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Abstract: Interleukin-6 (IL-6) is an inflammatory cytokines that plays a role in the development of cancer. Several
studies have examined the relationship between the IL-6 -174G>C polymorphism and bladder cancer, but these
results are inconclusive. Therefore, we conducted a meta-analysis to explore the association between IL-6 -174G>C
polymorphism and bladder cancer risk. A comprehensive literature search was performed to identify eligible studies
regarding the IL-:6 -174G>C polymorphism and bladder cancer. Effect sizes under fixed- and random-effects models
were calculated using odds ratios (ORs) with 95% confidence intervals (Cls). Finally, five case-control studies were
included in the subsequent analyses. In the fixed-effect analysis, significantly higher bladder cancer risks of 1.20
(95% Cl = 1.07-1.36) and 1.30 (95% ClI = 1.08-1.56) were found for the dominant model (C/C+G/C vs. G/G) and
recessive model (C/C vs. G/C+G/Q), respectively. Especially for the Asian population, significantly greater bladder
cancer risks of 1.63 (95% Cl = 1.32-2.00) and 1.54 (95% Cl = 1.07-2.21) were observed for the dominant model
(C/C+G/C vs. G/G) and the recessive model (C/C vs. G/C+G/G), respectively. Non-significantly increased risks of
bladder cancer were observed for the dominant and recessive models under the random-effects analysis. The ma-
jor findings of this meta-analysis suggest that IL-6 -174G>C polymorphism is significantly associated with bladder
cancer risk in the Asian population. Further studies with a larger sample size are needed to validate the effects of
IL-6 polymorphisms on bladder cancer risk.
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Introduction st common urological and highly immunogenic

o o malignancies. Bladder cancer ranks 9th among
Inflammation is a self-limiting host defense the most common cancers worldwide, compris-
mechanism against mechanical chemical or ing about 3% of all malignancies. Males are
biological injury. Etiological factors eliciting ch- affected more often than females. The inci-
ronic inflammation related to cancer develop- dence of bladder cancer is rare before the age
ment include microbial-related (Helicobacter of 50 but increases sharply after the age of 65
pylori gastritis for gastric cancer and MALT lym- [2]. Once chronic inflammation develops, it can
phoma) or virus-related (hepatitis B or C virus mediate bladder cancer pathogenesis by stimu-
for hepatocellular carcinoma) infections or au- lating cancer cell growth, invasion and metas-
toimmune diseases (inflammatory bowel dis- tasis through the recruitment of inflammatory

ease for colon cancer) [1]. These infectious or-
ganisms and/or mechanical injury can trigger
chronic inflammation which is related to the Oncogenesis is associated with chronic inflam-
development of bladder cancer, one of the mo- mation in approximately 20% of cancers. Cyto-

cells and signaling molecules [3].
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Relevant literatures identified
by PubMed, Embase and
Google Scholar

(n=188)

cancer. Leibovici (2005) found
that IL-6 variant genotype (C/C)
was associated with an incre-
ased risk of bladder cancer with
an odds ratio of 1.77 [9]. Ahirwar

A 4

180 studies were excluded
150 Without genotyping data
20 Not case-control design
10 Not full-text studies

et al. (2008) suggested that
the -174G>C single-nucleotide
polymorphism may lead to de-
creased IL6 production and low-
producing variant C/C in IL-6

A

Abstracts and full-texts reviewed
for available information
(n=8)

might be a risk factor for bladder
cancer [10]. Guey et al. (2010)
examined evidence for the con-
tribution of germline genetic
variation to bladder cancer het-

2 studies were excluded
2 systematic review and

meta-analvsis studies

erogeneity and found that genet-
ic susceptibility loci might be
correlated with the molecular
diversity of bladder cancer. Eba-

A

Eligible studies for

final analysis

l1es.

kines including Interleukin-1 (IL-1), IL-6, IL-11,
IL-8 Tumor necrosis factor-alpha (TNF-a), G-
CSF, and GM-CSF play an important role in
both acute and chronic inflammation. This lat-
ter group can be subdivided into cytokines
mediating humoral responses such as IL-4,
IL-5, IL-6, IL-7, and IL-13, and those mediating
cellular responses such as IL-1, IL-2, IL-3, IL-4,
IL-7, IL-9, IL-10, IL-12, interferons, transforming
growth factor-beta (TGF-B), TNF-a and TNF-3
[4]. Interleukins are known to exert numerous
functions related to cell growth, survival, dif-
ferentiation and apoptosis in a number of dis-
eases [9].

