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Abstract: To summarize published data on the role of common genetic variants of the X-ray repair cross-
complementing group 1 (XRCC1) gene in susceptibility to esophageal cancer (EC), we performed a meta-analysis 
including 11 eligible publications with 3,306 patients and 6,852 controls for Arg399Gln and 832 patients and 
1,418 controls for Arg194Trp. Overall, the variant Gln399 allele was not associated with EC risk, compared with the 
Arg399 allele in the populations included in the analysis. However, stratified analysis revealed that Gln399 allele 
was associated with an increased EC risk among Chinese populations in a recessive model (OR, 1.33; 95% CI 
1.01-1.76; fixed effects) and by homozygote contrast (OR, 1.35; 95% CI 1.01-1.81), particularly for the tumor 
histology of squamous cell carcinoma (OR, 1.34; 95% CI 1.03-1.73 for the recessive model) and (OR, 1.34; 95% 
CI 1.02-1.76 for the homozygote contrast). There was no apparent effect of the Trp194 allele, compared to the 
Arg194 allele, on the EC risk in all analyses. These results suggest that the XRCC1 Arg399Gln polymorphism may be 
a potential biomarker of EC susceptibility in Chinese populations, particularly for squamous cell carcinoma. 
Further larger studies with multi-ethnic populations are required to further assess the association between XRCC1 
polymorphisms and EC risk. 
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Introduction 
 
Esophageal cancer (EC) is one of the most 
malignant tumors with an estimation of 
16,470 new cases and 14,280 deaths in the 
United States in 2008 [1]. The five-year 
survival rate was 15.6% from 1996 to 2003, 
which is comparable to that of lung cancer 
(15%) but much lower than most of other 
cancer types [1]. Two histological types 
account for the majority of EC: 
adenocarcinoma and squamous cell 
carcinoma. In the 1960s, squamous cell 
cancers had comprised over 90% of all EC [2]. 
However, the incidence of esophageal 
adenocarcinoma has increased rapidly during 
the last 30 years, now becoming more 
prevalent than squamous cell cancer in the 
United States and Western Europe [3]. 
Although the overall incidence of squamous 
cell carcinoma of the esophagus is declining in 

Western countries, this histological type 
remains dominant in many other parts of the 
world.  
 
Previous epidemiological studies have 
identified a number of environmental factors 
in the etiology of EC. Tobacco, alcohol and 
some dietary factors, such as deficiencies of 
retinol, riboflavin and zinc, have been 
implicated in the squamous cell carcinoma 
development [4], whereas gastro-esophageal 
acid reflux is more important for the 
adenocarcinoma development [5], and aspirin 
and NSAID drugs are reported to protect 
against EC in clinical trials [6]. In addition to 
those environmental factors, genetic factors 
are thought also to play an important role in 
the EC etiology, because only small fractions of 
those individuals, who have exposed to 
environmental risk factors, develop EC in their 
lifetime.  
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The X-ray repair cross-complementing group 1 
(XRCC1) gene is located on chromosome 
19q13.2~q13.3 [7], and its product, the 
XRCC1 protein, is involved in the base-excision 
repair (BER) pathway, which is responsible for 
repair of oxidative DNA damage and single 
strand breaks through interacting with a 
complex of DNA repair proteins, such as 
human polynucleotide kinase (PNK), DNA 
ligase III (LIG3) and DNA polymerase-beta 
(POLB) [8-10]. Although there are at least 358 
single nucleotide polymorphisms (SNPs) in the 
XRCC1 gene as reported to date in the dbSNP 
database (http://www.ncbi.nlm.nih.gov/SNP), 
only eight are nonsynonymous (nsSNPs), three 
of which are common (minor allele frequency 
> 0.05) that have amino acid substitutions at 
codons 194C>T (Arg to Trp), 280G>A (Arg to 
His) and 399G>A (Arg to Gln) 
(http://egp.gs.washington.edu). These SNPs 
may influence the interaction of XRCC1 with 
the other BER enzymes and consequently alter 
DNA repair activity. For example, the XRCC1 
Arg399Gln SNP is associated with higher sister 
chromatoid exchange frequency induced by 
tobacco carcinogens [11], higher levels of DNA 
adducts [12, 13] and prolonged cell-cycle 
delay in response to ionizing radiation [14]. 
The XRCC1 Arg194Trp SNP, which occurs in the 
nuclear antigen-binding region of the 
proliferating cell, is suggested to enhance 
individual DNA repair capability [15]. In 
addition to those three SNPs, Hao et al. 
reported a new polymorphism (-77T>C), 
located in the 5’ untranslated region (UTR) of 
the XRCC1 gene, which may be associated 
with reduced XRCC1 protein expression 
through diminished promoter activity [16]. 
Therefore, it is likely that the inter-individual 
variation in DNA repair ability conferred by 
XRCC1 variants may modulate esophageal 
carcinogenesis and influence the individual 
susceptibility to EC.    

