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Abstract: Several studies have examined the association of CCDC26 rs4295627 polymorphism and glioma risk. 
However, the results were conflicting. Thus, a meta-analysis was conducted. We searched for relevant studies up 
to Dec 2014 in both English and Chinese through the PubMed/MEDLINE, EMBASE, the China National Knowledge 
Infrastructure (CNKI) platforms, WanFang and VIP database. Overall, 14 studies with 17419 cases and 28465 con-
trols were selected for final meta-analysis. CCDC26 rs4295627 polymorphism was significantly associated with an 
increased risk of glioma (OR = 1.25, 95% CI 1.15-1.36, P < 0.00001). Interestingly, CCDC26 rs4295627 polymor-
phism might decrease the risk of glioma in Asians (OR = 0.92, 95% CI 0.82-1.03, P = 0.15). However, Caucasians 
with CCDC26 rs4295627 polymorphism showed an increased risk of glioma (OR = 1.33, 95% CI 1.25-1.46, P < 
0.00001). Subgroup analysis was performed by histology. Significant associations were observed among astrocy-
toma patients (OR = 1.31, 95% CI 1.17-1.47, P < 0.00001) and oligodendroglioma patients (OR = 1.79, 95% CI 
1.47-2.17, P < 0.00001). No significant association was found between this polymorphism and glioblastoma risk 
(OR = 0.11, 95% CI 0.92-1.33, P = 0.28). This meta-analysis suggested that CCDC26 rs4295627 polymorphism 
was a risk factor for glioma.
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Introduction

Glioma is the most common and aggressive 
malignant primary brain tumor in humans, 
especially in adults, accounting for approxi-
mately 30% of all brain and central nervous 
system (CNS) tumors and 80% of all malignant 
brain tumors [1]. The therapy for glioma is a 
combined approach, using surgery, radiation 
therapy, and chemotherapy. However, the prog-
nosis for glioma patients is still poor. The etiol-
ogy and pathogenesis of glioma are still unclear. 
Some genome-wide association studies (GWAS) 
have reported that single nucleotide polymor-
phisms (SNPs) are associated with glioma sus-
ceptibility [2-5]. For example, some evidence 
suggests CCDC26 rs4295627 is significantly 
associated with glioma risk [6-19]. However, 
the results were conflicted and inconclusive. 
rs4295627 maps to intron 3 of CCDC26, 
encoding a retinoic acid modulator of differen-
tiation and death [20]. As a single study may 
lack the power to provide reliable conclusion, 
we performed this meta-analysis.

Methods

Publication search

We searched for relevant studies up to Dec 
2014 in both English and Chinese through the 
PubMed/MEDLINE, EMBASE, the China 
National Knowledge Infrastructure (CNKI) plat-
forms, WanFang and VIP database with the fol-
lowing terms and their combinations: “CCDC26”, 
“rs4295627”, “glioma” and “polymorphism or 
variant”. We tried to identify potential relevant 
studies from the whole reference lists by order-
ly reviewing title, abstract and full text.

Inclusion criteria

Included studies were considered eligible if 
they met all of the following criteria: 1) studies 
with full text articles; 2) a case-control study 
evaluating CCDC26 rs4295627 polymorphism 
and glioma risk; 3) enough data to estimate an 
odds ratio (OR) with 95% confidence interval 
(CI); 4) no overlapping data. For the studies with 
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the same or overlapping data by the same 
authors, we selected the ones with the most 
subjects.

Data extraction

Data were extracted independently by two 
investigators. For conflicting evaluations, an 
agreement was reached following discussion. 
For each study, the following characteristics 
were collected: first author, publication year, 
country, ethnicity, histology, numbers of cases 
and controls, and the results of the Hardy-
Weinberg equilibrium (HWE) test.

