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Abstract

Background: Many studies have reported associations of the X-ray repair cross-complementing group 3
(XRCC3) Thr241Met polymorphism with colorectal cancer (CRC) risk, but the results remained controversial.
Hence, we performed the present meta-analysis with different inheritance models. Materials and Methods:
We searched the PubMed and Google scholar databases for studies relating to associations between XRCC3
Thr241Met polymorphism and risk of CRC. 16 studies with 5,193 cases and 6,645 controls were finally included
into the meta-analysis. Results: We found that the XRCC3 Thr241Met polymorphism was associated with
increased CRC risk only under a dominant genetic model (CC+CT vs. TT: OR 0.575,95 % CI 0.498-1.665, p<0.001,

heterogeneity =0-005 I’=83%). There was a significant association between XRCC3 Thr241Met polymorphism and
CRCrrisk in Caucasian in the overall 8 studies under only in the heterozygote genetic model (CT vs. TT: OR=0.929,
95%CI =0.806-1.070, P=0.308, P, . =0.002, I’=57%). Four studies evaluated the XRCC3 Thr241Met
polymorphism and CRC risk in Asians. Two genetic models of the XRCC3 polymorphism were significantly
correlated with increasing risk in Asians (dominant model: CC+CT vs. TT: OR= 0.609, 95 % CI=411-0.902,
P=0.013,P, iy =0-54,1=0.00%; Allele model: C vs. T: OR=0.708, 95 %=CI 0.605-0.829, p=0.000,P, .
=0.000, I’=92%). The sensitivity analysis suggested stability of this meta-analysis and no publication bias was
detected. Conclusions: In conclusion, this meta-analysis indicates that XRCC3 Thr241Met shows an increased
CRC risk, particularly in Asians rather than Caucasians.
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Introduction

Worldwide, colorectal cancer (CRC) is the third most
frequently diagnosed cancer in males and the second in
females (Gao et al., 2014). Australia and New Zealand,
Europe and North America have the highest incidence rates
of CRC worldwide, and Africa and South-Central Asia,
the lowest (Jemal et al., 2011). Over 75% of CRCs occur
sporadically, with only 25% of patients having a family
history of CRC (Mostafa et al., 2011). Epidemiological
studies have demonstrated that some risk factors and
interactions between genetic and environmental factors
may play important roles in the pathogenesis of that cancer
(Mahmoudi et al., 2014).

Genetic polymorphisms in DNA repair genes may
influence individual variation in DNA repair capacity,
which may be associated with a higher risk of developing
cancer. X-ray repair cross-complementing group 3 gene

(XRCC3, also known as CMM6 and OMIM, 600675
is a RADSI1 paralog that functions in the repair of
DNA double-strand breaks (DSBs) by homologous
recombination (Alanazi et al., 2013). XRCC3 mutation
causes severe chromosome instability (Brenneman et al.,
2002). Many studies have investigated the role of X-ray
repair cross-complementing group in cancer. Abnormal
expression or activity of XRCC3 observed in many
types of cancer, like breast cancer, colorectal cancer,
non-small-cell lung cancer, head and neck squamous cell
carcinoma, has been considered as an important marker in
tumorigenesis, which resulted in more aggressive tumor
phenotype, higher recurrence rate, and poorer prognosis
(Bewick et al., 2006; Zhan et al., 2013). Tebbs et al.
mapped the XRCC3 gene to human chromosome 14q32.3
by fluorescence in situ hybridization and Southern blot
hybridization with genomic DNA from 2 independent
hybrid clone panels (Tebbs et al., 1995).
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A common polymorphism in exon 7 of the XRCC3
gene results in an amino acid substitution at codon 241
(Thr241Met) that may affect the enzyme function and/
or its interaction with other proteins involved in DNA
damage and repair. Growing evidence suggests that
the XRCC3 Thr241Met (T241M) polymorphism in the
homologous recombination repair gene XRCC3 may alter
DNA repair capacity and subsequent susceptibility to
carcinogens. However, studies on the association between
DNA repair gene polymorphisms especially XRCC3 and
colorectal cancer risk appear to be very limited.

