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ABSTRACT. We made a meta-analysis of the association between
X-ray cross-complementing gene 1 (XRCC1) genetic polymorphism
Arg399GIn and esophageal cancer (EC) risk. Statistical analysis was
performed with the Review Manager version 4.2.8 software program
and STATA version 11.0. We selected 16 case-control studies for this
meta-analysis, including 3591 EC cases and 5752 controls. Overall,
the GIn399 allele was not associated with EC risk, compared with the
Arg399 allele in the populations included in the analysis. However,
stratified analysis revealed that the GIn399 allele was associated with
increased EC risk among the Chinese population in a recessive model
[odds ratio (OR) = 1.42; 95% confidence interval (95%CI) = 1.07-1.90;
P = 0.02 for heterogeneity] and by homozygote contrast (OR = 1.43;
95%CI = 1.05-1.96; P = 0.02 for heterogeneity), particularly for the
tumor histology of squamous cell carcinoma (OR = 1.46; 95%CI =
1.10-1.95 for the recessive model and OR = 1.42; 95%CI = 1.03-1.95
for the homozygote contrast). We conclude that the XRCC1 Arg399GIn
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polymorphism has potential as a biomarker for EC susceptibility in the
Chinese population, particularly for squamous cell carcinoma.

Key words: Esophageal cancer; Gene polymorphism; Meta-analysis;
X-ray cross-complementing gene 1

INTRODUCTION

Esophageal cancer (EC) is the eighth most commonly occurring cancer and the sixth
most common cause of cancer-related death in the world, with the majority of cases occurring
in developing countries (Parkin et al., 2005). Previous epidemiological studies demonstrated
that nitrosamine carcinogens, cigarette smoking, alcohol drinking, and genetic polymorphisms
might increase the risk of the disease (Gao et al., 1994; van Schooten et al., 1997; Yu et al.,
2004). However, not all of those who have been exposed to the risk factors will develop
EC, suggesting inter-individual differences in susceptibility. These differences may in part be
caused by genetic variation, such as single nucleotide polymorphisms (SNPs) (Zienolddiny et
al., 2000) in the DNA repair gene that increase susceptibility to DNA damage resulting from
carcinogens, particularly when these SNPs are located within the coding or regulating regions
causing altered protein expression.

One of the important DNA repair genes is the X-ray repair cross-complementing
group 1 (XRCC1), mapped to chromosome 19q13.2-13.3 (Thompson et al., 1989; Thompson
and West, 2000). The XRCC1 protein has no known catalytic activity but acts as a scaffolding
protein for other base excision repair enzymes, including poly(ADP-ribose) polymerase, DNA
polymerase-f3, and DNA ligase III (Dianova et al., 2004). A G-to-A transition of the XRCCl1
gene at codon 399 (Single Nucleotide Polymorphism Database No. rs25487) is located at
the COOH-terminal side of the poly(ADP-ribose) polymerase-interacting domain within a
relatively nonconserved region between conserved residues of the BRCA1 C-terminus domain
and leads to an amino acid substitution of Arg by Gln (Shen et al., 1998; Whitehouse et al.,
2001). The presence of the variant 399Gln allele has been shown to correlate with DNA repair
activity and one’s susceptibility to various cancers (Goode et al., 2002).

Lee et al. (2001) first reported an association between XRCC1 polymorphisms and
EC. Since the publication of this report, many studies have appeared in the literature either
supporting or refuting the association. To clarify the effect of XRCC1 codon 399 polymor-
phisms on the risk of EC, we undertook a systematic review and meta-analysis.

MATERIAL AND METHODS
Literature search strategy for study identification

A comprehensive literature search was conducted using the PubMed, Springer, Else-
vier, and CNKI (Chinese), and Wanfang (Chinese) Digital Dissertation databases for relevant
articles published in any language up to January 2012 with key words “esophageal” or “esoph-
agus” and “cancer”, “neoplasm” or “carcinoma” combined with “XRCC1” or “X-ray repair
cross-complementing group 17, “polymorphism” or “variant” and “Chinese”, “China” or “ori-

ent”. The full texts of the candidate articles were examined carefully to determine whether
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they were in accordance with the inclusion criteria for the meta-analysis. Besides the database
search, the reference lists of the selected papers were also screened for other potential articles
that may have been missed in the initial search.

