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Abstract: Previous studies had researched the relationship between rs9642880 gene polymorphism and bladder 
cancer risk, but the results remained unclear. The comprehensive meta-analysis was performed to clarify this pos-
sible association. Relevant articles were searched from Pubmed, Embase and web of science. Odds ratios (ORs) 
and corresponding 95% confidence intervals (CIs) were calculated to assess the strength of the association. The 
assessment of publication bias was conducted by Begg’s funnel plots and Egger’s regression test. A total of 7 case-
control studies involving 4072 cases and 4898 controls were included in our study. Overall, an obvious relationship 
between rs9642880 polymorphism and increased risk of bladder cancer were detected in all models. Besides, the 
positive results were observed among both Caucasians and Asians when stratified by ethnicity. Moreover, when 
stratified by genotyping method, the significant results were detected in all genotyping methods except Sequenom. 
In addition, in the subgroup analysis by source of control, significant results were detected in both population and 
hospital based controls. This present meta-analysis with accurate and reliable results indicated that the T allele of 
SNP rs9642880 confers susceptibility to bladder cancer in both Asian and Caucasian populations.
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Introduction

Bladder cancer, as one of the most common 
malignant cancers, has a large amount of esti-
mated cases and deaths of approximately 
386,300 and 150,200 respectively worldwide 
[1]. The etiology of bladder cancer is complicat-
ed, while two major known risk factors are 
smoking and occupational exposures [2]. 
Besides, it has been clarified that genetic poly-
morphisms are likely to play an important role 
in the occurrence of bladder cancer [3]. 
Recently, single-nucleotide polymorphisms 
(SNPs) have been demonstrated to be associ-
ated with bladder cancer risk by genome-wide 
association studies (GWAS) in European popu-
lations [4-8].

As an oncogene, MYC is implicated in the carci-
nogenesis and tumor progression [9-11]. MYC 
is a nuclear protein which connects with a small 
protein called MAX to act as a sequence-specif-
ic, DNA-binding transcription factor that regu-
lates various genes involved in cell cell growth, 

proliferation and apoptosis [12]. Rs9642880 
polymorphism is located 30 kb upstream of 
MYC gene at the 8q24 region [13]. Recently, it 
has been clarified that rs9642880 GT/TT poly-
morphism was associated with the enhanced 
expression of MYC in both mRNA and protein 
levels in bladder tissues [14], which might play 
an important role in bladder carcinogenesis.

So far, a growing number of studies have inves-
tigated the relevance between rs9642880 
polymorphism and bladder cancer susceptibili-
ty [15-23]. However, the results are still unclear 
with limited sample size. Furthermore, lack of 
stratified analysis prevented comprehensive 
understanding of the association in current 
studies. We thereby conducted a meta-analysis 
to clarify the real association.

Materials and methods

The database PubMed, EMbase and Web of 
Science were searched for relevant studies 
until March 31, 2015. The following keywords 
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were utilized for searching: “MYC”, “polymor-
phism” or “rs9642880” and “bladder caner”. 
Only the latest or the largest sample size was 
included in studies with partly overlapping. 
Additional eligible studies were hand-searched 
from reference of original studies or reviews.

Relevant studies were selected by the following 
inclusion criteria: (1) Case-control studies were 
designed; (2) The number of each genotype 
was available for estimating the odds ratio (OR) 
and the corresponding 95% confidence interval 
(95% CI); (3) The diagnosis of patients was con-
firmed pathologically and the controls were 
confirmed as free from any cancer. In addition, 
the major exclusion criterion was as follows: (1) 
without control series; (2) not available of geno-

Statistical analysis

To evaluate the strength of association between 
rs9642880 polymorphism and bladder cancer 
risk, the pooled odds ratios (ORs) with 95% con-
fidence intervals (CIs) were calculated. The 
fixed-effects model (a Mantel-Haenszel meth-
od) and the random-effects model (a 
DerSimonian-Laird method) were respectively 
utilized to pool the data [24]. If the significant 
heterogeneity was observed, the random-
effects model was applied preferentially. 
Sensitivity analysis was carried out to evaluate 
the stability of the results by omitting each 
study at a time. Then, subgroups analysis was 
further conducted by ethnicity, genotyping 
methods and source of control (SOC).

Table 1. Characteristics of individual studies included in the meta-analysis
rs9642880 Case (n) Control(n)
Year Surname Ethnicity SOC Genotyping Case Control GG GT TT GG GT TT
2014 Wang Asian PB Taqman 1210 1008 550 536 124 514 389 105
2013 Yates Caucasian HB Taqman 231 264 64 114 53 84 130 50
2013 Ma Asian PB Sequenom 171 962 74 74 23 489 371 102
2013 Ali Asian PB PCR-RFLP 200 200 33 84 83 48 90 62
2012 Roupret Caucasian HB Taqman 261 261 69 119 73 81 130 50
2012 Schwender Caucasian HB Taqman 1584 1738 391 767 426 486 876 376
2009 Wang Asian HB PCR-RFLP 415 465 149 203 63 223 192 50

Figure 1. Flow diagram of literature search and selection process.

type frequency data; (3) review 
articles; (4) duplicates of previous 
publication.