Krupa et al. (2004) reported that CRC occurrence
was strongly associated with the XRCC3 Met/Met
polymorphic variant (OR=9.45; (95%CI 8.77-11.65),
whereas Thr/Thr and Thr/Met variants were associated
with significant reduction in colorectal cancer risk
(OR=0.16; 95%C10-0.26 and OR=0.26; 95%CI1 0.25-0.27,
respectively) (Krupa et al., 2004). However, other case-
control studies, of this SNP failed to detect a significant
association for CRC risk (Zhou et al., 2014). Larger
sample size and well-designed studies about the XRCC3
Thr241Met association with CRC are warranted to further
confirm the results.

The objective of this effort was to conduct a meta-
analysis of the published data to determine whether
relationships exist between the XRCC3 Thr241Met
polymorphism and the incidence of CRC.

Materials and Methods

Search strategy

A literature research was conducted using PubMed,
Web of Science and CNKI up to January 2015 without with
language restrictions. Relevant studies were identified
using the terms: “XRCC3” AND”’Thr241Met” AND
“genetic polymorphism or polymorphism or variant” AND
“colorectal cancer or carcinoma or CRC”. Additional
studies were identified by a hand search of references of
original or review articles on this topic. If data or data
subsets were published in more than one article, only the
publication with the largest sample size was included.

Inclusion criteria and exclusion criteria

Studies were included if they met the following
criteria: (1) in a case-control study design, (2) studies on
the relationship of XRCC3 Thr241Met polymorphism and
colorectal cancer, (3) sufficient data for the frequencies
of alleles and genotypes in cases and controls or could be
calculated from the article text. While major exclusion
criteria were: (1) case-only study, case reports, and review
articles, (2) studies without the raw data of the XRCC3
genotype, (3) repeatedly published data.

Data extraction

Both investigators extracted the information
independently including first author, journal, year of
publication, country of origin, cancer type, genotyping
method, sample size, source of control groups, frequency
of genotypes and alleles in cases and controls, and
the Hardy-Weinberg equilibrium (HWE) of genotype
distribution in controls. . If authors generated different
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results, they would check the data again and have a
discussion to come to an agreement.

Statistical analyses

Meta-analysis was performed using the CMA 5.0
(Copenhagen, 2008). The risk of CRC associated with
the XRCC3 Thr241Met polymorphism was estimated
for each study by odds ratio (OR) and 95% confidence
interval (95%CI).

All P values in this study were two-sided, and p=0.05
was set as the threshold value for statistical significance.
We used the following models to calculate different ORs:
the allele model (A vs. a), the additive genetic model (AA
vs. aa), the dominant genetic model (AA+Aa vs. aa), and
the recessive genetic model (AA vs. Aa+aa). If the P value
was greater than 0.100 according to the Q-test, indicating
a lack of heterogeneity among studies, the summary OR
estimate of each study was calculated by a fixed-effects
model (the Mantel-Haenszel method). Otherwise, the
random-effects model (the DerSimonian-Laird method)
was performed. Heterogeneity was estimated with the
Cochran’s Q-statistic, and p=0.05 was considered to be
an indication of statistically significant heterogeneity.
Also, effect of the heterogeneity quantified with the I?
test (Huedo-Medina TB et al., 2006). As a guide, I values
ranged from 0 to 100%, and values of 25%,50%, and 75%
were considered to represent low, moderate, and high
levels of heterogeneity, respectively. The funnel plot was
drawn to assess publication biases. The test suggested was
used to test the funnel-plot symmetry. This test involved
building a regression model, in which the standardized
estimate of the size effect was the dependent variable,
and the inverse of the standard error was the independent
variable. If the intercept was significantly different from
zero, the estimate of the effect was considered biased.
The significance of the pooled OR was determined with
the Z test. Each study was removed in turn for sensitivity
analyses, and the remaining studies were reanalyzed
to assess the stability of results. Subgroup and meta-
regression analyses were performed to investigate
potential sources of heterogeneity.

