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Abstract The findings of associations between interleukin-8
(IL-8) polymorphisms and risk of oral cancer are controver-
sial. We conducted a meta-analysis on the basis of data from
all published studies to provide evidence of the current under-
standing of the genetic association with oral cancer. Eligible
studies were identified by means of an electronic search of
PubMed, Elsevier, ScienceDirect, EMBASE, EBSCO, and
CBM databases for studies published up to March 2013. In
accordance with the inclusion and exclusion criteria, a total of
six eligible studies were included in the pooled analyses. In
the overall analysis, we did not observe any significant asso-
ciations between the IL-8-251A>T polymorphism and oral
cancer risk under any of the genetic models (all P >0.05). In
the stratified analysis by ethnicity, Caucasian individuals with
genotype AA had a higher risk of oral cancer under the
dominant model (OR=1.35, 95 % CI 1.09–1.67, P =0.006).
This meta-analysis indicated that the IL-8-251A>T polymor-
phismwas not associatedwith the susceptibility of oral cancer,
while individuals in the Caucasian population with genotype
AA had a higher risk of oral cancer under the dominant model.

Keywords Interleukin-8 . Polymorphisms . Inflammatory
cytokines

Introduction

Oral cancer refers to cancer that originates in the head and
neck region. Oral squamous cell carcinoma (OSCC), which is
a common malignant cancer in the head and neck region, is
the eighth most frequent neoplasm in humans according to the
worldwide cancer incidence ranking [1]. The development of
OSCC is a multifactorial and multistep process. Several risk
factors have been identified, such as alcohol and tobacco
consumption [2], betel quid mastication [3], and human pap-
illomavirus infection [4]. Inflammatory cytokines and anti-
inflammatory cytokines, such as interleukin (IL)-1, IL-8, and
IL-6 [5, 6], have recently been proved to be correlated with
oral cancer through multiple and often controversial path-
ways. Genetic polymorphisms of some inflammatory and
anti-inflammatory cytokines have been found to be associated
with the risk of oral cancer [7, 8].

Interleukin 8, one of a chemokine superfamily of structur-
ally and functionally related inflammatory cytokines, was
discovered in 1987 [9, 10]. As an important inflammatory
chemokine, IL-8 is involved in enhancing early host defense
responses. The overexpression of IL-8 has been found in
various human cancers, such as non-small cell lung carcinoma
[11], breast tumors [12], gastric carcinoma [13], and hepato-
cellular carcinoma [14]. The IL-8 gene, located on human
chromosome 4, is composed of four exons, three introns,
and a proximal promoter region [15]. The gene coding of
IL-8 exhibits several functional polymorphisms, of which 15
have been characterized thus far [16]. A common single
nucleotide polymorphism is located at position −251 of IL-8
in the transcription start site. Studies have shown that the IL-8-
251A>T polymorphism affected IL-8 transcriptional activity
or protein expression, both in vivo and in vitro [17, 18].
Therefore, it could be presumed that the IL-8-251A allele
increases the risk of developing cancer through elevation of
its expression of IL-8.
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In 2007, Vairaktaris et al. [19] published the first study
indicating that the A/T heterozygotes of IL-8-251A>T had a
twofold greater risk of developing OSCC. Since then, the
potential associations of IL-8 polymorphisms with the risk
of OSCC have been explored in several studies; however, the
results of such associations were contradictory and inconclu-
sive. Campa et al. [20] investigated the role of the polymor-
phisms of genes involved in inflammation in the risk of cancers
of the upper aerodigestive tract, and they reported that the IL-8-
251A>T polymorphism was not associated with the risk of
OSCC. However, in 2010, Kietthubthew et al. [21] reported
that the IL-8-251A>T polymorphism decreased the risk of
OSCC. Generally, the inconsistent results were likely due to
small sample sizes and low statistical power. A quantitative
synthesis of accumulated data from different studies might
provide strong evidence of the correlation between genetic
polymorphisms and diseases. Therefore, we conducted a
meta-analysis on the basis of data from all published studies.

Methods

Search strategy

Eligible studies were identified by means of an electronic
search of the PubMed, Elsevier, ScienceDirect, EMBASE,
EBSCO, and CBM databases for studies published up to
March 2013. The primary search included the following key
terms: “oral cancer,” “oral squamous cell carcinoma,” “poly-
morphism,” and “interleukin-8.” The search focused on hu-
man studies and was restricted to English and Chinese lan-
guage papers. We also searched reference lists of reviews and
reviewed retrieved articles again to trace other relevant pub-
lications at the same time.

