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Epidemiological studies have suggested that interleukin-17 (IL-17) polymorphisms are associated with cancer risk. However, the
results of these studies are inconsistent. Therefore, we performed a meta-analysis to obtain a precise conclusion. Odds ratios (ORs)
with 95% confidence intervals (CIs) were used to assess the association of the IL-17A rs2275913G>A and IL-17F rs763780T>C
polymorphisms with cancer risk. Publication bias and sensitivity analyses were performed to ensure the statistical power. Overall,
10 relevant case-control studies involving 4,516 cases and 5,645 controls were included. The pooled ORs with 95% Cls indicated
that the IL-17A rs2275913G>A polymorphism was significantly associated with increased cancer risk (for A versus G: OR=1.28,
95% CI: 1.16-1.41, P < 0.001, I’ = 61.1%; for GA versus GG: OR =1.12, 95% CI: 1.02-1.23, P = 0.015, I’ = 27.8%; for AA versus GG:
OR =1.71,95% CI: 1.38-2.41, P < 0.001, I* = 69.6%; for GA + AA versus GG: OR =1.23,95% CI: 1.13-1.34, P < 0.001, I* = 6.4%; for
AA versus GG + GA: OR=1.62, 95% CI: 1.27-2.07, P < 0.001, I* = 81.4%). Succeeding analysis of HWE and stratified analysis of
gastric cancer and the Asian (and Chinese) population revealed similar results. The IL-17F rs763780T>C polymorphism was also
significantly associated with gastric cancer development. Overall, the present meta-analysis suggests that IL-17 polymorphisms

increase the risk of developing cancer, particularly gastric cancer, in the Asian (and Chinese) population.

1. Introduction

Cancer is one of the most common malignancies worldwide;
it is the leading cause of death in economically developed
countries and the second leading cause of death in develop-
ing countries [1]. Approximately 12.7 million new cases of
cancer and 7.6 million cancer-related deaths were reported
in 2008 [2]. Despite the efforts exerted by many researchers
to elucidate the mechanism of carcinogenesis, this process
remains unclear to date. Environmental factors, diet, lifestyle,
and smoking and drinking habits have been implicated in the
development of cancer [3, 4]. Various epidemiological studies
have revealed that inflammation-associated factors, such as
interleukin- (IL-) 1, IL-6, IL-10, and tumor necrosis factor-«,
are associated with cancer tumorigenesis [5].

Interleukin-17 (IL-17) is a proinflammatory cytokine that
serves important functions in inflammation, autoimmune

disorders, and cancer [6]. The IL-17 cytokine family consists
of six members (IL-17A to IL-17F) and five receptors (IL-17RA
to IL-17RD and SEF) [7, 8]. These cytokines are primarily
produced from a subset of CD4+ effector cells known as
Thi17 cells [9, 10]. Clinical studies have shown increased IL-
17 expression in malignant tumors [11-14].

Single nucleotide polymorphisms (SNPs) can alter gene
functions and protein expression, which influence cell prolif-
eration and increase cancer risk. The IL-17A rs2275913G>A
and IL-17F rs763780T>C polymorphisms are the most com-
mon loci associated with IL-17 activity and cancer risk. In
2009, Shibata et al. [15] conducted the first study and reported
a positive relationship between gastric cancer and the IL-
17A 1s2275913G>A polymorphism in a Japanese population.
But no significant association was found between gastric
cancer and polymorphisms of IL-I7F rs763780 T>C. Many
epidemiological studies have focused on the association of
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FIGURE 1: Flow chart of study selection.

the IL-17A rs2275913G> A and IL-17F rs763780T>C polymor-
phisms with cancer risk. However, the results of these studies
are inconsistent. Therefore, we performed a meta-analysis to
clarify the possible association of the IL-I17A rs2275913G>A
and IL-17F rs763780T>C polymorphisms with cancer risk.

2. Materials and Methods

2.1. Search Strategy. The PubMed, Embase, and Chinese
National Knowledge Infrastructure databases were searched
using the terms “cancer,” “tumor,” “interleukin-17," “IL-17 and
“polymorphism,” (last search was updated on January 20,
2014). The “Related Articles” option was also used in each
research article to find potential relevant studies on the same
topic. Only studies published in English or Chinese were
included. The inclusion criteria in this meta-analysis were as
follows: (a) researches that focused on population, (b) studies
that evaluated the association of the IL-17A rs2275913G>A
and IL-17F rs763780T>C polymorphisms with cancer risk, (c)
case-controls studies, and (d) studies that contain available
genotype frequency to estimate the odds ratio (OR) and 95%
confidence intervals (CIs). The largest or the most recent
publication was selected when some data were the same or
overlapped.