 
Indeed, XRCC1 SNPs have been shown in 
previous meta-analyses to be significantly 
associated with risk of breast and lung cancer, 
particularly among Asians [17, 18]. However, 
studies of XRCC1 SNPs and EC risk produced 
some mixed results in the literature, and no 
meta-analysis has been conducted to date. 
Since single studies may have been 
underpowered to detect the effect of low-
penetrance genes, such as XRCC1, particularly 
their dose-response relationships and 
interaction with other environmental factors, 
we selected from all available published 

articles and performed a quantitative analysis 
to identify evidence of an association between 
XRCC1 SNPs and EC risk.  
 
Materials and Methods 
 
Identification and eligibility of published 
studies  
 
We searched for papers published before 
October 2008 by using the electronic 
MEDLINE database with the following terms 
“XRCC1”, “polymorphism” AND “esophageal”. 
We included all the case-control studies of EC 
with genotyping data for at least one of the 
three SNPs, Arg399Gln, Arg194Trp and Arg280His. 
A total of 12 published studies investigated 
the association between these XRCC1 SNPs 
and EC risk, one of which was excluded [19], 
because it investigated the same or a subset 
of population of previous publications [20]. 
Hence, the final analysis included 11 case-
control studies of 3,306 cancer cases and 
6,852 controls for Arg399Gln, 832 cancer 
cases and 1,418 controls for Arg194Trp (from 
only 5 studies) and 520 cancer cases and 744 
controls for Arg280His (from two studies only) 
 
Data extraction 
 
We extracted the following information from 
each manuscript: author, year of publication, 
country of origin, selection and characteristics 
of cancer cases and controls, demographics, 
ethnicity, cancer histological types and 
genotyping information. For studies including 
subjects of different ethnicities, data were 
extracted separately and categorized as 
Chinese, Caucasians and Indians. However, if 
the authors did not clearly state the ethnic 
information or we could not separate them 
according to the genotype data, the term 
“mixed” was used. 
 
Meta-analysis 
 
We performed a meta-analysis to estimate the 
risk (odds ratio, OR) of cancer associated with 
the XRCC1 SNPs. In addition to comparisons 
using all subjects, studies were also 
categorized into different subgroups according 
to ethnicity and tumor type. We investigated 
between-study heterogeneity by using the 
Cochran’s Q test, and the heterogeneity was 
considered significant for P < 0.05 [21]. 
Values from single studies were combined 
using the models of fixed effects (Mantel-
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Haenszel). We constructed a funnel plot to 
examine publication bias. We checked 
deviation from the Hardy-Weinberg equilibrium 
among cases and controls by a χ2-test, with 
one degree of freedom. All analyses were 
performed with Statistical Analysis System 
software (v.8.0; SAS Institute, Cary, NC) and 
Review Manager (v.5.0; Oxford, England). All 
the P values were two-sided. 
 
Results 
 
Meta-analysis database 
 
We established a database according to the 
extracted information from each article. Table 
1 lists the cancer type of the studies, ethnicity 
of the study populations, and the number of 
cases and controls for each of the studied 
XRCC1 SNPs. All 11 case-control studies had 
data for Arg399Gln, but only five for Arg194Trp 
and two for Arg280His. In terms of histology, 
four studies investigated esophageal 
adenocarcinoma, six investigated squamous 
cell carcinoma and one investigated both 
adenocarcinoma and squamous cell 
carcinoma [22]. Seven studies indicated that 
the frequency distributions of genotypes in the 
cases and controls were consistent with the 
Hardy-Weinberg equilibrium (HWE), whereas 
one study from Sweden showed a significant 
deviation from HWE [22]. Since another three 
studies did not provide HWE information [23-
25], we calculated the expected distribution 
using the observed data and found one study 
significantly deviated from HWE (cases: 
χ2=16.59, P < 0.001; controls: χ2=11.89, P < 
0.001) [23]. As for quality control of 

genotyping, all studies obtained DNA from 
peripheral blood, a classical polymerase chain 
reaction-restriction fragment length poly-
morphism (PCR-RFLP) assay was used in eight 
(73%) of the studies, and the rest used other 
genotyping assays, such as nucleotide 
sequencing, MALDI mass spectrometry and 
TaqMan allelic discrimination assay.  All 
studies validated their data by duplicating or 
partly replicating the genotypes, except for 
three studies that did not provide this 
information [23, 26, 27]. 
 
