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Vascular endothelial growth factor polymorphisms as
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Abstract. Smoking is one of the main risk factors for the devel-
opment of oral squamous cell carcinoma (OSCC). Smoking
may affect single-nucleotide polymorphism (SNP)-dependent
vascular endothelial growth factor (VEGF)-induced angio-
genic activity. Therefore, we systematically reviewed the
published VEGF-SNP genotype data of OSCC patients and
healthy individuals and performed a meta-analysis comparing
the VEGF-SNP genotypes of smoking and non-smoking
patients in association with OSCC incidence. Prospective
and retrospective studies on the clinical comparison of
OSCC patients with different VEGF-SNP genotypes were
reviewed. The meta-analysis re-pooled studies of smoking
and non-smoking OSCC patients with different VEGF-SNPs
between 2006 and 2014. The identified articles were reviewed
and those reporting pertinent information, assignment to
smoking and non-smoking patient groups and sufficient data
for estimation of an odds ratio (OR) with a 95% confidence
interval (CI) were selected for the meta-analysis. Pooled
ORs and CIs for the comparison of SNP distribution in the
smoking and non-smoking subgroups were calculated and
compared using the random-effects model. A total of 7 studies
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were included in the systematic review, which was followed
by a meta-analysis using 3 pertinent studies. The reviewed
studies reported discrepant findings, with differences between
Asian and European patients. The meta-analysis demonstrated
marginal but not statistically significant differences, suggesting
that specific VEGF-SNPs may be OSCC risk modifiers for
smokers, depending on the ethnic background. The performed
meta-analysis suggested an increased OSCC risk for smokers
carrying specific VEGF-genotypes, although the calculated
data did not reach the level of significance. However, data have
to be interpreted with caution due to the limited sample size.
Therefore, further studies, including larger patient samples,
are mandatory.

Introduction

Angiogenesis is afundamental prerequisite for the development,
growth and progression of solid malignant tumors, such as oral
squamous cell carcinoma (OSCC) (1-3). The cytokine vascular
endothelial growth factor (VEGF) is the most important
regulator of tumor angiogenesis, is overexpressed in several
tumor tissues and appears to be associated with the prognosis
and outcome of various cancers (4,5). Single-nucleotide
polymorphisms (SNPs) within the VEGF gene are point
mutations in the DNA sequence, partially associated with
increased VEGF-levels; however, for the majority of SNPs the
functional consequences remain unclear. SNPs may exhibit
an interindividual variation in cancer risk and progression
in various types of cancer, or a hypothetical association with
treatment benefits. Various investigators reported that the
effectiveness of modern combination therapies consisting of
antiangiogenic and standard (chemo)therapy are dependent
on VEGF gene and receptor polymorphisms, indicating the
clinical relevance of these polymorphisms (3,6-10). There
is evidence regarding the involvement of the VEGF gene
SNPs in OSCC development (4,11), despite the fact that the
number of available relevant studies is currently limited.
Tobacco abuse is one of the main known risk factors for the
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deveopment of OSCC (12). Differences in recent studies may
be attributed to the combination of a particular VEGF-SNP
with environmental risk factors, such as cigarette smoking (13).
In addition, a higher risk for urothelial carcinoma in cigarette
smokers harbouring the high-risk VEGF genotypes was
previously described (14) and it was hypothesized that smoking
may impair VEGF-induced cell migration (15). Chen et al (16)
demonstrated that the -2578 AA genotype decreased disease
activity in rheumatoid arthritis in non-smokers, but lost its
protective properties in smokers. In addition, the combination
of smoking and the VEGF -2578 A-allele increased the risk of
ischemic heart disease and myocardial infarction in patients
with rheumatoid arthritis (17). Smokers with the VEGF
-460 C/T mutation exhibited a higher risk of esophageal
adenocarcinoma compared to non-smokers (18). A possible
association of smoking and VEGF-SNPs with the incidence
of OSCC was investigated in single studies comprising
only small samples. In brief, five common VEGF-SNPs in
the 5'-untranslated promoter region [-2578 C/A, -460 C/T,
+405 C/G (also referred to as -634 G/C) and -1154 G/A] or
the 3'-untranslated region (+936 C/T) and their association
with OSCC were analysed (6,19-22). Studies investigating
VEGF-SNPs and their correlation with OSCC were reviewed.
In order to obtain data supporting an association between
cigarette smoking and specific VEGF-SNPs as risk modifiers
in OSCC, adequate data were pooled and a meta-analysis was
conducted.

