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ABSTRACT. Prostate cancer (PCa) is the most common type of 
neoplasm in European males. Genetic and epigenetic factors contribute 
to PCa development and progression. In this study, we aimed to 
assess the relationship between PCa and polymorphisms in the genes 
encoding endothelial nitric oxide synthase (eNOS), catalase (CAT), 
and myeloperoxidase (MPO). In total, 193 patients were included in 
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the study. Patients were divided into three groups: PCa (78), benign 
prostate hyperplasia (40), and control males (75). The parameters 
assessed included body mass index (BMI), smoking habits, presence 
of prostatism, prostate-specific antigen (PSA) levels, Gleason scores of 
prostate specimens, as well as polymorphisms in eNOS-G894T, CAT-
262T, and MPO G-463T genes. BMI and smoking status of controls 
and patient groups showed no significant difference. CAT-262T gene 
polymorphism was found to be homozygous in 35.4% of PCa patients, 
which was 4.02-fold that in the controls (P = 0.006). There was no 
statistically significant difference in eNOS-G894T and MPO G-463T 
gene polymorphisms between any of the groups. In conclusion, we 
found catalase levels to be associated with PCa diagnosis and PSA 
value. We did not find any significant differences between groups for 
other polymorphisms, but we believe that further studies with a large 
sample size may be needed before drawing definite conclusions.

Key words: Prostate cancer; Polymorphism; Catalase; Myeloperoxidase; 
Endothelial nitric oxide synthetase

INTRODUCTION

Prostate cancer (PCa) is the most common type of solid neoplasm in Europe, with an 
incidence of 214 cases per 1000 males (Heidenreich et al., 2014). There has been a steady increase 
in the incidence of PCa over the last 20 years. This may be due to the extensive use of effective 
screening tools, such as prostate-specific antigen (PSA) (Plata Bello and Concepcion Masip, 2014).

The etiology of PCa is still unknown, although age, ethnicity, and heredity are three 
well-established risk factors. The risk of developing PCa doubles if one’s first-line relative has 
PCa; this risk increases by 5-11-fold if two or more first-line relatives are affected (Heidenreich 
et al., 2014). These findings suggest that genetic factors play a role in the pathophysiology of 
PCas. In addition, epigenetic factors have also been shown to contribute to PCa development 
and progression (Konishi et al., 2005; Yu and Luo, 2007).

Over the last decade, it has been confirmed that oxidative stress is associated with the 
development and progression of PCa. Oxidative stress occurs due to increased reactive oxygen 
species (ROS), such as hydroxyl radicals, peroxides, and superoxides. Elevated ROS level may lead 
to tissue and DNA damage, and may be the result of infections, aging, neoplastic transformation, as 
well as abnormal growth and cell proliferation (Khandrika et al., 2009). Both excessive production 
of ROS and inadequate antioxidant activity lead to increased ROS. Therefore, genetic alterations 
in antioxidant enzymes or enzymes responsible for the production of ROS may affect the risk of 
developing cancer (Konishi et al., 2005; Yu and Luo, 2007, Khandrika et al., 2009).

The aim of this study was to assess the relationship between PCa and polymorphisms 
in the genes encoding endothelial nitric oxide synthase (eNOS), catalase (CAT), and 
myeloperoxidase (MPO).

MATERIAL AND METHODS

In total, 193 patients were enrolled into the study between September 1, 2014 and 
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October 1, 2015. They came to our hospital either for routine check-ups, or were admitted 
due to low urinary tract symptoms (LUTS), or had undergone a transurethral resection of the 
prostate (TUR-P) for benign prostate hyperplasia (BPH) and radical prostatectomy (RP) for 
PCa. Patients diagnosed with chronic prostatitis and patients who had undergone radiotherapy, 
hormonotherapy, and brachytherapy for PCa were excluded from the study. The patients were 
divided into three groups: those who had undergone RP for PCa, those who had undergone 
TUR-P for BPH, and those without LUTS. There were 78, 40, and, 75 patients in first, second, 
and third groups, respectively. Approval from the local Ethics Committee and written informed 
consents were obtained from all study subjects prior to enrolment. The parameters examined 
included body mass index (BMI), smoking habits, presence of LUTS (prostatism), PSA levels, 
and Gleason scores (GS) of RP specimens.

