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Abstract

Several variants within gene-encoding endothelial isoform of nitric oxide synthase have been reported to confer prostate cancer (PCa)
susceptibility and/or progression. Nevertheless, studies referring to this issue have yielded inconsistent results. In order to elucidate
the involvement of these variants in prostate carcinogenesis, we have conducted a meta-analysis of previously published case-control
and relevant case-only studies. Eleven studies comprising in total 3,806 cases and 4,466 controls were included in the meta-analysis
which yielded evidence of association of rs2070744 (OR . = 1.43, 95% Cl 1.04-1.97; p = 0.03) and intron 4a/b variant (OR , =
1.47,95% Cl 1.00-2.14; p = 0.05) with PCa risk under recessive and dominant model, respectively. Furthermore, PCa patients carrying
4a/b a allele were found to have an increased risk of cancer progression to a less differentiated form, characterized by a high Gleason
score (OR =2.29, 95% Cl 1.51-3.49; p < 0.01) and to higher TNM stage (OR = 2.55, 95% Cl 1.71-3.81; p < 0.01). These results

support the involvement of NOS3 variants in molecular pathogenesis of PCa. Clin Trans Sci 2015; Volume 8: 23-31
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Introduction

According to estimates provided by GLOBOCAN project, the
number of new cancer cases has increased from about 12.7
million in 2008 to more than 14 million that have occurred in
2012."? Therefore, as the second most frequently diagnosed cancer
among men, prostate cancer (PCa) was recognized as one of the
major health issues worldwide. The implementation of screening
programs, improvements in treatment efficiency, and actions
directed toward raising public awareness of the importance of
regular testing have resulted in a downward trend in mortality
rates of PCa, mainly in developed countries.” Nevertheless, this
malignancy remained the sixth leading cause of cancer-related
death among men worldwide.!

The striking statistics have led to a large number of studies
in PCa epidemiology, pathology, molecular basis of pathogenesis,
genetics and, more recently, epigenetics. Among the analyses
aiming to identify genetic factors contributing to PCa susceptibility,
the major contribution was made by genetic association studies.®
Even though the variants that have been recognized as the most
important in determining PCa predisposition had been identified
in large genome-wide association studies,® several important
regions were derived from studies based on candidate genes.”*
The findings of these studies have also provided evidence of
association between various genetic markers and the parameters
of PCa progression, mortality, survival, and recurrence.’"!

Genes involved in angiogenesis have emerged as suitable
candidate genes, based on the importance of this process in tumor
biology.!? Variants affecting their function were hypothesized
to affect prostate carcinogenesis, due to promotion of tumor
growth by vascularization."® Furthermore, for genes encoding
the enzymes that produce nitric oxide (NO), another mechanism
of potential involvement in cancer development and progression
was proposed, which includes the effect on apoptotic cell death.**
When considering the stimulatory role of NO on this cellular
process, but also its influence on promoting angiogenic phenotype,
itis obvious that the production of this diffusive messenger could
have two opposing roles in malignant growth of prostate cells.
Furthermore, excessive NO production can result in formation
of reactive nitrogen species with significant DNA damaging
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potential.'”” Another procancerous property of this molecule is
the promotion of inflammatory status, since it is considered to
be one of the key inflammatory mediators.'¢

The NO synthases (NOS) family comprises endothelial,
inducible, neuronal, and mitochrondrial NOS. The endothelial
isoform of NOS (eNOS), encoded by NOS3 gene, produces low
amounts of NO, but it seems that, even when synthesized at low
levels, this molecule can promote oncogenesis.'® Thus, NOS3 was
considered as potential candidate gene in genetic association
studies of PCa. These studies focused mainly on the effect of
variants located in the coding region, introns, and the promoter of
NOS3 on PCa susceptibility and the association of these variants
with standard prognostic parameters of PCa progression. Two
most commonly analyzed single nucleotide variants are rs1799983
located in the seventh exon and rs2070744 in the promoter of this
gene.”?* Furthermore, an the insertion-deletion variant 4a/b in
an intron of this gene was evaluated as potential PCa-associated
genetic marker.!”?325:2

These studies have yielded inconsistent results, possibly due
to genetic differences between populations of subjects. Also,
these differences could reflect the discordances in methodologies
used for genotyping, control group selection and recruitment of
subjects, matching of controls with PCa patients, as well as in
adjustments for possible confounders. Furthermore, since most of
these studies had small sample size, it is possible that they could
be underpowered to detect variants with relatively small effect.
Therefore, in order to elucidate the effect of variants located in
NOS3 gene on PCa risk and progression, we have conducted the
meta-analysis of eligible studies. Combining the data from small
single studies could result in increased statistical power, thus
providing more precise estimations.

