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Introduction

Cancer is a major public health problem and it is one 
of the leading causes of death worldwide (Jemal et al., 
2011). The global burden of cancer is ever-increasing in 
both economically developed countries and developing 
countries (Are et al., 2013). Tremendous efforts have 
been made to unravel the underlying mechanism of 
cancer, with the aim to develop optimal prophylactic 
and therapeutic strategies. The mechanism of developing 
cancer is still unclear. People generally agree that 
complex environmental factors and interindividual genetic 
susceptibility may contribute to cancer development 
(Perera, 1997). Substantial evidence shows that genetic 
susceptibility has a significant role in an individual’s risk 
of developing cancer (Dong et al., 2008).

Nitric oxide (NO) is a short-lived, pleiotropic 
molecule that play complicated roles in tumor biology. 
NO is generated by three isoforms of NO synthase (NOS): 
neuronal (nNOS/NOS1), inducible (iNOS/NOS2) and 
endothelial (eNOS/NOS3) (Burke et al., 2013). Endothelial 
nitric oxide synthase (eNOS) is constitutively expressed 
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Abstract

 Polymorphisms in the endothelial nitric oxide synthase (eNOS) gene may influence the risk of cancer, but 
the results are still debatable. Therefore, we performed a systematic review to provide a more complete picture 
and conducted a meta-analysis to derive a precise estimation. We searched PubMed, EMBASE, EBSCO, Google 
Scholar and China National Knowledge Infrastructure (CNKI) databases until April 2014 to identify eligible 
studies. Thirty-one studies with cancer patients and controls were included in the meta-analysis. Overall, the 
polled analysis revealed that the T-786C polymorphism was significantly associated with increased cancer risk 
under multiple genetic models (C vs T: OR=1.135, 95%CI=1.048-1.228; CC vs TT: OR=1.278, 95%CI=1.045-
1.562; TC vsTT: OR=1.136, 95%CI=1.023-1.261; CC+TC vs TT: OR=1.159, 95%CI=1.047-1.281; CC vs TC+TT: 
OR=1.204, 95%CI= 1.003-1.447). G894T was associated with significant risk for females (TT vs GG: OR=1.414, 
95%CI=1.056-1.892; TT vs GT+GG: OR=1.356, 95%CI=1.108-1.661) and for breast cancer (T vs G: OR=1.097, 
95%CI=1.001-1.203; TT vs GG: OR=1.346, 95%CI=1.012-1.789; TT vs GT+GG: OR=1.269, 95%CI=1.028-1.566). 
Increased susceptibility was revealed for prostate cancer with 4a/b (ba vs bb: OR=1.338, 95%CI=1.013-1.768; 
aa+ba vs bb: OR=1.474, 95%CI=1.002-2.170). This meta-analysis indicated that the eNOS T-786C polymorphism 
is associated with elevated cancer risk; the G894T polymorphism contributes to susceptibility to breast cancer 
and cancer generally in females; and the 4a/b polymorphism may be associated with prostate cancer risk. 
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in endothelial or epithelial cells, including a variety of 
tumours (Ying et al., 2007). The gene encoding for eNOS 
is located on chromosome 7q36 and contains 26 exons 
in humans (Marsden et al., 1993), and polymorphisms 
in the eNOS gene have been widely studied. Till now, a 
number of polymorphisms and mutations within the eNOS 
gene have been identified, with the most studied being 
G894T, T-786C and 4a/b polymorphisms. The G894T 
(Glu298Asp, rs1799983) polymorphism corresponds 
to a Glu-Asp change at codon 298 in exon 7. T-786C 
(rs2070744) polymorphism is a point mutation of thymine 
to cytosine at nucleotide -786 in the 5’-flanking region 
of the eNOS gene which could result in a significant 
reduction in eNOS gene promoter activity and reduce 
serum NO level significantly (Nakayama et al., 1999). 
4a/b polymorphism is a variable number of tandem repeats 
(VNTR, 27nt) in intron 4 accounts influencing basal 
plasma NO generation (Wang et al., 1997). Many studies 
have investigated the influence of eNOS polymorphisms 
on cancer risk, whereas the results remained conflicting.