Effects of individual alleles on EC risk 
  
For XRCC1 Arg399Gln, the eligible studies 
included 3,306 cancer patients and 6,852 
control subjects. Figure 1 shows the cancer 
risks (ORs) associated with the XRCC1 Gln/Gln 
genotype compared with the wild-type 
homozygote (Arg/Arg). Overall, there was no 
difference in cancer risk between individuals 
carrying the XRCC1 Gln/Gln genotype and 
those carrying the Arg/Arg genotype (OR, 1.15; 
95% CI, 0.96-1.37; P = 0.07 for 
heterogeneity). Similarly, no association with 
cancer risk was found in the dominant model 
(Gln/Gln+Arg/Gln versus Arg/Arg: OR, 0.98; 
95% CI, 0.88-1.09; P = 0.06 for heterogeneity) 
or in the recessive model (Gln/Gln versus 
Arg/Arg+Arg/Gln: OR, 1.16; 95% CI 0.98-1. 37; 
P = 0.14 for heterogeneity) (data not shown).  

 
For XRCC1 Arg194Trp, the eligible studies had 
832 cancer patients and 1,418 controls for 
this locus. Overall, individuals carrying Trp194 
allele did not have elevated cancer risks, 
compared with those carrying the wild-type 

Table 1. Studies included in the meta-analysis 
First author year Country Ethnicity Cancer type Cases/Control Genotype studied HWE Method 
Doecke 2008 [38] Australia Mixed Adenocarcinoma 263/1337 codon 399 Yes Other 
Ferguson 2008 [39] Ireland Caucasian Adenocarcinoma 248/209 codon 399 Yes Other 
Sobti 2007 [26] India Indian Squamous call 120/160 codon 399 Yes PCR-RFL  
Liu 2007 [40] U.S.A. Mixed Adenocarcinoma 183/336 codon 399 Yes PCR-RFL  
Cai 2006 [23] China Chinese Squamous cell 218/415 codon 399 No PCR-RFL  
Ye 2006 [22] Sweden Caucasian Adeno+Squamous 303/472 codon 399 No PCR-RFL  
Casson 2005 [31] Canada Mixed Adenocarcinoma 56/95 codon 399, 194 Yes PCR-RFL  
Ratnasinghe 2004 [24] China Chinese Squamous cell 131/454 codon 399, 194 Yes Other 
Yu 2004 [27] China Chinese Squamous cell 135/152 codon 399, 194 Yes PCR-RFL  
Hao 2004 [20] China Chinese Squamous cell 419/480 codon 399, 194, 280 Yes PCR-RFL  
Lee 2001 [25] China Chinese Squamous cell 284/122 codon 399, 194, 280 Yes PCR-RFL  
Note: Mixed ethnicity: Doecke 2008, mostly Caucasians; Liu 2007, mostly Caucasians; Casson 2005, 
unknown. Adeno = adenocarcinoma; squamous cell = squamous cell carcinoma. PCR-RFLP = polymerase 
chain reaction-restriction fragment length poly-morphism; Other = nucleotide sequencing, MALDI mass 
spectrometry or TaqMan allelic discrimination assay. 
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homozygous genotype (Trp/Trp versus Arg/Arg: 
OR, 1.13; 95% CI 0.78-1.64; P = 0.40 for 
heterogeneity) (Figure 1). Similarly, no 
association with cancer risk was found under a 
dominant model (Trp/Trp + Arg/Trp versus 
Arg/Arg: OR, 0.91; 95% CI 0.76-1.09; P = 0.64 
for heterogeneity) or a recessive model 
(Trp/Trp versus Arg/Arg + Arg/Trp: OR, 1.21; 
95% CI 0.85-1.74; P = 0.35 for heterogeneity) 
(data not shown).  

 
For XRCC1 Arg280His, there were only two 
eligible studies including 520 cancer patients 
and 744 controls, both of which showed a non-
significant association between the XRCC1 
Arg280His SNP and EC risk (data not shown). 
The meta-analysis was not performed because 
of the limited data for this genetic variant.  

Effect of XRCC1 Arg399Gln in stratified analysis 
 
Because all 11 studies investigated the XRCC1 
codon 399 SNP, the sample size was 
reasonably large to allow us to perform 
stratified analysis by ethnicity and tumor type. 
We noticed that the frequencies of Arg or Gln 
allele among Asians and Caucasians varied 
[28]. In addition, esophageal adenocarcinoma 
and squamous cell carcinoma may differ in the 
etiology [29]. 
 