Data extraction

Two authors (Tang J and Li X) 
reviewed the studies carefully and 
independently identify the eligible 
ones. A consensus was reached 
on all items and the disagreement 
would be solved by a discussion. 
The data was extracted indepen-
dently and the following data was 
extracted from each study: first 
author’s name, year of publication, 
ethnicity, source of controls (SOC), 
genotyping method, number of 
cases and controls, genotype fre-
quency of rs9642880 polymor-
phism in cases and controls 
respectively and the results of the 
Hardy-Weinberg equilibrium (HWE) 
test. 



Rs9642880 gene polymorphism and bladder cancer risk

20238 Int J Clin Exp Med 2015;8(11):20236-20244

Publication bias between the studies was 
examined by Begg’s funnel plots and Egger’s 
linear regression test. It was considered statis-
tically significant when P<0.05 [25]. HWE was 
estimated by the goodness-of-fit chi-square 
test and it was regarded as a significantly selec-
tive bias when P<0.05 [26]. All statistical analy-
sis was carried out by the STATA software (ver-
sion 12.0; StataCorp LP, College Station, TX). 
All tests were two-sided and it was considered 
statistically significant when P<0.05.

Results 

Characteristics of the studies

Finally, a total of 7 case-control studies includ-
ing 4072 cases and 4898 controls were 
involved in the current meta-analysis [15-21] as 
listed in Table 1. All studies showed that the 
genotype distribution of control groups was 
consistent with HWE. The flowchart of literature 
search and identification process is presented 
in Figure 1. 

Quantitative synthesis 

The results of the relationship between 
rs9642880 polymorphism and bladder cancer 
risk is listed in Table 2. In general, the pooled 
OR was 1.23 (95% CI: 1.11-1.35) for heterozy-
gote model, 1.42 (95% CI: 1.25-1.62) for homo-
zygote model, 1.28 (95% CI: 1.17-1.41) for 
dominant model and 1.31 (95% CI: 1.17-1.46) 
for recessive model (Figure 2A). Overall, there 
was an obvious connection between rs- 
9642880 polymorphism and increased risk of 
bladder cancer. Moreover, the positive results 
were observed among both Caucasians and 

Asians when stratified by ethnicity (Figure 2B). 
Furthermore, when stratified by genotyping 
method, the significant results were detected 
in all genotyping methods except Sequenom 
(Figure 2C). In addition, in the subgroup analy-
sis by SOC, significant results were detected in 
both population and hospital based controls 
(Figure 2D). 

Test of heterogeneity and sensitivity

No significant heterogeneity was observed in 
all kinds of models, which was confirmed by the 
analysis of Galbraith (Figure 3). Sensitivity anal-
ysis was performed to evaluate the effect of 
each study on the pooled OR by omitting one 
single study at a time. The results of the sensi-
tivity analysis demonstrated that no individual 
study significantly affected the pooled OR 
(Figure 4). All these indicated the stability of 
our results.

Publication bias

Begg’s funnel plot and Egger’s test were uti-
lized to assess the publication bias of the litera-
ture. No obvious asymmetry was seen from the 
shape of the Begg’s funnel plot (Figure 5), indi-
cating there was no significant publication bias 
and our results were robust. The same result 
was found in the Egger’s test.

Discussion

The 8q24 region, where rs9642880 polymor-
phism located at, is a gene desert. Various 
enhancers regulate transcription are found in 
this region that can regulate the transcription 
of MYC [27-29]. Moreover, this region interacts 

Table 2. Meta-analysis results of association between rs9642880 polymorphism and bladder cancer 
risk

GT vs. GG TT vs. GG GT/TT vs. GG TT vs. GT/GG
Na Sample Size OR (95% CI)* Pb OR (95% CI)* Pb OR (95% CI)* Pb OR (95% CI)* Pb

Total 7 8970 1.23 (1.11-1.35) 0.406 1.42 (1.25-1.62) 0.362 1.28 (1.17-1.41) 0.505 1.31 (1.17-1.46) 0.358

Ethnicity

    Caucasian 3 4339 1.36 (1.19-1.55) 0.690 1.44 (1.22-1.70) 0.752 1.20 (1.05-1.37) 0.961 1.36 (1.18-1.56) 0.624

    Asian 4 4631 1.09 (0.95-1.26) 0.966 1.40 (1.15-1.71) 0.113 1.36 (1.20-1.55) 0.347 1.23 (1.02-1.47) 0.177

Genotyping

    Taqman 4 6557 1.17 (1.04-1.30) 0.565 1.35 (1.16-1.56) 0.386 1.22 (1.10-1.35) 0.973 1.27 (1.12-1.44) 0.157

