
Association Between the XRCC6 Polymorphisms and
Cancer Risks
w and Meta-ana
A Systematic Revie
, M

Overall, the results provided evidences that the single nucleotide

polymorphisms in XRCC6 promoter region might play different

roles in various cancers, indicating different cancers have different

inconsistent and incon
have been carried out
polymorphisms on Ku7

Editor: Khatereh Isazadehfar.
Received: September 8, 2014; revised: October 23, 2014; accepted:
October 26, 2014.
From the Center for Molecular Medicine, Zhejiang Academy of Medical
Sciences, Hangzhou, Zhejiang 310013, P.R. China (JJ, JR, DY);
Department of Urology, the First People’s Hospital of Yunnan Province,
KunMing University of Science and Technology, Kunming 650041,
Yunnan, P.R. China (LX); Central Laboratory, Yunnan University of
Chinese Traditional Medicine, Kunming 650500, Yunnan, P.R. China (RS);
and Department of Immunology, West China School of Preclinical and
Forensic Medicine, Sichuan University, Chengdu, Sichuan 610041, P.R.
China (RS).
Correspondence: Sun Ruifen, Central Laboratory, Yunnan University of

Chinese Traditional Medicine, Kunming 650500, Yunnan, P.R. China
(e-mail: ann_nance@sina.com.cn).

This work was supported by Zhejiang Provincial Natural Science Foundation
of China (grant No. LQ12H16013), the Health and Family Planning
commission of Bureau (XKQ-010-001), and the Science Technology
Department (No. 2012F10005) of Zhejiang Province, China. The funders
had no role in study design, data collection and analysis, decision to
publish, or preparation of the manuscript The assistance from Associate
Professor Linbo Gao in statistical consultation were highly appreciated
by the authors.

The authors have no funding or conflicts of interest to disclose.
Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution License 4.0, which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000000283

Medicine � Volume 94, Number 1, January 2015
lysis
Jing Jia, PhD, Juan Ren, BS, Dongmei Yan

Abstract: A number of studies have been carried out to investigate the

association of X-ray repair complementing defective repair in Chinese

hamster cells 6 (XRCC6) polymorphisms and cancer risks, and the

results remained inconsistent and inconclusive.

To assess the effect of XRCC6 polymorphisms on cancer suscepti-

bility, we conducted a meta-analysis, up to May 23rd 2014, 6267 cases

with different types of tumor and 7536 controls from 20 published case–

control studies. Summary odds ratios and corresponding 95% confi-

dence intervals for XRCC6 polymorphism and cancer risk were esti-

mated using fixed- or random-effects models when appropriate.

Heterogeneity was assessed by chi-squared-based Q-statistic test, and

the sources of heterogeneity were explored by subgroup analyses,

logistic meta-regression analyses and Galbraith plot. Publication bias

was evaluated by Begg funnel plot and Egger test. Sensitivity analyses

were also performed.

The rs2267437 polymorphism was associated with a significant

increase in risks of overall cancers, breast cancer, renal cell carcinoma

and hepatocellular carcinoma, and it could increase the cancer risk in

Asian population; the rs5751129 polymorphism could increase the

cancer risk in overall cancers; the rs132770 polymorphism was associ-

ated with the increased renal cell carcinoma risk; furthermore, the

rs132793 polymorphism could decrease breast cancer risk and increase

risks in ‘‘other cancers’’.
S, Long Xiao, PhD, and Ruifen Sun, PhD

tumorigenesis mechanisms. Our studies may perhaps supplement for the

disease monitoring of cancers in the future, and additional studies to

determine the exact molecular mechanism might provide us with

interventions to protect the susceptible subgroups.

(Medicine 94(1):e283)

Abbreviations: CI = confidence interval, DSB = DNA double-

strand break, HB = hospital-based, HCC = hepatocellular

carcinoma, HWE = Hardy–Weinberg equilibrium, NHEJ = non-

homologous end joining, OR = odds ratio, PB = population-based,

PCR-RFLP = polymerase chain reaction-restriction fragment

length polymorphism, RCC = renal cell carcinoma, SNP = single

nucleotide polymorphism, XRCC6 = X-ray repair complementing

defective repair in Chinese hamster cells 6.

INTRODUCTION

C ancer is a major public health problem in the world, and it
is among the leading causes of death over world. In the year

of 2014, there will be 1,665,540 new cancer cases and 585,720
cancer deaths expected to occur; of these, 51.3% of the cases
and 52.9% of the deaths occurred in males.1 Cancer survival
tends to be poor, and most cancers are diagnosed at a late stage
and the limited efficient treatments due to the unclear cancer
pathogenesis mechanisms.

Genomic instability is one cause of carcinogenesis in
human cancers, which could promote various mutations.
DNA double-strand break (DSB) is the most serious type of
damage, and the unpaired or incorrectly repaired DSB could
lead to genomic instability.2,3 In mammalian cells, DSB can be
repaired mainly by non-homologous end joining (NHEJ) path-
way, involving several DSB repair genes, such as X-ray repair
complementing defective repair in Chinese hamster cells 6
(XRCC6).4 Genetic variations in NHEJ genes, such as single
nucleotide polymorphism (SNP) might escape cell checkpoint
surveillance, and can lead to suboptimal DNA repair, allow-
ing DNA damage to accumulate, and finally trigger tumor
initiation.5–7

XRCC6 is a gene coding Ku70 protein. XRCC6 gene is one
component of NHEJ pathway. It plays an important role in
suppression of chromosomal rearrangements and maintenance
of genome integrity, thus it is considered essential for genome
stability and cell survival. Genetic polymorphism in the XRCC6
gene is hypothesized to have a critical role in tumorigenesis. A
number of studies have been carried out to investigate the
association of XRCC6 polymorphisms and cancer risks, such
as breast cancer,8,9 lung cancer,10 hepatocellular carcinoma
(HCC),11,12 glioma,13 and so on, however, the results are
clusive. Also, several functional studies
to demonstrate the effects of XRCC6

0 transcriptional activity in limited types
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of cancers.14–16 The overall influence of XRCC6 polymorph-
isms on cancer risks is still ambiguous.

Until recently, the meta-analyzes assessing the association
between XRCC6 polymorphisms and cancer17–19 are limited to
one single polymorphism site. Systematic review of association
between XRCC6 polymorphisms and cancer risk is lacking, and
the role of XRCC6 in the etiology of cancer is still equivocal.