IL6, a phosphorylated glycoprotein containing
185 amino acids, is a pleiotropic and multifunc-
tional cytokine, especially involved in chronic
immune inflammatory response [6]. It initiates
several different intracellular pathways like
JAK/STAT, MAPK, PI3K that activate the expres-
sion of other genes, resulting in persistent
inflammation and development of bladder can-
cer [7]. A common single nucleotide polymor-
phism at position -174 (-174G/C, rs1800795)
of the IL-6 gene promoter region is thought
to influence the binding of the glucocorticoid
receptor and thus repress transcriptional acti-
vation [8]. Several studies have found an asso-
ciation between IL-6 and the risk of bladder
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Figure 1. Flow diagram of the inclu-
(n=6) sion and exclusion of eligible stud-

di et al. (2014) further found
that IL-6 (-174G>C) genotype is
significantlyassociatedwithanincre-
ased risk of bladder cancer in
the lIranian population and sh-
owed a possible role of gene-
environment interaction at the
-174 position for IL-6 gene and predisposition of
a specific genotype at this region to bladder
cancer in exposure to these risk factors such
as smoking habits or working at high risk jobs
[11]. However, one Indian study in 2016 showed
that IL-6 (-174G>C) substitution confers signifi-
cant protection against the risk of urinary blad-
der cancer in the study population [12].

Due to some possible reasons such as differ-
ent races, regions, sample size, the findings of
correlation of polymorphism in the IL-6 gene
and bladder cancer between these published
papers are inconsistent. We thus conducted a
meta-analysis to evaluate the relation betwe-
en IL-6 -174G/C polymorphism and bladder
cancer.

Materials and methods
Search strategy and study selection

Eligible literature regarding the association of
IL-6 rs1800795 (-174G/C) polymorphism and
bladder cancer was chosen from a literature
search on PubMed, Embase, and Web of Sci-
ence published from 2001 through July 2017.
There was no language restriction. Public data-
bases were searched by the following key-
words: “interleukin-6”, “IL.-6” and “gene poly-
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Table 1. Basic characteristics of eligible studies in the present meta-

analysis

erogeneity;P=25-50%, mo-
derate heterogeneity; > >

First author Year Country Ethnicity

Sample size  Genotyping
(case/control) method

50%, obvious heteroge-
neity). Based on the het-

Leibovici etal. 2005 United States Caucasian

Ahirwar etal. 2008 India Asian
Guey et al. 2010 Spain

Wu et al. 2013 Taiwan Asian
Ebadi et al. 2014 Iran Asian
Gautametal. 2016 India Asian

465/450 TagMan
136/200  ARMS-PCR*
Caucasian 1,017/1,065 TagMan

erogeneity, the pooled
OR was estimated by a
fixed-effect model (Man-
tel-Haenszel method) or

300/594 PCR-RFLP a random-effect model
261/251 PCR-RFLP

232/250 Sequencing

(DerSimonian and Laird
method).

*ARMS-PCR: Amplification refractory mutation system-polymerase chain reaction.

morphism” or “genotype” or “rs1800795” or
“promoter”; and “bladder cancer” or “urothelial
carcinoma”. The inclusion criteria must meet
the following rules: (1) studies on human sub-
jects; (2) studies regarding the association
between IL-6 rs1800795 (-174G/C) polymor-
phism and bladder cancer; (3) case-control
study design; (4) sufficient information for eval-
uating genotype frequency or odds ratio (OR)
with 95% confidence interval (Cl). Following the
above search strategy, we collected 188 stud-
ies, of which 6 were eligible for evaluation in
this meta-analysis (Figure 1).