Results

Meta-analysis XRCC3 polymorphism

The meta-analysis of the association between the
XRCC3 Thr241Met polymorphism and colorectal cancer
consisted of 16 studies, which included 5193 cases and
6645 controls. It is presented in Table1. The distributions
of genotypes among controls of the whole studies
conformed to HWE. That there was a significant difference
between XRCC3 Thr241Met polymorphism and CRC
risk in the overall 12 studies only under dominant genetic
model (CC+CT vs. TT: OR 0.575, 95%CI 0.498-1.665,
P<0.001, Pheterogeneity =0.00, 1>’=83%). The forest plot
of dominant model was showed in Figure 1. Overall,
no significant association was found between XRCC3
polymorphism and colorectal cancer risk in rest of genetic
models (Allele model: C vs. T: OR=0.991,95 %=CI10.931-
1.055, p=0.77, Pheterogeneity =0.00, 1>’=92%; Recessive
model: CC vs. CT+TT: OR=1.059,95%CI=0.975-1.150,
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Table 1. Characteristics of Studies Included in the Meta-Analysis

Authors Country  Ethnicity Case/control CRC Patients Controls
Genotypes Alleles Genotypes Alleles

No CC CT TT C T CC CT Tr C T

Nissar et al. Kashmir Asian 120/150 72 |34 |14 178 62 118 |22 10 |258 |42

2014

Zhao et al. China Asian 485/970 357189 |38 803 165 | 846 |81 43 | 1773 | 167

2012

Krupa et al. Poland Caucasian | 100/100 36 |55 |9 127 73 50 |47 3 147 |53

2011

Moghtitet al. | Algeria Caucasian | 129/148 45 168 |16 158 100 |55 |72 21 | 182 | 114

2014

Improta et al. | Italy Caucasian | 109/121 40 143 |26 123 95 67 |46 8 180 |62

2008

Mucha et al. Poland Caucasian | 194/209 97 |72 |25 266 112 |80 [104 [25 [264 |154

2013

Gil et al. 2012 | Poland Caucasian | 132/100 55 |65 |12 175 89 51 |36 13 | 138 |62

Yeh et al. Taiwan Asian 721/734 660 [ 60 |1 1380 |62 658 [ 74 2 1390 |78

2005

Canbay et al. | Turkey Caucasian | 79/247 23 |45 |11 91 67 74 (146 |27 |[294 |200

2011

Wang et al. India Asian 302/291 213179 |10 505 99 197 | 85 9 479 1103

2010

Curtin et al. USA Caucasian | 1581/1948 | 671 | 702 | 208 | 2044 | 1118 | 760 | 911 |277 | 2431 | 1465

2009

Pardini et al. | Czech Caucasian | 532/532 203 | 264 | 65 724 394 1219|250 |63 |[688 |376

2008

Moreno et al. | Spain Caucasian | 361/316 140 | 170 | 51 450 272 | 111 | 158 |47 ]380 |[252

2006

Skjelbred et Norwegian | Caucasian | 157/399 64 |73 |20 201 113 138 1201 |60 [477 |[321

al. 2006

Jin et al. 2005 | China Asian 140/280 124115 |1 263 17 268 | 11 1 547 |13

Krupa and Poland Caucasian | 51/100 1 27 |23 29 73 11 |81 8 103 |97

Blasiak et al.

2004

p=0.174, Pheterogeneity =0.00, I>=83%; Additive genetic
model: CC vs. TT: OR =0.942, 95%CI= 0.822-1.080,
p=0.392, Pheterogeneity =0.00, 1’=67%; Heterozygote
genetic model: CT vs. TT: OR=0.947, 95%CI =0.827-
1.084,p=0.431, Pheterogeneity =0.002, 1’=57%, Figure 1).

Subgroup analysis

There were an insufficient number of studies that
reported CRC risk by sex; however, subgroups, by
ethnicity were performed. There were an insufficient
number of studies from the Asia to include to the subgroup
analysis. It turned out that the XRCC3 Thr241Met
polymorphism was associated with a significantly
increased CRC risk in Asians rather than in Caucasian.