2.2. Data Extraction. Two investigators (Yu-Ming Niu and
Hua Yuan) independently extracted the following informa-
tion from each eligible publication: first author’s name, pub-
lication year, country of origin, ethnicity of the individuals
involved (categorized as Asian or Caucasian), source of
controls, number of cases and controls, number of genotypes
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cases and controls, Hardy-Weinberg equilibrium (HWE) and
minor allele frequency (MAF), and cancer category. Discrep-
ancies were adjudicated by another author until consensus
was achieved.

2.3. Statistical Analysis. The strength of the association of
the IL-17A 1rs2275913G>A and IL-17F rs763780T>C poly-
morphisms with cancer risk was assessed by calculating
crude ORs with 95% Cls. Pooled ORs were conducted for
minor allele versus major allele with five models. Stratified
analyses were performed by ethnicity, study design, and
cancer category. Heterogeneity was calculated based on the
I? statistic with low, moderate, and high I 2 values of 25%,
50%, and 75%, respectively [16, 17]. When I* < 50%
(which indicated a lack of heterogeneity), the OR estimation
of each model was calculated by using the fixed-effects
model (Mantel-Haenszel method); otherwise, the random-
effects model (DerSimonian and Laird method) was used.
We generated forest plots sorted by publication year. Potential
publication bias was estimated using Egger’s linear regression
test with funnel plot [18]. Sensitivity analyses were assessed
by deleting each study to reflect the influence of individual
datasets on the pooled ORs [19]. Statistical analysis was
performed using STATA version 11.0 (Stata Corporation,
College Station, TX, USA) with two-sided P values. P < 0.05
was considered significant.

3. Results

3.1. Study Characteristics. A flow chart showing the study
selection is presented in Figurel. A total of 185 relevant
studies were found with the research words and manual
research. After careful review, 10 published case-control stud-
ies involving 4,516 cases and 5,645 controls met our inclusion
criteria [15, 20-28]. We found 10 and 7 eligible studies with
adequate genotype and research subjects according to IL-
17A 1s2275913G>A and IL-17F rs763780T>C polymorphism.
All characteristics of the selected studies are summarized
in Table 1. Nine studies involved Asian populations (seven
involved the Chinese population), and one study involved
a Caucasian population. Diverse genotyping methods were
used, including polymerase chain reaction-restriction frag-
ment length polymorphism (PCR-RFLP) [23, 27], TagMan
[21, 24, 28], polymerase chain reaction-sequence specific
primers (PCR-SSCP) [15, 25], MassARRAY [20, 22], and
SNaPshot SNP assay [26] methods in eligible publications.
The genotypic distribution of controls in only two and three
studies deviated from HWE in the IL-17A rs2275913G>A and
IL-17F rs763780T>C polymorphisms, respectively.

3.2. Quantitative Synthesis. Table 2 shows the results of
this meta-analysis and the heterogeneity test. The IL-17A
rs2275913G>A polymorphism showed significant associa-
tions with cancer risk in all populations (for A versus G: OR =
1.28, 95% CI: 1.16-1.41, P < 0.001, I* = 61.1%; for GA versus
GG: OR = 112, 95% CI: 1.02-1.23, P = 0.015, I* = 27.8%;
for AA versus GG: OR = 1.71, 95% CI: 1.38-2.41, P < 0.001,
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Study ID OR (95% CI) Weight (%)
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|
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Zhou A e 163(119,225) 6.32
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|
Subtotal (I* = 0.0%, P = 0.508) < 139 (1.18, 1.65) 24.50
|
|
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Overall (I” = 6.4%, P = 0.383) <> 1.23 (113, 1.34) 100.00
|
|
|
|
I I

0.409 1

2.45

FIGURE 2: OR and 95% ClIs for the association between IL-17A rs2275913G>A polymorphism with cancer risk for the GA + AA versus GG

model.

I? = 69.6%; for GA + AA versus GG: OR =123, 95% CI: 1.13—
1.34, P < 0.001, I* = 6.4% (Figure 2); and for AA versus GG +
GA: OR =1.62,95% CI:1.27-2.07, P < 0.001, I* = 81.4%). The
succeeding stratified analysis according to HWE, ethnicity,
and study design subgroup also presented that the IL-17A
rs2275913G>A polymorphism may be a strong risk factor in
the development of cancer, especially gastric cancer, in the
Chinese population.

Statistical analysis also indicated that the IL-I7F
rs763780T>C polymorphisms were significantly associated
with cancer risk, particularly gastric cancer (for C versus
T: OR = 1.29, 95% CI: 1.14-1.46, P < 0.001, I’ = 0%; for
TC versus TT: OR = 1.33, 95% CI: 1.13-1.55, P < 0.001,
I* = 21.6%; for CC versus TT: OR = 1.40, 95% CI: 1.04-1.88,
P =0.026, I’ = 0%; for TC + CC versus TT: OR = 1.34, 95%
CI: 1.16-1.55, P < 0.001, I* = 16% (Figure 3)).

