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Background: Increasing evidence suggests that the DNA repair gene XRCC6 (Ku70) may be critically involved in
the aetiology of the human carcinogenesis. Many studies have investigated the association between the
rs2267437 polymorphism and cancer susceptibility. However, the results of these studies have been contro-
versial. This meta-analysis was conducted to quantitatively summarize the evidence for a relationship between
the rs2267437 polymorphism and cancer risk. Methods: Electronic databases, including PUBMED and EMBASE,
were searched for publications that met the inclusion criteria. Odds ratios (ORs) and 95% confidence intervals
(CIs) were calculated to evaluate the strength of the association between the XRCC6 promoter rs2267437
polymorphism and cancer risk in a fixed-effects model (the Mantel-Haenszel method) or a random-effects model
(the DerSimonian and Laird method), as appropriate. Results: A total of 13 case–control studies, involving 3675
cases and 4247 controls, investigating the XRCC6 rs2267437 polymorphism and cancer susceptibility were
identified for the meta-analysis. The pooled analysis showed that there is a significant relationship between the
XRCC6 rs2267437 polymorphism and cancer susceptibility (GG vs. CC: OR = 1.28, 95% CI = 1.03–1.60). Subgroup
analyses based on the cancer type, ethnicity, and source of the controls were also performed, and these results
indicated that the XRCC6 promoter rs2267437 polymorphism was associated with cancer risk in breast cancer
studies (GG vs. CC: OR = 1.79, 95% CI = 1.25–2.56; GG vs. CG + CC: OR = 1.40, 95% CI = 1.01–1.95), in Asian
populations (GG vs. CC: OR = 1.33, 95% CI = 1.01–1.74) and in population-based studies (GG vs. CC: OR = 1.57,
95% CI = 1.12–2.22; CG vs. CC: OR = 1.35, 95% CI = 1.11–1.64; GG + CG vs. CC: OR = 1.37, 95% CI = 1.14–1.65).
Conclusion: This meta-analysis suggests that the XRCC6 rs2267437 polymorphism may affect breast cancer
susceptibility and increase the risk of cancer in Asian populations and in the general population. It is critical that
further large-scale and well-designed studies be conducted to confirm the association between the rs2267437
genotype and cancer risk.

Introduction

Cancer is a multifactorial disease that is the result of
complex interactions between environmental and genetic

factors (Pharoah et al., 2004). DNA double-strand breaks
(DSBs) are considered the most lethal DNA lesions for
eukaryotic cells; DSBs can be caused by a variety of factors
and constitute a serious threat to cell viability and genome
stability. Genetic polymorphisms in genes involved in DSB
repair may alter the function of the DNA DSB repair ma-
chinery and affect an individual’s cancer susceptibility.

In mammalian species, DSBs can be repaired by two
mechanisms: homologous recombination and nonhomolo-
gous end joining (NHEJ) (Yano et al., 2009). In the NHEJ repair
process, the Ku70/80 heterodimer (encoded by XRCC6 and

XRCC5) binds to the ends of DSBs and activates the catalytic
subunit of the DNA-dependent protein kinase (DNA-PKcs).
In the final step, the LIG4 and XRCC4 proteins are recruited to
perform the end-joining reaction (Mahaney et al., 2009). NHEJ
deficiencies have been shown to increase genome instability
(Gilley et al., 2001; Goytisolo et al., 2001) and promote tu-
morigenesis (Difilippantonio et al., 2000; Gao et al., 2000;
Ferguson and Alt, 2001; Zhu et al., 2002). XRCC6-deficient
mice are growth retarded, radiosensitive, and display ineffi-
cient V(D)J recombination (Gu et al., 1997). The inactivation of
Ku70 in mice and derived cell lines promotes malignant
transformation both in vitro and in vivo (Li et al., 1998).

The rs2267437 polymorphism is located in the promoter of
the XRCC6 gene. The promoter region has been implicated in
the regulation of transcription and mRNA stability (Wilkie
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et al., 2003). To date, many studies have evaluated the role of
rs2267437 in cancer development, including breast cancer (Fu
et al., 2003; Willems et al., 2008, 2009; He et al., 2012), glioma
(Liu et al., 2007), bladder cancer (Wang et al., 2008), oral cancer
(Bau et al., 2008), squamous cell carcinomas of the head and
neck (Werbrouck et al., 2008), acute myeloid leukemia (Wang
et al., 2009), lung cancer (Tseng et al., 2009), gastric cancer
(Yang et al., 2011), hepatocellular carcinoma (Li et al., 2011),
and esophageal cancer (Li et al., 2012). However, the results of
these studies remain inconclusive. Considering the impor-
tant role of XRCC6 in carcinogenesis, we performed a meta-
analysis of all eligible case–control studies to estimate the
overall cancer risk associated with XRCC6 promoter
rs2267437 genotypes.