Caucasian

The meta-analysis of the association between the
XRCC3 Thr241Met polymorphism and CRC in Caucasian
consisted of 12 studies, which included 3545 cases
and 4370 controls. In the overall analysis, a significant
association between XRCC3 polymorphism and CRC
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risk was found under Heterozygote genetic model (CT
vs. TT: OR=0.929, 95%CI =0.806-1.070, p=0.308,
Pheterogeneity =0.002, 1>’=57%). The forest plot of
4 genetic models was showed in Figure 1. Dominant
model: CC+CT vs. TT: OR=0.947,95%CI1=0.828-0.902,
p=1.083, Pheterogeneity =0.426, 1>=74 %; Allele model:
C vs. T: OR=1.055, 95 %=CI 0.986-1.29, p=0.123,
Pheterogeneity =0.00, 1’=92%; Recessive model: CC
vs. CT+TT: OR= 0.981, 95%ClI= 0.894-1.077, p=0.69,
Pheterogeneity =0.00, I’=83%; Additive genetic model:
CC vs. TT: OR =1.008, 95%ClI= 0.872-1.166, p=0.909,
Pheterogeneity =0.00, 1’=67%.

Asian

Four studies evaluated the XRCC3 Thr241Met
polymorphism and CRC risk in Asians. It was found
that the dominant and Allele genetic models of the
XRCC3 Thr241Met polymorphism were significantly
correlated with increasing risk of CRC (Dominant model:
CC+CT vs. TT: OR=0.609,95%CI=411-0.902, p=0.013,
Pheterogeneity =0.54, I’=0.00%; Allele model: C vs. T:
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A B
Study name Statistics for each study Qdds ratio and 95% CI Study name Statistics for each study Qdds ratio and 95% CI
Odds Lower Upper Relative Odds Lower Upper Relative
ratio limit limit Z-Valuep-Value weight ratio limit limit Z-Valuep-Value weight
Nissar 0.467 0.302 0.723 3.421- 0.001 206 Nissar 0.407 0.238 0.694 3.297- 0.001 | —{3— 237
Zhao 0.453 0.360 0.570 6.746- 0.000 7.37 Zhao 0.409 0.310 0.539 6.348- 0.000 - 8.90
Krupa 0627 0410 0.960 2.146- 0.032 - 215 Krupa 0563 0.319 0.991 1.992- 0046 —D— 212
Moghiit 0990 0.702 1.394 -0.059 0.953 [ 332 Moghtit 0.906 0.554 1.482 0.394- 0694 280
Improta 0.446 0301 0661 4.020- 0.000 —+ 252 Improta 0.467 0.275 0.793 2818- 0.005 242
Mucha 1272 0950 1.704 1613 0.107 457 Mucha 1613 1.085 2397 2.363 0.018 \ —{— 432
Gi 0883 059 1.309 0.617- 0.537 252 Gil 0686 0.407 1.158 1.411- 0.158 2.48
Yeh 1.249 0.888 1.758 1.275 0.202 334 Yeh 1.250 0.877 1.780 1.235 0.217 —D— 5.42
Canbay 0.924 0.643 1.328 0.427- 0.669 296 Canbay 0.960 0.550 1.675 0.143- 0.886 219
Wang 1097 0810 1.485 0.598 0.550 428 Wang 1142 0.806 1618 0746 0.456 5.58
Curtin 1102 0999 1215 1947 0.052 41.03 Curtin 1153 1.007 1.319 2062 0.039 37.23
Pardini 1164 0.972 1.393 1651 0.099 1208 Pardini 0.882 0.690 1.128 1.003- 0316 11.24
Moreno 1.097 0.881 1.366 0.829 0.407 813 Moreno 1170 0.855 1.600 0.982 0.326 -] 6.92
Skjelored 10.411 6.24917.346 8.995 0.000 - 150 Skjelbred 1.302 0.891 1.902 1.362 0.173 —D— 472
Jin 0.368 0.176 0.768 2.661- 0.008 —— 072 Jin 0.347 0.159 0.756 2.666- 0.008 —_—{ 112
Krupa and Blasiak 0.374 0.224 0624 3.765- 0.000 —_ 1.49 Krupa and Blasiak 0.162 0,020 1.290 1.719- 0.086 i e 0.16
0991 0931 1.055 0.284- 0.777 [ 0944 0.870 1.026 1.359- 0.174 \
0.2 ). 1 2 5 10 ). 2 (
Decreased Risk Increased Risk Decreased Risk Increased Risk
C D
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Odds Lower Upper Relative Odds Lower Upper Relative
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Zhao 0530 0.339 0.830 2774. 0008 | 804  Zheo 0.478 0.303 0.752 3.194- 0.001 905
Krupa 0.313 0,082 1.191 1703- 0089 3 0.90 Krupa 0.240 0.061 0.949 2034- 0042 K Jrmmtmee| 0.98
Moghtt 1168 0581 2347 0436 0663 L 331 Moghtt 1.074 0502 2297 0.184 0854 322
Improta 0.226 0.097 0.524 3.464- 0.001 o] et 228 Improta 0.184 0076 0.445 3757- 0000 —{}—— | ‘ 238
Mucha 0918 0.508 1661 0.281- 0.778 459 Mucha 1213 0647 2273 0601 0548 —T 47
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Figure 1. Meta-analysis of the Association between XRCC3 Polymorphism and Susceptibility to Colorectal
Cancer (A: Cvs.T; B: CCvs.CT+TT; C: CC+CTvys.TT; D: CCys. TT; E: CTvs. TT)
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Figure 2. Begg’s Funnel Plot of the Meta-Analysis of Colorectal Cancer Risk and XRCC3 Polymorphism (A:

Allel model and B: dominant model)

OR=0.708,95%=C10.605-0.829,p=0.000, Pheterogeneity
=0.000,1>=92%). However, no significant effect of XRCC3
Thr241Met polymorphism on the CRC susceptibility was
found in Asians for 4 other genetic models (Recessive
model: CC vs. CT+TT: OR=1.408,95%ClI=1.177-1.685,
p=0.00, Pheterogeneity =0.00, 1>=83%; Additive genetic
model: CC vs. TT: OR =0.566, 95%CI= 0.381-0.843,
p=0.005, Pheterogeneity =0.00, I’=67%; Heterozygote

genetic model: CT vs. TT: OR=1.151, 95%CI =0.7351-
1.804, p=0.539, Pheterogeneity =0.002, I’=57%).

Heterogeneity and sensitivity analyses

Heterogeneity may be due to the presence of one or
two outlying studies with results that conflict with the
rest of the studies. Subsequent sensitivity analyses were
performed by removing the individual studies sequentially.
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The exclusion of each study failed to resolve the
heterogeneity across the remaining studies. The observed
heterogeneity is likely due to misclassification, because
some studies used a laboratory method that may not
accurately distinguish between the alleles of the XRCC3
Thr241Met polymorphism.

Publication bias

Begger’s funnel plot and Egger’s linear regression
test were performed to assess the publication biases of
the selected studies. The shape of the funnel plot for
publication bias appeared to be symmetrical, although
there was some uncertainty regarding the degree of
symmetry. The Egger’s test results and Begg’s funnel
plot (Figure 2) suggested no evidence of publication bias
in the meta-analysis of XRCC3 only for allele model
(p=0. 0.216), although possible publication bias was
suggested for dominant model (p=0.041), recessive model
(p=0.042), additive model (p=0.022) and heterozygote
model (p=0.022).

Discussion

The XRCC3 Thr241Met polymorphism exerts
different effect on diverse types of cancers and even
the same cancer in different populations, indicating the
underlying complicated mechanisms in tumorigenesis
(Chen et al., 2014). A previous meta analysis by Sun
HM et al. has revealed that the XRCC3 Thr241Met
polymorphism is weakly associated with the risk of
bladder cancer, but not lung cancer (Sun et al., 2010).