XRCC1 Arg399Gln and EC risk by ethnicity 
 
Because some studies did not clearly define 
the ethnicity of their study populations, we 
assumed the studies conducted in Western 
countries without ethnic specification as 

Comparison: Cancer risk and XRCC1 SNPs in all subjects 
Outcome: XRCC1 codon 399 Gln/Gln vs. Arg/Arg 
 

Outcome: XRCC1 codon 194 Trp/Trp vs. Arg/Arg 

Figure 1. ORs (log scale) of EC associated with XRCC1 codon 399 and codon 194 genotypes in a homozygote 
model, respectively. For each study, the estimate of OR and its 95% CI was plotted with a box and a horizontal 
line.  , pooled OR and its 95% CI. 
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“Caucasians”. We evaluated the association 
between the XRCC1 Arg399Gln SNP and EC risk 
only in Chinese and Caucasian subjects. In 
Chinese subjects, the XRCC1 Gln/Gln 
genotype was marginally associated with an 
increased risk of EC in a homozygote 
comparison (Gln/Gln versus Arg/Arg: OR, 1.35; 
95% CI 1.01-1.81; P = 0.05 for heterogeneity) 
and in a recessive model (Gln/Gln versus 
Arg/Arg+Arg/Gln: OR, 1.33; 95% CI 1.01-1.76; 
P = 0.10 for heterogeneity) (Figure 2) but not 
in a dominant model (data not shown). In 
Caucasians, the XRCC1 Gln allele was not 
associated with EC risk in any of the models 
tested (data not shown). 
 
 XRCC1 Arg399Gln and EC risk by cancer 
histology 
 
We dichotomized the 11 studies by tumor 
histology: adenocarcinoma and squamous cell 
carcinoma. A subgroup analysis did not find 

any association between the XRCC1 Arg399Gln 
SNP and EC risk in either squamous cell 
carcinoma or adenocarcinoma (data not 
shown) but showed substantial heterogeneity 
among the 7 studies of squamous cell 
carcinoma (P = 0.02). To identify the source of 
heterogeneity, we excluded the study by Cai et 
al, which showed a significant HWE deviation 
of the XRCC1 Arg399Gln; however, results were 
not changed (P = 0.02). Exclusion of the 
Sweden study showed an even increased 
heterogeneity (P = 0.009). There was one 
study from North India that showed some 
protective effect of the XRCC1 Gln/Gln 
genotype among drinkers. After we excluded 
this Indian study, the heterogeneity decreased, 
and there appeared a significant association 
between the XRCC1 Gln allele and risk of 
squamous cell carcinoma in either a 
homozygote comparison (Gln/Gln versus 
Arg/Arg: OR, 1.34; 95% CI 1.02-1.76; P = 0.09 
for heterogeneity) or a recessive model 

Comparison: Cancer risk and the XRCC1 codon 399 SNP in Chinese ethnicity 
Outcome: Gln/Gln vs. Arg/Arg 
 

Outcome: Gln/Gln vs Arg/Arg + Arg/Gln 
 

Figure 2. ORs (log scale) of EC associated with XRCC1 codon 399 genotypes in homozygote and recessive 
models in Chinese ethnicity. For each study, the estimate of OR and its 95% CI was plotted with a box and a 
horizontal line.  , pooled OR and its 95% CI. 
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(Gln/Gln versus Arg/Arg + Arg/Gln: OR, 1.34; 
95% CI 1.03-1.73; P = 0.17 for heterogeneity) 
(Figure 3). 
 
Publication bias 
  
Finally, we performed funnel plots and the 
Egger's test to assess publication bias. In the 
funnel plot analysis, the shape of the funnel 
plot seemed symmetrical (Figure 4). An 
Egger’s test did not detect any publication bias 
in comparison of Gln399 vs Arg399 (t = 0.60, P = 
0.56) or Trp194 vs Arg194 (t = 0.71, P = 0.55). 
Therefore, there was no significant publication 
bias in the studies included in our analyses. 
 
Discussion 
 
In the present meta-analysis, we examined the 
association between XRCC1 SNPs and EC risk, 
by critically reviewing all published studies, 
from which we selected 11 studies on XRCC1 

Arg399Gln genotypes (a total of 3,306 
esophageal cancer patients and 6,852 
controls) and five studies on XRCC1 Arg194Trp 
genotypes (832 cancer cases and 1,418 
controls). Our analysis did not find any 
association of XRCC1 of Arg399Gln or Arg194Trp 
with EC risk in either the overall population or 
Caucasians for the allelic contrast.  However, 
the Arg399Gln seemed to be associated with 
susceptibility to EC in Chinese populations, 
particularly for squamous cell carcinoma. 
          