Inclusion and exclusion criteria

Eligible studies included in the current meta-analysis had to
meet all of the following explicit inclusion criteria: (1) the
association between the IL-8 polymorphism and oral cancer
risks was explored; (2) the study was designed using the
methodology of a case–control study; (3) the study provided
the size of the sample and sufficient data (i.e., genotype
distributions of both cases and controls were available) for
estimating an odds ratio (OR) with a 95% confidence interval
(CI) or information to help infer the results reported in the
paper; and (4) carcinoma cases were diagnosed by histopa-
thology. The exclusion criteria were as follows: (1) reviews
and use of overlapping data published by the same first
author, (2) studies with insufficient information (e.g., geno-
type frequency or number was not reported; histopathological
diagnosis of cancer was not confirmed), and (3) studies not
designed as case/control or cohort studies.

Data extraction

The following information was independently summarized
from each included study: first author, publication year, origin
country, ethnicity of study population, genotyping method,
source of controls, and genotype distribution in cases and
controls. To minimize bias and improve reliability, two re-
searchers compared the results of all the included studies for
accuracy and discussed any discrepancies before reaching an
agreement. If the researchers could not reach a consensus, the
disagreement was resolved by a third author.

Methodological quality assessment

Three reviewers independently evaluated the quality of the
selected studies by scoring them according to a set of
predetermined criteria (Table 1), which were modified from
a previous meta-analysis of molecular association studies
[22–25]. The range of the scores was 0–12, with higher scores

Table 1 Scale for methodological quality assessment

Criteria Score

1. Representativeness of cases

Consecutive/randomly selected from case population with
clearly defined sampling frame

2

Consecutive/randomly selected from case population without
clearly defined sampling frame or with extensive inclusion/
exclusion criteria

1

Not described 0

2. Source of controls

Population or community based 3

Hospital-based (cancer-free controls) 2

Hospital-based healthy volunteers without total description 1

Not described 0

3. Ascertainment of cancer

Histopathologic confirmation 2

Diagnosis of cancer by patient medical record 1

Not described 0

4. Specimens of cases determining genotypes

White blood cells or normal tissues 1

Tumor tissues or exfoliated cells of tissue 0

5. Sample size

>1,000 2

200–1,000 1

<200 0

6. Quality control of genotyping methods

Repetition of partial/total tested samples 1

Not described 0

7. Hardy–Weinberg equilibrium in control subjects

Hardy–Weinberg equilibrium 1

Hardy–Weinberg disequilibrium 0

9212 Tumor Biol. (2014) 35:9211–9218



indicating better quality. Disagreements were resolved by
discussion.

Statistical analysis

The strength of the association between IL-8 and oral cancer
risk was estimated by ORs with 95 % CIs. The pooled ORs
were calculated, including (1) the AT genotype versus the TT
genotype, (2) the AA genotype versus the TT genotype, (3)
TT + AT genotypes versus the AA genotype (the dominant
model), and (4) the TT genotype versus AT + AA genotypes
(the recessive model). A chi-square-based Q test and incon-
sistency index I2 [26, 27] were used to check the heterogene-
ity among the different studies. A P value ≥0.10 on the Q test
indicated that there was no heterogeneity among the studies.
Generally, we considered an I2 value <25 % as indicator of

mild heterogeneity, I2 values ranging from 25 to 50 % as
moderate heterogeneity, and I2 values >50 % as strong het-
erogeneity. When the Q test showed the existence of notable
heterogeneity (P <0.10 and/or I2>50 %), the pooled OR
estimate of each study was calculated by the random-effects
model (DerSimonian and Laird method) [28]; otherwise, the
fixed-effects model (Mantel and Haenszel method) was con-
ducted [29]. To investigate whether publication bias might
affect the validity of the estimates, funnel plots were
constructed, with an asymmetric plot suggesting possible
publication bias. Funnel plot asymmetry was assessed using
Begg's test and Egger's test, which is a linear-regression
approach for measuring funnel-plot asymmetry on the natural
logarithmic scale of the OR [30, 31]. All statistical tests were
two-sided, and P <0.05 was considered an indicator of signif-
icance, except where specifically noted. All of the statistical

