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Abstract
Aim  To evaluate the possible relevance of the IL-18-137 G>C (rs187238), IL-18-607 C>A (rs1946518) and IL-4-590 C>T 
(rs2243250) polymorphisms to the genetic susceptibility of head and neck cancer.
Methods  Data were retrieved from PubMed, EMBASE, Web of Science and CNKI databases, and the results were indepen-
dently analysed by two reviewers using Stata 14.0 software.
Results  After searching for and assessing the literature, a total of thirteen studies involving 2,959 patients newly diagnosed 
as head and neck cancer and 3,622 controls from healthy donors were analysed. The results suggested that a strong relation-
ship between patients and healthy controls was observed in the IL-18-137 G>C polymorphism in consistence with the result 
(CC vs. GG + GC: OR = 1.63, P = 0.004; CC vs. GG: OR = 1.82, P = 0.001). When stratified by cancer type, ethnicity and 
the source of control samples, significant and elevated risks were obtained in the genetic susceptibility to Asian patients 
with NPC in all genetic models and in those studies using the PCR-RFLP test method. In addition, comparable results were 
obtained for the IL-18-607 C>A polymorphism, especially for Asian patients with NPC.
Conclusions  It should be a potential association between IL-18 variants and nasopharyngeal carcinoma. Furthermore, IL-18 
gene variants might be considered as a critical role in predicting the occurrence of nasopharyngeal carcinoma in Asian popu-
lation. However, the IL-4-590 C>T polymorphism does not influence the development of head and neck cancer.

Keywords  Interleukin-18-137 G>C (rs187238) · Interleukin-18-607 C>A (rs1946518) · Interleukin-4-590 C>T 
(rs2243250) · Head and neck cancer · Polymorphism · Meta-analysis

Introduction

As the sixth most common malignancy in the world, head 
and neck cancer (HNC) occurs in epithelial tissues of 
various origins consisting of the oral and maxillofacial 
cavities, pharynx and larynx [1, 2]. Among the different 
types of HNC, oral cancer and nasopharyngeal carcinoma 
(NPC) are the most common [3, 4]. More than 90% of 
these malignancies are squamous cell carcinoma (SCC) 

[5]. HNC has become a serious global health problem, 
with estimated more than 550,000 new cases and 300,000 
deaths every year [6]. In 2015, there were 106,540 newly 
diagnosed cases of HNC and 11,710 expected related 
deaths in the USA alone [7]. Epidemiological evidence 
indicates that the overall 5-year survival of HNC patients 
has not significantly improved in the past decade [8]. 
Pathogenetic mechanisms of head and neck organs are 
involved into a multifactorial process arising from genetic 
alterations in oncogenes and tumour suppressor genes as 
well as due to the interaction of environmental factors such 
as smoking, alcohol intake and betel quid chewing, as well 
as lack of oral hygiene. According to previous studies, 
HPV infection has also emerged as a risk factor for the 
transformation of normal tissues into malignant lesions 
[9–11]. Recently, chronic inflammation stimulated by 
exposure to chemical, bacterial and viral agents has been 
proved that it has an important effect on the development 
and progression of cancer. Immune dysfunction induced 
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by certain autoimmune reactions, also enhances the occur-
rence of various cancers, including head and neck cancer 
[12–16]. Cytokines are low-molecular-weight regulatory 
polypeptides of the immune system, which accumulate in 
the immune microenvironment. Functional single nucleo-
tide polymorphisms (SNPs) on cytokine-encoding genes 
can strongly induce the proliferation of malignant cell by 
immune system disorders and enhance the capability of 
malignant transformation and tumour growth [12–16]. 
SNPs on the gene encoding the pro-inflammatory interleu-
kins IL-18 are located on chromosome 11q22 [17], which 
induce alterations in its promoter region (-607 C>A, -137 
G>C), and these genetic polymorphisms are responsible 
for the progression of some malignancies, such as esopha-
geal squamous cell carcinoma [18]. The anti-inflamma-
tory cytokines IL-4 is associated with humoral immune 
responses and induces a potent cytotoxic response against 
tumors, which is secreted by Th2 cells [19, 20]. It is also 
an autocrine growth factor, responsible for the induction of 
IgE production by B cell, and it can antagonize the func-
tion of IFN-γ and inhibit the activation of macrophages 
[21]. A key SNP on the promoter region of the IL-4 gene 
(-590 C>T), referred to as rs2243250 [22], is relevant to 
cancer. On the other hand, increased serum levels of IL-18 
have been tested in cancers of various origins (colon, gas-
trointestinal tract and breast carcinomas) [21, 23–25]. To 
date, there have been a few studies investigating the asso-
ciation of IL-18-137 G>C, IL-18-607 C>A and IL-4-590 
C>T polymorphisms with HNC risk, but the results have 
been inconsistent. Until now, there has been no specific 
meta-analysis or systematic review on the risk of HNC 
in relation to polymorphisms in IL-18 nor IL-4 polymor-
phism. Given that, we propose to perform a meta-analysis 
to better understand the relationship between HNC risk 
and SNPs on the IL-18 and IL-4 genes.