Data extraction

The data extraction was performed indepen-
dently by two of the authors (Y.T. Chiang and
C.W. Sung), and discrepancies were initially
resolved by discussion. If there was no consen-
sus, another independent investigator (C.C.
Wu) was consulted to make a final decision.
Information recorded from each study included
first author’'s name, year of publication, country
where this study was conducted, the ethnicity
of participants, the distribution of genotype fre-
quency of IL-6 rs1800795 (-174G/C) polymor-
phism for cases and controls, minor allele fre-
quency, source of control groups, and geno-
typing method. For individual study, the exami-
nation of Hardy-Weinberg equilibrium (HWE) in
the control group was evaluated using the go-
odness-of-fit Chi-square test.

Statistical analysis

The strength of the association between the
IL-6 rs1800795 (-174G/C) polymorphism and
risk of bladder cancer was calculated as a me-
asure of the pooled OR and its corresponding
95% CI. We performed the Cochran Q-statistic
test and an I? test to evaluate the heterogeneity
across the different studies (> < 25%, low het-
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The sensitivity analysis

was conducted to as-
sess the influence of each study on the pooled
OR by omitting the individual study. Publication
bias was evaluated by funnel plot, and the
asymmetric plot implied a publication bias. The
asymmetry was tested by the Egger’s linear
regression. All statistical analyses were per-
formed using the Comprehensive Meta-Analy-
sis version 3.0 (Biostat, Englewood, NJ, USA).

Results
Characteristics of selected studies

After a literature search under the inclusion cri-
teria, a total of six eligible studies regarding the
association between IL-6 rs1800795 (-174G/C)
polymorphism and risk of bladder cancer were
included in the present meta-analysis. Table 1
shows major characteristics of these selected
studies. The eligible literatures were published
between 2005 and 2016. Among these sele-
cted studies, one Indian study conducted by
Gautam et al., has an extremely different pat-
tern with the other 5 literatures. As shown in
Table 2, it shows that the C allele frequency is
significantly different from the others, which
may be due to the selection bias of the control
group in this Indian study. Therefore, we only
included a total of 5 literatures in the subse-
quent analyses. A total of 2,179 cases and
2,810 controls was included in the present
study. The genotype frequency among cases
and controls for IL-6 rs1800795 (-174G/C) poly-
morphism were shown in Table 2. The distribu-
tions of genotype in the control group were in
HWE for most of studies (P > 0.05).

Main findings of meta-analysis

No heterogeneity existed between these five
eligible studies under the dominant model or
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Table 2. Frequency of the IL-6 rs1800795 (-174G/C) polymorphism among selected studies
Genotype frequencies for cases

Genotype frequencies for controls HWE

First author Year
G/G G/C C/C Callele (%) G/G G/C C/C Callele (%) (P-value)

Leibovicietal. 2005 112 222 110 49.8 164 211 68 39.2 0.56
Ahirwar et al. 2008 86 24 26 27.9 130 56 14 21.0 0.68
Guey et al. 2010 470 438 109 32.3 450 495 120 34.5 0.59
Wu et al. 2013 121 109 24 31.0 350 111 46 20.0 0.19
Ebadi et al. 2014 154 89 18 23.9 160 79 12 20.5 0.55
Gautam et al. 2016 95 109 28 35.6 66 125 59 51.4 0.78

Model Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio  limit limit Z-Value p-Value
Leibovici et al., 20051.742 1.306 2.324 3.776 0.000
Ahirwar et al., 2008 1.080 0.686 1.700 0.331 0.740
Guey etal., 2010 0.852 0.716 1.013 -1.819 0.069
Wu et al,, 2013 2450 1.797 3.341 5667 0.000
Ebadietal, 2014 1.222 0855 1.745 1.101 0.271
Fixed 1.202 1.065 1.356 2.984 0.003 .
Random 1.367 0.892 2.094 1437 0.151

0.1 0.2 0.5 1 2 5 10

Figure 2. Forest plot for the association between the IL-6 -174G>C polymorphism and bladder cancer under the

dominant model. (C/C+G/C vs. G/G genotypes).