We carried out a meta-analysis on all updated published
case–control studies to estimate the overall tumor risk of
XRCC6 polymorphisms in Asian and European population
and to investigate heterogeneity between the individual studies
as well as the existence of potential publication bias. The results
provided evidences that the SNPs in XRCC6 promoter region
might associate with the cancer risks, while SNPs in the XRCC6
intron might not.

MATERIALS AND METHODS

Selection of Published Studies
Studies dealing with the association between cancer risk

and XRCC6 gene polymorphisms were considered eligible. We
searched the PubMed, Web of Science and Embase databases
for all articles on the association between XRCC6 polymorph-
ism and cancer risk (last search update May 23rd 2014). The
following terms were used in this search: ‘‘Ku70, XRCC6 or X-
ray repair complementing defective repair in Chinese hamster
cells 6’’ and ‘‘cancer, carcinoma or tumor’’ and ‘‘polymorphism
or polymorphisms’’. Additional eligible studies on this topic
were identified by a hand search of references of retrieved
articles. Studies testing the association between XRCC6 gene
polymorphism and cancer were included if all the following
conditions were met5,8–14,16,20–30: the publication was a case–
control study; the study provided the total number of cases and
controls; the study provided available genotype frequency in
case and control group, respectively; the study was published in
English. The major exclusion criteria were as follows: duplicate
data31; abstract, comment, review or editorial.17–19 Finally, 20
case–control studies including 6267 cancer cases and 7536
cancer-free controls were included in this meta-analysis, study-
ing the association between different XRCC6 polymorphisms
with various cancer risks in Asian and European population.
The publication year of eligible studies ranged from 2003 to
2014. Among them, 17 studies concerning XRCC6 C1310G
(rs2267437) polymorphism (case/control: 5061/6406), 7 studies
concerning T-991C (rs5751129) polymorphism (case/control:
1875/3133), 9 studies concerning A-31G (rs132770) poly-
morphism (case/control: 4768/3517), 6 studies concerning
intron 3 (rs132774) polymorphism (case/control: 1468/2738),
4 studies concerning A46922G (rs132793) polymorphism
(case/control: 1824/1807), respectively. Polymorphisms of
rs132778, rs12163239, and rs6519265 with only 1 concerned
article were excluded.

No contacts with authors were carried out. Ethical approval
and informed patient consent was not required as this study was
a literature review and had no direct patient contact or influence
on patient care.

Data Extraction
Two investigators (Ren and Yan) independently extracted

data from each study with a predefined review form, and

Jia et al
discrepancies were resolved by consensus of all investigators.
All study personnel were blinded throughout the meta-analysis.
The following information was recorded for each study: the

2 | www.md-journal.com
surname of first author, year of publication, cancer type, ethni-
city, number of cases and controls, genotyping methods, match-
ing variables, minor allele frequency in controls, and status of
Hardy–Weinberg equilibrium (HWE).

To assess the quality of each eligible case–control study,
the same two investigators (Ren and Yan) worked independently
to determine the adequacy of studies selection, and discrepan-
cies resolved by discussion with all investigators. All assessors
were blinded throughout the meta-analysis. The followings
were assessed: the cases and control definition; the compar-
ability of cases and controls on the basis of the design or
analysis; the genotyping examinations of polymorphisms; the
ascertainment methods for cases and controls; the sources of
control; and HWE status of controls.

Cases and controls were marched in all the 20 studies.
Among them, 12 studies provided age- gender-marched con-
trols, 5 studies provided additional factor marched controls
besides age and gender, such as ethnic background, residence
area, individual habits, and 3 studies provided gender-marched
controls (Tables 1–5).

Statistical Analysis
Deviation from HWE in the control group was examined

by x2 test, P< 0.05 was considered to be statistically signifi-
cant.32 The strength of relationship association between XRCC6
polymorphisms and cancer risk was assessed by using the
pooled odds ratio (OR) with 95% confidence intervals (95%
CI). The significance of the pooled OR was determined by Z
test, with P< 0.05 considered statistically significant. We eval-
uated the risk using the allele model (A vs. a), the homozygous
model (AA vs. aa), the heterogeneity model (Aa vs. aa), the
dominant model (AAþAa vs. aa), and the recessive model (AA
vs. Aaþ aa). 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 DerSi-
monian and Laird method).33 Otherwise, the fixed-effects
model was selected (the Mantel–Haenszel method).34 To
explore sources of heterogeneity across studies, we did sub-
group analyses and logistic meta-regression analyses.35 Gal-
braith plot was also used to explore sources of heterogeneity
when meta-regression analyses could not find the heterogeneity
source.36 Subgroup analysis based on ethnicity, cancer types (if
one cancer type contains only one study, it was merged into the
‘‘other cancers’’ group), source of controls (hospital-based
studies and population-based studies), HWE status of controls
(HWE consistent: P> 0.05 and HWE inconsistent: P< 0.05)
was performed. Funnel plots and Egger linear regression were
used to diagnose a potential publication bias.37 For the possible
publication bias, trim and fill method was used to evaluate the
influence to the result.38 Sensitivity analyses were performed to
assess the stability of the results by excluding one study at a
time. All analyses were done, using STATA software, version
10.0 (STATA Corp., College Station, TX, USA). All graphs
were obtained also by STATA software. All the P values were
two-sided. Data from this meta-analysis are presented in accord-
ance with the checklist proposed by the Meta-Analysis of
Observational Studies in Epidemiology group.39

RESULTS
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Characteristics of Studies
Overall, 20 studies including 6267 cases and 7536 controls,

concerning 5 XRCC6 polymorphisms were included in this
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TABLE 1. Characteristics of Literatures on XRCC6 rs2267437 Polymorphism Included in the Meta-Analysis