Materials and Methods

Identification and selection of relevant studies

We searched the literatures in PubMed and Embase (last
searched on February 5, 2012) for all articles on the association
between the XRCC6 polymorphism and cancer risk, using the
keywords (‘‘Ku70’’ or ‘‘XRCC6’’) and (‘‘polymorphism’’ or
‘‘variant’’ or ‘‘variation’’). The search was limited to English
language articles. Additional studies were identified by a
manual search of the bibliographies of all included studies. In
our meta-analysis, the studies had to conform to the follow-
ing inclusion criteria: (1) the article focused on the XRCC6
rs2267437 polymorphism and cancer susceptibility, (2) the
study had a case–control design, and (3) the article provided
sufficient data for estimating an odds ratio (OR) with 95%
confidence interval (CI). Exclusion criteria for this meta-
analysis were (1) not designed as case–control studies, (2)
duplicate of previous publications, (3) based on incomplete
data, and (4) systemic reviews, case series report, or review or
editorial.

Data extraction

Two investigators independently extracted the data from
published studies using a standardized form and reached a
consensus on all items. The following information was ex-
tracted from each study: the first author’s name, year of
publication, country, patient ethnicity, cancer type, source of
control groups, numbers of cases and controls, genotype
distributions in cases and controls, and p value for the Hardy–
Weinberg equilibrium (HWE) test in controls.

Data synthesis

Statistical analyses were performed with STATA version 10
(StataCorp LP, College Station, TX), using two-sided p-values.
In the control groups of each study, HWE was tested by the
chi-square test for goodness of fit, and p < 0.05 was considered
to represent significant disequilibrium. The strength of the
association between the rs2267437 polymorphism and cancer
susceptibility was evaluated by the ORs with 95% CIs. Pooled
OR and 95% CI were assessed in a codominant model (GG vs.
CC; CG vs. CC), dominant model (GG + CG vs. CC), and re-
cessive model (GG vs. CG + CC). The significance of the
pooled OR was determined using the Z test, with p < 0.05
considered statistically significant. Subgroup analyses were
performed by the cancer type, ethnicity, and source of con-
trols. The chi-squared-based Q-statistic test was used to assess

heterogeneity. When the result of the heterogeneity test was
p < 0.05, the random-effects model was used (the DerSimonian
and Laird method) (DerSimonian and Laird, 1986). Other-
wise, the fixed-effects model was selected (the Mantel-
Haenszel method) (Mantel and Haenszel, 1959). The I2 value,
ranging from 0–100%, was used to quantitatively estimate
heterogeneity, with 0% and 100% representing low and high
degrees of inconsistency, respectively (Higgins and Thomp-
son, 2002; Higgins et al., 2003). Sensitivity analyses were
performed to assess the stability of the results of the meta-
analysis. Begg’s funnel plots and the Egger’s regression test
were used to investigate the potential publication bias; p < 0.05
was considered statistically significant (Egger et al., 1997).

Results

Selection and characteristics of eligible studies

We identified 85 articles using the above search terms. Sixty
four articles were excluded because of obvious irrelevance by
screening the title and abstract (50 did not study the relevant
single-nucleotide polymorphisms (SNP), 7 investigated dif-
ferent genes, 5 were not case–control studies, and 2 were not
conducted in humans). Eight studies were excluded after
reading through the full texts of the remaining articles, four
articles were not cancer research, and four did not report
usable data.

Ultimately, a total of 13 case–control studies, involving
3547 cases and 4133 controls, concerning the XRCC6
rs2267437 polymorphism and cancer susceptibility were in-
cluded in this meta-analysis (Fig. 1).

Among the 13 studies included, 4 investigated breast can-
cer, and 9 investigated other cancers. Ten of these studies were
conducted in Asian populations, and 3 were conducted in
European populations. Of the 13 studies, 10 used hospital-
based controls and 3 used controls derived from healthy
populations. The characteristics of the selected studies are
presented in Table 1.