Material and Methods

The literature included in this meta-analysis was selected from
PubMed database using the search strategy based on combinations
of keywords “SNP” or “variant” or “polymorphism,” “NOS3” or
“endothelial NOS,” “association” and “prostate cancer” without
language restriction. References cited in retrieved original studies,
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Figure 1. Flow chart of the study selection process.

Results

as well as in review articles, were examined for additional studies
suitable for inclusion in this meta-analysis. Selected articles were
published before January 2014.

Eligible studies met the following criteria: (1) analysis of
association between variants located in NOS3 gene (including
promoter region) and PCa risk and/or prognostic parameters;
(2) case-control or case-only study design; (3) provided ORs
with 95% CIs and p values, or sufficient data about genotype and
allele frequencies to calculate risk estimates; (4) the presence of
Hardy-Weinberg equilibrium in control group (for case-control
studies); and (5) provided detailed information about diagnostic
protocols, together with criteria for assessment of clinical and
pathological characteristics of PCa patients. For our previous
study,* row data were available.

The data extracted from selected studies included: first author’s
last name, year of publication, country from which participants
were recruited, ethnicity, source of controls, methods and study
design, sample size, genotype and allele counts or published risk
estimates (OR with 95% ClIs and p values). Selected studies were
classified according to analyzed variants and meta-analysis was
performed if three or more studies corresponded to single variant.
Furthermore, stratified analyses were performed according to
source of control groups. The criteria used for segregation of
PCa patients in the meta-analyses of association between genetic
variants and PCa progression were selected based on their usage
in the largest number of included studies. Therefore, two groups
of PCa patients were formed according to their Gleason score (GS
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The flow chart of study selection for this
meta-analysis is presented in Figure 1. A
total of 30 records were identified through
database searching and by reviewing reference lists. After removing
overlapping studies, together with one study not relevant to the
topic, 12 remaining full-text articles were assessed for eligibility.
One of them was excluded for not meeting the inclusion criteria,
since it is a nested case-control study involving only patients with
recurrent PCa.” Finally, 11 studies, of which 9 were case-control
and 2 were case-only, comprising 3,806 cases and 4,466 controls
were included in the meta-analysis (Table I). For studies that
included multiple control groups, data were extracted separately
for each case-control group comparison. The distributions of
genotypes in the controls were consistent with HWE.