References Ethnicity Cancer Type
Source of
Controls

Sample
Size (Case/

Control)
Genotyping

Methods
Matching
Criteria

G Allele
Frequency
in Controls HWE

Pei20 Asian Childhood leukemia HB 266/266 PCR-RFLP Age, gender 0.16 Yes
Hsu11 Asian Hepatocellular

carcinoma
HB 298/298 PCR-RFLP Age, gender,

individual habits
0.17 Yes

He9 Asian Breast cancer HB 293/301 PCR-RFLP Age, ethnic
background

0.22 Yes

Wang14 Asian Renal cell carcinoma HB 620/623 PCR-RFLP Age gender 0.18 Yes
Li22 Asian Esophageal cancer HB 117/132 PCR-RFLP Age, gender

ethnicity
0.17 Yes

Hsia10 Asian Lung cancer HB 358/716 PCR-RFLP Age, gender,
smoking habits

0.17 Yes

Chang16 Asian Renal cell carcinoma HB 92/580 PCR-RFLP Age, gender 0.17 Yes
Li12 Asian Hepatocellular

carcinoma
PB 675/667 TaqMan Age, gender 0.18 Yes

Yang23 Asian Gastric cancer HB 136/560 PCR-RFLP Age, gender 0.17 Yes
Willems25 European Breast cancer PB 206/171 PCR-RFLP Gender 0.37 Yes
Tseng5 Asian Lung cancer HB 150/151 PCR-RFLP Age, gender 0.05 No
Werbrouck27 European Head and neck cancer HB 151/157 PCR-RFLP Age, gender 0.39 Yes
Bau29 Asian Oral cancer HB 318/318 PCR-RFLP Age, gender 0.17 Yes
Wang28 Asian Bladder cancer HB 213/235 PCR-RFLP Age, gender 0.21 Yes
Willems26 European Breast cancer PB 169/119 PCR-RFLP Gender 0.39 Yes
Liu13 Asian Glioma HB 745/733 TaqMan Age, gender,

residence area
0.19 Yes

Fu8 Asian Breast cancer HB 254/379 MassARRAY Gender 0.17 Yes

opu
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meta-analysis. Study characteristics are summarized in Tables
1, 2, 3, 4 and 5.

The 20 articles concerned XRCC6 C1310G (rs2267437)
polymorphism, T-991C (rs5751129) polymorphism, A-31G
(rs132770) polymorphism, intron 3 (rs132774) polymorphism,
A46922G (rs132793) polymorphism, respectively. Among the

HB¼ hospital-based, HWE¼Hardy–Weinberg equilibrium, PB¼ p
ment length polymorphism.
20 studies, 6 investigated breast cancer, 3 investigated renal cell
carcinoma (RCC), 2 investigated HCC, 2 investigated lung
cancer, and 1 for oral cancer, childhood leukemia, esophageal

TABLE 2. Characteristics of Literatures on XRCC6 rs5751129 Pol

References Ethnicity Cancer Type

Source
of

Controls

Sa
Size

Co

Rajaei30 Asian Breast cancer PB 40
Pei20 Asian Childhood leukemia HB 26
Hsu11 Asian Hepatocellular carcinoma HB 29

Hsia10 Asian Lung cancer HB 35

Chang16 Asian Renal cell carcinoma HB 92
Yang23 Asian Gastric cancer HB 13
Bau29 Asian Oral cancer HB 31

HB¼ hospital-based, HWE¼Hardy–Weinberg equilibrium, PB¼ popu
ment length polymorphism.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
cancer, gastric cancer, bladder cancer, glioma, head and neck
cancer each. There were 4 studies of European descendents, 16
studies of Asian descendents, among which 15 studies were of
Chinese population. For the selection of controls, 4 studies were
population-based case–control studies, while the remaining 16
were hospital-based case–control studies.

lation-based, PCR-RFLP¼ polymerase chain reaction-restriction frag-
Several genotyping methods were used, including Taq-
Man, polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP), MassARRAY. 60% (12/20) of

ymorphism Included in the Meta-Analysis

mple
(Case/

ntrol)
Genotyping

Methods
Matching
Criteria

C allele
Frequency
in Controls HWE

7/395 PCR-RFLP Age, gender, 0.31 Yes
6/266 PCR-RFLP Age, gender, 0.05 Yes
8/298 PCR-RFLP Age, gender,

individual habits
0.06 No

8/716 PCR-RFLP Age, gender,
smoking habits

0.06 No

/580 PCR-RFLP Age gender 0.06 No
6/560 PCR-RFLP Age, gender 0.06 No
8/318 PCR-RFLP Age, gender 0.06 Yes

lation-based, PCR-RFLP¼ polymerase chain reaction-restriction frag-
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TABLE 3. Characteristics of Literatures on XRCC6 rs132770 Polymorphism Included in the Meta-Analysis

Reference Ethnicity Cancer Type

Source
of

Controls

Sample
Size (Case/

Control)
Genotyping

Methods
Matching
Criteria

G allele
Frequency
in Controls HWE

Pei20 Asian Childhood leukemia HB 266/266 PCR-RFLP Age, gender, 0.11 No
Hsu11 Asian Hepatocellular

carcinoma
HB 298/298 PCR-RFLP Age, gender,

individual habits
0.89 No

Wang14 Asian Renal cell carcinoma HB 620/623 PCR-RFLP Age, gender 0.91 Yes
Hsia10 Asian Lung cancer HB 358/716 PCR-RFLP Age, gender,

smoking habits
0.87 No

Chang16 Asian Renal cell carcinoma HB 92/580 PCR-RFLP Age gender 0.88 No
Li12 Asian Hepatocellular carcinoma PB 672/676 TaqMan Age, gender 0.93 Yes
Yang33 Asian Gastric cancer HB 136/560 PCR-RFLP Age, gender 0.88 No
Bau29 Asian Oral cancer HB 318/318 PCR-RFLP Age, gender 0.90 No
Liu13 Asian Glioma HB 757/731 TaqMan Age, gender,

residence area
0.09 Yes

opu
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these studies included described genotyping quality control
measures, such as positive and negative controls, blindness
to the case–control status, a different genotyping assay to
confirm the data, and/or random repetition of a portion of
samples.

Association Between the XRCC6 Polymorphisms
and Cancer Risk

The G allele frequency in rs2267437 polymorphism varied
widely between Asian and European ethnicities, ranging from
0.05 in an Asian population to 0.39 in a European Population.
The mean frequency of G allele was 0.17 for Asian, and 0.38 for
European (Figure 1A, Table 1). The C allele or G allele
frequency in rs5751129 polymorphism or rs132793 polymorph-
ism also varied widely in different populations (Figures 2A and
4A).