Patients were divided into two groups according to BMI: BMI > 26 kg/m2 and BMI < 
26 kg/m2. Patients were also divided into subgroups based on GS (GS ≤ 6 and GS ≥ 7), PSA 
levels (PSA ≤ 10 ng/mL and PSA ≥ 10 ng/mL), the presence or absence of biochemical (PSA) 
recurrences, as well as T stages (T ≤ 2 and T > 2). PSA levels were measured using the Human 
PSA ELISA kit (RayBio®, USA). Blood samples obtained from patients and controls were 
stored at 4°C in EDTA tubes for genetic examination.

Genetic examination

Genotyping for the eNOS-G894T polymorphism

In total, 5 mL blood from each patient was taken for genetic analysis. DNA extraction 
was performed via a commercial kit (QIAamp DNA mini kit; Qiagen, Hilden, Germany). 
For the detection of G894T polymorphisms on the eNOS gene, a part of the eNOS gene 
containing exon 7 was amplified using polymerase chain reaction (PCR) with the following 
flanking intronic primers: sense 5'-CATGAGGCTCAGCCCCAGAAC-3' and antisense 
5'-AGTCAATCCCTTTGGTGCTCAC-3'. This was followed by MboI restriction endonuclease 
digestion for 16 h at 37°C, after which electrophoresis was carried out on a 3% agarose gel. 
DNA fragments were visualized under UV light following ethidium bromide staining. The 
presence of G894T polymorphism will result in the cleavage of the 206-bp PCR product into 
two fragments (119 and 87 bp).

Genotyping for CAT-262C→T polymorphism

Genotyping for the CAT-262C→T polymorphism was performed as previously described, 
with modifications (Forsberg et al., 2001). The associated region on the CAT gene promoter 
site was amplified with the following primers: 5'-TAAGAGCTGAGAAAGCATAGCT-3' 
(sense) and 5'-AGAGCCTCGCCCCGCCGGACCG-3' (antisense). The cycling protocol was 
as follows: 94°C for 30 s, 68°C for 45 s, 72°C for 1 min, -0.5°C/cycle, 19 times; 94°C for 30 
s, 58°C for 45 s, 72°C for 1 min, 25 times. In addition, 15 mL of the mixture was incubated 
with five units of the enzyme in the presence of potassium acetate, Tris-acetate, magnesium 
acetate, and dithiothreitol buffer. The fragments were stained with ethidium bromide, and 
were electrophoresed on a 2% agarose gel.
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Genotyping for MPO G-463T polymorphism

In total, 5 mL blood from each patient was collected into EDTA-containing tubes for genetic 
analysis. DNA extraction was performed via a commercial kit (QIAamp DNA mini kit; Qiagen). 
For the detection of G-463T polymorphisms on the MPO gene, a portion of the MPO promoter 
was PCR amplified with the following primers: 5'-CGGTATAGGCACACAATGGTGAG-3' 
(sense) and 5'-GCAATGGTAAAGCGATTCTTC-3' (antisense). AciI restriction endonuclease 
digestion was carried out for 16 h at 37°C, and the products were run on a 3% agarose gel. 
Ethidium bromide-stained DNA fragments were examined under UV light.

The 350-bp PCR product was cleaved into three fragments (169, 120, and 61 bp) in 
samples with the G-463T polymorphism.

Statistical analyses

Statistical analysis was performed using available licensed commercial statistics 
program. Visual and analytical methods were used (Kolmogorov-Smirnov test) to determine 
whether the variables followed normal distributions. Descriptive analyses were presented 
using the mean and the standard deviation for normally distributed variables. Non-normally 
distributed variables were described using the median and the interquartile range (IQR). The 
Pearson χ2 test, the Fisher exact test, the Student t-test, and the Mann-Whitney U-test were 
used to analyze the data, as appropriate. Comparisons between groups were also performed 
using the odds ratio with a 95% confidence interval (CI), where P < 0.05 was considered to be 
statistically significant.

