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ABSTRACT. Numerous studies have evaluated the association between 
the X-ray repair cross-complementing group 3 (XRCC3) T241M 
polymorphism and lung cancer risk; however, the actual association 
is controversial. We examined whether the T241M polymorphism 
confers a lung cancer risk in China. We searched the PubMed, Google 
Scholar, and China National Knowledge Infrastructure databases to 
identify studies that examined the association between the XRCC3 
T241M polymorphism and the risk of lung cancer. We estimated 
the pooled odds ratio with its 95% confidence interval to assess this 
association. A total of 3977 patients with lung cancer and 3761 controls 
from 8 comparative studies were included in this meta-analysis. The 
meta-analysis results revealed no significant association between the 
XRCC3 T241M polymorphism and lung cancer risk. In the subgroup 
analysis, 6 studies with sample sizes over 500 found that the T241M 
polymorphism had no association with lung cancer. The XRCC3 T241M 
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polymorphism may not be a risk factor for lung cancer. However, larger 
studies involving a stratified case-control population and biological 
characterization are needed to validate this finding.

Key words: Lung cancer; Meta-analysis; T241M polymorphism; 
XRCC3

INTRODUCTION

Lung cancer accounts for 13% (1.6 million) of total cancer cases and 18% (1.4 mil-
lion) of cancer-related deaths; it is the most commonly diagnosed cancer and the leading cause 
of cancer deaths worldwide (Jemal et al., 2011). A previous study reported a 1.63% increase 
in lung cancer incidence per year from 1988 to 2005 in China (Chen et al., 2010a); the mortal-
ity rate of lung cancer was 30.84 per 100,000 individuals in 2005, representing an increase 
of 465% over the past 30 years (Chen et al., 2010b). Previous studies have found several risk 
factors for lung cancer, including smoking tobacco and being around others’ smoke, environ-
mental exposure at home or work (such as radon gas or asbestos), and personal history (such 
as having radiation therapy or a family history of lung cancer). In addition, genetic factors play 
an impor tant role in the development of the disease (Wang et al., 2003).

The X-ray repair cross-complementing group 3 gene (XRCC3), a DNA repair gene, 
codes for a protein that participates in homologous recombination repair of DNA double-strand 
breaks (DSBs). It is a member of an emerging family of Rad-51-related proteins that may 
take part in homologous recombination to repair DSBs and maintain integrity of the genome 
(Brenneman et al., 2000). XRCC3 is localized to human chromosomes 14q32.3. The most fre-
quent polymorphism in XRCC3 is a C/T transition that results 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 to alter DNA repair capacity (Matullo et al., 2001b). 
Thus, the T241M polymorphism may play a role in the pathogenesis of lung cancer.

In recent years, several studies have been performed to evaluate the relationship be-
tween the T241M polymorphism in the XRCC3 gene and lung cancer risk (Liang, 2004, 2005; 
Zhang et al., 2007; Xia et al., 2008; Qian et al., 2011; Huang et al., 2011; Ke et al., 2012; Guo 
et al., 2013). However, the results remain controversial, potentially because of small sample 
sizes, low statistical power, and clinical heterogeneity (Ammar et al., 2012). Therefore, in the 
present study, we conducted a meta-analysis to examine whether the T241M polymorphism is 
associated with lung cancer.

MATERIAL AND METHODS

Selection of studies

The study retrieval was conducted in PubMed, Google Scholar, and China National 
Knowledge Infrastructure (CNKI) databases using the search terms “X-ray repair cross-com-
plementing group 3”, “XRCC3”, “meta-analysis”, and “lung cancer” dating up to May 2013. 
The reference lists of major textbooks, reviews, and included articles were identified through 
manual searches to find other potentially eligible studies. Studies reported by the same au-
thors, although published in different journals, were checked for possible overlapping partici-



9507

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (4): 9505-9513 (2014)

T241M polymorphism and lung cancer

pant groups. When pertinent data were not included, or data that were presented were unclear, 
the authors were contacted directly.

Inclusion and exclusion criteria

The resulting reports were filtered using the following inclusion criteria: 1) case-
control studies that included lung cancer cases and healthy controls; 2) studies on the 
association of the XRCC3 T241M polymorphism and susceptibility to lung cancer; 3) studies 
that included sufficient genotype data for extraction; and 4) healthy controls were in Hardy-
Weinberg equilibrium (HWE). The following studies were excluded: 1) those that were not 
case-control studies that evaluated the association between the XRCC3 T241M polymorphism 
and lung cancer risk; 2) case reports, letters, reviews, meta-analyses, and editorial articles; 
3) reports in which the number of null and wild-type genotypes could not be ascertained; 4) 
duplicate data were included in the studies; and 5) healthy controls were not in HWE.

Data extraction

Two investigators (J.H. Zhang and Q.L. Wen) independently extracted the data using 
a standard protocol and the results were reviewed by a third investigator (C. Yang). Discrep-
ancies were resolved by discussion with our research team. From each article, the following 
information was extracted: first author, year of publication, region, number of patients and 
controls, distributions of genotypes and alleles, and evidence of HWE, which are summarized 
in Table 1.