Materials and methods

Search strategy and study selection criteria. We conducted
a systematic review of all available published studies inves-
tigating the association between the genetic variations of the
VEGEF gene and OSCC. We identified studies by a literature
search of PubMed and ScienceDirect (1980 through to
September 20, 2014) using the following heading terms
and/or text words: ‘vascular endothelial growth factor’,
‘VEGF’, ‘smoking’, ‘oral’ and ‘polymorphism’ in different
combinations. All published articles were retrieved and their
bibliographies were searched to identify additional relevant
publications. The identified studies were assessed based on
original data analysis to determine their eligibility for inclu-
sion in a quantitative analysis. Patient genotypes in association
with smoking habits were analysed in a meta-analysis. The
systematic review and the following meta-analysis included
studies fulfilling the following inclusion criteria: i) only
studies published in English; and ii) only human cohort or
case-control studies (meta-analyses, reviews and studies with
overlapping patient cohorts were excluded). Additionally, for
the meta-analysis i) only VEGF-SNPs investigated by at least
two research groups; and ii) only studies with separate geno-
type distribution for smokers and non-smokers were included,;
iii) only VEGF-SNPs investigated by at least two research
groups; and iv) only studies with separate genotype distribu-
tion for smokers and non-smokers.

Data extraction. The full-text articles were reviewed to
determine their eligibility according to the abovementioned
inclusion criteria and relevant data were independently
extracted and tabulated. The following characteristics were
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Figure 1. Flowchart of the study selection process for the meta-analysis
and systematic review. VEGF, vascular endothelial growth factor; SNPs,
single-nucleotide polymorphisms; OSCC, oral squamous cell carcinoma.

collected for each study: the first author's surname, year of
publication, country of origin, ethnicity, gender and number
of study subjects, smoking status, SNP genotyping method
and genotype frequencies in the smoking and non-smoking
subgroups.

Statistical analysis. For the meta-analysis, we abstracted the
observed genotypes divided in smoking and non-smoking
subgroups. The odds ratios (ORs) and asymptotic 95% confi-
dence intervals (CIs) were determined to assess the association
between the relevant VEGF-SNPs and the smoking habits of the
OSCC patients in comparison with the dominant homozygous
genotype. The ORs were calculated by use of the assumptions
of a random-effects model, which incorporates between-study
heterogeneity. We estimated pooled ORs and corresponding
95% CIs for the included studies. Heterogeneity among the
studies was assessed using a %* statistic and the I? statistic.
The calculation of the values and the forest plots illustrating
study-specific ORs were performed using Review Manager
software, version 5.2.11 (The Nordic Cochrane Centre,
The Cochrane Collaboration). No correction for multiple
testing was applied, i.e., only the error rate per comparison
was controlled. Statistical analyses were performed using a
two-sided z test. P<0.05 was considered to indicate statistically
significant differences. All the statistical tests were two-sided.

Results

Search results. A total of 116 studies were identified using the
abovementioned search terms and 7 studies met the inclusion
criteria for a review, as outlined by the flowchart in Fig. 1.
The studies (Table I) were further reviewed and assessed with
respect to their eligibility for inclusion in a meta-analysis
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Table I. Studies included in the systematic review investigating the association of the VEGF-SNPs +405 C/G, -1154 G/A, -2578

C/A and 4936 C/T with OSCC.