162 articles were excluded according to abstracts   

13 relevant articles identified for further review

175 records identified through 

database searching

Search terms: IL-8+oral cancer

6 Articles included

7 articles were excluded according to inclusion criteria     

2 Not case-control study

1 Not relevant to oral cancer

1 Duplicate publications

2 Not relevant to IL-8 -251A>T polymorphism

1 Not provide sufficient data

Fig. 1 Flow chart of
meta-analysis

Table 2 Characteristics of studies included in the meta-analysis

First author Year Country Ethnicity Cancer site Genotyping
methods

Study
size

Source of
controls

Genotypes
distribution
(case/control)

DNA
sample

HWE Quality
score

Case/Control TT AT AA

Campa-a 2007 France Caucasian Oral TaqMan 153/725 Population-based 40/197 72/370 41/158 Blood 0.524 12

Campa-b 2007 France Caucasian Laryngopharynx TaqMan 107/725 Population-based 26/197 50/370 31/158 Blood 0.524 12

Campa-c 2007 France Caucasian Laryngopharynx TaqMan 313/725 Population-based 97/197 141/370 75/158 Blood 0.524 12

Shimizu 2008 Japan Asian Tongue PCR-FRET 69/91 Population-based 31/38 30/45 8/8 Tissue 0.296 10

Vairaktaris 2008 Greece Caucasian Oral PCR-RFLP 158/156 Population-based 56/84 88/72 14/0 Blood 0 10

Kietthubthew 2010 Thailand Asian Oral TaqMan 63/99 Population-based 32/34 21/49 10/16 Blood 0.813 11

Liu 2012 Taiwan Asian Oral PCR-RFLP 270/350 Population-based 97/120 131/164 42/66 Blood 0.454 11

Hu 2012 China Asian Tongue PCR-HRM 142/30 Hospital-based 54/11 67/14 21/5 Tissue 0.879 8
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tests were performed with STATA version 10.0 (Stata Corpo-
ration, College Station, TX).

Results

Characteristics of studies

Six reports that addressed the role of IL-8-251 polymorphism
in oral cancer risk were included in this meta-analysis [20, 21,
32–35]. A flowchart depicting the study selection process is
shown in Fig 1. Two of the studies [19, 33] investigated the
same population; only the more recent one was included [33].
The characteristics and genotype frequency distribution of
these studies are shown in Table 2. Of the six studies, four
investigated Asians and two investigated Caucasians. The
controls were hospital-based in five of the studies and
population-based in one. Four studies described oral cancers
and two focused on tongue cancers; only one study described
laryngopharynx cancer. Four studies used genetic DNA from
blood samples to detect genotypes and two studies used tissue
samples; a total of four genotyping methods were used. The
genotype distribution of the controls in all of the studies was
consistent with the Hardy–Weinberg equilibrium (HWE),
with the exception of the study by Vairaktaris et al. (2008)
[33] on oral cancer.

Meta-analysis results

The results for association strength between the IL-8-251A>T
polymorphism and the susceptibility to oral cancers are shown
in Table 3. In the overall analysis, we did not observe any
significant associations between the IL-8-251A>T polymor-
phism and oral cancer risk under any of the genetic models (all
P >0.05) (Figs. 2, 3, 4, and 5).

Cancer site, source of controls, DNA sample, genotype
method, and HWE test were taken into consideration for

subgroup analysis. In the stratified analysis by ethnicity, Cau-
casian individuals with genotype AA had a higher risk of oral
cancer under the dominant model (OR=1.35, 95 % CI 1.09–
1.67, P =0.006) (Table 3; Fig. 6), but this association was not
present in the Asian populations (Table 3). Studies using
hospital-based controls and those using population-based con-
trols were analyzed separately; however, none of the studies,
regardless of source of controls, showed significant associa-
tion (Table 3). Furthermore, when we conducted stratified
analyses according to cancer site, DNA sample, genotype
method, and HWE test, no significant associations were found
in any genetic models (all P >0.05) (Table 3). There was a
statistically higher risk of oral cancer in the one non-HWE
study, by Vairaktaris et al. [33]; however, this result lacked
reliability due to the estimation of effect size from a single
study.