RESULTS

In total, 193 patients were included in the study. The patients were classified into 
three groups: 78 patients diagnosed with PCa, 40 patients diagnosed with BPH, and 75 control 
patients. There was no significant difference in age among the three groups (control: 63.1 ± 
7.8 years; BPH: 64.6 ± 8 years; PCa: 64.9 ± 6.7 years; P = 0.354 and 0.126 for BPH and PCa, 
respectively, as compared to the controls). In total, 65.4% of the PCa group and 55% of the 
BPH group were smokers, whereas 60% of the control group were smokers. No significant 
differences were detected in the smoking habits between the three groups (P = 0.491 and 
0.605 for BPH and PCa, respectively, as compared to the controls). The demographic data 
of the patients are presented in Table 1. We found that the BMI was >26 kg/m2 in 70.5% of 
the PCa group, 75% of the BPH group, and 58.7% of the control group, and there was no 
significant difference between the control group and the PCa and BPH groups (P = 0.125, 
0.082, respectively).

In addition, there was no significant difference between the BPH group [0.30 (IQR = 
0.15)] and the control group [0.34 (IQR = 0.2)] with respect to median free/total PSA levels 
(P = 0.055). However, the median F/T PSA ratio of the PCa group [0.14 (IQR = 0.07)] was 
significantly lower than that of the control group [0.34 (IQR = 0.2)] (P = 0.001).

Homozygosity of the CAT-262T gene was found in 35.4% of PCa patients, which was 
4.02-fold higher than the controls (P = 0.006). No significant difference was observed between 
the BPH (23.8%) and control (12%) groups (P = 0.282).

There was no statistically significant difference between the three groups in the 
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homozygosity and heterozygosity of eNOS G894T and MPO G-463T genes. The detailed 
genotypes of patients from each group are listed in Table 2. Lastly, there was no association 
between the genetic polymorphisms and the GS and grades (Table 3).

Table 1. Demographic data of all study groups.

 Control (N = 75) BPH (N = 40) PCa (N = 78) 
Age [years (means)] 53.20 (SD = 14.7) 66.7 (SD = 9.3) 64.9 (SD = 6.7) 
f/t range (median) 0.34 (IQR = 0.2) 0.30 (IQR = 0.15) 0.14 (IQR = 0.07) 
eNOS    
Normal 47 (62.7%) 20 (50.0%) 46 (59.0%) 
Heterozygote 23 (30.7%) 17 (42.5%) 23 (29.5%) 
Homozygote 5 (6.7%) 3 (7.5%) 9 (11.5%) 
Catalase    
Normal 44 (58.7%) 16 (40.0%) 31 (39.7%) 
Heterozygote 25 (33.3%) 19 (47.5%) 30 (38.5%) 
Homozygote 6 (8.0%) 5 (12.5%) 17 (21.8%) 
MPO    
Normal 36 (48%) 19 (47.5%) 48 (61.5%) 
Heterozygote 40 (40.0%) 17 (42.5%) 24 (30.8%) 
Homozygote 9 (12.0%) 4 (10.0%) 6 (7.7%) 
Smoking    
Yes 45 (60.0%) 22 (55.0%) 51 (65.4%) 
No 30 (40.0%) 18 (45.0%) 27 (34.6%) 
BMI    
≤26 31 (41.3%) 10 (25.0%) 23 (29.5%) 
>26 44 (58.7%) 30 (75.0%) 55 (70.5%) 

 

DISCUSSION

PCa is the most common cancer in European males and the second most common 
cancer in males worldwide (Heidenreich et al., 2014; Plata Bello and Concepcion Masip, 
2014). There has been a steady increase in its incidence over the last two decades, which may 
be due to the progressively aging population as well as strict screening programs. 

*Using Fisher exact test. CI = confidence interval.

Table 2. eNOS, CAT and MPO gene polymorphisms in all subject groups.

Polymorphism Heterozygote Homozygote 

N (%) Odds ratio 95%CI P value N (%) Odds ratio 95%CI P value 

eNOS         

PCa 23/69 (33.3) 1.02 0.50-2.07 0.952 9/55 (16.4) 1.84 0.57-5.90 0.301* 

BPH 17/37 (45.9) 1.74 0.77-3.93 0.183 3/23 (13.0) 1.41 0.31-6.47 0.695* 

Control 23/70 (32.9) 1   5/52 (9.6) 1   

CAT         

PCa 30/61 (49.2) 1.70 0.84-3.44 0.136 17/48 (35.4) 4.02 1.42-11.36 0.006 

BPH 19/35 (54.3) 2.10 0.91-4.78 0.078 5/21 (23.8) 2.29 0.61-8.56 0.282* 

Control 25/69 (36.2) 1   6/50 (12.0) 1   

MPO         

PCa 24/72 (33.3) 0.60 0.30-1.20 0.145 6/54 (11.1) 0.50 0.16-1.53 0.219 

BPH 17/36 (47.2) 1.07 0.48-2.42 0.864 4/23 (17.4) 0.84 0.23-3.10 1.000* 

Control 30/66 (45.5) 1   9/45 (20.0) 1   
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Table 3. Distribution of gene polymorphisms according to Gleason score and T stages in the patient group.