the recessive model. In Figure 2 (the dominant
model), compared with subjects carrying the
G/G genotype of IL-6 rs1800795 (-174G/C)
polymorphism, those with the C/C and G/C
genotypes had higher significant bladder can-
cer risks under the fixed effects model (OR =
1.202, 95% Cl = 1.065-1.356, P = 0.003), but
there was no significance in the random effects
model (OR = 1.367, 95% Cl = 0.892-2.094, P =
0.151). In Figure 3 (the recessive model), com-
pared with subjects carrying the G/C and G/G
genotypes of IL-6 rs1800795 (-174G/C) poly-
morphism, those with the C/C genotype had
significantly increased bladder cancer risks
under the fixed effects model (OR = 1.300,
95% Cl = 1.082-1.562, P = 0.005). However, in
the random effects model, the significance dis-
appeared (OR = 1.300, 95% Cl = 1.082-1.562,
P =0.005).

Stratified by ethnicity, 3 eligible studies are
Asian and the others are Caucasian. In the
Asian group, the risk of bladder cancer signifi-
cantly increased in both dominant and reces-
sive models in fixed model (OR = 1.63, 95% Cl
=1.32-2.00, P = 0.001 in dominant model; OR
=1.54,95% Cl = 1.07-2.21, P=0.021 in reces-
sive model). In the random effect model, how-
ever, no significance was found in two models.
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On the other hand, in the Caucasian subgro-
up, there was no significance between IL-6
rs1800795 (-174G/C) polymorphism and risk
of bladder cancer in dominant or recessive
model in both fixed and random model (Table
3).

Sensitivity analysis and publication bias

Sensitivity analysis was generally conducted by
omitting of the individual study and the cumu-
lative statistics showed that the pooled OR of
IL-6 rs1800795 (-174G/C) polymorphism was
not significantly influenced by any individual
study under the dominant or recessive model.
No significant publication bias and the hetero-
geneity is acceptable in this study.

Discussion

Inflammation is considered to play a key role in
the development of various cancers including
bladder cancer. IL-6 is one of the inflammatory
cytokines. Several studies have explored the
relationship between [L-6 -174G/C polymor-
phism (rs1800795) and bladder cancer, how-
ever, these results were inconsistent [6, 9-11].
In the present study, we conducted a meta-
analysis to examine the association between

Int J Clin Exp Pathol 2018;11(7):3598-3604
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Statistics for each study Qdds ratio and 95% Cl

Model Study name

Odds Lower Upper
ratio  limit limit Z-Value p-Value

Leibovici et al., 20051.816 1.297 2.543 3.477 0.001 -
Ahirwar et al., 2008 3.140 1573 6.268 3.245 0.001 B
Guey etal., 2010 0.945 0718 1.244 -0.401 0.689
Wu et al., 2013 1.046 0623 1.756 0.169 0.866 1—
Ebadietal, 2014 1.475 0.696 3.120 1.014 0.311 B
Fixed 1300 1.082 1.562 2.800 0.005 &
Random 1459 0.967 2201 1.798 0.072 sl
01 02 05 1 2 5 10

Figure 3. Forest plot for the association between the IL-6 -174G>C polymorphism and bladder cancer under the
recessive model. (C/C vs. G/C+G/G genotypes).

Table 3. The pooled ORs and 95% Cls for IL-6 rs1800795 (-174G/C) polymorphism and bladder can-
cer risk stratified by ethnicity

C/C+G/C versus G/G C/C versus G/C+G/G
No. Model (Dominant model) (Recessive model)
OR (95% ClI) P-value OR (95% ClI) P-value
Total 5 Fixed 1.20 (1.07-1.36) 0.003 1.30 (1.08-1.56) 0.005
Random 1.37 (0.89-2.09) 0.151 1.46 (0.97-2.20) 0.072
Ethnicity
Asian 3 Fixed 1.63 (1.32-2.00) 0.001 1.54 (1.07-2.21) 0.021
Random 1.50 (0.89-2.55) 0.132 1.65 (0.85-3.19) 0.138
Caucasian 5 Fixed 1.03 (0.89-1.19) 0.700 1.23 (0.99-1.52) 0.059
Random 1.21 (0.59-2.43) 0.600 1.30 (0.69-2.47) 0.421

IL-6 -174G/C polymorphism and bladder can-
cer risk. Because one study conducted by
Gautam et al. had a extremely different find-
ing from the other five studies, we included a
total of five eligible studies in the subsequent
analyses.