Therefore, we conducted comprehensive literature 
search with the aim to provide an overview of studies 
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focusing on the relationship between eNOS polymorphisms 
and cancer risk. Meanwhile, we performed a meta-analysis 
combining all available data to estimate the potential 
associations of eNOS polymorphisms with cancer risk.

Materials and Methods

Literature search
We searched the articles using the search terms 

“NOS,” “eNOS,” “NOS3,” “polymorphism (s),” 
“genotype,” “variant,” “carcinoma,” “cancer,” “tumor,” 
and “malignancy” in PubMed, EMBASE, EBSCO, Google 
Scholar and China National Knowledge Infrastructure 
(CNKI) databases without a language limitation, and 
the last search updated on 5 April 2014. We evaluated 
all associated publications to retrieve the most eligible 
literatures. Their reference lists were hand-searched to 
find for other relevant publications. Only published studies 
with the full text articles were included. If the same patient 
population was included in several publications, the most 
recent or complete study was used in this meta-analysis.

Inclusion criteria
Studies were included in the meta- analysis if (1) it 

investigated the association between eNOS polymorphism 
and cancer risk; (2) the design was case-control study or 
nested case-control study; (3) data regarding genotype 
distributions were sufficient to calculate the odds ratio 
(OR) and its corresponding 95% confidence interval (CI). 
When studies with overlapping subjects were considered 
eligible, only the one with a larger number of patients 
was included. If the data regarding genotype distribution 
was insufficient, the effort was made to contact its 
corresponding author.

Data extraction
Two reviewers (Xun Wu and Zifeng Wang) extracted 

the following information from each included study 
independently and in duplicate: first author’s name, 
publication year, country, source of the study population, 
cancer type, polymorphisms studied, source of control, 
number of cases and controls, match criteria, genotype 
distribution in cases and controls, and whether or not the 
genotype distributions among controls were in accordance 
with Hardy-Weinberg equilibrium (HWE). A third 
reviewer (Yin Xu) was consulted to reach a consensus if 
any discrepancy occurred.

Statistical analysis
The summary ORs and their corresponding 95 % CI 

were calculated to assess the strength of the association 
between eNOS polymorphism and cancer risk. Z-test 
was performed to determine the statistical significance 
of pooled ORs, and p <0.05 was considered significant. 
Cochran’s Q test and the I2 statistic were used to measure 
heterogeneity across the included studies. A P value of more 
than 0.05 for the Q test indicated a lack of heterogeneity, 
and the fixed-effects model was subsequently used to 
calculate the summary ORs. Otherwise, the random-
effects model was applied. Publication bias was estimated 
by visually assessing the asymmetry of Begg’s funnel 

plot. Furthermore, Egger’s test was performed to provide 
quantitative evidence for the checking of publication bias. 
Sensitivity analysis was also performed by sequentially 
omitting individual study to check the stability of the 
result. P <0.05 was considered statistically significant. All 
the statistical analysis was performed using STATA12.0 
(STATA Corporation, College Station, TX, USA).

Results 

Identification and characteristics of included studies
The process of study selection was summarized in 