Methods

Search strategy

A search strategy based on combinations of the key words 
such as: “IL-18” or “interleukin-18”; “IL-4”, or “interleu-
kin-4”; “polymorphism” or “variant”; “head and neck can-
cer” and “oral cancer”, “nasopharyngeal cancer”, “phar-
ynx cancer”, or “larynx cancer”, was applied on all studies 
selected before June 2017, using PubMed, EMBASE, Web 
of Science and CNKI databases without language restric-
tion. Combined phrases with information on specific genes 
or SNPs from studies were also used. References cited in 
selected original studies and previous meta-analyses and 

review articles were scanned to avoid missing to be included 
in.

Inclusion criteria

The inclusion criteria were as follows: (a) case–control study 
design, (b) relevance of polymorphisms in IL-18 and IL-4 to 
head and neck cancer risk/susceptibility, and (c) sufficient 
genotype data or data allowed to be calculated.

Exclusion criteria

The exclusion criteria were as follows: (a) review articles, 
(b) absence of the proposed SNPs or completed data on gen-
otypes, (c) repeated publications by the same author or team, 
(d) studies based on animals or cell lines, and (e) unreliable 
and unreasonable materials and methods.

Data extraction

The extracted data included: the first author’s name (first 
name for record), year of publication, country, ethnicity 
(Asian or Caucasian), sources of controls, cancer types, 
genotyping methods, allele counts in HNC cases and con-
trols, p for the Hardy–Weinberg equilibrium (HWE) using 
Fisher’s exact test, and Newcastle-Ottawa Scale (NOS) 
scores. Importantly, some details about patients, such as 
stage classification of cancer were also obtained. All the 
information was collected by two investigators indepen-
dently. A third reviewer was required (Li) when the results 
were inconsistent.

Quality assessment

All the information was collected by two investigators inde-
pendently. A third reviewer was required (Li) when the 
results were inconsistent. NOS scores were used to assess 
the quality of individual case–control studies. In brief, 
assessment scores ranged from 0 points (worst) to 9 points 
(best). A final score > 6 was considered as high quality.