SNP Name Ethnicity Cases Method First author (refs.) Year
rs2010963 +405 C/G Caucasian 113 PCR Kéadmmerer et al (19) 2013
Caucasian 114 PCR Supic et al (20) 2012
rs1570360 -1154 G/A Caucasian 113 PCR Kéammerer et al (19) 2013
Caucasian 114 PCR Supic et al (20) 2012
r$3025039 +936 C/T Caucasian 113 PCR Kéammerer et al (19) 2013
Caucasian 114 PCR Supic et al (20) 2012
Caucasian 144 PCR-RFLP Yapijakis et al (6) 2007
Asian 295 PCR-RFLP Lin et al (24) 2012
Asian 218 PCR-RFLP Cheng et al (23) 2008
rs699947 -2578 C/A Caucasian 113 PCR Kéammerer et al (19) 2013
Caucasian 114 PCR Supic et al (20) 2012
rs833061 -460 C/T Caucasian 113 PCR Kéammerer et al (19) 2013
Asian 137 PCR Ku et al (21) 2005
Asian 80 PCR-RFLP Borase et al (25) 2014

VEGEF, vascular endothelial growth factor; SNPs, single-nucleotide polymorphisms; OSCC, oral squamous cell carcinoma; PCR, polymerase

chain reaction; RFLP, restriction fragment length polymorphism.

investigating the association between OSCC and VEGF-SNPs
in connection with smoking. The sample size of the studies
ranged between 80-295 patients and 80-331 controls. Three of
the study cohorts were European and the remaining cohorts
were Asian. The studies identified for the meta-analysis inves-
tigated five different VEGF-SNPs and the association with
the smoking habits of the OSCC patients between 1992 and
2009. Only four SNPs (+405 C/G, -2578 C/A, +936 C/T and
-1154 G/A) were investigated by at least two research groups.
The characteristics of the studies included in the meta-analysis
are summarized in Table II.

Quantitative summary. Our literature research identified
7 studies investigating VEGF-SNP genotypes in OSCC
patients aged 49-62 years. The majority of the patients in the
overall sample were male, whereas in only 2 of the studies
the genders were almost equally distributed. Cheng er al (23)
observed no significant difference in genotype, phenotype or
gene frequency between the OSCC and control groups and
merely suggested an association of the +936 C allele with
vascular invasion in OSCC. In agreement with this study,
Lin et al (24) did not identify a correlation with the incidence
of oral cancer or poor disease-free survival. By contrast, in
the European cohorts, such an association was observed.
Yapijakis et al (6) demonstrated that the low expression of
the +936 T allele was significantly increased in the patient
group. In addition, the 4936 CC genotype was associated
with advanced OSCC in the study by Supic et al (20). An
additional European study did not identify any association
of the +936 C/T polymorphism with OSCC (19). Two Asian
studies suggested SNP -460 C/T as a suitable genetic marker
of OSCC (21,25), whereas in a European study no such asso-
ciation was observed (19), indicating an effect of the origin
of the subjects. Kimmerer ef al (19) identified the -405 GG

genotype as a biomarker for poor survival in advanced OSCC.
Supic et al (20) reported decreased overall survival associated
with SNP -1154 GG, suggesting a consideration of this SNP
as a prognostic marker of poor survival in advanced-stage
OSCC patients. Kimmerer et al (19) observed a worse overall
and disease-free survival for advanced OSCC associated with
the -1154 AA genotype. Despite the differences attributed to
genetic background, environmental factors such as smoking or
alcohol consumption were proven to be the main risk factors
for the development of OSCC. Genetic susceptibility and the
potential interaction of haplotype and smoking status were
suggested. In the included studies, 67.3-95.8% of the partici-
pants were smokers. On investigating the VEGF-SNP-2578 AC,
Kammerer et al (19) demonstrated significant evidence of an
increased OSCC incidence among smokers carrying this SNP,
whereas Supic ef al (20) did not observe such an association.
Yapijakis et al (6) reported that the +936 T-allele was associ-
ated with an increased OSCC risk in smokers. As regards the
VEGF-SNPs -1158 A/G and +405 C/G, there was no evidence
reported by the analysed studies supporting an association of
smoking and these VEGF-SNPs with OSCC.

To further substantiate the observations regarding the asso-
ciation of smoking with the VEGF-SNP genotypes of OSCC
patients, we performed a meta-analysis of 3 studies including
cohorts of 113-144 OSCC patients.