Publication bias

Funnel plots and Egger's test were used to assess publication
bias. The funnel plot results showed no apparent evidence of
publication bias (Fig. 7). There was also no significant

  Odds ratio
 .001348  1  741.777

 Study
  Odds ratio
 (95% CI)  % Weight

 Campa-a (2007)   1.28 ( 0.79, 2.07)  17.1 

 Campa-b (2007)   1.49 ( 0.85, 2.61)  11.7 

 Campa-c (2007)   0.96 ( 0.67, 1.39)  34.3 

 Shimizu (2008)   1.23 ( 0.41, 3.64)   3.4 

 Vairaktaris (2008)   43.37 ( 2.54, 741.78)  0.2 

 Kietthubthew (2010)   0.66 ( 0.26, 1.68)   6.6 

 Liu (2012)   0.79 ( 0.49, 1.26)  23.2 

 Hu (2012)   0.86 ( 0.27, 2.76)   3.5 

 Overall   1.11 ( 0.91, 1.37)  100.0 

Fig. 2 Forest plot of ORs for the associations between IL-8-251A>T
polymorphism and oral cancer risk (AA vs. TT)

  Odds ratio
 .225423  1  4.43610

Study
  Odds ratio
 (95% CI)  % Weight

 Campa-a (2007)   0.96 ( 0.63, 1.46)  14.3 

 Campa-b (2007)   1.02 ( 0.62, 1.70)   9.8 

 Campa-c (2007)   0.77 ( 0.57, 1.06)  29.3 

 Shimizu (2008)   0.82 ( 0.42, 1.58)   6.4 

 Vairaktaris (2008)   1.83 ( 1.16, 2.90)   8.8 

 Kietthubthew (2010)   0.46 ( 0.23, 0.92)   7.6 

 Liu (2012)   0.99 ( 0.69, 1.41)  20.4 

 Hu (2012)   0.97 ( 0.41, 2.32)   3.4 

Overall   0.95 ( 0.81, 1.11)  100.0 

Fig. 3 Forest plot of ORs for the associations between IL-8 -251A>T
polymorphism and oral cancer risk (AT vs. TT)

  Odds ratio
 .001882  1  531.295

Study
  Odds ratio
 (95% CI)  % Weight

 Campa-a (2007)   1.31 ( 0.88, 1.96)  18.8 

 Campa-b (2007)   1.46 ( 0.93, 2.30)  13.5 

 Campa-c (2007)   1.13 ( 0.83, 1.55)  33.8 

 Shimizu (2008)   1.36 ( 0.48, 3.83)   2.8 

 Vairaktaris (2008)   31.41 ( 1.86, 531.30)  0.2 

 Kietthubthew (2010)   0.98 ( 0.41, 2.32)   4.9 

 Liu (2012)   0.79 ( 0.52, 1.21)  22.7 

 Hu (2012)   0.87 ( 0.30, 2.52)   3.3 

Overall   1.19 ( 0.99, 1.42)  100.0 

Fig. 4 Forest plot of ORs for the associations between IL-8-251A>T
polymorphism and oral cancer risk (AA vs. AT + TT)
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difference in the Egger's test for the allelic genetic model,
suggesting a low probability of publication bias in the present
meta-analysis (T =1.26, P =0.256).

Discussion

The potential role of the IL-8-251A>T polymorphism as a
determinant of oral cancer risk was investigated using six
published case–control studies. Ever since the IL-8 polymor-
phism was found to occur frequently in human populations,
many studies have been conducted and published on the
polymorphism and the risk of cancer. The first study, pub-
lished in 2007, revealed that the A/T heterozygotes of IL-8-
251A>T displayed a twofold greater risk of developing OSCC
[19]. After that, several investigators duplicated this work in
different populations. However, no consensus has been
reached regarding the correlation between IL-8-251A>T poly-
morphism and oral risk, even within the same population.
Considering that a single study might be too underpowered
to detect the effect of the gene polymorphism on cancer,

especially when the sample size is relatively small, we per-
formed a meta-analysis of all eligible studies to derive a more
precise estimation of the association of the IL-8 polymor-
phism with oral cancer risk.

However, a meta-analysis for this same polymorphism had
been published by Wang et al. [36], which we read with great
interest. In Wang's study, which included six case–control
studies, the conclusions indicate that it provided strong evi-
dence that the AA and AT genotypes of the IL-8-251A>T
polymorphism were associated with an increased risk of oral
cancer (OR=1.23, 95 % CI 1.03–1.46, P =0.025; OR=1.25,
95 % CI 1.07–1.47, P =0.006, respectively). However, the
data reported byWang et al. [36] for the study by Campa et al.
[20] do not seem in line with the data provided by Campa et al.
[20] in their original publication. The numbers reported by
Wang et al. [36] for TT, AT, and TT in the controls are 241,
468, and 189, but after carefully studying the data presented
by Campa et al. [20], the frequencies we retrieved were 197,
370, and 158. The data reported by Wang et al. [36] for the
study byVairaktaris et al. [33] also do not seem in line with the
data provided by Vairaktaris et al. [33] in their original publi-
cation. The numbers reported by Wang et al. [36] for TT, AT,
and TT in the controls are 74, 84, and 0, but after carefully
studying the data presented by Vairaktaris et al. [33], the
frequencies we retrieved were 84, 72, and 0. Furthermore,
the data reported byWang et al. [36] for the study by Hu et al.
[35] do not seem in line with the data provided by Hu et al.
[35] in their original publication. The numbers reported by
Wang et al. [36] for TT, AT, and TT in the cases are 42, 51, and
16; interestingly enough, after carefully studying the data
presented by Hu et al. [35], the frequencies we retrieved were
54, 67, and 21.