 Gleason score T stages 

≤6 ˃6 T ≤ 2 T ˃ 2 

eNOS G894T     

Normal 60.9% (28) 39.1% (18) 58.7% (27) 41.3% (19) 

Heterozygote 69.6% (16) 30.4% (7) 78.3% (18) 21.7% (5) 

Homozygote 66.7% (6) 33.3% (3) 100% (9) 0 

CAT C262T     

Normal 64.5% (20) 35.5% (11) 71% (22) 29% (9) 

Heterozygote 66.7% (20) 33.3% (10) 66.7% (20) 33.3% (10) 

Homozygote 58.8% (10) 41.2% (7) 70.6% (12) 29.4% (5) 

MPO G-463T     

Normal 68.8% (33) 31.3% (15) 66.7% (32) 33.3% (16) 

Heterozygote 50% (12) 50% (12) 70.8% (17) 29.2% (7) 

Homozygote 83.3% (5) 16.7% (1) 83.3% (5) 16.7% (1) 

 

The incidence and mortality of PCa vary geographically; genetic and environmental 
factors may explain these differences (Plata Bello and Concepcion Masip, 2014).

Obesity was found to be associated with increased risk of advanced PCa and higher 
PCa-specific mortality (Vidal et al., 2014). However, a study by Møller et al. (2015) showed 
that the incidence of PCa was found to be similar or even slightly lower in obese men as 
compared to non-obese males. Smoking was proposed to be another risk factor for PCa. 
However, its exact role in PCa pathogenesis remains unclear (Shahabi et al., 2014). It was 
suggested that smoking may contribute to PCa development and progression by causing 
oxidative stress (Cheng et al., 2011; Rohrmann et al., 2013). On the other hand, some studies 
also suggested that smoking reduces the risk of localized and low-grade PCa (Rohrmann et al., 
2013). In our study, we found no statistically significant differences between the PCa, BPH, 
and control groups in terms of BMI and smoking.

Nitric oxide synthase (NOS) gene polymorphisms have been shown to be associated 
with PCa, particularly with aggressive types of cancer (stages III-IV or GS ≥7) (Lee et al., 
2009a). The MPO G-463A gene polymorphism was found to be associated with increased 
risk of aggressive PCa among smokers with low α-tocopherol levels (Cheng et al., 2011). 
In addition, Geybels et al. (2015) observed an association between CAT rs1001179 gene 
polymorphism and aggressive PCa (both stages III and IV).

Oxidative stress is a consequence of aerobic mechanisms in human, and it is known 
to be associated with aging and age-related diseases, such as PCa. A kinetic equilibrium exists 
between ROS and the antioxidant machinery in the cell under normal circumstances. When 
ROS levels exceed the antioxidant capacity of the cell, oxidative stress occurs, which may lead 
to ROS (i.e., superoxide radicals, hydrogen peroxide, and hydroxyl radicals)-induced DNA 
damage (Battisti et al., 2011).

Nitric oxide is a free radical synthesized from L-arginine by NOS. NOS has numerous 
physiological and pathological functions in the cardiovascular system, the nervous system, the 
immune system, and during carcinogenesis (Safarinejad et al., 2013; Haque et al., 2015). The 
NOS family includes three isoenzymes: eNOS, inducible NOS (iNOS), and neuronal NOS 
(nNOS). eNOS is expressed in endothelial cells, and genetic polymorphisms of eNOS have 
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been extensively studied in erectile dysfunctions (Lee et al., 2009b) and cancers, such as PCa 
and bladder cancer (Wartenberg et al., 2003; Tong and Li, 2004; Zhang et al., 2014; Polat et 
al., 2015). Deregulated eNOS was found to be associated with aging and several cancers, such 
as pancreatic cancer and PCa (Nanni et al., 2013).