    Sequenom 1 1133 1.32 (0.93-1.87) -- 1.49 (0.89-2.49) -- 1.36 (0.98-1.88) -- 1.31 (0.81-2.13) --

    PCR-RFLP 2 1280 1.53 (1.19-1.97) 0.620 1.91 (1.36-2.67) 0.928 1.63 (1.29-2.07) 0.920 1.53 (1.15-2.04) 0.834

SOC

    PB 3 3751 1.30 (1.12-1.51) 0.979 1.29 (1.02-1.62) 0.167 1.29 (1.12-1.49) 0.622 1.17 (0.95-1.43) 0.148

    HB 4 5219 1.18 (1.04-1.34) 0.159 1.49 (1.28-1.75) 0.593 1.27 (1.13-1.44) 0.228 1.37 (1.20-1.57) 0.774
aNumber of studies; bP value of Q test for heterogeneity; *Fixed-effects model was used because all P value for heterogeneity test >0.1.
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Figure 2. Forest plots of association between rs9642880 polymorphism and bladder cancer risk in dominant model. A: Overall results; B: Stratified by ethnicity; C: 
Stratified by genotyping method; D: Stratified by SOC.
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with the MYC protooncogene by a chromatin 
loop [30]. Meanwhile, it has been demonstrat-
ed that T allele of rs9642880 polymorphism 
was related with the overexpession of MYC 
mRNA and protein in bladder tissues [14], 
implying this polymorphism may contribute to 
the occurrence of bladder cancer through regu-
lating the expression of MYC. 

MYC is overexpressed in various tumors, which 
confers a proliferative advantage to tumor cells 
both in vitro and in vivo [31, 32], regulating cell 
function associated with tumorgenesis. In addi-
tion, Fu et al. [13] found that synthetic artificial 
microRNAs targeting MYC could inhibit the 
malignant phenotypes of bladder cancer. Fur- 

lations may have different incidence of gene 
polymorphisms [36]. As a result, subgroup 
analysis by ethnic was performed and the posi-
tive results were observed among both Asian 
and Caucasian. When stratified by SOC, both 
the population and hospital based controls 
showed significant results. However, in sub-
group analysis by genotyping method, the posi-
tive results were detected in Taqman and PCR-
RFLP method, instead of sequenom. The differ-
ence may be caused as only one study take 
sequenom method, which increased the inac-
curacy of the results. In addition, different 
genotyping methods have specialty in different 
aspects, so the results would be more reliable 
and accurate if the same appropriate genotyp-

Figure 3. The analysis of Galbraith to assess the heterogeneity.

Figure 4. Sensitivity analysis under the dominant model.

thermore, it has been shown 
down-regulating the MYC ex- 
pression could increase the 
antitumor activity in gem-
citabine-resistant bladder can-
cer [33], indicating MYC is a 
potential regulator of chemo-
therapy resistance. 

In 2008, Kiemeney et al. [34] 
identified rs9642880 polymor-
phism as the risk locus for blad-
der cancer. Since then, increas-
ing studies have investigated 
the association between this 
polymorphism and bladder can-
cer risk [15-21]. Nevertheless, 
the outcomes remained unclear 
without sufficient support from 
larger population. Moreover, 
further studies by different 
stratified analysis were not car-
ried out. As a powerful tool, 
meta-analysis can provide mo- 
re reliable results than individu-
al study and comprehensive 
information through different 
subgroup analysis [35]. There- 
fore, we utilized meta-analysis 
to illustrate the possible asso-
ciation between rs9642880 
polymorphism and bladder can-
cer risk. In the present meta-
analysis, our results indicated 
the T allele of rs9642880  
could increase bladder cancer 
susceptibility. 

Due to various genetic back-
grounds, different ethnic popu-
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ing method was applied in different studies. In 
this meta-analysis, no significant heterogeneity 
was detected and the sensitivity analysis 
showed the results were stable. In summary, all 
these analysis suggested rs9642880 polymor-
phism played an important role in the risk of 
bladder cancer.

Though the results of this meta-analysis were 
identified by sufficient statistical evidence, 
some limitations must be noticed. Firstly, only 7 
researches included in the meta-analysis met 
inclusion criterion, which required more high-
quality studies to provide more sufficient evi-
dence. Secondly, the number in some sub-
groups is relatively small, which limits the sta-
tistical power to reveal the real association. 
Furthermore, bladder cancer susceptibility 
might result from interactions of various genet-
ic and environmental factors instead of one 
single gene. Thereby, future studies should 
focus on the combined effects of different 
factors. 

In summary, this present meta-analysis with 
accurate and reliable results indicated the T 
allele of rs9642880 polymorphism confers 
susceptibility to bladder cancer both in Asian 
and Caucasian populations. Future studies on 
combined effects of different gene polymor-
phisms are required to explore the etiology and 
provide an early diagnosis of bladder cancer. 
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