the flow diagram (Figure 1). Finally, 31 studies (29 in 
English and 2 in Chinese) with a total of 9310 cases and 
9786 controls were included in this study. It should be 
noted that Lee et al. studied polymorphisms in Caucasians 
and African-Americans respectively (Lee et al., 2009). 
Therefore, we treated them as separate data sets during our 
analysis. The characteristics of these eligible studies were 
summarized in Table 1. The most commonly investigated 
polymorphism was G894T, followed by 4a/b and T-786C, 
which were reported in 27 (Hefler et al., 2002; Medeiros et 
al., 2002; Ghilardi et al., 2003; Riener et al., 2004; Conde 
et al., 2006; Hefler et al., 2006; Lu et al., 2006; Marangoni 
et al., 2006; Royo et al., 2006; Lee et al., 2007; Chen et al., 
2009; Funke et al., 2009; Harman et al., 2009; Lee et al., 
2009; Li et al., 2009; Yeh et al., 2009; Chen et al., 2010; 
Unal et al., 2010; Zintzaras et al., 2010; Ozturk et al., 2011; 
Ryk et al., 2011; Arikan et al., 2012; Brankovic et al., 2013; 
Jang et al., 2013; Safarinejad et al., 2013; Verim et al., 
2013; Ziaei et al., 2013), 14 (Hefler et al., 2002; Medeiros 
et al., 2002; Riener et al., 2004; Hefler et al., 2006; Lu et 
al., 2006; Yeh et al., 2009; Unal et al., 2010; Zintzaras et 
al., 2010; Ozturk et al., 2011; Sanli et al., 2011; Amasyali 
et al., 2012; Jang et al., 2013; Safarinejad et al., 2013; Yuan 
et al., 2013) and 11 (Ghilardi et al., 2003; Conde et al., 
2006; Lu et al., 2006; Lee et al., 2007; Marangoni et al., 
2008; Yeh et al., 2009; Unal et al., 2010; Ryk et al., 2011; 
Brankovic et al., 2013; Jang et al., 2013; Safarinejad et 
al., 2013) studies, respectively. There were 9 studies for 
prostate cancer, 7 studies for breast cancer, 5 studies for 
colorectal cancer, 3 studies for bladder cancer, 7 studies 
for other 5 different cancers and adrenal incidentaloma. 
Among those 31 studies, there were 22 Caucasian, 6 Asian, 
3 fixed and 1 African American studies, respectively. A 
summary of the meta-analysis findings of the association 

Figure 1. Flow Chart of Literature Search and 
Selection

83 potential relevant articles 
update to 5 April 2014 

47 abstracts were included for 
future evaluation 

36 full-text were reviewed for 
detail information 

31 studies on eNOS gene 
polymorphisms and cancer 
risk were included 

36 articles were excluded for not human 
studies (n=16), meta-analysis (n=3) and 
obviously not relevant (n=17) 

11 articles were excluded due to not case-
control studies (n=9) and conference 
article (n=2) 

5 articles were excluded for overlapping 
population (n=3) and insufficient data 
(n=2) 



Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 5319

DOI:http://dx.doi.org/10.7314/APJCP.2014.15.13.5317
Association Between Three eNOS Polymorphisms and Cancer Risk: a Meta-analysis

between eNOS gene polymorphisms and cancer risks is 
provided in Table 2.

The association between G894T polymorphism and 
cancer risk

Data from 25 case-control studies and 2 nested 
case-control studies comprising 7775 cases and 7817 
controls were pooled together for analysis of the G894T 
polymorphism. Significantly increased cancer risks were 
found for TT vs GG in studies with matched controls 
enrolled (OR=1.219, 95%CI=1.019-1.457) and femals 
(OR=1.414, 95%CI=1.056-1.892). Similar situations were 
found for TT vs GT+GG in studies with femals (OR=1.356, 
95%CI=1.108-1.661), Asians (OR=2.103, 95%CI=1.133-
3.903) and mixed population (OR=1.648, 95%CI=1.056-
2.571). In subgroup analysis by cancer type, we found 

significantly increased breast cancer susceptibility in three 
models (T vs G: OR=1.097, 95%CI=1.001-1.203; TT vs 
GG: OR=1.346, 95%CI=1.012-1.789; TT vs GT+GG: 
OR=1.269, 95%CI=1.028-1.566) (Figure 2). 

Sensitivity analysis was performed to assess the 
influence of each individual study on the pooled ORs by 
sequential omission of each eligible study. The analysis 
results showed that the pooled ORs were not significantly 
affected by any individual study (Figure 3a), thus 
indicating a robust result of the analysis.

Begg’s funnel plot was constructed to evaluate the 
publication bias of literatures on cancer. The shape of the 
funnel plot seemed symmetrical, indicating the absence 
of publication bias (Figure 4a). Furthermore, Egger’s test 
provided statistical evidence for the lack of publication 
bias (t=0.61, p=0.548).
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The association between T-786C polymorphism and 
cancer risk

