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Abstract

Aim: In this case-control study, we examined the association between two types of eNOS gene polymorphisms (intron 4 a/b and
Glu298Asp) and transitional cell carcinoma (TCC) of the bladder.

Nitric Oxide (NO) is a free radical that plays a key role in various physiological and pathophysiological processes, particularly in
the circulatory system. Endothelial Nitric Oxide Synthase (eNOS), as a member of NOS family, is the enzyme, responsible for the
physiological production of nitric oxide in the endothelium. Polymorphisms of eNOS have been related to increased risk for different
types of cancers.

Material and Methods: A total of 64 patients with bladder TCC and 80 controls with similar epidemiological characteristics of patients
group were evaluated and compared in terms of eNOS gene polymorphisms of two different types ((intron 4 a/b and Glu298Asp).
Following DNA isolation from the blood samples, eNOS gene was replicated via PCR. The genomic distribution of two types of eNOS
polymorphism was determined by gel electrophoresis following the process of restriction, for both groups.

Results: The alleles most commonly observed in patient group were “ab" for intron 4 (OR= 1.80, 95% CI: 0.71-4.64; P=0.20) and “GT"
for Glu298Asp polymorphisms (OR= 1.65, 95% Cl: 0.85-3.22; P=0.14). Neither bladder cancer risk nor disease grade was associated
with these polymorphisms.

Conclusions: This study suggests that the intron 4 a/b and Glu298Asp eNOS gene polymorphisms are not associated with bladder
cancer susceptibility. However, it is mandatory to conduct further trials with more patients to confirm these findings and to evaluate
the association between bladder cancer and eNOS gene polymorphisms.
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INTRODUCTION

Transitional cell carcinoma (TCC) of the bladder is one of
the most common types of urinary tract malignancies, and
is the seventh most common type of cancerin men, with an
annual incidence of 5.3 of 100.000 in the world population
with the highest occurrence rate in industrialized and

Nitric oxide synthase (NOS) enzyme family consists
of neuronal nitric oxide synthase (nNOS), inducible
nitric oxide synthase (iNOS) and endothelial nitric oxide
synthase (eNOS) enzymes. These isoenzymes are
similar in terms of amino acid sequence and biochemical
properties, however, they are encoded with different
genes on different chromosomes and are distinguished

western countries. Although bladder cancer is observed
at all ages, its incidence is elevated with aging and is the
second most common urologic malignancy following
prostate carcinoma in middle and advanced aged males

().

Nitric oxide (NO) is a small, reactive free radical molecule,
which has both intracellular and extracellular regulatory
effects. Various cellular processes are regulated by NO,
secreted from endothelium, platelets, vascular smooth
muscle cells, neurons and other NO-producing cells (2).

from their locations and activators (3). The role of NO in
the cancer pathogenesis is controversial. Experimental
studies have shown both inhibitory and activatory
effects of NO in tumor development (4,5). However, the
evidence demonstrated indirect effects of eNOS enzyme
on tumor cell proliferation, apoptosis, and angiogenesis.
Nevertheless, the most emphasized property of eNOS is
its function on tumor angiogenesis (6).

Previous studies have reported the involvement of eNOS
in the pathogenesis of colorectal, breast, central nervous
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system and pancreatic cancers (7-10). The gene encoding
eNOS is located on the long arm of the chromosome 7 and
contains 26 exons. Research to date reported assorted
single nucleotide polymorphisms (SNPs) resulting from
the substitution of an individual base and variable number
tandem repeats (VNTR). There are 3711 polymorphisms
described in the eNOS gene to date (available at the URL:
http://www.ncbi.nIm.nih.gov/snp [as of March 2019]).

Altered distributions of eNOS gene polymorphisms on
patient groups of lung, prostate, and breast cancer have
been shown previously. The most common investigated
variants of eNOS polymorphisms on cancer subjects are
27 base pair (bp) VNTR in intron 4 and G to T transversion
leading to the GIu298Asp in exon 7 (11-13).