3.3. Sensitivity Analysis. A single study involved in the meta-
analysis was deleted each time to reflect the influence of the
individual data set on the pooled ORs, and the corresponding
pooled ORs were not qualitatively altered. This indicated
that the results about the association between IL-17 gene
polymorphisms and cancer risk were statistically robust
(Figures 4 and 5).

3.4. Publication Bias. Funnel plot and Egger’s test were
performed to estimate the publication bias of literature.

Publication bias was detected in the meta-analyses on the
allele contrast, homozygote (AA versus GG), dominant, and
recessive models of the IL-17A rs2275913G>A polymorphism
(Figure 6 for GA + AA versus GG model), except for the
GA versus GG model (P = 0.652). Stratified analyses were
conducted only with the HWE and Chinese population, but
the results were not substantially different. For the IL-17F
rs763780T>C polymorphism, the funnel plots did not show
any asymmetrical evidence in all genetic models (Figure 7).
The result was further supported by analysis using Egger’s
tests (P = 0.102 for C versus T; P = 0.185 for TC versus TT;
P = 0.382 for CC versus TT; P = 0.114 for TC + CC versus
TT (Figure 7); P = 0.792 for CC versus TT + TC).

4. Discussion

Carcinogenesis is a multistep process that involves numer-
ous factors, such as smoking, drinking, xenobiotics infec-
tions, nutrition deficiency, and host genetic factor. Cancer-
related inflammation factors have been recently confirmed
to increase the risk of developing malignant tumors. IL-17
is a relatively novel cytokine family that is connected with
adaptive and innate immune systems. IL-17A and IL-17F are
members of the IL-17 cytokine family that are responsible
for the pathogenic activity of IL-17 cells, the lineage of CD4"
effector cells, and multiple proinflammatory mediators [29].

Genetic polymorphisms of the IL-17A and IL-17F
cytokines could change the function and expression of
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Study ID OR (95% CI) Weight (%)

‘
Gastric cancer |
Zhang 1 1.26 (0.86, 1.86) 12.69
Zhu | 115 (0.79, 1.67) 12.92
Wu i e 151(1.24,1.84) 17.81
Shibata : 1.08 (0.75, 1.54) 13.41
Subtotal (I* = 16.0%, P = 0.312) Ea— 1.34 (116, 1.55) 56.83

|

i
Other cancers i
Zhou i 0.62 (0.44, 0.88) 13.70
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Wang : 1.07 (0.79, 1.44) 14.96
Subtotal (I* = 66.7%, P = 0.050) e 0.89 (0.64,1.22) 43.17

|

l
Overall (I* = 70.3%, P = 0.003) 1 1.08 (0.87, 1.35) 100.00

Note: weights are from random effects analysis

T
0.441 1

T
2.27

FIGURE 3: OR and 95% Cls for the association between IL-I17F rs763780T>C polymorphisms and cancer risk in TC + CC versus TT model.

Meta-analysis estimates, given named study is omitted

I Lower CIlimit o Estimate 1 Upper CI limit
Zhang (2014) | 1 |-oeerreeii O |
Zhou (2013) | ---voforooiriii ERTENE EUUUUUTRRRRRR |
Zhu (2014) | | O e 1
Rafiei (2013) | t-f oo O e |
Quan (2012) | b O |
Arisawa (2012) | fooooo O L
Wang (2012) | oo of i
WU (2010) | oo DO o
Chen (2010) [TRRRRRRRRRRRI SURRRRS PUTTRRTTURINY IUUPRRRRRR |
Shibata (2009) O P f .
1.10 1.13 1.23 1.34 1.41

FIGURE 4: Sensitivity analysis through deleting each study to reflect
the influence of the individual dataset on the pooled ORs in GA +
AA versus GG model of IL-17A rs2275913G>A polymorphism.

cytokines, which influence the activity of ILs [12, 30, 31].
Several studies have revealed that IL-I7A and IL-17F
polymorphisms are associated with gastric cancer, breast
cancer, and so on. However, the results of these studies are
inconsistent.

In 2009, Shibata et al. [15] were the first to report that
the AA homozygote was significantly correlated with the
development of gastric cancer compared with the common
homozygous genotype (GG) in a Japanese population (OR
= 3.02, 95% CI: 1.86-4.91). One year later, Chen et al. [28]
also found a positive relationship between gastric cancer

Meta-analysis estimates, given named study is omitted

I Lower CI limit o Estimate | Upper CIlimit

Zhang (2014)

Zhou (2013)
Zhu (2014)
Quan (2012)

Wang (2012)

Wu (2010) |1-- -

Shibata (2009)

0.820.87 1.35 1.41

FIGURE 5: Sensitivity analysis through deleting each study to reflect
the influence of the individual dataset on the pooled ORs in TC +
CC versus TT model of IL-17F rs763780T>C polymorphism.