In overall comparison, there was obvious evidence of an
association between XRCC6 rs2267437 polymorphism and

HB¼ hospital-based, HWE¼Hardy–Weinberg equilibrium, PB¼ p
ment length polymorphism.
increased cancer risk (GG vs. CC: OR¼ 1.33; 95% confidence
intervals (CI), 1.09–1.62; recessive model (GG vs. CC/CG):
OR¼ 1.21; 95% CI 1.00–1.47) (Table 6 and Figure 1B). There

TABLE 4. Characteristics of Literatures on XRCC6 rs132774 Poly

Reference Ethnicity Cancer Type

Source
of

Controls

Samp
Size (C

Contr

Pei20 Asian Childhood leukemia HB 266/2
Hsu11 Asian Hepatocellular

carcinoma
HB 298/2

Hsia10 Asian Lung cancer HB 358/7

Chang16 Asian Renal cell carcinoma HB 92/5
Yang23 Asian Gastric cancer HB 136/5
Bau29 Asian Oral cancer HB 318/3

HB¼ hospital-based, HWE¼Hardy–Weinberg equilibrium, PB¼ popu
ment length polymorphism.
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was also obvious evidence of an association between XRCC6
rs5751129 polymorphism and increased cancer risk (C vs. T:
OR¼ 1.93, 95% CI 1.42–2.63; CC vs. TT: OR¼ 1.60; 95% CI,
1.14–2.26; TC vs. TT: OR¼ 1.95, 95% CI 1.48–2.57; domi-
nant model: OR¼ 2.00, 95% CI 1.50–2.67; recessive model:
OR¼ 1.48, 95% CI 1.06–2.06) (Table 7).

In subgroup analysis, polymorphism rs2267437 was found
to be associated with increased cancer risk in breast cancer
(GG vs. CC: OR¼ 1.79, 95% CI 1.26–2.56; recessive model:
OR¼ 1.40, 95% CI 1.01–1.95), HCC (G vs. C: OR¼ 1.20, 95%
CI 1.02–1.41), and RCC (G vs. C: OR¼ 1.30, 95% CI 1.09–
1.54; CG vs. CC: OR¼ 1.36, 95% CI 1.10–1.68; dominant
model: OR¼ 1.37, 95% CI 1.12–1.68). Similarly, significantly
increased risks were observed in the Asian population (GG vs.
CC: OR¼ 1.38, 95% CI 1.10–1.73; recessive model:
OR¼ 1.33, 95% CI 1.06–1.67) in rs2267437 polymorphism
(Table 7). The rs132770 polymorphism might associate with
increased RCC risk (G vs. A: OR¼ 1.40, 95% CI 1.08–1.80;
recessive model: OR¼ 1.44, 95% CI 1.08–1.90) (Table 8,

lation-based, PCR-RFLP¼ polymerase chain reaction-restriction frag-
Figure 3A). Interestingly, significantly decreased risks were
observed in breast cancer in rs132793 polymorphism (A vs. G:
OR¼ 0.70, 95% CI 0.51–0.97), however increased risks were

morphism Included in the Meta-Analysis

le
ase/
ol)

Genotyping
Methods

Matching
Criteria

G allele
Frequency
in Controls HWE

66 PCR-RFLP Age, gender, 0.09 Yes
98 PCR-RFLP Age, gender,

individual habits
0.09 Yes

16 PCR-RFLP Age, gender,
smoking habits

0.09 No

80 PCR-RFLP Age gender 0.10 Yes
60 PCR-RFLP Age, gender 0.09 Yes
18 PCR-RFLP Age, gender 0.08 Yes

lation-based, PCR-RFLP¼ polymerase chain reaction-restriction frag-

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 5. Characteristics of Literatures on XRCC6 rs132793 Polymorphism Included in the Meta-Analysis

Reference Ethnicity Cancer Type

Source
of

Controls

Sample
Size (Case/

Control)
Genotyping

Methods
Matching
Criteria

A allele
Frequency
in Controls HWE

Li12 Asian Hepatocellular
carcinoma

PB 669/666 TaqMan Age, gender 0.07 Yes

SOBCZUK20 European Breast cancer – 135/60 TaqMan Age 0.46 Yes
Liu13 Asian Glioma HB 766/703 TaqMan Age, gender,

residence area
0.06 Yes

Fu8 Asian Breast cancer HB 254/378 MassARRAY Gender 0.07 Yes

HB¼ hospital-based, HWE¼Hardy–Weinberg equilibrium, PB¼ population-based, PCR-RFLP¼ polymerase chain reaction-restriction frag-
ment length polymorphism.
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FIGURE 1. A. Frequencies of the XRCC6 rs2267437 G allele among control subjects stratified by ethnicity. B. Forest plot of cancer risk
associated with the GG genotypes compared with the CC/CG genotype in XRCC6 rs2267437 polymorphism.
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found in ‘‘other cancers’’ in the same polymorphism (A versus
G: OR¼ 1.24, 95% CI 1.01–1.53; GA vs. GG: OR¼ 1.29, 95%
CI 1.03–1.60; dominant model: OR¼ 1.28, 95% CI 1.03–1.58)
(Table 10 and Figure 3B).

In addition, when stratified by HWE status of controls.

FIGURE 2. A. Frequencies of the XRCC6 rs5751129T/C among con
with the CC genotypes compared with the TT genotype in XRCC
Significantly elevated risks were observed in HWE inconsistent
studies of rs5751129 polymorphism (C vs. T: OR¼ 2.23, 95%
CI 1.82–2.73; CC vs. TT: OR¼ 3.04; 95% CI, 1.69–5.47; TC

6 | www.md-journal.com
vs. TT: OR¼ 2.20, 95% CI 1.73–2.78; dominant model:
OR¼ 2.29, 95% CI 1.83–2.86; recessive model: OR¼ 2.73,
95% CI 1.52–4.90) (Table 7, Figure 2B). No associations were
found in HWE consistent studies.