It has been shown that, circulating NO concentrations
are determined by the different types of eNOS gene
polymorphisms. Forinstance, intron 4 VNTR polymorphism
is responsible for the production of more than 25% of total
NO in plasm, showing the genotype may be facilitating the
role of NO in the pathogenesis of tumor development (14).

The 27-bp polymorphism in the intron 4 has two allele
isoforms; 4 repeats are termed for "a" genotype and, 5
repeats are the "b" genotype (15). The highest activity
of the compound is seen in the individuals with "bb"
genotype of intron 4 VNTR(a/b) polymorphism, whereas
the “aa" genotype is related with the lowest activity (16).

Thus, the aim of our study is to determine the allelic
frequencies of two eNOS polymorphisms (Glu298Asp;
intron 4 VNTR) in Turkish bladder TCC patients. Since
eNOS polymorphisms are shown in a wide range of tumor
types, we attempted to evaluate the incidence of these
alleles in histopathologically confirmed TCC cases.

MATERIAL and METHODS

Subjects

The study group consisted of 64 patients (54 male, 10
female) with histopathologically confirmed bladder TCC
with an age on 64.48+ 11.52 years, and 80 cystoscopically
proven cancer-free control subjects (69 male, 11 female;
age 63.6 £ 10.63 years).

None of the patients initiated chemotherapy or
radiotherapy before the study.The control group includes
patients who had admitted to our clinic due to different
causes and undergone cystoscopy. Following the
cystoscopy procedure, the subjects without a finding of
TCC of the bladder and who had equivalent population
distribution in terms of smoking, geographical origin and
gender were included. The patients and control subjects
with a family history of any kind of cancer were excluded.
Also, control subjects with a former or new diagnosis of
cancer were not included.

The study protocol was approved by the Medical Ethics
Committee of the Istanbul Education and Research
Hospital (2011/0068). All study participants provided
informed consent before the study, according to Helsinki
declaration.

Evaluation

A detailed individual and family history of the participants
were taken following the physical examination. The study
and control subjects were questioned for height, weight,
smoking status, drug use and accompanying health
issues.

The information about tumor stage and grade, and
chemotherapy and/or radiotherapy history were obtained
from medical records. According to the 2010 TNM staging
system of the American Joint Committee on Cancer, all the
patients with TCC of the bladder had superficial tumors
(pTa-pT1). The patients were subdivided into the low-
grade and high-grade groups according to the grading
systems of the 2004 World Health Organization (WHO)/
International Society of Urologic Pathologists (ISUP):
Classification of Nonmuscle Invasive Urothelial Neoplasia.

Genotype determination

Blood samples were collected from all participants and
genomic DNA was extracted from the peripheral blood
leukocytes using the High Pure PCR Template Preparation
Kit (Roche Diagnostics, Germany). The extracted DNA was
stored at - 20°C until analysis.

Intron 4 VNTR 4a/b polymorphism

DNA samples were amplified using the primers: 5'- AGG
CCC TAT GGT AGT GCC TTT-3' (sense) and 5'- TCT CTT
AGT GCT GTG GTC AC-3' (antisense). PCR was performed
in a final volume of 25 uL containing DNA (1 uL) and PCR
mix consisting of dNTP (0.2 mM each), primer pair (10
pmol of each), 5U of DNA Taq polymerase, and 2.5 mL of
10X PCR buffer including 20 mM MgCI2. Following the
initial denaturation at 95°C for 5 minutes, the reaction was
resumed 38 cycles at 95°C for 1 minute for denaturation,
60°C for 1,5 minutes for annealing and 72°C for 2 minutes
for extension. A final extension phase was performed for
5 minutes at 72°C.

420 bp amplified PCR products were then subjected to
electrophoresis on 3% agarose gel at 80V for 80 minutes.
Two allele isoforms were determined on the intron 4 of
eNOS gene. 420 bp band corresponding to the “b" allele is
consisted of 5 copies of the 27 bp repeat, whereas 393 bp
“a" allele spans for 4 copies (Figure 1A).