The following criteria were used for the literature selection for the meta-analysis. 1)
Studies that determined the distribution of the Arg399GIn genotype in patients with EC diag-
nosed by histopathologic biopsy and in controls free of cancer were eligible. 2) Only case-control
studies were considered. 3) The paper needed to clearly describe EC diagnoses and the sources
of cases and controls. 4) The authors had to offer the size of the sample, odds ratios (ORs) and
their 95% confidence intervals (95%Cls), or information that can help infer the results in the
papers. 5) The definition of the exposure/risk genotypes was similar in all papers. 6) The meth-
ods of data collection and analysis had to be statistically acceptable. 7) Those publications that
presented data allowing such outcomes to be derived were also included.

Accordingly, the following exclusion criteria were also used. 1) The design and the
definition of the exposure were obviously different from those of the selected papers. 2) The
source of cases and controls and other essential information were not provided. 3) Reviews
and repeated studies were also excluded.

Data extraction

To minimize bias and improve reliability, 2 reviewers examined all potentially rel-
evant studies independently. Data on the following characteristics were also extracted: first
author, year of publication, distribution area, and number of genotyped patients and controls.
The frequencies of the Gln allele were calculated for patients and controls from the corre-
sponding genotype distributions.

Meta-analysis

The strength of the associations between EC and the XRCC1 Arg399GIn polymor-
phism was estimated using ORs with the corresponding 95%CIs. For the Arg399GlIn poly-
morphism, we first estimated the risk of the variant genotype Gln/GIn compared with the
wild-type Arg/Arg homozygote and then evaluated the risks of Gln/GIn vs (Arg/Gln + Arg/
Arg) and (Arg/Gln + GIn/Gln) vs Arg/Arg, which assumed the recessive and dominant effect
of the variant 399GIn allele. In addition to the comparisons for all subjects, the studies were
categorized into different subgroups according to ethnicity and histological type for further
comparisons. In brief, the process consisted of the following steps:

1. Checking Hardy-Weinberg equilibrium (HWE): the Pearson y* test was used to
determine whether the observed frequencies of genotypes conformed to the HWE (Schaid and
Jacobsen, 1999).

2. Checking heterogeneity: heterogeneity, evaluated using the Cochrane Q-test among
the studies, was considered to be significant at P < 0.05. The data were combined using both
fixed- and random-effect models. Random effects are more appropriate when heterogeneity is
present. Otherwise, the fixed-effect model is used for pooling (Zintzaras and loannidis, 2005).

3. Checking for publication bias: publication bias was assessed graphically by using
funnel plots and assessed statistically using the Egger test (Egger et al., 1997).

All statistical analyses were performed with STATA 11.0 (StataCorp, College Station, TX,
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USA) and Review Manager, version 4.2.8 (Oxford, England, UK). All P values are two-sided.
RESULTS
Eligible studies

Twenty studies probing the relationship between the XRCC1 Arg399GIn polymorphism
and EC susceptibility were identified. Four reports were excluded because the study designs were
different from the others, i.e., they did not list data clearly enough for further analysis, or repeated
studies. Sixteen eligible reports were judged to have met the inclusion criteria and provided com-
plete data. The total sample size for the EC and control groups was 3591 and 5752, respectively.
The characteristics of the studies included in the present meta-analysis are listed in Table 1.