After stratified separately by ‘‘sources of control’’,

l subjects stratified by nation. B. Forest plot of cancer risk associated
s5751129 polymorphism in subgroup analysis of HWE status.
significantly elevated risk was found in population-based
studies in all comparison models tested except for recessive
model of rs2267437 polymorphism (G vs. C: OR¼ 1.27,

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 6. Stratified Analyses of the XRCC6 rs2267437 Polymorphism on Cancer Risk

n
�

Cases/Controls OR (95% CI) Py Pz (I2)

Total 17 5061/6406
G versus C 1.09 (0.99–1.21)§ 0.096 0.010 (50.0%)
GG versus CC 1.33 (1.09–1.62) 0.004 0.318 (11.6%)
CG versus CC 1.09 (0.97–1.33)§ 0.166 0.022 (45.2%)
GG/CG versus CC 1.10 (0.97–1.25)§ 0.120 0.006 (52.5%)
GG versus CC/CG 1.21 (1.00–1.47) 0.046 0.586 (0.00%)

Cancer types
Breast cancer 4 922/970
G versus C 1.22 (0.90–1.67)§ 0.206 0.005 (76.8%)
GG versus CC 1.79 (1.26–2.56) 0.001 0.125 (47.7%)
CG versus CC 1.31 (0.84–2.03)§ 0.230 0.004 (77.6%)
GG/CG versus CC 1.35 (0.86–2.11)§ 0.192 0.002 (80.3%)
GG versus CC/CG 1.40 (1.01–1.95) 0.046 0.146 (44.2%)

Hepatocellular carcinoma 2 973/965
G versus C 1.20 (1.02–1.41) 0.027 0.980 (0.00%)
GG versus CC 1.48 (0.95–2.31) 0.087 0.777 (0.00%)
CG versus CC 1.17 (0.96–1.43) 0.120 0.828 (0.00%)
GG/CG versus CC 1.21 (0.998–1.46) 0.052 0.890 (0.00%)
GG versus CC/CG 1.41 (0.90–2.19) 0.130 0.753 (0.00%)

Renal cell carcinoma 2 712/1203
G versus C 1.30 (1.09–1.54) 0.004 0.494 (0.00%)
GG versus CC 1.49 (0.84–2.67) 0.176 0.498 (0.00%)
CG versus CC 1.36 (1.10–1.68) 0.005 0.172 (46.4%)
GG/CG versus CC 1.37 (1.12–1.68) 0.003 0.258 (21.7%)
GG versus CC/CG 1.34 (0.75–2.40) 0.318 0.379 (0.00%)

Lung cancer 2 508/867
G versus C 0.93 (0.74–1.18) 0.559 0.523 (0.00%)
GG versus CC 0.95 (0.40–2.26) 0.906 0.564 (0.00%)
CG versus CC 0.92 (0.70–1.20) 0.533 0.771 (0.00%)
GG/CG versus CC 0.92 (0.71–1.19) 0.524 0.646 (0.00%)
GG versus CC/CG 0.97 (0.41–2.30) 0.943 0.560 (0.00%)

Other cancers 13 1946/2401
G versus C 0.98 (0.88–1.10) 0.772 0.506 (0.00%)
GG versus CC 0.96 (0.68–1.35) 0.827 0.547 (0.00%)
CG versus CC 0.98 (0.86–1.12) 0.790 0.721 (0.00%)
GG/CG versus CC 0.98 (0.86–1.12) 0.805 0.624 (0.00%)
GG versus CC/CG 0.96 (0.69–1.34) 0.812 0.603 (0.00%)

Ethnicities
Asian 14 4535/5959
G versus C\ 1.09 (0.98–1.21)§ 0.113 0.042 (43.4%)
GG versus CC 1.38 (1.10–1.73) 0.006 0.704 (0.00%)
CG versus CC 1.08 (0.99–1.18) 0.344 0.080 (37.1%)
GG/CG versus CC 1.08 (0.96–1.22)§ 0.224 0.036 (44.6%)
GG versus CC/CG 1.33 (1.06–1.67) 0.014 0.833 (0.00%)

European 3 526/447
G versus C 1.12 (0.76–1.65)§ 0.582 0.011 (77.8%)
GG versus CC 1.13 (0.52–2.49)§ 0.347 0.019 (74.8%)
CG versus CC 1.38 (0.85–2.25)§ 0.198 0.049 (66.9%)
GG/CG versus CC 1.32 (0.76–2.30)§ 0.329 0.013 (76.9%)
GG versus CC/CG 0.98 (0.69–1.39) 0.905 0.128 (51.4%)

Source of controls
Hospital-based 14 4011/5449

G versus C 1.04 (0.93–1.17) 0.483 0.012 (51.9%)
GG versus CC 1.23 (0.97–1.57) 0.095 0.227 (20.8%)
CG versus CC 1.06 (0.96–1.16) 0.260 0.076 (37.6%)
GG/CG versus CC 1.04 (0.91–1.19) 0.143 0.023 (48.0%)
GG versus CC/CG 1.19 (0.94–1.51) 0.151 0.384 (6.2%)

Population-based 3 1050/957
G versus C 1.27 (1.10–1.47) 0.001 0.661 (0.00%)
GG versus CC 1.57 (1.12–2.22) 0.010 0.855 (0.00%)
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n
�

Cases/Controls OR (95% CI) Py Pz (I2)

CG versus CC 1.35 (1.11–1.64) 0.003 0.176 (42.4%)
GG/CG versus CC 1.37 (1.14–1.65) 0.001 0.199 (38.1%)
GG versus CC/CG 1.26 (0.92–1.73) 0.157 0.893 (0.00%)

�
Number of comparisons.
yP value of Z-test for pooled OR. The OR values with statistical significance were shown in bold ( p< 0.05).

st <

TABLE 6. (Continued )
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95% CI 1.10–1.47; GG vs. CC: OR¼ 1.57, 95% CI 1.12–2.22;
CG vs. CC: OR¼ 1.35, 95% CI 1.11–1.64; dominant model:
OR¼ 1.37 95% CI 1.14–1.65) (Table 7).

No association was found between the XRCC6 rs132774
polymorphism and cancer risk (Table 9).