Thus, when electrophoresed with 100 bp DNA ladder,
420 bp band corresponds "bb" homozygous for intron 4
VNTR (4a/b) polymorphism, while the togetherness of
both the 420 bp and 393 bp bands was evaluated as “ab"
heterozygous. Only 393bp band on alane was homozygous
“aa" for the intron 4 VNTR (4a/b) polymorphism.

Glu298Asp polymorphism

The eNOS Exon7 Glu298Asp polymorphism was detected
by PCR using the primer pair: 5'-CAT GAG GCT CAG CCC
CAG AAC-3' (sense) and 5'-AGT CAA TCC CTT TGG TGC
TCA-3' (antisense). The reaction mixture (a total volume
of 25 uL) containing DNA (1 uL) and PCR mix consisting
of dNTP (0.2 mM each), primer pair (10 pmol of each), 5U
of DNA Taqg polymerase, and 2.5 mL of 10X PCR buffer
including 20 mM MgCI2. Reaction mixtures were heated at
95°C for 5 minutes for initial denaturation followed by 38
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cycles of amplification including the phases, denaturation
at 95°C for 1 minute, annealing at 62°C for 1,5 minutes and
extension at 72°C for 2 minutes. A final extension phase
was performed for 5 minutes at 72°C at the end of 38
cycles.

The PCR products were then digested with Mbol at 37°C
for 2 hours. The resulting 206 bp amplification product
was cleaved into 2 smaller fragments of 119 and 87 bp
in the presence of a T nucleotide (corresponding to Asp
298) but not in its absence (Figure 1B). Digested DNA
fragments were separated by electrophoresis on 3%
agarose gel stained with ethidium bromide.

Statistical analysis

Chi-square tests were used for the comparison of the
distribution of demographic variables. The genotype
frequencies among the patients and control subjects
were calculated. Differences in genotype distribution
were examined using the chi-square test. Odds ratio
was calculated using a two-by-two contingency within
the 95% CI. Results are expressed as means * SD for the
continuous variables, and number and percentage for the
categorical variables. Results with p-values less than 0.05
were considered statistically significant.

RESULTS

Study population characteristics

Sixty-four bladder cancer patients (54 male, 10 female) and
80 healthy controls (69 male, 11 female) were investigated
in the context of the study. The clinical and demographic

Table 1. Demographic characteristics of the study group and control
subjects

Cancer patients Controls

Characteristics (n=64) (n=80) p value
Age (year) 64.48 +11.52  63.60+ 10.63 0.63
BMI (kg/m?) 27.442.4 26.843.2 0.215
Female 10 (15.6%) 11 (13.8%) 0.75
Male 54 (84.4%) 69 (86.2%) 0.75
Smoking status

Yes 50 (78.1%) 53 (66.3%) 0.11

No 14 (21.9%) 27 (33.8%)

Tumor grade
Low grade 39 (61%) - NA
High grade 25 (39%) - NA

The histologic grades were classified as high grade and
low grade using the grading system of the WHO and ISUP.
Twenty-five patients with stage T1 and over and with the
high-grade tumor in the pathological examination were
categorized as "high grade", whereas 39 patients with
stage Ta and lower were categorized as "low grade" group.
Regarding the association between the tumor grade and
gender, no statistically significant difference was found.

characteristics of the study population are presented in
Table 1.The differences in age, BMI, gender, and smoking
status were not statistically significant (p=0.63, 0.21,0.75
and 0.11, respectively).

The genotype distributions of the studied eNOS
polymorphisms for bladder cancer cases and healthy
controls are demonstrated in Table 2.