EC is a multifactorial disease that results from 
complex interactions between genetic and 
environmental factors. Therefore, it is of great 
value to identify high-risk individuals and 
provide early detection and intervention 
through population and clinical surveillance. 
Previous epidemiologic studies have validated 
a number of genetic variants, such as 
ALDH2*1*2 and CYP1A1 Val allele, that are 
associated with EC risk [30]. Recent 

Comparison: Cancer risk and the XRCC1 codon 399 SNP in squamous cell carcinoma 
Outcome: Gln/Gln vs Arg/Arg 

Outcome: Gln/Gln vs Arg/Arg+Arg/Gln 

Figure 3. ORs (log scale) of EC associated with XRCC1 codon 399 genotypes in homozygote and recessive 
models in squamous cell carcinoma, after excluding the study from India. For each study, the estimate of OR 
and its 95% CI was plotted with a box and a horizontal line.  , pooled OR and its 95% CI. 
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investigations have also provided some 
evidence of an association of the XRCC1 
Arg399Gln SNP with increased EC risk, 
especially among Chinese populations [23, 
27]. Studies among Caucasians, however, 
have consistently found no association, except 
for one study that showed a protective effect 
of the homozygous XRCC1 Gln variant 
genotype against gastroesophageal reflux 
disease (GERD) and Barrett esophagus (BE) 
[31], the precursors of esophageal 
adenocarcinoma. Differential ethnical cancer 
susceptibility associated with the XRCC1 
Arg399Gln SNP was also observed in previous 
meta-analyses of breast cancer, lung cancer 
and a pooled study of multiple tumor types 
[18, 28, 32], which suggests that Asians and 

Africans may be more likely than 
Caucasians to develop malignancies 
in the presence of the Gln399 allele. 
Although the underling mechanisms 
for such an ethnical difference in EC 
risk have not yet been elucidated, it 
has been found that the frequency of 

the variant Gln399 allele was 
significantly different among the 
three ethnic groups (Caucasian, 
34.7%; Asian, 26.5%; African, 15.5%) 
[28], which is also observed in our 
current analysis (Caucasian, 36.3% 
and Chinese, 30.9%).  Further large 
studies are needed to determine if 
the observed frequency differences in 
the XRCC1 alleles by ethnicity have a 
biological influence or genetic effects 
on cancer susceptibility. Notably, Wu 
et al. reported that XRCC1 Arg399Gln 
SNP was significantly associated with 
absence of pathological complete 
response to radiation therapy and 
poor survival, suggesting that XRCC1 
Arg399Gln polymorphism may be also 
a valuable biomarker of EC prognosis 
[33]. 
 

EC consists of two major subtypes, 
adenocarcinoma and squamous cell 
carcinoma, and each has distinct 
etiologic and pathologic 
characteristics [34]. Adeno-
carcinoma is more prevalent in 
Western countries, particularly in 
those who have suffered the gastro-
esophageal acid reflux, and it is 
preceded by esophageal metaplasia 
and induced by N-nitroso compounds 

through the mixing of salivary nitrates and 
gastric acid [35, 36]. Esophageal squamous 
cell cancinoma, however, is more prevalent in 
Asia and Africa, particularly in those who have 
the history of long-term smoking and/or heavy 
alcohol drinking, and it is preceded by 
esophageal epithelial dysplasia and shown to 
involve nitrosamine-induced tumorigenesis in 
rat esophageal tumor models [4]. Our analysis 
demonstrated that Gln399 allele elevated risk 
of esophageal squamous cell carcinoma in 
Chinese populations, which is consistent with 
previous reports indicating reduced DNA repair 
capacity associated with the XRCC1 codon 
399 Gln/Gln genotype [11-13]. The lack of 
influence of the XRCC1 Arg399Gln SNP on 
esophageal adenocarcinoma might be 

XRCC1 codon 399 and EC 

XRCC1 codon 194 and EC 

Figure 4. Funnel plot analysis to detect publication bias. Each 
point represents a separate study for the indicated association. 
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explained by different patterns of genetic 
alterations in the tumors and less dependent 
on functions of XRCC1 variants through gene-
gene interactions. Our data also suggested 
that the study from the North Indian 
population should be considered separately, 
because it caused significant between-study 
heterogeneity in the analysis of squamous cell 
carcinoma. In that study, the XRCC1 Gln/Gln 
genotype protected Indian drinkers from EC, 
but the underlying mechanisms remain 
unclear [26].  