For genetic variant rs1799983, no evidence of association
between minor allele T and PCa risk was found (OR = 0.99, 95%
CI0.92-1.06; p = 0.77, P, iy = 0.90). These results did not
change even when performing separate subgroup analyses for
studies that included healthy controls and those including control
group selected from BPH patients (Figure 2). Furthermore, neither
carriers of GT, nor T'T genotype were found to have an altered risk
of developing PCa compared to men homozygous for major allele
G (OR_, = 1.06, 95% CI 0.96-1.17; OR . = 0.97, 95% CI 0.82-
1.15). Similarly, no significant association with the risk of PCa was
found when assuming dominant model of inheritance (OR = 1.03,
95% CI 0.94-1.13), while tests under recessive model were not
conducted due to a low number of minor allele homozygotes. In
the analysis aiming to evaluate the association of rs1799983 alleles
and genotypes with PCa progression, no statistically significant
effects were observed (Figure SI).
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Authors Ethnicity Type of Variant Case/control HWE
control group p value
Medeiros et al. 2002 | Caucasians Case-control | Healthy controls | rs1799983 125/153 0.63 L
4a/b 0.42
Medeiros et al. 2002 | Caucasians Case-only - 1s1799983 161/- - B
Medeiros et al. 2003 | Caucasians Case-only - 4a/b 61/- - >
Marangoni et al. 2006 | Caucasians Case-control | BPH patients 1s1799983 84/65 0.79 B
Jacobs et al. 2008 | Approximately Case-control | Noncancer 1s1799983 1,425/1,453 0.07 13
97% Caucasians
Marangoni et al. 2008 | Caucasians Case-control | BPH patients 1s2070744 83/94 0.71 20
Lee et al. 2009 | Non-Hispanic Case-control | Non-PCa rs1799983 1,213/1,433 0.94 21
Caucasians
African Case-control | Non-PCa rs1799983 107/409 0.51
Americans
Sanli et al. 2011 | Caucasians Case-control | Healthy controls | 4a/b 132/158 0.88 2
Ziaei et al. 2013 | Caucasians Case-control | BPH patients rs1799983 95/111 0.92 22
Safarinejad et al. 2013 | Caucasians Case-control | Healthy controls | rs1799983 170/340 0.10 %
152070744 0.22
4a/b 0.11
Brankovié¢ et al. 2013 | Caucasians Case-control | Healthy controls rs1799983 150/100 0.69 2
1s2070744 0.56
BPH patients rs1799983 150/150 0.70
152070744 0.66

Table 1. Characteristics of the studies included in the meta-analysis.

This meta-analysis did not suggest significant association
of rs2070744 minor allele C with PCa risk (OR = 1.18, 95% CI
0.95-147;p =014, P = 0.18). Individuals carrying TC
genotype were not found to have an altered risk of PCa compared
to carriers of TT genotype (OR,. = 1.06, 95% CI 0.72-1.56),
while for the rs2070744 TT genotype the marginally significant
association with the 1.48-fold increased risk of developing PCa
was found (95% CI 1.00-2.20; p = 0.05, Phetemgenmy =0.30). When
assuming dominant genetic model, no evidence of association
between rs2070744 and PCa risk was obtained (OR = 1.14, 95%
CI0.78-1.66; p = 0.5, P, o oneiry = 0-07). Under recessive model,
tests have shown that CC genotype confer 1.43-fold increased risk
of developing PCa, compared to combined TT and TC genotypes
(95% CI1.04-1.97;p=0.03, P, ... = 0.80; Figure 3). For this
variant, association with parameters of PCa progression was not
assessed, since relevant data from only two studies were available.

The allelic analysis has shown statistical trend of significance
(0.05 < p < 0.1) for associations between the NOS3 intron 4 a/b
variant and the risk of developing PCa (OR_=1.51,95% CI 0.98-
2.35p = 0.06, P, openciry = 0-03). Furthermore, ab genotype was
found to be associated with the increased PCa risk (OR = 1.34,
95%CI1.01-1.77;p=0.04, P .. = 0.39), while for the minor
allele a homozygote the suppose(f association was not found to be
statistically significant (OR = 3.23, 95% CI 0.73-14.37; p = 0.12,

reterogencity = 0-02)- Similar findings were obtained when assuming
dominant genetic model (OR = 1.47, 95% CI 1.00-2.14; p = 0.05,
heterogeneity — 0.14; Figure 4). The association under recessive model
was not evaluated due to a small number of aa homozygotes in

selected studies. Furthermore, PCa patients carrying 4a/b a allele
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were found to have an increased risk of cancer progression to a
less differentiated form characterized with higher Gleason score,
when assuming dominant genetic model (OR = 2.29, 95% CI
1.51-3.49;p<0.0L P . =0.86). Also, this allele was shown
to confer a 2.55-fold increased risk of PCa progression to a higher
TNM stage (95% CI1.71-3.81;p <0.0L, P, .. =0.51; Figure5).
Discussion