The pooled results of the current meta-analysis indicated
that the IL-8-251A>T polymorphism was not associated with
a risk of oral cancer under any of the genetic models. After-
wards, we conducted several subgroup analyses and found
that IL-8-251A>T polymorphism, in a stratified analysis by

  Odds ratio
 .001882  1  531.295

 Study
  Odds ratio
 (95% CI)  % Weight

 Asian

 Shimizu (2008)   1.36 ( 0.48, 3.83)   2.8 

 Kietthubthew (2010)   0.98 ( 0.41, 2.32)   4.9 

 Liu (2012)   0.79 ( 0.52, 1.21)  22.7 

 Hu (2012)   0.87 ( 0.30, 2.52)   3.3 

 Subtotal   0.88 ( 0.62, 1.23)  33.7 

 Caucasian

 Campa-a (2007)   1.31 ( 0.88, 1.96)  18.8 

 Campa-b (2007)   1.46 ( 0.93, 2.30)  13.5 

 Campa-c (2007)   1.13 ( 0.83, 1.55)  33.8 

 Vairaktaris (2008)   31.41 ( 1.86, 531.30)   0.2 

 Subtotal   1.35 ( 1.09, 1.67)  66.3 

 Overall   1.19 ( 0.99, 1.42)  100.0 

Fig. 6 Subgroup analysis by ethnicity of the associations between
IL-8-251A>T polymorphism and oral cancer risk (AA vs. AT + TT)

Begg's funnel plot with pseudo 95% confidence limits
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Fig. 7 Begg's funnel plot of the meta-analysis of the associations be-
tween IL-8-251A>T polymorphism and oral cancer risk (AA vs. TT)

  Odds ratio
 .265858  1  3.76140

 Study
  Odds ratio
 (95% CI)  % Weight

 Campa-a (2007)   1.05 ( 0.71, 1.57)  14.3 

 Campa-b (2007)   1.16 ( 0.73, 1.86)   9.8 

 Campa-c (2007)   0.83 ( 0.62, 1.11)  29.4 

 Shimizu (2008)   0.88 ( 0.47, 1.65)   6.1 

 Vairaktaris (2008)   2.13 ( 1.35, 3.34)   7.7 

 Kietthubthew (2010)   0.51 ( 0.27, 0.97)   7.7 

 Liu (2012)   0.93 ( 0.67, 1.30)  21.4 

 Hu (2012)   0.94 ( 0.42, 2.13)   3.6 

 Overall   1.00 ( 0.86, 1.16)  100.0 

Fig. 5 Forest plot of ORs for the associations between IL-8-251A>T
polymorphism and oral cancer risk (AA + AT vs. TT)
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ethnicity, was statistically related with elevated cancer risks.
This finding indicates that the genetic variant in IL-8-251A>T
might have a crucial role in the susceptibility to oral cancer in
the Caucasian population. Our findings are not in accordance
with the results published previously by Wang et al. [36]; in
their study, a marginally significant association was found
between the IL-8-251A>T polymorphism and oral cancer.
The reason for this different result might be the erroneous
data used in the meta-analysis by Wang et al. [36]. Nonethe-
less, considering the limited number of published studies
available in the present meta-analysis, our results should be
interpreted cautiously.

In summary, this meta-analysis indicated that the IL-8-
251A>T polymorphism was not associated with the suscepti-
bility to oral cancer, while in the Caucasian population, indi-
viduals with genotype AA had a higher risk of oral cancer
under the dominant model. To confirm our findings, further
large-scale case–control and population-based association
studies are required. In particular, studies on gene–gene and
gene–environment interactions are needed to identify the pos-
sible roles of IL-8-251A>T in oral cancer.
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