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XRCC3 T241M polymorphism and melanoma
skin cancer risk: A meta-analysis
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Abstract. Although the T241M polymorphism in the X-ray
cross-complementing group 3 (XRCC3) gene has been impli-
cated in the pathogenesis of melanoma, the results have been
inconsistent. In this study, a meta-analysis was performed to
assess the association of XRCC3 T241M polymorphism with
melanoma. Published literature from PubMed and Embase
databases was retrieved. The pooled odds ratio (OR) with
95% confidence interval (CI) was calculated using fixed- or
random-effects models. A total of six case-control studies
containing 2,133 patients and 3,141 controls were enrolled
into this meta-analysis. In a combined analysis, the results
revealed no significant association between XRCC3 T241M
polymorphism and melanoma risk in the overall population. In
the subgroup analysis by ethnicity, no significant associations
between the XRCC3 T241M polymorphism and melanoma
risk were identified in Caucasians. However, when the anal-
yses were restricted to three larger studies (n>500 cases), a
significant association was noted with melanoma (TT vs. MT:
OR=1.20, 95% CI=1.04-1.38; dominant model: OR=0.86,
95% CI=0.75-0.98). In conclusion, the meta-analysis results
suggest that the XRCC3 T241M polymorphism was associ-
ated with risk of melanoma. Further large and well-designed
studies are needed to confirm this conclusion.

Introduction

Melanoma is a neoplastic lesion arising from epidermal mela-
nocytes. It is estimated that 132,000 new cases of melanoma
occur worldwide every year (1). According to the recent data
from the International Agency for Research on Cancer (IARC),
the highest reported national incidence rates for melanoma
occurred in the populations of Australia (39 cases per 100,000
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individuals per year) and New Zealand (34 cases per 100,000
individuals per year) (2). A previous study indicated that
approximately 65-90% of all melanomas are attributable
to ultraviolet radiation exposure (3). Ultraviolet radiation is
subdivided into ultraviolet A, ultraviolet B and ultraviolet C.
Of these, ultraviolet A wavelengths (320-400 nm) cause
single-stranded breaks and DNA protein crosslinking, and
generate free radicals that cause oxidative damage and DNA
double-strand breaks (DSBs) (4). Ultraviolet B radiations
(290-320 nm) induce damage in the form of cyclobutane
pyrimidine dimers and pyrimidine photoproducts, which may
lead to the formation of DSBs, chromosomal aberrations and
recombination during the course of replication arrest (5).

To date, mammalian cells utilize four major DNA repair
mechanisms to protect against genetic instability: base
excision repair, mismatch repair, nucleotide excision repair
and double-strand break repair (DSBR). DSBR is the most
common form of radiation-induced DNA damage and includes
both homologous recombination (HRR) and non-homologous
end-joining (6). The X-ray repair cross-complementing
group 3 (XRCC3) protein is involved in the HRR pathway to
repair DNA damage and maintain genomic stability (7). The
XRCC3 gene is localized on human chromosomes 14q32.3.
The most frequent polymorphism in XRCC3 is a C/T transi-
tion resulting in an amino acid substitution from Thr to Met
at codon 241 (T241M). In addition, variants of the T241M
polymorphism may affect the function of the encoded protein
and consequently alter the DNA repair capacity (8).

In recent years, several studies have been performed to
evaluate the association between the T241M polymorphism
and melanoma risk. However, the published results have been
inconsistent. Meta-analysis is a useful tool in detecting an asso-
ciation that could otherwise remain masked in the sample size
studies, particularly in those evaluating rare allele frequency
polymorphisms (9). The aim of this meta-analysis was to
investigate the association between T241M polymorphism
and susceptibility to melanoma using all eligible case-control
studies published to date.