Cancer-promoting properties of NO and the aberrant expression
and/or function of eNOS have been assessed in multiple types
of malignant diseases, including PCa.*-** Results obtained in
these studies suggest involvement of pathogenic levels of NO in
cancerous cell proliferation, inhibition of apoptosis, angiogenesis,
invasiveness, and metastasis.’>** Therefore, genetic variants
affecting the function of enzymatic pathways involved in synthesis
of NO could potentially contribute to PCa susceptibility, and
also stimulate or suppress cancer progression. Based on the
accumulating data supporting the involvement of NOS3 in
molecular pathogenesis of PCa, variants within gene encoding
this enzyme emerged as plausible candidates for involvement in
prostate cancerogenesis.>*>%

A variant located in the seventh exon of NOS3 (rs1799983),
which causes an amino acid substitution within N-terminal
oxygenase domain of eNOS enzyme (G298E), was previously
found to be associated with several pathological entities, such
as cardiovascular diseases, including atherosclerosis, essential
hypertension, coronary artery disease, and myocardial infarction,
but also with male infertility, recurrent miscarriages, and multiple
malignant diseases.”’~* Even though functional analysis in yeast

VOLUME 8 « ISSUE 1

CTS 25




26

Nikoli¢ et al. * Nos3 VARIANTS AND PROSTATE CANCER: A META-ANALYSIS

A

Studies

Medeiros et al. (2002) [17]

Jacobs et al. (2008) [13]

Lee et al. (2009) [21] - Caucasians

Lee et al. (2009) [21] - African-Americans
Safarinejad et al. (2013) [23]

Brankovic et al. (2013) [24]°

Subgroup A (1*2=0% , P=0.755)

Marangoni et al. (2008) [19]
Ziaei et al. (2013) [22]

Brankovic et al. (2013) [24]"
Subgroup B (1*2=0% , P=0.784)

Overall (1"2=0% , P=0.903)

B

Studies

Medeiros et al. (2002) [17]

Jacobs et al. (2008) [13]

Lee et al. (2009) [21] - Caucasians

Lee et al. (2009) [21] - African-Americans
Safarinejad et al. (2013) [23]

Brankovic et al. (2013) [24]*

Subgroup A (1*2=0% , P=0.76)

Marangoni et al. (2008) [19]
Ziaei et al. (2013) [22]

Brankovic et al. (2013) [24]"
Subgroup B (1*2=29% , P=0.25)

Overall (1"2=0% , P=0.70)

C

Studies

Medeiros et al. (2002) [17)

Jacobs et al. (2008) [13)

Lee et al. (2009) [21] - Caucasians

Lee et al. (2009) [21] - African-Americans
Safarinejad et al. (2013) [23]

Brankovic et al. (2013) [24]"

Subgroup A (1*2=0% , P=0.52)

Marangoni et al. (2008) [19]
Ziaei et al. (2013) [22]

Brankovic et al. (2013) [24]**
Subgroup B (1*2=19% , P=0.29)

Overall (1"2=0% , P=0.57)

D

Studies

Medeiros et al. (2002) [17)

Jacobs et al. (2008) [13]

Lee et al. (2009) [21] - Caucasians

Lee et al. (2009) [21] - African-Americans
Safarinejad et al. (2013) [23]

Brankovic et al. (2013) [24]"

Subgroup A (1*2=0% , P=0.75)

Marangoni et al. (2006) [19]
Ziaei et al. (2013) [22]
Brankovic et al. (2013) [24]**
Subgroup B (1*2=0% , P=0.54)

Overall (1"2=0% , P=0.84)

Estimate (95% C.I.)

1,162 (0.818, 1.650)
0.966 (0.864, 1.080)
0.975 (0.862, 1.103)
0.760 (0.457, 1.265)
1.112 (0.771, 1.604)
1.089 (0.726, 1.632)
0.983 (0.911, 1.061)

1.145 {0.703, 1.864)
1.162 (0.716, 1.887)
0.967 (0.677, 1.382)
1.060 (0.827, 1.357)

0.989 (0.920, 1.064)

Estimate (95% C.I.)

1.34 (0.81, 2.22)
1.09 (0.93, 1.27)
0.99 {0.83, 1.17)
0.83 (0.48, 1.43)
1.11 (0.74, 1.88)
1.15 (0.68, 1.95)
1.05 (0.95, 1.17)

1.72 (0.87, 3.41)
0.76 {0.39, 1.49)
1.13 (0.70, 1.82)
1.14 {0.75, 1.71)

1.06 (0.96, 1.17)

Estimate (95% C.I.)