Quantitative analysis (meta-analysis). A total of 3 articles
provided sufficient information and were included in a
meta-analysis. We reanalysed the ORs and the 95% ClIs of the
single studies to assess comparability prior to pooling the geno-
type distribution of the smoking and non-smoking subgroups,
performing a pooled reanalysis. By merging the study results
we were able to increase the samples to 373 OSCC patients for
the -2578 C/A and 227 patients for the +405 C/G, +936 C/T
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Table II. Characteristics of included studies investigating the association of the VEGF-SNPs +405C/G, -1154 G/A, -2578 C/A

and +936 C/T with the smoking status of OSCC patients.

Ethnicity Gender Smokers/
(country (male/ non-
SNP Name of origin) Case diagnosis Cases female) smokers Method  First author (refs.)  Year
1s2010963 +405 C/G Caucasian Histopathologically 113 60/53 76/37 PCR Kdmmerer et al (19) 2013
(Germany)
Caucasian  Histopathologically 114 84/30 96/18 PCR Supic et al (20) 2012
(Serbia)
rs1570360 -1154 G/A Caucasian Histopathologically 113 60/53 76/37 PCR Kédmmerer et al (19) 2013
(Germany)
Caucasian  Histopathologically 114 84/30 96/18 PCR Supic et al (20) 2012
(Serbia)
r$3025039 4936 C/T Caucasian Histopathologically 113 60/53 76/37 PCR Kéammerer et al (19) 2013
(Germany)
Caucasian Histopathologically 114 84/30 96/18 PCR Supic et al (20) 2012
(Serbia)
Caucasian Histopathologically 144  116/18  138/6 PCR-  Yapijakis et al (6) 2007
(Germany/ RFLP
Greece)
r$699947  -2578 C/A Caucasian Histopathologically 113 60/53 76/37 PCR Kéammerer et al (19) 2013
(Germany)
Caucasian Histopathologically 114 84/30 96/18 PCR Supic et al (20) 2012
(Serbia)

VEGEF, vascular endothelial growth factor; SNPs, single-nucleotide polymorphisms; OSCC, oral squamous cell carcinoma; PCR, polymerase

chain reaction; RFLP, restriction fragment length polymorphism.

and -1154 G/A VEGF-SNPs. The reanalysed ORs, 95% ClIs
and forest plots of the single studies and the pooled data are
shown in Fig. 2.

Overall, we could not identify any significant association
between the investigated SNPs -2578 A/C, +936 C/T and
+405 C/G and the smoking habits of the OSCC patients
comparing the heterozygote genotype (+405 CG vs. CC:
OR=1.39,95% CI: 0.31-6.24,P=0.67; +936 CT vs.CC: OR=0.62,
95% CI: 0.33-1.15, P=0.13; -1154 AG vs. GG: OR=0.67,
95% CI: 0.34-1.32, P=0.24; -2578 AC vs. CC: OR=0.85,
95% CI: 0.37-1.95, P=0.71); or the infrequent homozygote
genotype (+405 GG vs. CC: OR=1.61, 95% CI: 0.40-6.53,
P=0.50; 4936 TT vs. CC: OR=0.54,95% CI: 0.12-2.49, P=0.22;
-1154 AA vs. GG: OR=0.45, 95% CI: 0.06-3.59, P=0.45;
-2578 AA vs. CC: OR=0.52, 95% CI: 0.05-5.71, P=0.59) with
the dominant homozygote genotype.

Discussion

In this review of the literature and subsequent meta-analysis we
evaluated a possible association of specific VEGF-SNPs and
OSCC, with a focus on the correlation of specific VEGF-SNPs
and smoking with cancer risk.