Statistical analysis

We calculated the odds ratios (ORs) and corresponding 95% confidence intervals 
(CIs) to evaluate the association between the XRCC3 T241M polymorphism and lung cancer 
risk under a homozygote comparison (TT vs MM), heterozygote comparison (TT vs MT), 
dominant model (MM+ MT vs TT), and recessive model (TT + MT vs MM) between groups. 
The effect of heterogeneity was quantified using the I2 statistic, which ranges from 0-100% 
and represents the proportion of study variability attributable to heterogeneity rather than to 
chance. I2 values of 25, 50, and 75% were nominally defined as low, moderate, and high 
estimates, respectively. When I2 > 50%, heterogeneity was indicated across studies and the 
random-effect model was used for meta-analysis; otherwise, the fixed-effect model was used. 
Before estimating the association between the XRCC3 T241M polymorphism and susceptibil-
ity to lung cancer, we tested whether the genotype frequencies of controls were in HWE using 
the c2 test. Subgroup analysis based on sample size (N subjects >500) was used to explore and 
to explain the diversity among the results of dif ferent studies. Sensitivity analysis was mainly 
performed by sequential omission of individual studies or non-HWE studies. We also per-
formed a cumulative meta-analysis to provide a framework for updating the genetic effect of 
all studies, to measure the extent to which the genetic effect changes as evidence accumulates, 
and to identify the trend in estimated risk effect (Zintzaras and Lau, 2008). For cumulative 
meta-analysis, studies were chronologically ordered by publication year, and then the pooled 
ORs were obtained for each year. Publication bias was investigated using Begg’s funnel plot. 
All statistical analyses were performed using STATA version 10.0 (Stata Corporation, College 



9508

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 13 (4): 9505-9513 (2014)

J.H. Zhang et al.

Station, TX, USA). All reported probabilities (P values) were two-sided, with P values less 
than 0.05 considered to be statistically significant.

RESULTS

Study characteristics

Using our search criteria, 188 individual records were found, and 11 full-text publica-
tions were preliminarily identified for further detailed evaluation. Using the exclusion criteria, 
3 publications were excluded, including 1 duplicate study and 2 without sufficient data for 
extraction. As shown in Figure 1, 8 case-control studies examining 3977 lung cancer cases and 
3761 controls were included in our meta-analysis (Liang, 2004, 2005; Zhang et al., 2007; Xia 
et al., 2008; Qian et al., 2011; Huang et al., 2011; Ke et al., 2012; Guo et al., 2013). The main 
characteristics of eligible studies are summarized in Table 1. In all studies, genotype distribu-
tions of controls were in HWE.

Study included Year Area Cases/Controls  Genotypes for cases                Genotypes for controls HWE test

    TT TM MM TT TM MM

Liang 2004 Beijing 868/887 787    79    2 807    79    1 0.51
Liang 2005 Jiangshu 227/227 207    20    0 200    27    0 0.34
Zhang et al. 2007 Shanghai 291/273 259    30    2 244    28    1 0.84
Xia et al. 2008 Zhejiang 103/139   91    12    0 118    21    0 0.34
Qian et al. 2011 Tianjin 581/603 521    60    0 533    67    3 0.57
Huang et al. 2011 Fujian 763/763 688    71    4 685    75    3 0.54
Ke et al. 2012 Jiangshu 460/267 196  199  64 127  111  29 0.52
Guo et al. 2013 Shanghai 684/602 589    93    2 549    52    1 0.84

Table 1. Characteristics of literatures included in the meta-analysis.

Figure 1. Flow chart showing study selection procedure.
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Quantitative synthesis

The combined results of the T241M polymorphism and lung cancer risk are sum-
marized in Figure 2 and Table 2. The genotype distribution in controls was in HWE (Table 
1). The meta-analysis results identified no significant association between the T241M poly-
morphism and susceptibility to lung cancer in Chinese populations (TT vs MM: OR = 0.74, 
95%CI = 0.49-1.14; TT vs MT: OR = 0.94, 95%CI = 0.82-1.08; dominant model: OR = 
1.08, 95%CI = 0.94-1.24; recessive model: OR = 0.79, 95%CI = 0.52-1.19). In the stratified 
analysis by sample size (N subjects >500), we detected no significant association between 
the T241M polymorphism and lung cancer risk (TT vs MM: OR = 0.74, 95%CI = 0.49-
1.14; TT vs MT: OR = 0.90, 95%CI = 0.78-1.05; dominant model: OR = 1.08, 95%CI = 
0.94-1.24; recessive model: OR = 0.79, 95%CI = 0.52-1.19). The cumulative meta-analyses 
showed an increasing trend in the estimated risk effect from 2004-2011, which showed that 
the T241M polymorphism is not associated with lung cancer risk and that the results were 
stable (Figure 3).