1.19 (0.55, 2.59)
0.81 (0.83, 1.05)
1.15 (0.87, 1.51)
0.33 {0.02, 6.02)
1.38 (0.23, 8.36)
1.07 (0.36, 3.17)
0.97 (0.81, 1.16)

0.67 {0.17, 2.60)
2.00 {0.68, 5.86)
0.71 (0.29, 1.76)
0.99 (0.49, 1.99)

0.97 (0.82, 1.15)

Estimate (95% C.I.)

1.31 (0.81, 2.11)
1.03 (0.89, 1.19)
0.98 {0.83, 1.15)
0.78 {0.45, 1.35)
1.12 (0.75, 1.69)
1.14 (0.69, 1.90)
1.02 {0.92, 1.13)

1.54 (0.80, 2.99)
0.95 {0.51, 1.76)
1.05 (0.67, 1.66)
1.12 (0.81, 1.54)

1.03 {0.94, 1.13)
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Figure 2. Meta-analysis of the association between rs1799983 alleles and genotypes and PCa risk across nine study panels from seven studies. (A) rs1799983 T versus G
allele; (B) rs1799983 GT versus GG genotype; (C) rs1799983 TT versus GG genotype; (D) rs1799983 GT+TT versus GG genotype. Subgroup A = studies that included
healthy controls; Subgroup B = studies that included BPH patients as controls. *Healthy controls; 'BPH patients as controls.
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A

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl

Marangoni et al. (2008) [20] 0.92 (0.60, 1.40) 69/166  B82/188 B -

Safarinejad et al. (2013) [23]  1.51 (1.15, 1.97) 143/340 221/680 5 B

Brankovic et al. (2013) [24]* 1.04 (0.72, 1.49) 124/300  81/200 B ;

Brankovic et al. (2013) [24]**  1.17 (0.84, 1.62) 124/300 113/300 o

Overall (1A2=39% , P=0.18) 1.18 (0.95, 1.47) 460/1106 497/1368 —_———
I '.. ]
06 118 197

B Odéds Ratio (log scale)

Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl i

Marangoni et al. (2008) [20] 0.745 (0.383, 1.451) 37/67  48/77 n

Safarinejad et al. (2013) [23] 1.687 (1.124, 2.533) 93/145 159/309

Brankovic et al. (2013) [24]* 0.840 (0.479, 1.473) 68/122 51/85

Brankovic et al. (2013) [24]** 0.983 (0.598, 1.617) €8/122 73/130

Overall (1*2=55% , P=0.085) 1.059 (0.719, 1.561) 266/456 331/601

0.38 oTr 1.06 191 253
C Odds Ratio (log scale)
Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl i
Marangoni et al. (2008) [20] 0.91 (0.39, 2.13) 16/46 17/46 L ] ;
Safarinejad et al. (2013) [23] 2.33 (1.26, 4.30) 25/77 31/181 ; ]
Brankovic et al. (2013) [24) 1.18 (0.55, 2.51) 28/82  15/49 B ;
Brankovic et al. (2013) [24]**  1.48 (0.75, 2.93) 28/82  20/77 n
Overall (12=18% , P=0.30) 1.48 (1.00, 2.20) 97/287 83/353 e
I T r T Lz
039 078 148 194 38843
D Odds Ratio (log scale)
Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl :
Marangoni et al. (2008) [20] 0.79 (0.42, 1.47) 53/83  65/94 ] .
Safarinejad et al. (2013) [23]  1.79 (1.21, 2.65) 118/170 190/340 : [ ]
Brankovic et al. (2013) [24]* 0.92 (0.54, 1.56) 96/150 66/100 L |
Brankovic et al. (2013) [24]"*  1.09 (0.68, 1.74) 96/150 93/150 L B
Overall (1*2=57% , P=0.07) 1.14 (0.78, 1.66) 363/553 414/684 <i:>-
I T | T |
042 084 114 21 265
E QOdds Ratio (log scale)
Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl '
Marangoni et al. (2008) [20] 1.08 (0.51, 2.31) 16/83 17/94 ] j
Safarinejad et al. (2013) [23) 1.72 (0.98, 3.02) 25/170 31/340 i o
Brankovic et al. (2013) [24]*  1.30 (0.66, 2.58) 28/150 15/100 -
Brankovic et al. (2013) [24]*  1.49 (0.80, 2.79) 28/150 20/150 i
Overall (1*2=0% , P=0.80) 1.43 (1.04, 1.97) 97/553 83/684 —=:=:$:=——
I T ; T 1
0.51 1.01 143 254 3.02