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

Reference Country  Ethnicity ~ Language Method Cancer XRCC1 condon 399 HWE
type

Esophageal cancer Control

Arg/Arg  Arg/Gln  GIn/Gln  Arg/Arg  Arg/Gln GIn/Gln

Leeetal., 2001 China Chinese English  PCR-RFLP  ESCC 64 33 8 132 108 24 Yes
Xing et al., 2002 China Chinese English ~ PCR-RFLP  ESCC 251 147 35 279 196 49 Yes
Yu et al., 2004 China Chinese English ~ PCR-RFLP  ESCC 66 51 19 88 59 5 Yes
Hao et al., 2004 China Chinese English  PCR-RFLP  ESCC 223 154 34 249 197 33 Yes
Ratnasinghe et al., 2004 China Chinese English ~ Tagman ESCC 66 48 12 192 193 33 Yes
Casson et al., 2005 Canada  Mixed English PCR-RFLP EA 18 28 10 25 47 23 Yes
Yin et al., 2005 China Chinese Chinese  PCR-RFLP ESCC 66 26 14 65 37 4 Yes
Cai et al., 2006 China Chinese English ~ PCR-RFLP  ESCC 49 130 26 132 218 42 No
Ye et al., 2006 Sweden  Caucasian English ~ PCR-RFLP  ESCC+EA 73 83 21 179 244 49 No
Sobti et al., 2007 India Indian English ~ PCR-RFLP ~ ESCC 50 58 12 58 73 29 Yes
Liu et al., 2007 USA Mixed English ~ PCR-RFLP  EA 77 77 29 153 142 41 Yes
Tse et al., 2008 USA Mixed English ~ Tagman EA 136 133 42 216 182 54 Yes
Ferguson et al., 2008 Ireland  Caucasian English ~ Tagman EA 84 99 26 100 115 33 Yes
Zhao et al., 2010 China Chinese Chinese  PCR-RFLP  ESCC 105 71 26 171 126 20 Yes
Yuetal., 2011 China Chinese English ~ PCR-RFLP  ESCC 237 156 39 536 331 48 Yes
Yun, 2011 China Chinese Chinese PCR-RFLP  ESCC+EA 184 166 29 223 169 30 Yes

EA = esophageal adenocarcinoma; ESCC = esophageal squamous cell carcinoma; PCR-RFLP = polymerase chain
reaction-restriction fragment length polymorphism; HWE = Hardy-Weinberg equilibrium.

In terms of histology, 4 studies investigated esophageal adenocarcinoma (EA),
10 investigated esophageal squamous cell carcinoma (ESCC) and 2 investigated both EA
and ESCC. Twelve studies indicated that the frequency distributions of genotypes in the
cases and controls were consistent with HWE, whereas 1 study from Sweden showed
significant deviation from HWE (Ye et al., 2006). Since 3 other studies did not provide
HWE information (Lee et al., 2001; Ratnasinghe 2004; Cai et al., 2006), we calculated
the expected distribution using the observed data and found that 1 study significantly
deviated from HWE (cases: x> = 16.59, P < 0.001; controls: y*> = 11.89, P < 0.001) (Cai
et al., 2006). As for quality control of genotyping, all studies obtained DNA from pe-
ripheral blood, a classical polymerase chain reaction-restriction fragment length poly-
morphism assay was used in 13 (81%) of the studies, and the rest used TagMan allelic
discrimination assay.
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Effects of XRCC1 Arg399GIn on EC risk

Individuals carrying the variant homozygous genotype GIn/GIn of codon 399 were
not significantly associated with increased risk to EC compared with the individuals with
the wild-type homozygous genotype Arg/Arg (OR = 1.22; 95%CI = 0.97-1.54; P = 0.08),
although 4 studies (Yin et al., 2005; Zhao et al., 2010; Yu et al., 2004, 2011) demonstrated
a significantly increased risk (Figure 1). Similarly, no statistically significant associations
were found with recessive and dominant modeling (GIn/Gln vs Arg/Gln + Arg/Arg, OR =
1.22, 95%CI = 0.99-1.50, P = 0.07; Arg/GIn + GIn/Gln vs Arg/Arg, OR = 1.02, 95%CI =
0.91-1.14, P=0.77).