Quantitative synthesis

As shown in Table 2, when all the eligible studies were
pooled, the GG genotype was associated with a significantly
increased risk of all types of cancers compared with the CC
genotype (OR = 1.28, 95% CI = 1.03–1.60, I2 = 36.9%). The forest
plots of the meta-analysis are shown in Figure 2.

In an analysis stratified by ethnicity, significantly increased
risk was found in the Asian population (GG vs. CC: OR = 1.33,
95% CI = 1.01–1.74).

In an analysis stratified by the cancer type, statistically
significant effects were observed for breast cancer (GG vs. CC:
OR = 1.79, 95% CI = 1.25–2.56; GG vs. CG + CC: OR = 1.40, 95%
CI = 1.01–1.95) (Fig. 3), but not for other cancers.

After analysis stratified by the source of controls, signifi-
cantly increased risks were found in population-based studies.
The pooled ORs for GG versus CC, CG versus CC, and the
dominant genetic model were 1.57 (95% CI = 1.12–2.22), 1.35
(95% CI = 1.11–1.64), and 1.37 (95% CI = 1.14–1.65), respectively.

Test of heterogeneity

There was significant heterogeneity to allow heterozygote
comparison across the studies (CG vs. CC: pheterogeneity =
0.006) and dominant model comparisons (GG + CG vs. CC:
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pheterogeneity = 0.001), but not the other two comparisons. In the
subgroup analysis of the cancer type, heterogeneity dis-
appeared in the subgroup analysis of other cancers (CG vs.
CC: pheterogeneity = 0.207; GG + CG vs. CC: pheterogeneity = 0.096).
In addition, when patients were stratified based on the source
of control, heterogeneity disappeared in population-based
studies (CG vs. CC: pheterogeneity = 0.176; GG + CG vs. CC:
pheterogeneity = 0.199) and hospital-based studies (CG vs. CC:
pheterogeneity = 0.062).

Sensitivity analysis

We performed sensitivity analyses after the sequential re-
moval of each eligible study to assess the influence of each
individual study on the pooled OR. Sensitivity analyses re-
vealed that two independent studies were the main source of
heterogeneity (Werbrouck et al., 2008; He et al., 2012) (Fig. 4).
The heterogeneity was effectively decreased by the exclusion
of these two studies (GG vs. CC: OR = 1.28, 95% CI = 1.00–1.64,
I2 = 0.0%, pheterogeneity = 0.791). In addition, no single study
changed the pooled ORs qualitatively, suggesting that the
results of this meta-analysis were statistically reliable.

Publication bias

The publication bias in the literature was assessed by the
Begg’s funnel plot and Egger’s test (Fig. 5). The shape of the
funnel plots did not reveal any evidence of obvious asym-
metry. Then, the Egger’s test was used to provide statistical
evidence of funnel plot symmetry. The results still showed no
evidence of publication bias (t = - 1.01, p = 0.335 for GG vs.
CC), and the 95% CI = - 2.93, 1.09 included zero, demon-
strating a lack of publication bias.

Discussion

It is well known that there is individual variation in cancer
susceptibility. Genetic susceptibility to cancer has attracted
great interest in the scientific community, and there have been

many studies of the genetic polymorphisms involved in car-
cinogenesis. Given the pivotal roles of XRCC6 in carcino-
genesis, it is possible that XRCC6 gene variants may modulate
cancer risk. Numerous epidemiological studies have been
performed in recent years to evaluate the association between
the XRCC6 rs2267437 polymorphism and cancer risk. How-
ever, the results of these studies are not fully conclusive.
Hence, a meta-analysis was performed to help us derive a
more precise estimation of the relationship between XRCC6
rs2267437 polymorphisms and cancer risk. This meta-analysis
included 3547 cases and 4133 controls, giving it a greater
statistical power than all previous studies. We found that the
GG genotype was associated with increased cancer risks,
especially for breast cancer, in Asian populations and in
population-based studies.