Odds Ratio (log scale)

Figure 3. Meta-analysis of the association between rs2070744 alleles and genotypes and PCa risk across four study panels from three studies. (A) rs2070744 C versus T
allele; (B) rs2070744 TC versus TT genotype; (C) rs2070744 CC versus TT genotype; (D) rs2070744 TC+CC versus TT genotype; (E) rs2070744 CC versus TT+TC genotype.
*Healthy controls; 'BPH patients as controls.

expression system yielded no evidence of altered enzyme function date, several studies investigating involvement of this variant in
in NOS3 G298E mutants, the replication of association of this prostate cancerogenesis and/or progression have been published,
variant with several pathological stages in multiple populations showing opposing results.'>'7"192"2* These inconsistencies could
clearly qualifies it for a genetic marker of eNOS functionality.* To  be reflecting differences in ethnic backgrounds of study groups,
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Medeiros et al. (2002) [17] 1.65 (1.02, 2.67) 44/250 35/306 =
Sanli et al. (2011) [26) 1.00 (0.66, 1.51) 50/264 60/316 ]
Safarinejad et al. (2013) [23] 2.05 (1.47, 2.84) 84/340 94/680 B
Overall (1*2=72% , P=0.03) 1.51 (0.98, 2.35) 178/854 189/1302
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Figure 4. Meta-analysis of the association between NOS3 intron 4 a/b alleles and genotypes and PCa risk across three studies. (A) 4a/b a versus b allele; (B) 4a/b ab versus

bb genotype; (C) 4a/b aa versus bb genotype; (D) 4a/b ab+aa versus bb genotype.

criteria for recruitment of subjects, classification of patients
according to clinical characteristics, but could be also caused
by small sample sizes of several studies. In order to clarify the
importance of this variant in PCa onset and progression, we
have conducted a meta-analysis of all published case-control
studies referring to this issue, as well as several case-only studies
found to be relevant after assessing their patient classification
and recruitment criteria. Our results did not confirm the
association of rs1799983 with PCa susceptibility, under various
genetic models tested. This variant was also not found to be
associated with PCa progression, as assessed by using GS and
cancer TNM stage as parameters. Therefore, without further
evidence from larger studies conducted in various populations
and ethnic groups, including those of African descent, from
which only one subpopulation of subjects is derived so far, we
cannot consider this variant to be an important genetic factor
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contributing to PCa development and/or progression to a more
aggressive form.

Another potentially functional variant within NOS3 is
1rs2070744, located in the promoter of this gene. This variant
was proposed to cause a decrease in eNOS expression, which
promotes cancer onset.” In a recent meta-analysis aiming to
evaluate the association of this variant with the risk of cancer
in general and also with the several types of cancer in subgroup
analyses, evidence to support the supposed correlations were
obtained.” Even though this analysis did not show association
between rs2070744 and PCa risk, since it did not include a study
by Marangoni et al.,*® we decided to perform another assessment.
Our results also did not support the association of minor allele
with PCa risk in alleleic and dominant model. Conversely, when
assuming recessive genetic model, a significant association of CC
genotype with PCa susceptibility was shown. Therefore, rs2070744
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Studies Estimate (95% C.I.) Ev/Trt Ev/Ctrl
Medeiros et al. (2002) [17] 2.36 (1.02, 5.44) 19/50 13/63
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Figure 5. Meta-analysis of the association between NOS3 intron 4 a/b variant and PCa progression under dominant model. (A) Association with Gleason score; (B) Associa-

tion with PCa TNM stage.

could affect PCa development, with minor allele homozygote
contributing to PCa predisposition. Nevertheless, these results
need to be substantiated with evidence from future studies. Also,
further studies are needed in order to make conclusions about
possible involvement of this variant in PCa progression.