Evaluation of Heterogeneity
There was heterogeneity among studies in overall com-

parisons and also subgroup analyses in 3 XRCC6 polymorph-
isms: rs2267437, rs5751129, and rs132793. To explore sources
of heterogeneity, we evaluated the following variables: ethni-
cities, cancer type, source of control, study quality, genotyping
methods and sample size (�500 and >500 subjects). Galbraith
plot was also used to detect the possible sources of heterogen-
eity when none of the above variables could explain the
heterogeneity.

zP value of Q test for heterogeneity test.
§ Random-effects model was used when P value for heterogeneity te
For the rs2267437 polymorphism, there was significant
heterogeneity in overall comparisons of allele model, hetero-
zygote model, and dominant model. None of the possible

TABLE 7. Stratified Analyses of the XRCC6 rs5751129 Polymorp

n
�

Cases/Controls

Total 7 1875/3133
C versus T
CC versus TT
TC versus TT
CC/TC versus TT
CC versus TT/TC

HWE status of controls
P> 0.05 3 991/979

C versus T
CC versus TT
TC versus TT
CC/TC versus TT
CC versus TT/TC

P< 0.05 4 884/2154
C versus T
CC versus TT
TC versus TT
CC/TC versus TT
CC versus TT/TC

�
Number of comparisons.
yP value of Z-test for pooled OR. The OR values with statistical signifi
zP value of Q test for heterogeneity test.
§ Random-effects model was used when P value for heterogeneity test <

equilibrium.

8 | www.md-journal.com
variables could explain the heterogeneity. The studies poten-
tially causing between-study heterogeneity were identified in
the allele model8,9,27), heterozygote model8,14,25, and dominant
model8,9,14,25 by the Galbraith plot (Figure 4B). However, the
result was altered in allele model (OR¼ 1.13 95% CI 1.05–
1.21) when the studies were excluded.

Meta-regression analysis indicated that the ‘‘source of
control’’ could explain 100% of the t2 in all comparison models
in rs5751129 polymorphism, and the ‘‘cancer type’’ could
explain 100% of the t2 in allele model in rs132793 polymorph-
ism. Furthermore, the combination of ‘‘ethnicity’’ and ‘‘cancer
type’’ could explain 100% of the t2 in heterozygote and
dominant model in rs132793 polymorphism.

Sensitivity Analysis
Sensitivity analyses were performed by sequential removal

0.05; otherwise, fixed-effects model was used.
of each eligible study to assess the influence of each individual
study on the pooled OR in each comparison in the polymorph-
isms of rs2267437, rs5751129, and rs132793. The omission of

hism on Cancer Risk

OR (95% CI) Py Pz (I2)

1.93 (1.42–2.63)§ 0.000 0.000 (78.8%)
1.60 (1.14–2.26) 0.007 0.254 (23.0%)
1.95 (1.48–2.57)§ 0.000 0.013 (63.0%)
2.00 (1.50–2.67)§ 0.000 0.003 (69.3%)
1.48 (1.06–2.06) 0.022 0.326 (13.6%)

1.59 (0.96–2.62)§ 0.070 0.003 (83.1%)
1.17 (0.76–1.78) 0.480 0.711 (0.00%)

1.70 (0.996–2.91)§ 0.052 0.007 (79.6%)
1.69 (0.995–2.85)§ 0.052 0.006 (80.5%)
1.11 (0.74–1.67) 0.627 0.778 (0.00%)

2.23 (1.82–2.73) 0.000 0.837 (0.00%)
3.04 (1.69–5.47) 0.000 0.963 (0.00%)
2.20 (1.73–2.78) 0.000 0.913 (0.00%)
2.29 (1.83–2.86) 0.000 0.867 (0.00%)
2.73 (1.52–4.90) 0.001 0.972 (0.00%)

cance were shown in bold ( p< 0.05).

0.05; otherwise, fixed-effects model was used. HWE, Hardy–Weinberg

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 8. Stratified Analyses of the XRCC6 rs132770 Polymorphism on Cancer Risk

n
�

Cases/Controls OR (95% CI) Py Pz (I2)

Total 9 4768/3517
G versus A 1.08 (0.97–1.20) 0.175 0.054 (47.5%)
GG versus AA 1.04 (0.79–1.37) 0.783 0.858 (0.00%)
AG versus AA 1.09 (0.89–1.33) 0.417 0.960 (0.00%)
GG/AG versus AA 1.09 (0.91–1.32) 0.352 0.840 (0.00%)
GG versus AA/AG 1.08 (0.94–1.24) 0.295 0.111 (38.6%)

Cancer types
Hepatocellular carcinoma 2 970/974

G versus A 0.96 (0.76–1.20) 0.704 0.174 (46.0%)
GG versus AA 1.15 (0.57–2.32) 0.706 0.782 (0.00%)
AG versus AA 1.08 (0.50–2.33) 0.853 0.889 (0.00%)
GG/AG versus AA 1.14 (0.56–2.30) 0.723 0.827 (0.00%)
GG versus AA/AG 0.94 (0.73–1.20) 0.590 0.673 (0.00%)

Renal cell carcinoma 2 712/1203
G versus A 1.40 (1.08–1.80) 0.011 0.082 (66.9%)
GG versus AA 1.37 (0.65–2.92) 0.410 0.677 (0.00%)
AG versus AA 1.15 (0.52–2.54) 0.738 0.645 (0.00%)
GG/AG versus AA 1.34 (0.63–2.84) 0.441 0.769 (0.00%)
GG versus AA/AG 1.44 (1.08–1.90) 0.012 0.189 (42.0%)

Other cancers 5 1835/2591
G versus A 1.04 (0.90–1.20) 0.269 0.269 (22.8%)
GG versus AA 0.96 (0.69–1.34) 0.818 0.575 (0.00%)
AG versus AA 1.08 (0.87–1.34) 0.466 0.681 (0.00%)
GG/AG versus AA 1.07 (0.88–1.31) 0.494 0.447 (0.00%)
GG versus AA/AG 1.01 (0.82–1.25) 0.578 0.065 (70.6%)

HWE status of controls
P> 0.05 3 2049/2030

G versus A 1.18 (0.84–1.67)§ 0.335 0.010 (78.4%)
GG versus AA 1.39 (0.77–2.52) 0.277 0.843 (0.00%)
AG versus AA 1.20 (0.92–1.56) 0.186 0.919 (0.00%)
GG/AG versus AA 1.24 (0.96–1.60) 0.102 0.892 (0.00%)
GG versus AA/AG 1.22 (0.71–2.08)§ 0.471 0.008 (79.3%)

P< 0.05 6 1468/2738
G versus A 0.99 (0.86–1.15) 0.921 0.611 (0.00%)
GG versus AA 0.96 (0.70–1.31) 0.788 0.782 (0.00%)
AG versus AA 0.95 (0.70–1.30) 0.762 0.946 (0.00%)
GG/AG versus AA 0.95 (0.72–1.24) 0.696 0.853 (0.00%)
GG versus AA/AG 1.01 (0.84–1.22) 0.893 0.787 (0.00%)

�
Number of comparisons.
yP value of Z-test for pooled OR. The OR values with statistical significance were shown in bold ( p< 0.05).
zP value of Q test for heterogeneity test.

st <
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any study made no significant difference, indicating that
the results of this meta-analysis were statistically reliable
(Figure 5A).