There are some limitations inherent in this 
kind of meta-analysis. First, selection bias 
could have influenced our analysis of 
Caucasian populations since we assumed the 
subjects were Caucasian in studies conducted 
in Western countries. In addition, the genotype 
distribution of the XRCC1 Arg399Gln SNP also 
showed a deviation from HWE in two studies 
[22, 23]. Second, each study had different 
eligibility criteria for inclusion of subjects and 
different sources of controls. For example, 
some studies were population-based, and 
some were hospital-based. The allele 
distribution in the hospital control groups 
might not have been representative of the 
general population. Third, the study population 
stratified by ethnicity was almost the same as 
that stratified by tumor histology, when the two 
studies from India and Sweden were excluded 
from the analysis. Therefore, the ethnicity and 
tumor histology may be mutual confounding 
factors, which are inseparable in this meta-
analysis. Fourth, although an Egger’s test did 
not reveal significant publication bias in 
current analysis, it is still possible that our 
findings are biased toward a positive result 
since negative results are less likely to be 
published. In addition, many non-English 
literatures, especially Chinese language 
literatures, are omitted, which may mask the 
true association of the XRCC1 Arg399Gln 
polymorphism with EC risk in this ethnicity. A 
time lag bias may also occur because new 
evidence may have arisen when this 
manuscript is in press. For example, Tse et al. 
recently presented a new report, showing the 
XRCC1 Arg399Gln polymorphism was not 
associated with esophageal adenocarcinoma 
risk in Caucasians [37], which was consistent 
with our conclusions but was not included in 
our analysis. Considering these limitations 
inherited from the published studies, our 
results should always be considered 
preliminary.  

In conclusion, our meta-analysis did not find 
any evidence for an association between 
XRCC1 Arg399Gln and Arg194Trp SNPs and EC 
risk in the overall populations, whereas there 
was evidence for an association between the 
XRCC1 Gln399 variant allele and increased EC 
risk under the homozygote contrast and a 
recessive model among Chinese populations, 
particularly for squamous cell carcinoma. 
Larger studies with different ethnic 
populations and tumor histology are needed to 
clarify possible roles of XRCC1 polymorphisms 
in the etiology of EC. 

 

Acknowledgments 

This study was supported partly by the 
National Institute of Health/National Institute 
of Environmental Health Sciences grant R01 
ES011740 and National Cancer Institute grant 
R01 CA131274 (Q.W.). We thank Dr. David C. 
Whiteman of Queensland Institute of Medical 
Research, Brisbane, Queensland, Australia, for 
providing original data of their study. 
 
Address correspondence to: Qingyi Wei, MD, PhD, 
Department of Epidemiology, The University of 
Texas, M. D. Anderson Cancer Center, 1515 
Holcombe Blvd, Unit 1365, Houston, TX 77030, 
USA; Phone: 713-792-3020; Fax: 713-563-0999; 
Email: qwei@mdanderson.org.  
 
References  
 
[1] American Cancer Society: Cancer Facts and 

Figures 2008. Atlanta, Ga: American Cancer 
Society, 2008. 

[2] Blot WJ and McLaughlin JK. The changing 
epidemiology of esophageal cancer. Semin 
Oncol 1999; 26: 2-8. 

[3] Holmes RS and Vaughan TL. Epidemiology and 
pathogenesis of esophageal cancer. Semin 
Radiat Oncol 2007; 17: 2-9. 

[4] Stoner GD and Gupta A. Etiology and 
chemoprevention of esophageal squamous cell 
carcinoma. Carcinogenesis 2001; 22: 1737-
1746. 

[5] Lagergren J, Bergstrom R, Lindgren A and 
Nyren O. Symptomatic gastroesophageal reflux 
as a risk factor for esophageal 
adenocarcinoma. N Engl J Med 1999; 340: 
825-831. 

[6] Corley DA, Kerlikowske K, Verma R and Buffler 
P. Protective association of aspirin/NSAIDs and 
esophageal cancer: a systematic review and 
meta-analysis. Gastroenterology 2003; 124: 
47-56. 

[7] Thompson LH, Bachinski LL, Stallings RL, Dolf 
G, Weber CA, Westerveld A and Siciliano MJ. 
Complementation of repair gene mutations on 

mailto:qwei@mdanderson.org�


XRCC1 Variant and EC risk  
 

Int J Clin Exp Med (2009) 2, 26-35 34 

the hemizygous chromosome 9 in CHO: a third 
repair gene on human chromosome 19. 
Genomics 1989; 5: 670-679. 

[8] Caldecott KW, Tucker JD, Stanker LH and 
Thompson LH. Characterization of the XRCC1-
DNA ligase III complex in vitro and its absence 
from mutant hamster cells. Nucleic Acids Res 
1995; 23: 4836-4843. 

[9] Dianov GL, Prasad R, Wilson SH and Bohr VA. 
Role of DNA polymerase beta in the excision 
step of long patch mammalian base excision 
repair. J Biol Chem 1999; 274: 13741-13743. 

[10] Thompson LH and West MG. XRCC1 keeps 
DNA from getting stranded. Mutat Res 2000; 
459: 1-18. 