The 4a/b variant in the fourth intron of NOS3 gene was
previously found to be associated with development and/
or progression of various malignant diseases, including
PCa.!7##25264851 Similarly, as rs2070744, this variant was found
to be associated with PCa risk in the current meta-analysis. The
evidence of the supposed association were found when assuming
dominant genetic model, and furthermore, when assessing the
increase in PCa risk associated with heterozygous genotype,
compared to major allele homozygote. The lack of evidence
of association between aa homozygote and PCa susceptibility
could be explained by a small number of studies referring to this
issues, and also by the small size of study groups. This variant
was also found to be associated with both GS and the cancer
TNM stage, which suggests its involvement in PCa progression.
The a allele was found to confer increased risk of developing
poorly differentiated PCa, advanced stage of localized cancer,
and distant metastases. Therefore, this variant, which was
previously shown to affect eNOS promoter activity together
with rs2070744,>? could be an important genetic factor in PCa
biology, influencing both development and progression of this
malignancy.

In order to make further conclusions about the association
of NOS3 variants with PCa risk, additional studies in various
populations need to be performed. Furthermore, additional
variants in NOS3 should be evaluated, beside three of them
included in this meta-analysis. Since minor allele homozygotes
of all three variants were found in a small number of participants,
larger studies could elucidate the dose-dependent effect of these
variants on PCa risk and progression. Also, with the increase in
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study numbers, publication bias could be assessed, potentially
yielding additional explanations for the observed discordances.
Although this meta-analysis included a relatively small
number of studies, every attempt was made to prevent the
potential bias affecting results and to minimize its inherent
weakness. Therefore, study heterogeneity tests were performed
and the adequate statistical model for meta-analysis was chosen
based on these results. Since heterogeneity was assessed by
combining Cochran’s Q test, p value, and inconsistency index,
the weighting of studies was adjusted to random-effect model if
any of these parameters suggested that included studies were even
slightly heterogeneous. The methods of weighting were chosen
to be suitable for binary outcomes. Furthermore, for every study
potentially suitable for meta-analysis, an exhaustive review of
methodology was performed. This especially refers to recruitment
of participants, genotyping methods, as well as ethnic and clinical
characteristics of patients involved. By performing subgroup
analyses based on control group characteristics, as well as on
ethnic backgrounds, we tended to avoid potential bias caused by
selection of participants and their demographics. Also, differences
in statistical approaches which could lead to discordant results
were minimized by extracting row data and submitting them to
the uniform tests for assessing ORs and their confidence intervals,
which are suitable as effect-size measures. This meta-analysis
tended not to simply assess the effect of minor alleles on disease
susceptibility, but to evaluate the effects of separate genotypes
and the potential association under different genetic models that
could be misses in allelic test. One of the major limitations of this
study is leaving out the results of several studies from disease
progression-based meta-analysis, since they did not meet the most
frequently used criteria for assessment of cancer progression and
aggressiveness. Among them are even those with comparably large
study groups. Therefore, in addition to analyses of association
between these variants and PCa risk, classification of PCa patients
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according to common, yet clinically and pathologically justifiable
criteria should be performed in order to clearly demonstrate the
involvement of NOS3 variants in PCa progression, or to reject
this hypothesis.

Conclusion

Our study did not confirm the supposed association of rs1799983
with PCa risk and progression. Therefore, we cannot consider
this variant to be an important genetic factor contributing to
PCa development and/or progression to a more aggressive form.
When considering rs2070744, the results show that this variant
could affect PCa development, with minor allele homozygote
contributing to PCa predisposition. Another variant located in
NOS3 gene, 4a/b, was found to be associated with PCa risk in the
current meta-analysis. The 4a/b was also found to be associated with
both GS and the cancer TNM stage, which suggests its involvement
in PCa progression. Even though this meta-analysis included a
limited number of studies, the obtained results clearly support the
involvement of NOS3 variants in molecular pathogenesis of PCa.
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