Publication Bias
Egger test reveals evidence of publication bias in

rs5751129 polymorphism (Figure 5B). The trim and fill method
showed that the funnel plot needs 4 more studies to be sym-
metrical (Figure 6) in allele model, recessive model and homo-
zygous model, or 2 more in heterozygous and dominant model.

§ Random-effects model was used when P value for heterogeneity te
But the results were altered in recessive model and homozygous
model. The publication bias in rs132793 polymorphism was not
checked because of the limited number of relevant studies.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
DISCUSSION
In this study, we performed a systematic review of associ-

ation between XRCC6 polymorphisms and cancer risks based on
20 case–control studies. This is also the first time to explore the
individual association between the polymorphisms of rs5751129,
rs132774, rs132793, and cancer risk. The results provided evi-
dences that the SNPs in XRCC6 promoter region might associate
with the cancer risks, while SNP in the XRCC6 intron might not.
In addition, the XRCC6 promoter SNPs might play different roles
in various cancers, indicating that XRCC6 gene may have differ-
ent roles in different cancer development, and different mech-

0.05; otherwise, fixed-effects model was used.
anisms promote the development of various tumors.
XRCC6 gene was involved in multiple cellular pathways,

including NHEJ pathway of DSB repair.40,41 During DNA

www.md-journal.com | 9
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FIGURE 3. A. Forest plot of cancer risk associated XRCC6 rs132770 polymorphism in subgroup analysis of cancer type in recessive model.
B. Forest plot of cancer risk associated with the A genotypes compared with the G genotype in XRCC6 rs132793 polymorphism in
subgroup analysis of cancer type.
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TABLE 9. Stratified Analyses of the XRCC6 rs132774 Polymorphism on Cancer Risk

n
�

Cases/Controls OR (95% CI) Py Pz (I2)

Total 6 1468/2738
C versus G 1.06 (0.90–1.25) 0.479 0.938 (0.00%)
GC versus GG 1.05 (0.89–1.25) 0.556 0.952 (0.00%)
CC/GC versus GG 1.06 (0.89–1.26) 0.509 0.941 (0.00%)

�
Number of comparisons.

nifi
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repair procedure, Ku70 acted as a scaffold to recruit the other
NHEJ factors to the damage site after its bound to DNA ends.4

However, inaccurate repair could lead to cellular aberrant
function, apoptosis, and chromosomal rearrangements, which

yP value of Z-test for pooled OR. The OR values with statistical sig
zP value of Q-test for heterogeneity test.
promote carcinogenesis finally.42 Besides the influence of
XRCC6 gene on DSB repair and genomic stability, it has some
other NHEJ-independent effects. Such as the Ku70 protein in

0.5

0.4

0.3

0.2

0.1

0.0

Eur
op

ea
n

Asia
n

Ethnicity

b/se(b)

W

Willem

Li

c

Tseng
We

0

2.88299

2

0

-2

b/
se

(b
)

Rs132793

A

B

F
re

qu
en

cy

FIGURE 4. A. Frequencies of the XRCC6 rs132793 among control s
sources of heterogeneity by the Galbraith plot under the heterozygo
separate study for the indicated association. The random effects mod
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cytoplasm can prevent Bax translocate to mitochondria, and
suppresses cell apoptosis.43 The defects in Ku70 may also
influence cell proliferation.44

It has been demonstrated that the rs2267437 polymorphism

cance were shown in bold ( p< 0.05).
could influence the expression level and stability of the Ku70
protein in breast cancer cells and RCC tissues.14,15 The
sequence variation in the rs2267437 may affect binding activity
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of the adjacent CACCC box with transcription factors, resulting
in decreased Ku70 expression level, and the DSB repair activity
thus was affected, finally leading to increased susceptibility to
cancers.45 In our study, rs2267437 polymorphism was found to
might increase the cancer risks in breast cancer, HCC and RCC,
while may not function in lung cancer or some other cancers,
and different ethnicities might influence the association.

The rs5751129 polymorphism locates between rs132770
and rs2267437 in the promoter region of XRCC6 gene. This
polymorphism was proved to be functional in HCC and RCC,
with the normal tissues with C allele having a lower expression
level of XRCC6 mRNA or protein.11,16 Our results indicated
that rs5751129 polymorphism might play the same role in
various cancers. The variation may influence the expression
level or stability of XRCC6 mRNA via alternative spicing or
other mechanisms. Individuals carrying C allele may exhibit
heritable decreased DNA repair capacity phenotypes compared

FIGURE 5. A. Sensitivity analysis of the heterozygous model in XRC
test under homozygous model in rs2267437 polymorphism. Each
with those carrying T allele, thus they might have less protective
effects on normal tissues, and increased cancer risks. However,
when stratified by HWE status of controls, we found that

12 | www.md-journal.com
significantly elevated risks were observed in HWE inconsistent
studies, but not in HWE consistent studies. Thus there may be
possibility that the presence of the C allele is in linkage
disequilibrium with another mutation located outside the coding
region in the XRCC6 gene, which may be important for the
Ku70 expression.

The rs132770 polymorphism locates closer than
rs5751129 polymorphism to the translation starting point in
the XRCC6 promoter. Our meta-analysis indicating that
rs132770 polymorphism might affect RCC risk in a different
way from in other cancers, the RCC pathogenesis mechanism
might be distinguished from other cancers when rs132770
polymorphism involved. The results were consistent with the
finding that the A allele of the rs132770 polymorphism could
increase the expression levels of the Ku70 mRNA in normal
tissue of RCC patients.21 Xu17 also collected 3 studies but failed
to find any association. The negative results in Xu study might

rs2267437 polymorphism. B. Begg funnel plot for publication bias
int represents a separate study for the indicated association.
be due to the limited studies.
It is interesting that the rs132793 polymorphism was found

to play opposite roles in different cancers: it might decrease

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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(B) Trim and Fill Adjustment for Publication Bias under allele model
in XRCC6 rs5751129 polymorphism.