Table 2. Distribution of Glu298Asp and intron 4 VNTR (a/b) genotypes in the study group and healthy control subjects
Controls (n=80)

Cases (n=64)

Variables OR (95% ClI)
Number Frequency Number Frequency
Glu298Asp polymorphism
Genotype
GG 30 0.469 46 0.575 Referent
GT 31 0.484 29 0.363 1.65 (0.85- 3.22)
1T 3 0.047 5 0.063 0.73 (0.17- 3.21)
Alleles
G 91 0.710 121 0.756 Referent
T 37 0.290 39 0.244 1.26 (0.75-2.13)
Intron 4 VNTR (a/b) polymorphism
Genotype
aa 0 0 0.038 NA
ab 12 0.188 0.113 1.80 (0.71-4.64)
bb 52 0.812 68 0.850 Referent
Alleles
a 12 0.094 15 0.094 1.0 (0.45-2.22)
b 116 0.906 145 0.906 Referent
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Table 3. Combined genotype distribution for eNOS Glu298Asp and intron 4 VNTR (a/b) polymorphisms in the study population and healthy

controls

. Cases (n=64) Controls (n=80) Crude OR
Variables
Number Frequency Number Frequency (95% CI)
Glu298Asp / Intron 4 VNTR (a/b) polymorphism
Genotype
GG+aa 0 0 8 0.038 NA
GG+ab 4 0.063 5 0.063 1.0 (0.26-3.89)
GG+bb 26 0.406 38 0.475 Referent
GT+aa 0 0 0 0 NA
GT+ab 8 0.125 4 0.05 2.70(0.78-9.46)
GT+bb 23 0.313 25 0.359 1.23(0.62-2.48)
TT+aa 0 0 0 0 NA
TT+ab 0 0 0 0 NA
TT+bb 3 0.047 5 0.063 0.73(0.17- 3.21)

Table 4. Distribution of Glu298Asp and intron 4 VNTR (a/b) genotypes and combined eNOS haplotypes in the study group with different

pathological grades

. High grade (n=25) Low grade (n=39) Crude OR
Variables o
Number Frequency Number Frequency (95% ClI)
Glu298Asp polymorphism
Genotype
GG 12 0.480 18 0.460 Referent
GT 12 0.480 19 0.490 0.97 (0.36-2.65)
1T 1 0.040 2 0.050 0.77 (0.06-8.98)
Alleles
G 36 0.720 55 0.705 Referent
T 14 0.280 23 0.295 0.93 (0.42-2.04)
Intron 4 VNTR (a/b) polymorphism
Genotype
aa 0 0 0 0 NA
ab 4 0.160 8 0.210 0.74 (0.19-2.77)
bb 21 0.840 31 0.790 Referent
Alleles
a 4 0.080 8 0.103 0.76 (0.21-2.67)
b 46 0.920 70 0.897 Referent
Glu298Asp / Intron 4 VNTR (a/b) polymorphism
Genotype
GG+aa 0 0 0 0 NA
GG+ab 0 0 4 0.100 NA
GG+bb 12 0.480 14 0.370 Referent
GT+aa 0 0 0 0 NA
GT+ab 4 0.160 4 0.100 1.66 (0.38-7.38)
GT+bb 8 0.320 15 0.380 0.75(0.26-2.17)
TT+aa 0 0 0 0 NA
TT+ab 0 0 0 0 NA
TT+bb 1 0.040 2 0.050 0.77 (0.07-8.97)
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While Glu298Asp genotypes and allele frequencies were
evaluated, the patients (X2=2.04, p= 0.15) and the controls
(X2=0.02, p= 0.88) were in Hardy-Weinberg equilibrium.
The number of GG and TT homozygous alleles were higher
in the control group when compared to the patients,
however there was not a statistically significant difference.
The heterozygous GT alleles were relatively higher in the
patient group (p=0.14). Regarding allele frequencies, we
also did not find a statistically significant relationship
between controls and the cancer patients.