A total of 11 studies involving 4169 cases and 4185 
controls examined the association between T-786C 
polymorphism and cancer risk, with 7 in Caucasians, 
3 in Asians, and 1 in mixed population (Brazilians). 
Unlike G894T, we observed a significant association 
between T-786C polymorphism and cancer risk (C vs T: 
OR=1.135, 95%CI=1.048-1.228; CC vs TT: OR=1.278, 
95%CI=1.045-1.562; TC vs TT: OR=1.136, 95%CI=1.023-
1.261; CC+TC vs TT: OR=1.159, 95%CI=1.047-1.281; 
CC vs TC+TT: OR=1.204, 95%CI=1.003-1.447). When 

stratified by ethnicity, a significant association between 
T-786C polymorphism and cancer risk was found in 
Caucasians. When stratified by cancer type, a significantly 
increased risk was found in prostate cancer (C vs T: 
OR=1.508, 95%CI=1.153-1.972; CC vs TT: OR=1.677, 
95%CI=1.127-2.494; CC vs TC+TT: OR=1.563, 
95%CI=1.088-2.245) and breast cancer (CC vs TT: 
OR=1.494, 95%CI=1.047-2.130) but not in colorectal, 
gastric, or bladder cancer.

Sensitivity analysis was performed to assess the 
influence of each individual study on the pooled ORs by 
sequential omission of each eligible study. The analysis 
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cancer risk were detected in studies with matched controls 
enrolled (aa vs bb: OR=2.302, 95%CI=1.315-4.028; aa 
vs ba+bb: OR=2.109, 95%CI=1.264-3.518). Subgroup 
analysis suggests that increased susceptibility was revealed 
in prostate cancer (ba vs bb: OR=1.338, 95%CI=1.013-
1.768; aa+ba vs bb: OR=1.474, 95%CI=1.002-2.170) . 

Sensitivity analysis was performed to assess the 
influence of each individual study on the pooled ORs by 
sequential omission of each eligible study. The analysis 
results showed that the pooled ORs were not significantly 
affected by any individual study (Figure 3c), thus 
indicating a robust result of the analysis.

Begg’s funnel plot was constructed to evaluate the 
publication bias of literatures on cancer. The shape of the 
funnel plot seemed symmetrical, indicating the absence 
of publication bias (Figure 4c). Furthermore, Egger’s test 
provided statistical evidence for the lack of publication 
bias (t=-0.33, p=0.745).

Discussion

Recent literature indicates that eNOS can modulate 
cancer-related events such as angiogenesis, apoptosis, 
cell cycle, invasion, and metastasis (Ying and Hofseth, 
2007). Correlation between eNOS and cancers has been 
reported (Erdamar et al., 2006; Tu et al., 2006; Yu et al., 
2006). Endothelial NOS plays a predominant role in 
VEGF-induced angiogenesis and vascular permeability 
(Fukumura et al., 2001). Stress is accepted to constitute 
a relevant factor in the development of cancer (Reiche et 
al., 2004). Animal experiments show that eNOS play a 
pivotal role for eNOS in chronic stress-induced initiation 

Figure 2. Forest Plot of ORs with a Fixed Effect 
Model for Association between the eNOS G894T 
Polymorphism and Overall Cancer Risk under 
Recessive Model(TT vs GT+GG)
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Figure 3. Sensitivity Analysis of Overall OR 
Ccoefficients for (a G894T TT vs GG, b T-786C C vs 
T, c 4a/b aa+ba vs bb). Results were calculated by omitting 
each study in turn. The two ends of the dotted lines represent 
the 95%CI

Figure 4. Begg’s Funnel Plot for Publication Bias Test. 
a G894T T vs G, b T-786C CC vs TC+TT, c 4a/b ba vs bb Each 
point represents a separate study for the indicated association. 
The circles represent the weight of individual study

results showed that the pooled ORs were not significantly 
affected by any individual study (Figure 3b), thus 
indicating a robust result of the analysis.

Begg’s funnel plot was constructed to evaluate the 
publication bias of literatures on cancer. The shape of the 
funnel plot seemed symmetrical, indicating the absence 
of publication bias (Figure 4b). Furthermore, Egger’s test 
provided statistical evidence for the lack of publication 
bias (t=0.48, p=0.645).