Statistical analysis

We assessed the deviation from HWE for the 
genotype distribution in controls using a chi-
squared goodness-of-fit test (P < 0.05 was 
considered significant). ORs with the 
corresponding 95% CI were used as the  
common measures of assessing the strength 
of association between CCDC26 rs4295627 

polymorphism and glioma risk for each study. 
The pooled ORs were calculated in an additive 
model. The significance of the pooled ORs was 
determined using a Z-test, and the level of sta-
tistical significance was established as P < 
0.05. The heterogeneity among studies was 
checked by the Q test. The I2 statistic, which is 
a quantitative measure of the proportion of the 
total variation across studies due to heteroge-
neity, was also calculated. The Mantel-Haenszel 
method-based fixed effects model was used to 
calculate the pooled OR. Sensitivity analysis 
was performed by omitting each study in turn to 
assess the stability of results, respectively. 
Potential publication bias was evaluated by 
visual inspection of the Begg funnel plots in 
which the standard error of log (OR) of each 
study was plotted against its log (OR). We also 
performed an Egger’s linear regression test (P 
< 0.05 was considered a significant publication 
bias). All of the statistical analyses were per-
formed using a software program, STATA ver-
sion 11.0 (Stata, College Station, TX, USA).

Figure 1. Flow of study identification, inclusion, and exclusion.
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Table 1. Characteristics of the case-control studies included in meta-analysis
First author Year Country Ethnicity Histology Case number Control number HWE
Shete 2009 USA/UK Caucasian NA 1878 3670 Yes
Schoemaker 2010 Europe Caucasian NA 1029 1668 Yes
Chen 2011 China Asian NA 976 1057 Yes
Egan 2011 USA Caucasian Mixed 639 649 Yes
Jenkins 2011 USA Caucasian Mixed 1446 1134 Yes
Lachance 2011 USA Caucasian NA 855 1160 Yes
Wang 2011 USA Caucasian NA 357 822 Yes
Li 2012 China Asian NA 226 254 Yes
Rajaraman 2012 Europe Caucasian Mixed 1856 4955 Yes
Enciso-Mora 2013 Europe Caucasian Mixed 4147 7435 Yes
Melin 2013 Sweden Caucasian NA 1431 2868 Yes
Stefano 2013 France Caucasian NA 845 1190 Yes
Walsh 2013 USA Caucasian NA 1662 1301 Yes
Wei 2014 China Asian NA 72 302 Yes
NA, not available; HWE, Hardy-Weinberg equilibrium.

Figure 2. Meta-analysis of the association between CCDC26 rs4295627 polymorphism and glioma risk.
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Results

Study characteristics

The result of study selection process was 
shown in Figure 1. The initial search produced 
44 studies from PubMed/MEDLINE, EMBASE, 
CNKI, WanFang and VIP database. After exclu-
sion of duplicates, 37 potentially eligible stud-
ies were selected. After detailed evaluations, 
14 studies with 17419 cases and 28465 con-
trols were selected for final meta-analysis. 
There were 3 studies on Asians and 11 studies 
on Caucasians. Four studies provided the infor-
mation of histology, while other studies did not 
report detailed information. The characteristics 
of each study included in this meta-analysis are 
shown in Table 1.

Quantitative data synthesis

The association between CCDC26 
rs4295627 polymorphism and gli-
oma risk was investigated in 14 
case-control studies. As shown in 
Figure 2, the CCDC26 rs4295627 
polymorphism was significantly 
associated with an increased risk 
of glioma (OR = 1.25, 95% CI 1.15-
1.36, P < 0.00001). Interestingly, 
CCDC26 rs4295627 polymor-
phism might decrease the risk of 
glioma in Asians (OR = 0.92, 95% 
CI 0.82-1.03, P = 0.15). However, 
Caucasians with CCDC26 rs- 
4295627 polymorphism showed 
an increased risk of glioma (OR = 
1.33, 95% CI 1.25-1.46, P < 
0.00001). Subgroup analysis was 
performed by histology. Significant 
associations were observed 
among astrocytoma patients (OR = 
1.31, 95% CI 1.17-1.47, P < 
0.00001) and oligodendroglioma 
patients (OR = 1.79, 95% CI 1.47-
2.17, P < 0.00001). No significant 
association was found between 
this polymorphism and glioblasto-
ma risk (OR = 0.11, 95% CI 0.92-
1.33, P = 0.28). In order to assess 
the stability of the results of the 
meta-analysis, we performed a 
sensitivity analysis through 
sequentially excluded individual 
studies. Statistically similar results 
were obtained after sequentially 
excluding each study (Figure 3). 