Statistical analysis

The potential association of the three functional SNPs 
with head and neck cancer risk was assessed by odds ratio 
(OR) with 95% confidence interval (95% CI). P < 0.05 
was defined significant. For rs1946518 polymorphism, the 
pooled ORs were calculated for the allele model (A vs. C), 
dominant model (CA + AA vs. CC), recessive model (AA vs. 
CC + CA) and codominant model (CA vs. CC, AA vs. CC). 
The same genetic models were also applied in rs187238 
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and rs2243250 polymorphisms. Necessarily, subgroup 
analyses of ethnicity, cancer types, source of controls and 
genotyping methods were also performed and statistically 
evaluated. Cochran’s Q statistic and I2 method was applied 
in heterogeneity [26]. I2 = 0–50% meant no heterogeneity 
and I2 = 50–75% meant moderate heterogeneity, and I2 > 75% 
suggested high heterogeneity. The fixed-effect model (also 
called the Mantel–Haenszel method) was chosen for meta-
analysis only when the heterogeneity tests yielded signifi-
cant results (p > 0.1 or I2 < 40%) [27]. Otherwise, the ran-
dom-effects model (also called the DerSimonian and Laird 
method) [28] was selected. All analyses were conducted 
using Stata 14.0 (Stata Corporation, College Station, TX, 
USA).

Results

Studies characteristics

The flowchart of the search process is presented in Fig. 1 
and followed the method described in previous publica-
tions [29, 30]. A total of 204 studies were retrieved through 
databases searches using several combinations of keywords. 
After removing repeated records, an additional 130 stud-
ies were excluded for irrelevant title. Then, two papers of 

meta-analyses, one of case-only study and one lacking of 
specific data, were excluded. The remaining 14 full-text arti-
cles got assessed further for eligibility. Among the excluded 
studies, the data derived from two different studies had been 
pooled into one manuscript. Finally, thirteen studies satisfied 
the inclusion criteria of this analysis, being the basis of three 
independent study panels (Table 1). Of those, eight studies 
on IL-18-137 G>C polymorphism [29–36], nine studies on 
IL-18-607 C>A polymorphism [29–37], and four studies on 
IL-4-590 C>T polymorphism [38–41], respectively. Nine 
studies involved Asian populations [29–31, 33, 35, 36, 38, 
39, 41], and four studies involved Caucasian populations [32, 
34, 37, 40]. Regarding cancer type, five studies reported on 
nasopharyngeal carcinoma [29, 30, 32–34], seven reports on 
oral cancer/ oral squamous cell carcinoma (OSCC) [35–41], 
and one reported on HNC [31] and pharyngeal squamous 
cell carcinoma (PSCC) [41]. In terms of the genotyping 
method, seven studies adopted polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) [23, 
29, 30, 32, 33, 37, 38, 40], two studies adopted the TaqMan 
assay (Applied Biosystems) [36, 41], two studies used PCR 
[35, 39], and two studies used alleles specific-PCR (AS-
PCR) [31, 34]. Only three studies deviated from HWE in 
the three SNPs, respectively.

Fig. 1   The flow chart of inclu-
sion and exclusion Records iden�fied through 

database searching
(n = 204)
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Meta‑analysis

After reviewing the literature, a total of 2959 patients of 
HNC and 3,622 controls from healthy population were 
incorporated into this meta-analysis. The pooled counts of 
three genotypes of the proposed SNP variants are shown in 
Table 2.

Association between rs187238 polymorphism and HNC risk

With regard to rs187238 polymorphism, eight studies with 
a total of 1,792 patients and 1,900 cancer-free controls were 
analysed. Significant results were found in the following 
genetic models: CC vs. GG + GC: OR = 1.63, P = 0.004; 
CC vs. GG: OR = 1.82, P = 0.001, without heterogeneity 
(Table 2). However, none of other three models yielded 
significant association (all P > 0.05). And heterogeneities 
existed in other three genotype models, after they were ana-
lysed based on subgroups, the differences in ethnicity and 
cancer type may be responsible for these heterogeneities. 
In addition, significant and elevated risks were obtained in 
the genetic susceptibility to Asian patients with NPC in all 
genetic models and in those studies using the PCR-RFLP 
test method, but not in Caucasian patients with any types 
of HNC (Dominant model: OR = 1.89, P = 0.000; Reces-
sive model: OR = 2.07, P = 0.004; Allele model: OR = 1.84, 
P = 0.000; GC vs. GG: OR = 1.79, P = 0.000; CC vs. GG: 
OR = 2.50, P = 0.000) (Table 2; Fig. 2).