DSBs are considered to be the most harmful form of DNA
damage. NHEJ is the predominant DSB response pathway in
mammalian cells (Kanaar et al., 2008). If left unrepaired or
misrepaired, DSBs can cause cell death, chromosomal trans-
locations, and genomic instability, which can contribute to
cancer progression in higher eukaryotic organisms (Khanna
and Jackson, 2001). The NHEJ pathway involves XRCC4,
XRCC5 (Ku80), XRCC6 (Ku70), DNA-PKcs, DNA ligase IV,
Artemis, and XLF (Bassing et al., 2002; Shrivastav et al., 2008).
Ku is a multifunctional protein that plays a key role in mul-
tiple DNA damage responses, such as DSB repair, apoptosis,
telomere maintenance, and V(D)J recombination. SNPs are
the most common sources of human genetic variation and
may contribute to an individual’s susceptibility to cancer (Wu
et al., 2009). The XRCC6 rs2267437 polymorphism is adjacent
to the first putative CACCC box of the Ku70 promoter in a
sequence that acts as a binding site for Sp1 and other Kruppel-
like transcription factors (Hosoi et al., 2004). Single-nucleotide
substitutions within the Sp1/Kruppel-like binding sites or the
adjacent CACCC box sequences have a profound effect on the
binding activity of these transcription factors (Hasan and
MacDonald, 2002). Given the important roles of XRCC6 in
cancer aetiology, it is biologically plausible that the XRCC6

FIG. 1. Studies identified with criteria for
inclusion and exclusion.
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FIG. 2. Forest plots of 13 individual studies of the XRCC6 rs2267437 polymorphism and cancer risk in a codominant model
(GG vs. CC). The squares and horizontal lines correspond to the study-specific OR and 95% confidence interval (CI). The area
of the squares indicates the study-specific weight. The diamond represents the pooled OR and 95% CI.

FIG. 3. Forest plots of studies stratified by study type (GG vs. CC). The squares and horizontal lines correspond to the
study-specific OR and 95% confidence interval (CI). The diamond reflects the pooled OR and 95% CI.
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rs2267437 polymorphism modulates cancer risk by modifying
its transcription and ultimately DSB repair activity.

Because tumors of different origins could have different
susceptibility conferred by XRCC6 polymorphisms, we per-
formed subgroup analyses by the cancer type. Interestingly,
an association between XRCC6 rs2267437 and breast cancer
risk was found. In the analysis stratified by ethnicity, statis-
tically significantly elevated cancer risks were observed in
Asians, but not in Europeans. There are several factors that
could contribute to this discrepancy. First, different cancers
may have different mechanisms of pathogenesis, and the
XRCC6 rs2267437 polymorphism might play a different role
in various types of cancers. Second, different underlying ge-
netic backgrounds and environments might contribute to the
discrepancy. Third, selection bias and different matching cri-
teria may play an important role. Larger numbers of studies
are warranted to confirm our findings in the future.

There was no substantial between-study heterogeneity of
the polymorphism among the 13 studies, except for He et al.
(2012) and Werbrouck et al. (2008). The subgroup analysis

showed that the major source of heterogeneity was from
ethnicity, suggesting that ethnicity plays an important role in
the frequency of this polymorphism.

In the current study, publication bias was analyzed using
the Begg’s funnel plot and Egger’s test. Both the shape of
funnel plots and statistical results demonstrated a lack of
publication bias, indicating the strength of the results of our
meta-analysis.

In interpreting the current results, some limitations of our
meta-analysis should be discussed. First, we included only
articles written in English and excluded studies published in
other languages, which thus may bias the results of our
meta-analysis. Second, we were unable to examine the gene–
environment interactions that may be an important component
of association between the XRCC6 rs2267437 polymorphism
and cancer risk. Third, our results were based on unadjusted
effect estimates because insufficient data for these analyses
were available from most of the literature. Fourth, the results
of our subgroup analyses should be interpreted with caution
because of the number of subjects in the specific subgroups
were relatively small. In spite of these caveats, our meta-
analysis has several advantages. First, there was no evidence
for heterogeneity among the studies in the codominant model
(GG vs. CC) or recessive model (GG vs. CG + CC). Second, the
distribution of genotypes was consistent with the Hardy–
Weinberg equilibrium ( p > 0.01) in all studies. Third, no
publication bias was observed in our meta-analysis, indicat-
ing that the pooled results should be unbiased.

Conclusions

In summary, this meta-analysis convincingly demon-
strated that the XRCC6 rs2267437 polymorphism is associated
with increased cancer risk, especially in breast cancer, in
Asian populations and in population-based studies. Larger
well-designed studies should be performed to further confirm
our results. Moreover, gene–environment and gene–gene in-
teraction analyses will be needed to clarify the role of the
XRCC6 rs2267437 polymorphism in cancer risk.

FIG. 4. Influence analysis of GG
versus CC in this meta-analysis.

FIG. 5. The Begg’s funnel plot to detect publication bias.
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