The association between 4a/b polymorphism and cancer 
risk

14 studies with 3430 cases and 3842 controls 
investigated the association between 4a/b polymorphism 
and cancer risk. All the studies are in HWE. Increased 
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and promotion of tumour growth (Barbieri et al., 2012). 
These findings suggest eNOS as a key factor promoting 
carcinogenesis. Effects of polymorphisms of the eNOS 
gene on plasma NO concentrations have been reported. 
The mutant allele of the T-786C and 4a/b polymorphism 
has been associated with altered eNOS activity and 
synthesis of NO (Wang et al., 1997; Nakayama et al., 
1999). The eNOS polymorphisms might affect the process 
of carcinogenesis by influencing the expression of eNOS. 
Till now, many efforts have been made to explore the 
association between eNOS polymorphisms and cancer 
risk, whereas the results remain controversial. Here, we 
conducted a comprehensive meta-analysis to provide a 
complete picture of the role of eNOS polymorphisms in 
cancer risk.

By performing meta-analysis with studies involving 
cases and controls, we didn’t find that eNOS G894T 
polymorphism has an overall association with cancer 
risk. However, in subgroup analysis, the association 
was found in females (homozygote comparison and the 
recessive model) and breast cancer (allele contrast model, 
homozygote comparison and the recessive model). Three 
earlier meta-analyses show controversial views for breast 
cancer (Hao et al., 2010; Yao et al., 2010; Fu et al., 2011). 
Fu thought Hao’s study includes unqualified studies. We 
agree with Fu’s opinion about the overlapping data, but 
we include Lee’s study (Lee et al., 2007) for this meta-
analysis. We failed to detect a significant association in 
other cancer types, which could be partly because the 
number of included studies for particular cancer type 
was small. For instance, only two studies discussed the 
eNOS G894T polymorphism and bladder cancer, and 
a significant association was found in Verim’s research 
(Verim et al.,2013), but we couldn’t find this significance 
in the pooled OR. We found gender differences in 
subgroup analysis. Estrogen modulation may explain 
this phenomenon. It was found that estrogen can active 
eNOS via MAP kinase-dependent mechanisms (Chen et 
al., 1999). 

As for eNOS T-786C polymorphism, we observed a 
significantly increased cancer risk in all genetic models 
by pooling ORs from 11 studies. In subgroup analysis 
based on ethnicity, elevated cancer risk was detected in 
Caucasians in four genetic models, while that was not 
detected in Asians. The different ethnical background 
and a small number of studies involving Asians may 
partially explain this difference. When stratified by 
cancer type, we found a significant association between 
T-786C polymorphism and increased risk of prostate 
cancer in three genetic models. That was detected in only 
homozygote comparison (TT vs GG) in breast cancer. 
Besides, no significant association was found in colorectal 
cancer.

As for the Intron 4 VNTR (4a/b) polymorphism, 
significant association was only found with cancer risk in 
studies with matched controls in homozygote comparison 
(aa vs bb) and recessive comparison (aa+ba vs bb). In 
subgroup analysis based on cancer type, elevated cancer 
risk was detected in prostate cancer in two genetic models. 
Interestingly, the minor allele was a in the most studies, 
while in the study by Ozt et al. (2011), b was the minor 

allele. We think this diversity may result from a selection 
bias or different ethnicity background. 

We do a comprehensive electronic search for all 
available eligible studies and provided an overview of 
the association between eNOS polymorphisms and cancer 
susceptibility. Still, there were some limitations in our 
meta-analysis. First, sample size in any given cancer was 
not sufficiently large, resulting in insufficient power to 
detect a slight effect on a certain type of cancer. Second, 
most of included studies are of Caucasian, relative small 
sample size in Asians might cause the inconspicuousness. 
Third, selection bias might exist given the fact that the 
genotype distribution deviated from HWE in some studies. 
Fourth, due to the original data of the eligible studies 
was unavailable, it was difficult for us to evaluate the 
roles of some special environmental factors and lifestyles 
such as diet, alcohol consumption, and smoking status 
in developing cancer. Fifth, the influence of bias in the 
present analysis could not be completely excluded because 
positive results are supposed to be published much more 
quickly than articles with “negative” results.

In conclusion, our meta-analysis suggested that 
the eNOS genetic polymorphisms contribute to the 
susceptibility of cancers. The eNOS T-786C polymorphism 
is associated with elevated cancer risk. The G894T 
polymorphism contributes to susceptibility to breast 
cancer and femals; and the 4a/b polymorphism may be 
associated with prostate cancer risk. Large well designed 
epidemiological studies are needed to validate our 
findings.
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