In our study, we found that eNOS-G894T homozygosity was higher in the PCa group 
as compared with the BPH and control groups, at 16.4 vs 13 and 9.6%, respectively. However, 
these differences were not statistically significant. Furthermore, no significant difference was 
detected between either of the experimental groups and the control group in eNOS-G894T 
homozygosity and heterozygosity.

In addition to aging, life-long exposure to ROS can also contribute to PCa. ROS 
facilitates mitochondrial permeability via glutathione and many pro-oxidant and antioxidant 
enzymes, such as CAT, MPO, and superoxide dismutase (SOD2) (Ding et al., 2012). It has been 
shown that patients with PCa and prostatic intraepithelial neoplasia have reduced expressions 
of SOD1, SOD2, and CAT as compared with healthy subjects (Bostwick et al., 2000).

MPO is an oxidative lysosomal enzyme present in neutrophils and monocytes, and it 
can bio-activate various specific pro-carcinogens, such as polycyclic aromatic hydrocarbons 
and aromatic amines (Arslan et al., 2011).

Genetic polymorphisms have been thought to contribute to the etiopathogenesis in 
various cancers. The MPO G-463A polymorphism was shown to be associated with various 
cancer types, including lung cancer (Dally et al., 2002; Kiyohara et al., 2005). However, few 
have studied the relationship between MPO G-463A polymorphism and PCa (Choi et al., 2008; 
Arslan et al., 2011). Choi et al. (2008) observed a reduced risk of aggressive PCa in individuals 
with the MPO AA genotype as compared to individuals with the MPO GG genotype. Similarly, 
Cheng et al. (2011) also reported an association between MPO gene polymorphism and PCa 
aggressiveness in smokers. On the other hand, in a Turkish population-based study, no statistically 
significant relationship was found between MPO G-463 polymorphism and PCa (Arslan et al., 
2011). In our study, we did not find any statistically significant difference between either the PCa 
or the BPH groups and the controls in MPO G-463 homozygosity and heterozygosity.

CAT serves as an endogenous antioxidant enzyme by converting hydrogen peroxide 
to oxygen and water. The T allele of the CAT (C-262T) gene has been shown to be associated 
with reduced enzyme production as compared with the C allele. The activity of CAT, 
which is an essential antioxidant, was found to be significantly diminished in PCa patients. 
There are conflicting results in the literature regarding the role of the CAT (C-262T) gene 
polymorphism in PCa (Choi et al., 2007; Battisti et al., 2011; Karunasinghe et al., 2012; 
Tefik et al., 2013; Geybels et al., 2015; Hu et al., 2015). Geybels et al. (2015) suggested 
that CAT gene polymorphism is associated with stage III/IV prostate cancers. In addition, 
Karunasinghe et al. (2012) found a significant association between the C-262T allele and 
increased risk to PCa. In accordance with these results, Tefik et al. (2013) found that CAT 
C-262T polymorphism is associated with increased risk to PCa. Interestingly, some studies 
have reported no association between CAT polymorphism and PCa (Choi et al., 2007; Ding 
et al., 2012). In our study, CAT-262T homozygosity was found to be significantly higher in 
the PCa group as compared with the controls, at 35.4 and 12%, respectively (P = 0.006). In 
addition, there was also a slight difference between the BPH group and controls in CAT-
262T homozygosity, at 23.8 and 12%, respectively (P = 0.282). No statistically significant 
difference was observed between both the PCa and BPH groups and the control group for 
CAT-262 heterozygosity (49.2, 54.3, and 36.2%, respectively).
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PCa is the most common type of cancer among males, and several attempts have been 
made to determine the predictive value of biochemical markers in its diagnosis. In addition, 
developments in the field of cancer genetics have improved our knowledge of many cancers, 
including PCa. This study examined polymorphisms in three enzyme genes (eNOS G894T, 
CAT 262T, and MPO G-463), which may induce or suppress PCa in patients diagnosed with 
PCa and who had undergone radical prostatectomy, as well as in healthy controls and patients 
who were diagnosed with BPH. Among these markers, CAT was found to be associated with 
PCa diagnosis and PSA values. We did not detect any significant difference among the three 
groups for the other gene polymorphisms. However, more studies with larger sample sizes are 
required to confirm these results.
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