In the present study, we observed that subjects
carrying the IL-6 -174 C/C and G/C genotypes
had a significant bladder cancer risk (OR = 1.2)
comparing to those with the G/G genotype.
Moreover, a significantly increased risk of blad-
der cancer (OR = 1.3) was found for subjects
with the C/C genotype of IL-6 -174 G/C polymor-
phism under the recessive model. A previous
study showed that the -174C allele has a poor
binding activity to the glucocorticoid receptor
and contributes to lower plasma IL-6 levels [8].
Another study also reported that subjects who
carried the C/C genotype of IL-6 -174G/C poly-
morphism had a higher risk of bladder cancer,
which is consistent with our findings [13]. Re-
garding the potential effect of IL-6 -174G/C
polymorphism, a study found that -174G/C po-
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lymorphism may affect the binding affinity of
certain transcription factors such as GATA1 to
the promoter region of I[-6 gene and plays an
importantrole in several cancers [14]. However,
Tindall et al. reported that -174G>C polymor-
phism was not associated with the risk and
survival of prostate cancer [15]. These previ-
ous findings indicated that the -174G/C poly-
morphism of /-6 gene not only regulated ch-
ronic inflammation but also play different roles
in the development of various malignancies.

Various single nucleotide polymorphisms (SN-
Ps) of IL-6 gene are associated with different
cancer types, therefore, individual SNPs such
as the -174G/C polymorphism may have spe-
cific risk for different cancer types among vari-
ous populations [16, 17]. In the present study,
the frequency of the C/C genotype is higher in
bladder cancer cases than that in the controls
which is in consistent with other studies. Be-
cause the ethnic variation may contribute to
the differences in genotype frequencies, we
further performed a stratification analysis to

Int J Clin Exp Pathol 2018;11(7):3598-3604
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evaluate the effect of -174G/C polymorphism
of IL-6 gene among various populations. As
shown in Table 3, significantly greater bladder
cancer risks of 1.63 and 1.54 were found for
the Asian population under the dominant (C/
C+G/C vs. G/G) model and the recessive (C/C
vs. G/C+G/G) model, respectively. However, no
significant findings emerged for the Caucasian
population. A study conducted by Joshi et al.
reported that the relationships existed betwe-
en I-6 -174G/C polymorphism and genitouri-
nary malignancies risk in the Indian population
[18]. A meta-analysis study also showed that
the IL-6 -174G/C polymorphism was significant-
ly associated with the risk of various malignan-
cies including colorectal cancer, breast cancer
and leukemia [13].

There were some limitations of the present
study. First, we only evaluated a single polymor-
phism (-174G/C) located in the promoter which
cannot represent for the entire function of IL-6.
Therefore, more functional SNPs of IL-6 gene
are suggested to be included in a future study
to replicate our findings. Second, since environ-
mental risk factors including cigarette smok-
ing, chronic arsenic, and occupational expo-
sures were adjusted in a part of these includ-
ed studies, the gene-environment interaction
cannot be investigated in the present study.
Therefore, based on the aforementioned poten-
tial limitations in our study, we have to pay
attention to present these findings cautiously.

In conclusion, we performed a study to investi-
gate the association between the IL-6 -174G/C
polymorphism and bladder cancer risk and
found that subjects who carried the C/C geno-
type of IL-6 gene had a significantly increased
risk of bladder cancer. The major finding was
that the highest significant risk of bladder can-
cer found for the Asian population. Further
studies with a larger sample size are needed
to validate the effects of IL-6 polymorphisms
on bladder cancer risk.
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