Materials and methods
Literature search. We searched for studies in the PubMed

and Embase electronic databases using the terms ‘mela-
noma’, ‘skin cancer’, ‘T241M’, ‘XRCC3’, ‘excision repair
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Table I. Characteristics of studies included in meta-analysis.
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Genotypes of Genotypes of
cases controls
Study included (ref.)  Year Area Ethnicity Cases/controls TT MT MM TT MT MM HWE test
Winsey et al (11) 2000 England Caucasian 125/211 39 65 21 110 78 23 0.11
Duan et al (12) 2002 USA Mixed 305/319 119 148 38 116 158 45 045
Figl et al (13) 2010 Germany  Caucasian  1184/1274 451 541 192 436 645 193 0.07
Gongalves et al (14) 2011  Brazil Mixed 192/192 78 89 25 95 79 18 0.79
Bertram et al (15) 2004 England Caucasian 140/335 50 68 22 135 160 40 0.89
Han et al (16) 2004 USA Mixed 187/810 75 84 28 300 396 114 0.36
HWE, Hardy-Weinberg equilibrium.
cross-complementing group 3’ and ‘polymorphism’. The search Potentially relevant publications
was performed without any restrictions on language and was indentfied, “flvough  defelke
focused on studies conducted in humans. Further studies were oy (=)
identified by a hand search of references of original or review .
Studies excluded because of

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 and exclusion criteria. Eligible studies included in
the present analysis met the following criteria: i) studies that
evaluated the association between the XRCC3 T241M poly-
morphism and melanoma, ii) a case-control study design, and
iii) had detailed genotype frequency of cases and controls or
could be calculated from the article text. The main exclusion
criteria were: i) case reports, letters, reviews, meta-analyses
and editorial articles, ii) non-case-control studies that evalu-
ated the association between XRCC3 T241M polymorphism
and melanoma risk, iii) studies in which the number of null
and wild genotypes could not be ascertained, and iv) duplicate
data were included in the studies.

Data extraction. Two investigators independently extracted
data according to the inclusion criteria. Disagreement was
resolved by discussion between them. If no consensus was
reached, an expert was consulted to resolve the dispute and a
final majority decision was made. For each study, the following
data was collected: the first author's name, year of publica-
tion, country of origin, ethnicity, area, number of patients and
controls, distributions of genotypes and alleles, and evidence
of Hardy-Weinberg equilibrium (HWE). These are listed in
Table I.

Data analysis. We tested whether genotype frequencies of
controls were in HWE using the > test. The odds ratio (OR)
and corresponding 95% confidence interval (CI) were calcu-
lated to evaluate the association between the XRCC3 T241M
polymorphism and melanoma risk under a homozygote
comparison (TT vs. MM), a heterozygote comparison (TT
vs. MT), a dominant model (MM+MT vs. TT) and a reces-
sive mode (TT+MT vs. MM) between groups. Between-study
heterogeneities were estimated using the I? test. I* values of 25,
50 and 75% were defined as low, moderate and high estimates,

obvious irrelevance (n=11)

Potentially appropriate

articles (n=10)

Records excluded:

Duplicated publications (n=1)
Meta analysis (n=1)

Without the control group (n=2)

Y

Papers selected for inclusion in

meta-analysis (n=6)

Figure 1. Flow chart of study selection based on inclusion and exclusion
criteria.

respectively (10). If heterogeneity was observed among the
studies, the pooled OR was estimated using the fixed-effects
model (P>0.10 or I’<50%). Otherwise, the random-effects
model was used to estimate the pooled OR. Subgroup analyses
by ethnicity and sample size in cases were performed. Sensi-
tivity analysis was performed by comparing the random-effect
model values with the fixed-effect model values. Publication
bias was investigated using funnel plot and Begg's funnel plot
(P<0.05 was considered to indicate a statistically significant
difference). Analyses were performed with Stata software
(version 12.0; Stata Corporation, College Station, TX, USA),
using two-sided P-values.