[11] Abdel-Rahman SZ, Soliman AS, Bondy ML, 
Omar S, El-Badawy SA, Khaled HM, Seifeldin IA 
and Levin B. Inheritance of the 194Trp and the 
399Gln variant alleles of the DNA repair gene 
XRCC1 are associated with increased risk of 
early-onset colorectal carcinoma in Egypt. 
Cancer Lett 2000; 159: 79-86. 

[12] Duell EJ, Wiencke JK, Cheng TJ, Varkonyi A, Zuo 
ZF, Ashok TD, Mark EJ, Wain JC, Christiani DC 
and Kelsey KT. Polymorphisms in the DNA 
repair genes XRCC1 and ERCC2 and 
biomarkers of DNA damage in human blood 
mononuclear cells. Carcinogenesis 2000; 21: 
965-971. 

[13] Lunn RM, Langlois RG, Hsieh LL, Thompson CL 
and Bell DA. XRCC1 polymorphisms: effects on 
aflatoxin B1-DNA adducts and glycophorin A 
variant frequency. Cancer Res 1999; 59: 
2557-2561. 

[14] Hu JJ, Smith TR, Miller MS, Mohrenweiser HW, 
Golden A and Case LD. Amino acid substitution 
variants of APE1 and XRCC1 genes associated 
with ionizing radiation sensitivity. 
Carcinogenesis 2001; 22: 917-922. 

[15] Wang Y, Spitz MR, Zhu Y, Dong Q, Shete S and 
Wu X. From genotype to phenotype: correlating 
XRCC1 polymorphisms with mutagen 
sensitivity. DNA Repair (Amst) 2003; 2: 901-
908. 

[16] Hao B, Miao X, Li Y, Zhang X, Sun T, Liang G, 
Zhao Y, Zhou Y, Wang H, Chen X, Zhang L, Tan 
W, Wei Q, Lin D and He F. A novel T-77C 
polymorphism in DNA repair gene XRCC1 
contributes to diminished promoter activity and 
increased risk of non-small cell lung cancer. 
Oncogene 2006; 25: 3613-3620. 

[17] Saadat M and Ansari-Lari M. Polymorphism of 
XRCC1 (at codon 399) and susceptibility to 
breast cancer, a meta-analysis of the 
literatures. Breast Cancer Res Treat 2008;  

[18] Kiyohara C, Takayama K and Nakanishi Y. 
Association of genetic polymorphisms in the 
base excision repair pathway with lung cancer 
risk: a meta-analysis. Lung Cancer 2006; 54: 
267-283. 

[19] Xing D, Qi J, Miao X, Lu W, Tan W and Lin D. 
Polymorphisms of DNA repair genes XRCC1 
and XPD and their associations with risk of 

esophageal squamous cell carcinoma in a 
Chinese population. Int J Cancer 2002; 100: 
600-605. 

[20] Hao B, Wang H, Zhou K, Li Y, Chen X, Zhou G, 
Zhu Y, Miao X, Tan W, Wei Q, Lin D and He F. 
Identification of genetic variants in base 
excision repair pathway and their associations 
with risk of esophageal squamous cell 
carcinoma. Cancer Res 2004; 64: 4378-4384. 

[21] DerSimonian R and Laird N. Meta-analysis in 
clinical trials. Control Clin Trials 1986; 7: 177-
188. 

[22] Ye W, Kumar R, Bacova G, Lagergren J, 
Hemminki K and Nyren O. The XPD 751Gln 
allele is associated with an increased risk for 
esophageal adenocarcinoma: a population-
based case-control study in Sweden. 
Carcinogenesis 2006; 27: 1835-1841. 

[23] Cai L, You NC, Lu H, Mu LN, Lu QY, Yu SZ, Le 
AD, Marshall J, Heber D and Zhang ZF. Dietary 
selenium intake, aldehyde dehydrogenase-2 
and X-ray repair cross-complementing 1 
genetic polymorphisms, and the risk of 
esophageal squamous cell carcinoma. Cancer 
2006; 106: 2345-2354. 

[24] Ratnasinghe LD, Abnet C, Qiao YL, Modali R, 
Stolzenberg-Solomon R, Dong ZW, Dawsey SM, 
Mark SD and Taylor PR. Polymorphisms of 
XRCC1 and risk of esophageal and gastric 
cardia cancer. Cancer Lett 2004; 216: 157-
164. 

[25] Lee JM, Lee YC, Yang SY, Yang PW, Luh SP, Lee 
CJ, Chen CJ and Wu MT. Genetic 
polymorphisms of XRCC1 and risk of the 
esophageal cancer. Int J Cancer 2001; 95: 
240-246. 