Figure 2. Forest plot of lung cancer risk associated with the XRCC3 T241M polymorphism for TT vs MT. The 
squares and horizontal lines correspond to the study-specific odds ratios (OR) and 95% confidence intervals (CI).
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Publication bias and sensitivity analysis

Begg’s funnel plots were generated to assess publication bias in the reports included 
in the meta-analysis. The shape of funnel plots showed no evidence of publication bias (Figure 
4 and Table 2). Sensitivity analysis was conducted to evaluate the influence of each eligible 
study and changing the regression model on the pooled OR and the overall effect. After omit-
ting individual studies or altering the regression model, the pooled OR and P value for the 
overall effect of the null genotype did not significantly change, suggesting that the results of 
the meta-analysis were stable in these groups.

Figure 3. Cumulative meta-analysis for the XRCC3 T241M polymorphism in the fixed-effect pooled odds ratios 
(OR) with the corresponding confidence interval at 95% (95%CI).

Figure 4. Funnel plot of the XRCC3 T241M polymorphism and susceptibility of lung cancer for TT vs MT.
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DISCUSSION

It is estimated that China will soon have the world’s highest prevalence of lung cancer, 
with the mortality rate projected to exceed one million by 2025 at the current rate of increase 
(Ma et al., 2008). Evidence suggests that cancer can be initiated by DNA damage and that 
most DNA damage can be removed by DNA repair enzymes such as XRCC3. XRCC3 encodes 
a protein that participates in homologous recombination repair of DSBs. It is a member of an 
emerging family of Rad-51-related proteins that may take part in homologous recombina-
tion to repair DSBs and maintain chromosome stability (Brenneman et al., 2000). Carriers of 
a variant allele of XRCC3, T241M, show relatively high DNA adduct levels in lymphocyte 
DNA, indicating that this polymorphism is associated with relatively low DNA repair capacity 
(Matullo et al., 2001a). Previous studies have evaluated the relationship between the T241M 
polymorphism in the XRCC3 gene and lung cancer risk. However, the results remain contro-
versial. Because individual studies include relatively small numbers of participants and are 
underpowered for detecting an association, meta-analysis may be an appropriate approach for 
obtaining a more definitive conclusion. To date, 2 previous meta-analyses were performed to 
assess the contradictory findings. The results showed that the T241M polymorphism was not 
associated with the risk of lung cancer (Zhan et al., 2013; Xu et al., 2013). However, studies 
included in these meta-analyses were primarily conducted in Caucasian populations. In recent 
years, a larger number of studies have examined the Han Chinese; thus, we performed the 
present meta-analysis on 8 eligible studies including a total of 3977 lung cancer patients and 
3761 controls. The studied population was confined to Chinese individuals with a homoge-
neous genetic background. In addition, all relevant studies published in English or Chinese 
were included in the meta-analysis to reduce language biases. The results revealed that the 
T241M polymorphism is not associated with an increased or decreased risk of lung cancer 
in Chinese Han populations (TT vs MM: OR = 0.74, 95%CI = 0.49-1.14; TT vs MT: OR = 
0.94, 95%CI = 0.82-1.08; dominant model: OR = 1.08, 95%CI = 0.94-1.24; recessive model: 
OR = 0.79, 95%CI = 0.52-1.19), which was similar to the findings of previous meta-analyses. 
Existing evidence regarding cumulative meta-analyses suggested no statistically significant 
association between the T241M polymorphism and lung cancer risk. In several studies in-
cluded in our meta-analysis with small samples, there may have been selective bias for finding 
a relationship between the T241M polymorphism and lung cancer development. Furthermore, 
we performed subgroup analysis based on a sample size >500, which revealed no significant 
association, suggesting that there was no small study bias in our meta-analysis. However, cau-
tion should be exercised when considering this conclusion.

The function of the T241M polymorphism may be affected via gene-gene and gene-
environment interactions. A previous study demonstrated that polymorphisms in both genes 
(XRCC1 Arg399Gln and XRCC3 T241M) had a synergistic effect, increasing the lung cancer 
risk (Guo et al., 2013). In addition, tobacco smoke contains procarcinogenic compounds that 
are metabolized into reactive intermediates and cause DNA damage, which may interact with 
the T241M polymorphism to result in lung cancer (Wang et al., 2003). Further studies involv-
ing larger sample sizes should be conducted to investigate the potential relationships between 
the effect of environmental factors on the T241M polymorphism and lung cancer risk.

In the meta-analysis, no significant interstudy heterogeneities were observed in the 
heterogeneity tests, indicating that our results were unbiased; additionally, no obvious pub-
lication bias existed in the meta-analysis, as the funnel plots for all comparison models were 
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symmetrical. However, there were some limitations to this meta-analysis. First, because of 
incomplete raw data or publication limitations, some relevant studies could not be included in 
our analysis. Second, we were unable to address all sources of heterogeneity described in other 
studies for most polymorphisms, although we could have determined subgroup stratifications 
analysis for the limited number of published studies. Finally, our systematic review was based 
on unadjusted data, as the genotype information stratified for the main confounding variables 
was not available in the original papers and the confounding factors addressed across the dif-
ferent studies were variable.

In conclusion, our meta-analysis revealed no association between the T241M polymor-
phism and lung cancer risk in Chinese populations. 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 lung cancer risk.
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