Results

Identification of eligible studies. The search strategy retrieved
21 potentially relevant studies. Based on the inclusion criteria,
six case-control studies with full text were included in this
meta-analysis (11-16) and 15 studies were excluded. The flow
chart for the study selection is summarized in Fig. 1. The six
case-control studies selected included a total of 2,133 cases
and 3,141 healthy controls. The HWE test was performed
on genotype distribution of the controls; all of them were in
HWE (P>0.05). The studies had been carried out in England,
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Table II. Summary of odds ratios and 95% confidence interval of T241M polymorphism with melanoma risk.
Test of Test of Test of
Sample size heterogeneity association publication bias
Subgroup Genetic model Cases Controls Type of model I P-value OR  95% CI Z  P-value
Overall TT vs. MM 2133 3141 Random 54.1% 005 083 1.62-1.12 0.24 0.81
TT vs. MT Random 75.3% 000 091 0.69-120 0.24 0.81
Dominant model Random 77.8% 0.00 1.14 0.86-1.51 0.24 0.81
Recessive model Fixed 0.0% 0.57 089 0.76-105 0.24 0.81
Caucasians TT vs. MM 1449 1820 Random 74.6% 002 0.70 0.39-124 0.00 1.00
TT vs. MT Random 88.2% 000 080 044-146 0.00 1.00
Dominant model Random 89.1% 0.00 1.31 0.72-2.38 0.00 1.00
Recessive model Fixed 0.0% 039 086 0.71-1.05 0.00 1.00
Sample size TT vs. MM 1676 2403 Fixed 0.0% 085 106 0.87-129 1.04 0.30
>500 TT vs. MT Fixed 0.0% 083 120 1.04-138 1.04 0.30
Dominant model Fixed 0.0% 095 086 0.75-098 1.04 0.30
Recessive model Fixed 0.0% 0.69 096 0.80-1.15 1.04 0.30
OR, odds ratio; CI, confidence interval.
Study %
D OR (95% Cl) Weight
TT vs. MM
Duan et al 2012 = 1.21(0.74,2.01) 223
Han et al 2004 - 1.02 (0.63,1.65) 261
Figl et al 2010 —_—— 1.04 (0.82,1.32) 1057
Subtotal (l-squared = 0.0%, p = 0.846) _ 1.06 (0.87, 1.29) 15.41
TTvs. MT
Duan et al 2012 < 1.10(0.78,1.54) 5.10
Han et al 2004 o 1.18 (0.83, 1.67) 4.74
Figl et al 2010 —_— 1.23 (1.04,1.47) 1828
Subtotal (I-squared = 0.0%, p = 0.826) e 1.20 (1.04,1.38) 28.11
e
Duan et al 2012 - 0.89 (0.65, 1.23) 622
Han et al 2004 —- 0.88 (0.63, 1.22) 6.16
Figl et al 2010 —_— 0.85(0.72, 1.00) 24.70
Subtotal (I-squared = 0.0%, p = 0.947) < 0.86 (0.75, 0.98) 37.09
t.he recessive model
Duan et al 2012 - 1.15(0.73,1.83) 268
Han et al 2004 - 0.93 (0.59, 1.46) 3.14
Figl et al 2010 —_— 092 (0.74, 1.15) 1357
Subtotal (I-squared = 0.0%, p = 0.687) R 0.96 (0.80, 1.14) 19.39
Overal (l-squared = 18.1%, p = 0.267) <> 1.00 (0.93,1.09) 100.00
1 1
0.498 1 2.01

Figure 2. Meta-analysis of the association between X-ray cross-complementing group 3 gene T241M polymorphism and melanoma risk by sample size (>500).

USA, Germany and Brazil. Among them, there were three
studies of Europeans (11,13,15). The publishing year of the
included studies ranged from 2000 to 2014. All of the articles
were written in English. The source of controls was mainly
based on healthy populations. Furthermore, the studies were
conducted with >500 subjects included in the subgroup
meta-analysis (12,13,16). General characteristics and the allele

and genotype distributions in the published articles included in
this meta-analysis are shown in Table I.

Meta-analysis. A summary of the meta-analysis findings of the
association between the XRCC3 T241M polymorphism and
melanoma risk is shown in Fig. 2 and Table II. The combined
results based on all studies revealed that variant genotypes
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Begg's funnel plot with pseudo 95% confidence limits
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Figure 3. Begg's funnel plot test of publication bias for the association between X-ray cross-complementing group 3 gene T241M polymorphism and

melanoma risk.