and the IL-17A rs2275913G>A polymorphism in a Chinese
Han population with a drinking habit (for A versus G: OR
= 1.37, 95% CI: 1.07-1.76). Similar results were reported by
Arisawa et al. [25], Rafiei et al. [23], Zhang et al. [20], and
Zhuet al. [22] in gastric cancer. Furthermore, the mutation
of IL-17A rs2275913G>A locus was also demonstrated as
tumorigenic for bladder cancer [21], breast cancer [26], and
cervical cancer [24]. However, another article detected no
significant association between the IL-I7A rs2275913G>A
polymorphism and gastric cancer risk [27].
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Begg’s funnel plot with pseudo 95% confidence limits

0.6
o
0.4
® 02 -
S O O
0 O

-0.2 4

T T T T

0 0.1 0.2 0.3

s.e. of logor

FIGURE 6: Funnel plot analysis to detect publication bias for GA +
AA versus GG model of IL-17A rs2275913G>A polymorphism. Each
point represents a separate study.

Regarding the IL-17F rs763780T>C polymorphism, Wu
etal. [27] found that the CT and CC genotypes are associated
with an increased risk of gastric cancer compared with the
TT genotype (OR = 151, 95% CI: 1.22-1.87 for CT; OR =
1.61, 95% CI: 1.03-2.51 for CC). By contrast, Zhou et al. [21]
showed that bladder cancer patients have significantly higher
frequencies of T allele than controls. This result indicates
that this T allele is significantly associated with bladder
cancer (OR = 1.46, 95% CI: 1.07-2.00). Furthermore, other
researches did not find any significant association between
the IL-I7F rs763780T>C polymorphism and cancer risk
(15, 20, 22, 24, 26].

To the best of our knowledge, this meta-analysis is the
first to determine the association of IL-17 polymorphisms
with cancer risk. This study focused on two common IL-
17 polymorphisms, namely, IL-17A rs2275913G>A (10 studies
with 4,516 cases and 5,645 controls) and IL-17F rs763780T>C
(7 studies with 2,863 cases and 3,773 controls). Significant
associations were found between the IL-I17A rs2275913G>A
polymorphism and cancer risk in all five genotype models of
total populations. Besides, we also detected some association
between the IL-I7F rs763780T>C polymorphism and the
risk of Asians (Chinese), population-based and hospital-
based controls, and gastric cancer or other cancers in the
subgroup analysis by HWE publications, ethnicity, control
design, and cancer category. Interestingly, nine researches
focused on Asian population; the results of our meta-analysis
demonstrated that the IL-17A rs2275913G>A polymorphism
may be a stranger canner risk for Asian ethnicity (including
Chinese). Moreover, the category of control design did not
influence the results; not only the population-based but also
the hospital-based controls all showed that significant associ-
ation existed between IL-17A rs2275913G>A polymorphism
and cancer risk. In all selected publications, seven studies
focused on gastric cancer and the results also indicated
that IL-17A rs2275913G> A polymorphism plays an important
role during the development of gastric cancer. For IL-
17F 1s763780T>C polymorphism, all selected studies were
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FIGURE 7: Funnel plot analysis to detect publication bias for TC +
CC versus TT model of IL-17F rs763780T>C polymorphism. Each
point represents a separate study.

conducted in Asian population and significant association
only was found in codominant model (CC versus TT) in
total population. Furthermore, subgroup analyses revealed
a significantly increased risk of gastric cancer with IL-
17F 1s763780T>C polymorphism in four models. Another
stratified analysis of population-based control also drew a
consistent conclusion.

This meta-analysis has several limitations in result inter-
pretation. First, each gene only has a moderate effect on
cancer development. A combination of relative genotypes
may be a higher risk factor than a single locus genotype.
Linkage disequilibrium and haplotype analyses of the two
polymorphisms were not conducted because of the lack of
original data on the individual genotypes from the included
studies. Second, certain publication biases existed until
subgroup analyses were conducted. These deviations would
influence the correctness and reliability of the results. Third,
these results were based on unadjusted estimates, and the
evaluations were limited without the effects of gene-gene and
gene-environment interactions. Finally, most of the included
studies had been conducted on Asians but not on Caucasians
and Africans, and the association between ethnicity variation
and cancer risk could not be explored deeply.

In conclusion, despite these limitations, the present meta-
analysis demonstrates that the IL-17A rs2275913G>A poly-
morphism is associated with cancer development. Further-
more, the IL-I7F rs763780T>C polymorphism may be a
potential risk factor in the development of gastric cancer. In
the future, large-scale, case-control, and well-designed stud-
ies must be conducted to validate the findings of our meta-
analysis and to comprehensively understand the potential
gene-gene and gene-environment interactions between IL-17
polymorphisms and cancer risk.
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