Intron 4 genotypes were in Hardy-Weinberg equilibrium
for the patients (X2=0.68, p= 0.41), whereas there is a
deviation for the control subjects (X2=9.14, p= 0.002).
Intron 4 ab allele was in higher rate in the tumor group
when compared to the control group, however, this rate
was not in statistically significant level (p=0.2). Analyzing
two different homozygous alleles of Intron 4 VNTR(a/b),
there was not a statistically significant difference between
the patients and the controls.

A

EGGECCTATCETAGIGEOIIGGCTGGAGGAGGGGAAAGAAGTCTAGACCTGCT

GCAGGGGTGAGGAAGTCTAGACCTGCTGCAGGGGTGAGGAAGTCTAGACCTGC
TGCAGGGGTGAGGAAGTCTAGACCTGCTGCGGGGGTGAGGAAGTCTAGACCTG
CTGCGGGGGTGAGGACAGCTGAGCGGAGCTTCCCTGGGCGGTGCTGTCAGTAG
CAGGAGCAGCCTCCTGGAAAAGCCCTGGCTGCTGCTTCTCCCCCAAGAGAGAA
GGCTTCTCCCGCCAGGCCAGTCCAGTGCAGCCCCTCACCCACACCCACTGCTAC
CCCAGTTCCCCTGCTTCGGCCCGCACCCTCCCTCACACCCCAGCCCACAGACTC

GGGGCTGGCCTTAGTTACTGGAACGCCTEIGACCACAGCACTARGAGH

B

AT GAGGETORGEO0OAGARE CCCCTCTGGCCCACTCCCCACAGETCTGCATTCA
GCACGGCTGGACCCCAGGAAACGGTCGCTTCGACGTGCTGCCCCTGCTGCTGCAG
GCCCCAGATGATCCCCCAGAACTCTTCCTTCTGCCCCCCGAGCTGGTCCTTGAGGT

GCCCCTGGAGCACCCCACGTGAGCACCARAGGGATTGACT

Figure 1. eNOS gene intron 4 and Exon 7 nucleotide sequence.
(A) Tandem repeats on the intron 4 of the eNOS gene.
Oligonucleotide sequence depicted with darkest highlight shows
the primer sequence. 27 bp repeats are the underlined nucleotide
sequences . (B) Nucleotide sequence of Exon 7 of eNOS gene.
Darkest highlighting shows the primer sequence, whereas the
grey highligted portion stands for the nucleotide sequence of
the Exon 7. The single bold and underlined nucleotide (T) is the
location of the transversion

Six of nine possible genotypic combinations were present
in our study samples. The odds ratios and p-values of the
combined genotype combinations were described in Table
3. Of the four statistically analyzable types, the genotype
combination GT+ab was seemed to be associated with
the tendency to bladder cancer, however the comparison
lack the statistical significance (OR= 2.70, 95% Cl=:0.78-
9.46; p=0.11).

Both of the two eNOS genotypes were not associated
with tumor grade. While two different alleles for each
polymorphism were investigated, the allele frequencies
were not statistically different between low grade and
high-grade patients. A statistical evaluation could be
possible on only three of the genotype combinations
(for detailed information see Table 4) (Figure 1).

DISCUSSION

In this study, we attempted to determine the association
between two eNOS gene polymorphisms and TCC of the
bladder in a Caucasian population. Various case-control
studies evaluated eNOS polymorphisms in different types
of cancer. Genetic polymorphisms of NOS enzyme family
genes and the involvement of functional differences in
neoplastic processes have been a popular area of research
with recent simultaneous evidence on NO biochemistry
and genetics. We did not detect an association between
the two polymorphisms mentioned and bladder TCC. In
the context of the study, analyzing the patient and the
control groups for eNOS intron 4 polymorphism, “bb"
genotype was dominant within both groups as 81.2%, and
85%, respectively.