are not associated with increased melanoma risk in different
genetic models (TT vs. MM: OR=0.92, 95% CI=0.68-1.26;
TT vs. MT: OR=0.95, 95% CI=0.72-1.25; dominant model:
OR=1.07, 95% CI=0.81-1.41; recessive model: OR =0.94,
95% CI=0.80-1.10). When stratified according to ethnicity,
no significant association was detected in Caucasians (TT vs.
MM: OR=0.70, 95% CI=0.39-1.24; TT vs. MT: OR=0.80, 95%
CI=0.44-1.46; dominant model: OR=1.31, 95% CI=0.72-2.38;
recessive model: OR=0.86, 95% CI=0.71-1.05). In the strati-
fied analysis by sample size (>500 subjects), we detected a
significant association between T241M and melanoma (TT vs.
MM: OR=1.06, 95% CI=0.87-1.29; TT vs. MT: OR=1.20, 95%
CI=1.04-1.38; dominant model: OR=0.86, 95% CI=0.75-0.98;
recessive model: OR =0.96, 95% CI=0.80-1.15). Sensitivity
analyses were conducted by altering the statistic models. No
material alteration was detected, indicating that our results
were statistically robust.

Publication bias. The funnel plot and Begg's test were used
to assess the publication bias of the literature. There was no
evidence of publication bias in our study (Fig. 3). The results
implied that the publication bias was low in the present
meta-analysis (all P>0.05). Information concerning the Begg's
funnel plot is given in Table II.

Discussion

The incidence rate of cutaneous melanoma, which is etio-
logically linked to sun exposure, has rapidly grown over the
years (17). Evidence suggests that cancer may be initiated by
DNA damage, and that most DNA damage may be removed
by DNA repair enzymes, including XRCC3. Numerous studies
have evaluated the association of the XRCC3 T241M poly-
morphism with the risk of various cancer types, including
colorectal, bladder, lung, breast and pancreatic cancer (18-20).
A variety of studies have focused on the association between the
XRCC3 T241M polymorphism and melanoma. However, the
observed associations of these studies were inconclusive. The
most likely reason for the inconsistencies among these studies
is that they are single case-control studies with small sample

sizes. To resolve these conflicting results, we conducted this
meta-analysis to combine the same type of studies to increase
the sample size and statistical power, and hence obtain a more
reliable result.

The present meta-analysis, including 2,133 cases and
3,141 controls from six case-control studies, explored the
association between the XRCC3 T241M polymorphism and
melanoma risk. The results of the meta-analysis revealed that
the T241M polymorphism is not associated with increased
or decreased risk of melanoma in the overall population.
Considering that the result may be affected by ethnicity,
an ethnicity-related subgroup analysis was performed, and
no significant association was identified in Caucasians. Our
meta-analysis involved several studies with small samples.
There may be a selective bias for the correlation between the
XRCC3 T241M polymorphism and melanoma development,
so the association should be re-evaluated in studies with large
sample sizes. When stratifying by sample size (>500), this
meta-analysis detected a significant association, suggesting
the possibility of publication bias by smaller studies. Never-
theless, caution should be exercised when considering this
conclusion. Sensitivity analysis was performed by comparing
random-effect model values with fixed-effect values, and
the results revealed that this meta-analysis was realistic and
accurate. There was no evidence of publication bias in this
meta-analysis (all P>0.05).

The mechanism of how XRCC3 T241M polymorphism
is associated with melanoma risk remains unclear. XRCC3
codes for a protein participating in HRR of DSB. It is a
member of an emerging family of Rad-51-related proteins
that may take part in homologous recombination to repair
DSB and maintain chromosome stability (7), and the XRCC3
T241M polymorphism affects the DNA repair capacity of
its encoded protein, and thus contributes to the development
of melanoma (21). In addition, the potential influence of the
XRCC3 T241M polymorphism may be affected by gene-gene
and gene-environment interactions.

The present study has certain limitations. Firstly, there
are only six studies included in our meta-analysis. More
well-designed studies with large sample sizes are needed
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to further identify this association more comprehensively.
Secondly, studies included in the present meta-analysis mainly
provided data with regard to Caucasians, and other ethnicities
including Asians and Africans should be investigated in future
studies. Thirdly, subgroup analyses according to age, radiation
exposure, histological types and other factors have not been
performed due to insufficient relevant data available in the
primary studies. Finally, only published English studies were
included in this study, so publication and potential language
biases may occur.

In conclusion, our meta-analysis indicates that XRCC3
T241M polymorphism is associated with risk of melanoma.
Large-scale case-control and population-based association
studies are warranted to validate the risk identified in the
current meta-analysis and investigate the potential gene-gene
and gene-environment interactions on melanoma risk.
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