Review: XRCC1 poymorphism Arg399Gin

Comparison: 01 XRCC1 polymorphism Arg339Gin

Outcome 01Association between XRCC1 polymorphism Arg399GIn and esophageal cancer risk

Study Case Control OR (random) Weight OR (random)

or sub-category N N 95%CI % 95%CI

01 GIn/Gn versus Arg/Arg

Lee 2001 8/72 24/158 —_— 1.0% 0.69 (0.29, 1.62]
Xing 2002 35/286 49/328 —_ 2.35 0.79 (0.50, 1.27)
Hao 2004 34/287 33/282 —— 2.12 1.15 (0.69, 1.92)
Ratnasinghe 2004 12/78 33/228 —_—— 1.37 1.06 (0.52, 2.17)
Yu 2004 1s/85 6/93 —) 0.77 5.07 (1.80, 24.27)
Casson 2005 10/28 23/48 —— 0.88 0.60 (0.23, 1.57)
Yin 2005 14/80 4/69 —— 0.63 3.45 (1.08, 11.033
Cai 2006 26/7% 42/174 e — 1.79 1.67 (0.93, 3.00)
Ye 2006 21/94 49/228 L o 1.83 1.06 (0.59, 1.88)
Liu 2007 29/106 417134 —_— 1.98 1.41 (0.81, 2.43)
Sobti 2007 1z2/862 29/87 —_— 1.23 0.48 (0.22, 1.04)
Ferguson 2008 26/110 337133 e — 1.79 0.94 (0.52, 1.69)
Tse 2008 42/178 54/270 e T 2.40 1.24 (0.78, 1.9%)
Zhao 2010 26/131 20/191 —_— 1.64 2.12 (1.13, 3.98)
Yu 2011 39/27¢ 48/584 —— Z.44 1.84 (1.17, 2.88)
Yun 2011 237213 30/253 —_—t— 1.96 1.17 (0.68, 2.02]
Subtotal (95%C1) 2131 3315 . 26.20 1.22 (0.97, 1.54)
Total events: 282 (Case), $17 (Control)

Test for heterogenety: Chi? = 31.70, df. = 15 (P = 0.007), 2 = 52.7%

Test for overall effect: Z = 1.73 (P = 0.08)

Figure 1. Meta-analysis of esophageal cancer associated with XRCC1 codon 399 genotypes in a homozygote
model. For each study, the estimates of odds ratio (OR) and its 95% confidence interval (95%CI) were plotted with
a box and a horizontal line. d.f. = degrees of freedom.

XRCC1 Arg399GIn and EC risk by ethnicity

We performed a stratified analysis by ethnicity and histology type. We noticed
that the frequencies of the Arg or Gln allele among Asians and Caucasians varied (Hu
et al., 2005). Since there was only one study on Indians (Sobti et al., 2007) in our meta-
analysis, we just divided the studies into Chinese and Caucasians. 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 “Caucasians”. In Chinese
subjects, the XRCC1 GIn/GIn genotype was significantly associated with an increased
risk of EC in a homozygote comparison (Gln/Gln vs Arg/Arg: OR = 1.43; 95%CI = 1.05-
1.96; P = 0.02 for heterogeneity) and in a recessive model (GIn/Gln vs Arg/Arg + Arg/
Gln: OR = 1.42; 95%CI = 1.07-1.90; P = 0.02 for heterogeneity) (Figure 2) but not in a
dominant model (Gln/GIn + Arg/Gln vs Arg/Arg: OR =1.03; 95%CI = 0.88-1.20; P=10.74
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for heterogeneity). In Caucasians, the XRCC1 Gln allele was not associated with EC risk
in any of the models tested (Table 2).

Review: XRCC1 polymorphism Arg399Gin

Comparison: 01 XRCC1 polymorphism Arg339Gin

Outcome: 02 Cancer risk and XRCC1 codon 399 SNP in Chinese ethnicity

Study Case Control OR (random) Weight OR (random)

or sub-category N n/N 95%ClI % 95%CI

01 GIn/Gin versus Arg/Arg

Lee 2001 8/72 24/15¢ e [ 1.88 0.69 [0.29, 1.62]
Xing 2002 35/28¢€ 49/328 — 3.75 0.79 [0.50, 1.27]
Hao 2004 34/257 33/282 —T— 3.45 125 [0269:3:3:592]
Ratnasinghe 2004 12/78 33/22% —_— 2.37 1.06 [0.52, 2.17)
Yu 2004 13/85 5/93 —_—) 1.40 $.07 [1.80, 14.27]
Yin 2005 14/80 4/69 —_—— 1.17 3.45 [1.08, 11.03]
Cai 2006 28/75 42/174 T 2.99 1.67 [0.93, 3.00]
Zhao 2010 26/131 20/191 —_— 2.7 2.12 [1.13, 3.98]
Yu 2011 33/27¢ 48/584 — 3.87 1.84 [1.17, Z2.88]
Yun 2011 29/213 30/253 —t— 3.24 1.17 [0.68, 2.02]
Subtotal (95%Cl) 1553 2355 - z6.88 1.43 [1.05, 1.96]
Total events: 242 (Case), 288 (Control)