The ratio of "ab" genotype was higher in the patient group
with an OR of 1.80. However, a statistically significant
relationship was not detected between the groups in
terms of intron 4 polymorphism. The polymorphism
genotype ratios were similar with the rates of the previous
report from Turkey for eNOS intron 4 polymorphism
[17]. When the study group and the patient group were
compared for the Glu298Asp polymorphism, “GG" and
“TT" homozygous alleles were higher in the control group
with the percentage of 57.5% vs 46.9% and 6.3% vs 4.7%,
respectively. The ratio of "GT" heterozygous allele was
higher in the patient group with a percentage of 48.4%
vs 36.3% and an OR of 1.65; nonetheless, a statistically
significant increase for the bladder cancer risk could not
be reported. This finding is compatible with the previous
study in the Turkish population which reported a 1.7-fold
increase in bladder cancer patients carrying heterozygous
GT allele [18]. Although there are similarities between
two studies in terms of sample size, sample distribution
and ethnical origin, the lack of statistical significance
in our study might be due to the randomization of the
study group in both studies. Similarly, Ryk et al. studied
eNOS Glu298Asp polymorphism in a larger population of
Caucasians and found no significant relationship between
any of the alleles and the disease [19]. While genotypes
are combined, we found a non-significant, 2.7-fold, risk
for the GT+ab heterozygous allele combination.

With the sub-categorization of the patients as high grade
and low grade, we were not able to detect statistical
significance between these sub-groups despite the OR
of 1.66 for the combined GT+ab allele in the high-grade
group. Although this study comprises these two eNOS
polymorphisms, more data from different reports of larger
cohorts including different ethnical groups are required
for a more precise conclusion.

These polymorphisms are the most commonly studied
polymorphisms in different cancer types, causing several
variations on the gene, thus leading to conformational
changes of NOS protein and enzyme activity. It has been
demonstrated that presence of TT homozygous allele
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at for the Glu298Asp polymorphism may result in a
decrease in eNOS activity [20]. As there are three different
genes encoding NO synthases of various functions
conserved in the human genome and NO is one of the
most reactant transmitter substance on vessels, its effect
on carcinogenesis may be a result of its involvement in
the tumors' angiogenic and thus metastatic processes.
Different NOSs might be functioning in the pathogenesis of
distinct types of cancer. Supporting this theory, in a study,
recruited 159 bladder cancer cases and 150 controls,
iNOS (CCTTT)n pentanucleotide repeat polymorphism
was shown to be related with bladder cancer in a differing
manner according to the number of tandem repeats [21].

Additionally, in a study by Ryk et al., 359 bladder cancer
patients from a population-based cohort and 164
population controls were genotyped and TT homozygotes
for the iINOS Ser608Leu polymorphism were found to be
related with three-fold higher odds for bladder cancer.
However, the risk of developing muscle-invasive disease
was lower in the patients with the indicated polymorphism
[22]. These findings support the hypothesis that NO
effects on tumor cells on both cytotoxic and angiogenetic
way depending on its concentration [23].

Consequently, taken together, previous studies and our
report suggest a role for polymorphisms of NOSases in the
pathogenesis of urinary bladder tumors and other types of
cancers. Since, examinations of sole polymorphisms may
exhibit a small view in understanding the pathogenesis and
prognosis of the disease, better understanding of these
topics would be available with mass genotype scanning of
1430 known polymorphisms of eNOS known thus far and
other polymorphisms of different NOS types supported
with microarray expression pattern determinations in
larger patient and control groups.

CONCLUSION

It has been suggested that different eNOS polymorphisms
yield different enzyme physiological activities [3]. In the
present study, two frequent polymorphisms of eNOS were
evaluated in patients with bladder TCC and a statistically
significant relationship was not detected. In order to gain
an insight into a full understanding of the relationship
between nitric oxide and NOS genes, simultaneous
measurement of NO and NOS synthesis in molecular
level with these polymorphisms will possibly reveal the
physiology of these molecules and give more substantial
and practical information. Additionally, studies involving
control subjects with similar risk factors can provide more
satisfactory results for objective-oriented determination
of isolated genetic factors.
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