TABLE 10. Stratified Analyses of the XRCC6 rs132793 Polymorp

n
�

Cases/Controls

Total 4 1824/1807
A versus G
AA versus GG
GA versus GG
AA/GA versus GG
AA versus GG/GA

Cancer types
Breast cancer 2 389/438

A versus G
AA versus GG
GA versus GG
AA/GA versus GG
AA versus GG/GA

Other cancers 2 1435/1369
A versus G
AA versus GG
GA versus GG
AA/GA versus GG
AA versus GG/GA

�
Number of comparisons.
yP value of Z-test for pooled OR. The OR values with statistical signifi
zP value of Q-test for heterogeneity test.
§ Random-effects model was used when P value for heterogeneity test <

Medicine � Volume 94, Number 1, January 2015
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breast cancer risk, whereas increase cancer risk in ‘‘other
cancers’’, indicating that the rs132793 may play opposite roles
in breast cancer contrast to other cancers. The rs132793 locates
in the sequences downstream of stop code of XRCC6 gene, and
until recently, the role of rs132793 in tumorigenesis is unclear.
We hypothesized that the rs132793 polymorphism might influ-
ence breast cancer risk via some mechanisms different from
other cancers. Functional studies should be carried out to
explore the mechanisms involving rs132793 polymorphism
in tumorigenesis in the future. The different ethnicities of the
study population might influence the genetic effect of the
rs132793 polymorphism on cancer susceptibility; anyhow, it
seems not substantial in our study.

Our results implied that rs132774 polymorphism have no
association with cancer risk in Chinese population. To validate
the results, more population-based studies in other populations
should be carried out in the future.

There was heterogeneity among studies in rs2267437,
rs5751129, and rs132793 polymorphisms. ‘‘Source of control’’
and ‘‘ethnicity’’, ‘‘cancer type’’ might explain 100% of the t2

in the rs5751129 and rs132793 polymorphism, respectively.
However, the combination of ‘‘ethnicities’’, ‘‘source of con-
trol’’, and ‘‘sample size’’ could explain only 17.6% of the t2 in
heterozygote model in rs2267437 polymorphism, implying that
there may be other reasons accounting for the heterogeneity in
the rs2267437 polymorphism. Publication bias was found in the
rs5751129 polymorphism and trim and fill method could reduce
the influence of publication bias in all models except recessive
and homozygous model, implying that more cautions should be
paid when elucidate the role of the rs5751129 polymorphism in
cancer susceptibility. Anyhow, sensitivity analysis proved that
the results of this meta-analysis were statistically reliable.

XRCC6 Polymorphisms and Cancer Risks
Therefore, a methodologically preferable design, such as using
population-based controls, is crucial to avoid selection bias
and heterogeneity.

hism on Cancer Risk

OR (95% CI) Py Pz (I2)

0.97 (0.70–1.36)§ 0.875 0.019 (69.9%)
0.82 (0.42–1.60) 0.564 0.604 (0.00%)
0.77 (0.42–1.40)§ 0.387 0.000 (87.6%)
0.84 (0.51–1.40)§ 0.505 0.000 (83.6%)
1.28 (0.69–2.36) 0.433 0.690 (0.00%)

0.70 (0.51–0.97) 0.032 0.566 (0.00%)
0.74 (0.33–1.70) 0.482 0.467 (0.00%)
0.40 (0.13–1.28)§ 0.122 0.010 (85.1%)
0.49 (0.21–1.14)§ 0.098 0.046 (74.9%)
0.96 (0.31–2.98) 0.333 0.968 (44.2%)

1.24 (1.01–1.53) 0.038 0.315 (0.90%)
0.99 (0.32–3.08) 0.983 0.280 (14.4%)
1.29 (1.03–1.60) 0.025 0.501 (14.7%)
1.28 (1.03–1.58) 0.027 0.400 (0.00%)
1.44 (0.69–2.99) 0.937 0.286 (12.3%)

cance were shown in bold ( p< 0.05).

0.05; otherwise, fixed-effects model was used.
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The limitations of our meta-analysis should also be dis-
cussed. First, the non-English articles were excluded in our
study, which thus may bias the results of our results. Second,
some low-quality studies with deviation from HWE in the
control group were included in our meta-analysis. Subgroup
analysis were carried out by HWE status of controls in
rs5751129 polymorphism and rs132770 polymorphism, and
the opposite results were found in rs5751129 polymorphism
between HWE consistent/inconsistent groups, implying that
low-quality studies might influence the results in rs5751129
polymorphism. Third, the number of included studies was
relatively small in some subgroups, thus the specific results
should be interpreted with caution.

In conclusion, this meta-analysis showed some evidence of
the XRCC6 SNP polymorphisms and cancer risk, supporting the
existence of association between XRCC6 polymorphisms and
cancer risks in different ethnicities and cancer types. The
rs2267437 polymorphism was found to be associated with a
significant increase in risks of overall cancers, breast cancer,
RCC and HCC, and it might increase the cancer risk in Asian
population. The rs5751129 polymorphism might increase the
cancer risk in overall cancers, and the rs132770 polymorphism
might be associated with the increased cancer risk in RCC.
Furthermore, the rs132793 polymorphism could decrease breast
cancer risk and increase risks in ‘‘other cancers’’. However,
there was no obvious association between XRCC6 polymorph-
isms and risks of some ‘‘other cancer’’. This may be due to the
limited studies included or limited sample size in ‘‘other
cancers’’. Therefore, more studies with large sample are
required to further confirm the results in the future. Functional
studies are also needed to elucidate the roles of XRCC6 pro-
moter polymorphisms in cancer pathogenesis. Moreover, gene–
environment and gene–gene interaction analyses, as well as
haplotype analysis should be carried out to clarify the role of the
XRCC6 genes in cancer. Our studies may perhaps supplement
for the disease monitoring of cancers in the future, and
additional studies to determine the exact molecular mechanism
might provide us with interventions to protect the susceptible
subgroups.
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