[26] Sobti RC, Singh J, Kaur P, Pachouri SS, Siddiqui 
EA and Bindra HS. XRCC1 codon 399 and 
ERCC2 codon 751 polymorphism, smoking, 
and drinking and risk of esophageal squamous 
cell carcinoma in a North Indian population. 
Cancer Genet Cytogenet 2007; 175: 91-97. 

[27] Yu HP, Zhang XY, Wang XL, Shi LY, Li YY, Li F, 
Su YH, Wang YJ, Lu B, Sun X, Lu WH and Xu SQ. 
DNA repair gene XRCC1 polymorphisms, 
smoking, and esophageal cancer risk. Cancer 
Detect Prev 2004; 28: 194-199. 

[28] Hu Z, Ma H, Chen F, Wei Q and Shen H. XRCC1 
polymorphisms and cancer risk: a meta-
analysis of 38 case-control studies. Cancer 
Epidemiol Biomarkers Prev 2005; 14: 1810-
1818. 

[29] Gamliel Z. Incidence, epidemiology, and 
etiology of esophageal cancer. Chest Surg Clin 
N Am 2000; 10: 441-450. 

[30] Hiyama T, Yoshihara M, Tanaka S and 
Chayama K. Genetic polymorphisms and 
esophageal cancer risk. Int J Cancer 2007; 
121: 1643-1658. 

[31] Casson AG, Zheng Z, Evans SC, Veugelers PJ, 
Porter GA and Guernsey DL. Polymorphisms in 
DNA repair genes in the molecular 
pathogenesis of esophageal (Barrett) 



XRCC1 Variant and EC risk  
 

Int J Clin Exp Med (2009) 2, 26-35 35 

adenocarcinoma. Carcinogenesis 2005; 26: 
1536-1541. 

[32] Zhang Y, Newcomb PA, Egan KM, Titus-Ernstoff 
L, Chanock S, Welch R, Brinton LA, Lissowska J, 
Bardin-Mikolajczak A, Peplonska B, Szeszenia-
Dabrowska N, Zatonski W and Garcia-Closas M. 
Genetic polymorphisms in base-excision repair 
pathway genes and risk of breast cancer. 
Cancer Epidemiol Biomarkers Prev 2006; 15: 
353-358. 

[33] Wu X, Gu J, Wu TT, Swisher SG, Liao Z, Correa 
AM, Liu J, Etzel CJ, Amos CI, Huang M, Chiang 
SS, Milas L, Hittelman WN and Ajani JA. 
Genetic variations in radiation and 
chemotherapy drug action pathways predict 
clinical outcomes in esophageal cancer. J Clin 
Oncol 2006; 24: 3789-3798. 

[34] Siewert JR and Ott K. Are squamous and 
adenocarcinomas of the esophagus the same 
disease? Semin Radiat Oncol 2007; 17: 38-44. 

[35] McColl KE. When saliva meets acid: chemical 
warfare at the oesophagogastric junction. Gut 
2005; 54: 1-3. 

[36] Suzuki H, Iijima K, Scobie G, Fyfe V and McColl 
KE. Nitrate and nitrosative chemistry within 
Barrett's oesophagus during acid reflux. Gut 
2005; 54: 1527-1535. 

[37] Tse D, Zhai R, Zhou W, Heist RS, Asomaning K, 
Su L, Lynch TJ, Wain JC, Christiani DC and Liu 

G. Polymorphisms of the NER pathway genes, 
ERCC1 and XPD are associated with 
esophageal adenocarcinoma risk. Cancer 
Causes Control 2008; 19: 1077-1083. 

[38] Doecke J, Zhao ZZ, Pandeya N, Sadeghi S, 
Stark M, Green AC, Hayward NK, Webb PM and 
Whiteman DC. Polymorphisms in MGMT and 
DNA repair genes and the risk of esophageal 
adenocarcinoma. Int J Cancer 2008; 123: 174-
180. 

[39] Ferguson HR, Wild CP, Anderson LA, Murphy 
SJ, Johnston BT, Murray LJ, Watson RG, 
McGuigan J, Reynolds JV and Hardie LJ. No 
association between hOGG1, XRCC1, and XPD 
polymorphisms and risk of reflux esophagitis, 
Barrett's esophagus, or esophageal 
adenocarcinoma: results from the factors 
influencing the Barrett's adenocarcinoma 
relationship case-control study. Cancer 
Epidemiol Biomarkers Prev 2008; 17: 736-
739. 

[40] Liu G, Zhou W, Yeap BY, Su L, Wain JC, Poneros 
JM, Nishioka NS, Lynch TJ and Christiani DC. 
XRCC1 and XPD polymorphisms and 
esophageal adenocarcinoma risk. 
Carcinogenesis 2007; 28: 1254-1258. 

 

 


	Publication bias
	Discussion