Association of rs1946518 polymorphism with head 
and neck cancer risks

The results of the analysis of rs1946518 polymorphism pre-
sented as forest plots provided obvious evidence of asso-
ciation between the SNP and head and neck cancer suscep-
tibility between cases and controls (CA + AA vs. CC: OR 
1.18, 95% CI 1.02–1.36, P = 0.022; A vs. C: OR 1.10, 95% 
CI 1.00–1.20, P = 0.043 and CA vs. CC: OR 1.18, 95% CI 
1.01–1.37, P = 0.032) (Table 2). Overall, the data from 1941 
cases and 1989 controls were analysed. No heterogeneity 
was observed among the studies in any of the genetic mod-
els (Table 2). The pooled ORs were used in a fixed effects 
model. After stratified analysis, IL-18-607 C>A was found 
to be relevant to increased risk in only Asian populations 
with NPC for three models (CA + AA vs. CC: OR 1.36, 
P = 0.021; AA vs. CC: OR 1.39, P = 0.045 and CA vs. CC: 
OR 1.36, P = 0.033), but without any replication in Cauca-
sian patients nor oral cancer (Table 2; Fig. 3).
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No difference between rs2243250 polymorphism and head 
and neck cancer risk

For rs2243250 polymorphism, five studies with 1018 
patients and 1633 healthy donors were included. Heteroge-
neities existed in all genotype models. ORs were calculated 
using a random effects model. No relevance was found in 
IL-4-590 C>T susceptibility to HNC in any genotypes. In 
terms of the analyses based on subgroups, the differences in 
genotyping method may be helpful to explain these hetero-
geneities, and there was no any association obtained under 
any genetic model (all P > 0.05) (Table 2).

Sensitivity analysis

The estimated pooled OR change slightly showed in sen-
sitivity analysis, which indicated that our results were sta-
tistically stable, by removing one study at a time from the 
analysis (Figs. 4, 5).

Publication bias

Begg’s test and Egger’s test (figures not shown) were per-
formed to assess the publication bias among overall selected 
studies. As a result, there was no obvious evidence of pub-
lication bias in IL-18 and IL-4-590 gene polymorphisms 
under the dominant model (P > 0.05) (Figs. 6, 7).

Discussion

IL-18 and IL-4 levels have been found to be significantly 
increased in HNSCC cell lines [19, 42]. Recent reports con-
fer that IL-4 may achieve the ability in inducing the growth 
of HNSCC cell lines through a paracrine mechanism [43]. 
Similar results have also been found in ovarian carcinomas, 
prostate cancer, melanoma and various types of lymphomas 
[22, 43–46]. The number of T cells expression by IL-4 in 
oral cancer patients is significantly higher than that in nor-
mal controls [23, 47]. Evidence has been shown that IL-4 
could directly increase the proliferation rate of HNSCC cell 
lines [19]. There was a slight increase observed in the fre-
quency of the T allele in oral cancer patients, compared to 
controls in a study on Chinese populations. Increased lev-
els of IL-18 have been observed in many cancers, such as 
esophageal, colon, and skin carcinoma [48, 49]. A previous 
study has suggested that the overexpression of IL-18 could 
downregulate cyclin D1 expression and affect the caspase-
dependent cell death, which decreased cell viability and 
induced apoptosis, respectively, in human tongue SCC cells 
[50]. However, the mechanisms of how IL-18-137 G>C, 
IL-18-607 C>A and IL-4 -590 C>T mutations influence 
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the risk of HNC and the extent to which the variants are 
responsible for HNC risk are still unclear. Previous studies 
have shown that the specific associations between IL-18-137 
G>C, IL-18-607 C>A and IL-4-590 C>T polymorphisms 
and HNC risk are controversial. Therefore, it is worth con-
ducting a meta-analysis from all available studies to figure 
out these specific associations. In the present meta-analysis, 
thirteen case–control studies were involved, consisting of 
2959 patients and 3622 healthy donors. There was a slight 
association between IL-18-137 G>C and HNC risk in some 
genetic models. Interestingly, in the stratified analyses, a sig-
nificant increase of risk was found in Asian patients diag-
nosed with NPC and assessed with the PCR-RFLP method in 