Figure 3. Sensitivity analysis for the CCDC26 rs4295627 polymorphism 
and glioma risk.

Figure 4. Funnel plot for the CCDC26 rs4295627 polymorphism and 
glioma risk.

Publication bias was assessed by funnel plot. 
The shape of the funnel plot showed symmetric 
(Figure 4). Furthermore, no significant publica-
tion bias was detected by Egger’s test (P = 
0.265). Summary results of comparisons are 
listed in Table 2.

Discussion

This meta-analysis of 14 case-control studies 
systematically evaluated the associations 
between CCDC26 rs4295627 polymorphism 
and glioma risk. We found that CCDC26 
rs4295627 polymorphism was significantly 
associated with glioma risk. This result sug-
gested that individuals with CCDC26 
rs4295627 polymorphism had increased glio-
ma risk. In the subgroup analysis, we found 
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that CCDC26 rs4295627 polymorphism carri-
ers had increased glioma risk in Caucasians. 
No significant association was found in Asians. 
In the subgroup analyses by histology, we 
observed that there were significant associa-
tions between CCDC26 rs4295627 polymor-
phism and astrocytoma, and oligodendroglio-
ma risk.

CCDC26 is a retinoic acid modulator of cell dif-
ferentiation and death. Retinoic acid induces 
caspase-8 transcription through phosphoryla-
tion of cAMP response element-binding protein, 
and it increases apoptosis following death stim-
uli in neuroblastoma and glioblastoma cells, 
accompanied by downregulation of telomerase 
activity [21]. Genetic variants of CCDC26 are 
associated with a number of common tumors, 
such as colorectal, breast, bladder, and pros-
tate cancers [22-24].

Sensitivity analysis was performed by omitting 
one study each time to observe the change of 
effects. No significant change was observed. 
We then looked for publication bias using 
Egger’s test and funnel plot. No significant pub-
lication bias existed in this meta-analysis. This 
indicated that the results in this meta-analysis 
were generally reliable.

When interpreting the results of the current 
study, some limitations should be addressed. 
First, lacking the original data for the included 
studies limited our further evaluation of the 
association between glioma risk and other risk 
factors, such as age, gender, smoking status, 
alcohol consumption and other variables, 
which might have caused a serious confound-
ing bias. Second, we did not estimate the 
potential interactions among gene–gene, 
gene–environment, or even between various 
polymorphic loci of the same gene, which may 
alter the risk of glioma. Third, selection bias 
should be considered which may not be very 
representative of the general population. 

Finally, some inevitable publication 
bias might exist in the results 
because only published studies were 
retrieved although the funnel plot 
and Egger’s test indicated no remark-
able publication bias.

This meta-analysis found that 
CCDC26 rs4295627 polymorphism 
was significantly associated with an 
increased risk of glioma.
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Table 2. Main results of the meta-analysis
Test of association Heterogeneity

OR (95% CI) P Value χ2 I2 (%)
Overall 1.25 (1.15-1.36) < 0.00001 57.41 77
Asian 0.92 (0.82-1.03) 0.15 0.89 0
Caucasian 1.33 (1.25-1.41) < 0.00001 20.80 52
GBM 1.11 (0.92-1.33) 0.28 6.51 69
Astrocytoma 1.31 (1.17-1.47) < 0.00001 1.41 0
Oligodendroglioma 1.79 (1.47-2.17) < 0.00001 3.36 40
GBM, glioblastoma.
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