key factors in determining cancer susceptibility 
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to toxic or environmental chemicals (Nebert et al., 1996; Perera, 1997). Therefore, in an effort 
to increase our understanding of the interaction between potential environmental exposure and 
genetic factors in the pathogenesis and predisposition to prostate cancer risk, we determined the 
frequencies and the ORs of CYP17 gene polymorphisms in a control population and in a population 
of patients with prostate tumors.

In this study, the results showed that there was no difference in the T/C and C/C genotypes 
between patients with prostate cancer and the control group (P = 0.489 and 0.367, respectively), 
which suggests that the C allele increases the risk of prostate cancer. In the ≥71 group, comparing 
T/C and C/C with T/T, the ORs were 0.481 (P = 0.003) and 0.484 (P = 0.012), respectively, which 
suggests that the CYP17 gene might be a risk factor for prostate cancer in males of advanced age. 
Moreover, there was no significant difference in the fPSA, tPSA, and f/t values between the T/C, 
C/C, and T/T groups, which suggests that the A2 allele has no effect on PSA levels.

Other lines of evidence support a role for CYP17 in advanced prostate cancer. Montgomery 
et al. (2008) have shown that CYP17 expression is 17-fold higher in castration-resistant prostate 
cancer versus untreated primary tumors. Recently, two studies have evaluated SNPs within the 
CYP17 gene in relation to mortality in men with prostate cancer (Carey et al., 1994; Hamada et 
al., 2007).

Age and race are risk factors for prostate cancer. In our study, there was no significant 
difference in PSA concentration among the three genotypes in the <71 group, whereas there were 
statistically significant differences in the ≥71 group. The results differed from some European and 
American countries (Yamada et al., 2001), possibly owing to racial differences.

Some potential limitations of the present study, such as the participants being Chinese 
Asians, may have influenced the results; hence, the inferences may not be generalized to 
other populations. In conclusion, the T/C and C/C genotypes were not associated with the risk 
of prostate cancer. In the ≥71 group, the T/C and C/C genotypes were closely associated with 
prostate cancer, which suggests that the CYP17 gene might be a risk factor for prostate cancer 
in males of advanced age.
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