overall genetic models. Furthermore, for the IL-18-607 C>A 
polymorphism, the results indicated that a high frequency 
of the A variant was found in HNC patients, indicating that 
the genetic variant could have an effect on the progression 
of head and neck cancer by influencing the maturation of 
IL-18 or by altering the interaction of IL-18-607 with its 
corresponding genes or targets. Moreover, the subgroup 
analyses showed a significant increase in the risk to Asian 
patients with nasopharyngeal carcinoma. In general, we 
found strong associations between SNPs on the IL-18 gene 
and head and neck cancer, especially for nasopharyngeal 
carcinoma in Asian population. In contrast, there was no 

A B

Fig. 2   Meta-analysis of the association between IL-18-137 G>C polymorphism and susceptibility to HNC subgroup by a ethnicity; b cancer 
type in Asian population under recessive model

A B

Fig. 3   Meta-analysis of the association between IL-18-607 C>A polymorphism and susceptibility to HNC subgroup by a ethnicity; b cancer 
type in Asian population under dominant model
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any significant association of HNC risks with the IL-4 -590 
C>T polymorphism.

To the best of our knowledge, this is the most comprehen-
sive quantitative assessment of polymorphisms in these two 
key cytokines, related to inflammation that is specifically 
focused on their functions in the pathogenetic process of 
head and neck cancer. It is noteworthy that there are cer-
tain limitations of our analyses. First, heterogeneities exist 
in some genetic models. It is known that heterogeneity in 

a systematic review refers to the variability among studies 
[51]. In our study, differences in factors such as ethnicity, 
cancer type, cancer stage, age and gender among the selected 
studies could have resulted in heterogeneity. Meanwhile, 
the lack of unified methods to collect and analyze samples 
could change these results. Second, small-study effects are 
unavoidable in such a meta-analysis with a small sample 
size and a limited number of papers. Third, we could not 

Fig. 4   Sensitivity analysis of 
the summary odds ratio coef-
ficients on the relationships of 
IL-18-137 G>C polymorphism 
with the risk of HNC risk under 
the dominant model

Fig. 5   Sensitivity analysis of 
the summary odds ratio coef-
ficients on the relationships of 
IL-18-607 C>A polymorphism 
with the risk of HNC risk under 
the dominant model
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determine the interaction between the environmental factors 
and genetic mutation and distribution or disease stage, age 
and gender. Nevertheless, we believe that these quantitative 
results can provide some evidence on how these key variants 
in cytokines play roles in the pathogenesis and progression 
of head and neck cancer.

In conclusion, the current data reveal that rs187238 and 
rs1946518 polymorphisms are more likely to represent 
potentially valuable genetic biomarkers that are related to 

indicate the susceptibility to nasopharyngeal carcinoma. 
Furthermore, IL-18 gene variants may serve as important 
biomarkers in predicting the occurrence of nasopharyngeal 
carcinoma in Asian population. However, the IL-4-590 
C>T (rs2243250) polymorphism does not influence the 
development of head and neck cancer. Nevertheless, more 
high-quality studies with completed data, including mul-
tiple populations from different ethnic backgrounds and 
more efficient, strict and unified genotyping methods are 
required for further evaluation.

Fig. 6   Funnel plot for the 
meta-analysis of the association 
between IL-18-137 G>C poly-
morphism and oral cancer risk 
under the dominant model

Fig. 7   Funnel plot for the 
meta-analysis of the association 
between IL-18-607 C>A poly-
morphism and oral cancer risk 
under the dominant model
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