It is well documented that the genetic polymorphism
may contribute to susceptibility to cancer. Although a
number of previous studies have reported a significant
association between the XRCC3 Thr241Met polymorphism
and CRC risk, others have identified no such association
(Fasching et al., 2009). In order to resolve this conflict,
in the current study, a meta-analysis was conducted to
examine the associa-tion between a commonly studied
XRCC3 Thr241Met polymorphism and CRC risk. A total
of 5,193 CRC cases and 6,645 controls from 16 studies
were included in the final analysis, to derive a more precise
estimation of the presence or absence of this association.
The results revealed that no significant association was
observed between XRCC3 Thr241Met polymorphism and
risk of CRC. This reduced risk of CRC for the TT genotype
was not supported by all of the included studies. In several
individual studies, the TT genotype was associated with
an increased risk of CRC (Liu et al., 2013).

In all studies, people with different nationalities
have different genotype frequencies; however, in the
stratified analysis by ethnicity, a significant association
of the XRCC3 Thr241Met polymorphism with CRC risk
in the Asians but not the Caucasians was demonstrated,
in consistence to the finding of Liu L., et al (Liu et al.,
2013). The discrepancy may be due to the different
genotype penetrance of XRCC3 Thr241Met in different
ethnicities (Shizhong Han et al., 2006). Thus far, little has
been known about the potential causes needing further
investigation. In addition, some of the studies conducted
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in Asian countries had a very small sample size and did
not have adequate power to detect the possible risk for
XRCC3 Thr241Met polymorphism, and the observed
significant ORs in these studies may be false associations
(Wang et al., 2010; Nissar et al., 2014). Also, most of the
studies have shown that the polymorphism of XRCC3
Thr241Met to contribute to the development of CRC
across Caucasian ethnicity countries in many previous
individual studies (Improta et al., 2008; Krupa et al., 2011).
To clarifying such findings, the quality of study design
is of great importance. However, some of the analyzed
studies had methodological shortcomings. For instance,
the source and the selection criteria of case and/or control
groups were not clearly presented in some studies leading
to possible biases. These negative results suggest that the
evidence to evaluate this SNPs associated with risk of
CRC are insufficient, more large sample size and well-
designed researches about the associations are warranted
to further confirm the results.

Many of the studies not incorporated both men and
women into the case control groups. However, far fewer
studies stratified their results based on sex. Of the 16
studies included in this meta analysis only a few studies
reported significant OR based on sex and genotype, which
was contrary to the summary results in this meta-analysis.

Heterogeneity is to be expected in a meta-analysis
(Higgins et al., 2008). Studying heterogeneity was
a considerable problem in our meta-analysis. The
heterogeneity existed in allelic genetic model, heterozygote
model, and dominant genetic model in overall analysis.
The meta regression analysis did not identify the source
of heterogeneity. In sensitivity analysis, heterogeneity
reduced after one literature was excluded, but the pooled
ORs did not alter remarkably, implying that the results
were statistically stable and reliable. The Begg funnel plot
and Egger’s test were also negative for publication bias.

Some limitations of this meta-analysis should be
addressed. First, the number of published studies was not
sufficiently large for a comprehensive analysis, and some
studies with small size may not have enough statistical
power to explore the real association. The small sample
size was not ideal for detecting small genetic effects.
Secondly, we were not able to address the sources
of heterogeneity that existed among studies for each
polymorphism. Finally, we could not perform further
subgroup stratification analysis because of the limited
number of published studies and data. In spite of these
limitations, our meta- analysis had several advantages.
First, substantial number of cases and controls were pooled
from different studies, which significantly increased
statistical power of the analysis. Second, the quality of
case-control studies included in current meta-analysis was
satisfactory and met our inclusion criterion.

The studies included in the meta-analysis were
conducted in fifteen different countries. This is potentially
both a strength and weakness of our analysis. The potential
weakness rests with the increased heterogeneity of some
of the results. In conclusion, the results of this meta-
analysis suggest that the XRCC3 Thr241Met genotype
is associated with a reduced risk of CRC in Caucasians.
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