The published results on the +936 C/T VEGF-SNP have
been inconsistent, possibly due to the differences in cohort
origin. The investigated Asian cohorts suggested a correlation
between the +936 C-allele and vascular invasion. Accordingly,

the European cohort exhibited a significant increase in the
frequency of the +936 T-allele in the smoking patient group.
Although 3 studies of European origin were pooled in this
meta-analysis, a final conclusion regarding the association of
smoking with the +936 C/T genotype could not be drawn, due
to the limited number of patients. In a study investigating the
+936 C/T VEGF-SNP in breast cancer, the +936 T-allele was
less frequently detected in breast cancer patients compared to
healthy subjects, indicating a protective role of this genetic
variant (1,26). However, another published study suggested
there was no association between the SNP +936 C/T and breast
cancer risk (27). Of note, the comparison between OSCC and
breast cancer may be difficult, as breast cancer studies did
not investigate the correlation with the smoking habits of the
patients.

In the context of the performed meta-analysis, we could
not identify an increased likelihood for smoking OSCC
patients carrying a specific -1154 G/A genotype. In contrast
to OSCC, other cancer types, such as breast cancer, have been
more extensively investigated, as indicated by the number of
available studies (1,26,27). Furthermore, patients carrying the
AA genotype exhibited a decreased prostate cancer risk (28)
and less advanced melanomas (29) compared to patients with
other genotypes.

Observations on SNP -460 C/T indicated an effect on
OSCC and suggested that it may be a suitable genetic marker
when considering the Asian studies, whereas in the European
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Figure 2. Forest plot of ORs for the association of the -460 C/G, +936 C/T, -1154 G/A and -2578 C/A SNPs in the vascular endothelial growth factor gene, with
susceptibility to oral squamous cell carcinoma and smoking status. OR, odds ratio; CI, confidence interval; SNP, single-nucleotide polymorphism.

cohorts no such association was observed. The studies included
in the systematic review yielded inconsistent results, possibly
due to genetic heterogeneity of different ethnicities.

A study investigating the promoter SNP -2578 C/A
provided evidence supporting an association with the develop-
ment of atherosclerosis. Howell ef al (10) observed a protective
role of the CC genotype, whereas AA was associated with an
increased risk of atherosclerosis. Analysing a potential asso-
ciation of this SNP and the smoking behavior of the patients
provided evidence of a strong interaction in patients with rheu-
matoid athritis for ischemic heart diseases and/or myocardial
infarction (17). Lin et al (22) performed a meta-analysis on lung
cancer patients among smokers. The VEGF-SNP -2578 A was
associated with an increased risk of lung cancer, suggesting
that this polymorphism may not be an independent risk factor.
The authors hypothesized a potential role of the -2578 A allele
as effect modifier increasing lung cancer risk synergistically
with smoking, a mechanism also potentially relevant in OSCC.

We could not confirm an increased OSCC risk with respect
to the VEGF-promoter SNP +405 C/G, which was in accordance
to the results of a previous study investigating lung cancer, which
did not indicate any such association, despite stratification by
ethnicity, smoking status or histological type (22).

A previous study investigating the association between
VEGF-SNPs and rheumatoid arthritis suggested a
decreased disease activity in patients carrying the haplotype
-2578 A/-460 C/+405 G in never-smokers (16). This observa-
tion increased the evidence of a linkage disequilibrium.

The discrepancy of the findings between the single studies
may be partially explained by the relatively small study
groups and the different ethnic backgrounds of the patients,
variable gender composition and unknown lifestyles and
gene-environment interactions. The present meta-analysis
was further limited by the relatively limited number of studies
investigating the VEGF-SNPs in OSCC. In addition, the
result variability may be attributed to the cumulative effects
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of cigarette smoke components. For example, while CO has
been shown to destabilize HIF-1a and suppress target genes
such as VEGF, nicotine was shown to promote angiogenesis
and induce the expression of the VEGF gene (30). Cigarette
smoke consists of 4,000 compounds, making the observation
of the cumulative mechanism of the VEGF regulation more
complex (31).

In summary, the reviewed studies suggest effects of single
VEGEF polymorphisms alone, in combination, or by interac-
tion with environmental factors on the tumour characteristics.
It may be concluded that, although the data of the available
studies were pooled and reanalysed during the meta-analysis,
the investigated patient samples remain insufficient to estab-
lish a definitive association of specific VEGF-SNPs with the
smoking habit of OSCC patients. Therefore, a large epide-
miological study must be undertaken to verify the clinical
relevance of these VEGF-SNPs.
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