Test for heterogeneity: Chiz = 21.47,df.= 9 (P=0.01), P = 58.1%

Test for overall effect: Z =227 (P =0.02)

02 GIn/Gin versus Arg/Arg+Arg/Gin

Lee 2001 8/10S 24/2¢64 — 1.94 0.82 [0.36, 1.90]
Xing 2002 35/433 48/524 — 3.84 0.85 [0.54, 1.34]
Hao 2004 34/411 33/479 —T 3.54 1.22 [(0.74, 2.01)
Ratnasinghe 2004 12/126 337418 —_—— 2.48 1.23 [0.61, 2.4€6]
Yu 2004 138/13¢ 5/1s2 —_—s—) 1.45 4.77 [1.73, 13.17]
Yin 2005 14/106 4/10¢ —_—) 1.1% 3.88 [1.23, 12.21]
Cai 2006 28/208 42/392 = 3.339 1.21 [0.72, 2.04)]
Zhao 2010 26/202 20/317 —_— 2.87 2.19 [1.15, 4.0S]
Yu 2011 39/432 48/915 —— 3.94 1.79 [1.16, 2.78]
Yun 2011 29/379 30/422 —— 3.33 1.08 [0.64, 1.84]
Subtotal (95%Cl) 2535 3989 < 27.96 1.42 [1.07, 1.90]
Total events: 242 (Case), 288 (Control)

Test for heterogeneity: Chiz = 19.60, df.= 9 (P = 0.02), |2 = 54.1%

Test for overall effect: Z = 2.42 (P =0.02)

Figure 2. Meta-analysis of esophageal cancer associated with XRCC1 codon 399 genotypes in homozygote and
recessive models in Chinese ethnicity. For each study, the estimates of odds ratio (OR) and its 95% confidence
interval (95%CI) were plotted with a box and a horizontal line. d.f. = degrees of freedom.

Table 2. Association between XRCC1 polymorphisms and esophageal cancer in stratified analysis.

Group Comparisons  GIn/Gln vs (Arg/Arg) GlIn/Gln vs (Arg/GIn+Arg/Arg) Gln/GInt+Arg/Gln vs (Arg/Arg)
P OR (95%CT) P OR (95%CT) P OR (95%CI)
Whole 16 0.007 122 (0.97-1.54) 0.01 1.22 (0.99-1.50) 0.08 1.02 (0.91-1.14)
Ethnicity
Chinese 10 0.01 1.43 (1.05-1.96) 0.02 1.42 (1.07-1.90) 0.02 1.03 (0.88-1.20)
Caucasians 5 0.59 1.11 (0.86-1.43) 0.67 1.09 (0.86-1.39) 0.60 1.04 (0.88-1.23)
Histology
ESCC 11 0.002 133 (0.95-1.87) 0.004 1.35 (0.99-1.85) 0.04 0.99 (0.85-1.15)
EA 5 0.54 1.09  (0.83-1.42) 0.67 1.07 (0.83-1.37) 0.58 1.05 (0.88-1.24)

P value for heterogeneity test; Yun (2011) was not included because the data listed were not clear enough for further
analysis of esophageal squamous cell carcinoma (ESCC) and esophageal adenocarcinoma (EA).

XRCC1 Arg399GIn and EC risk by cancer histology

In the subgroup analysis, we did not find any association between the XRCC1
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Arg399GIn SNP and EC risk in either ESCC or EA, but showed substantial heterogeneity
among the 11 studies of ESCC (P = 0.002) (Table 2). To identify the source of heteroge-
neity, we excluded the study by Cai et al. (2006) and the Swedish study (Ye et al., 2006),
which showed a significant HWE deviation of the XRCC1 Arg399GlIn; however, both
of the results showed an even increased heterogeneity (P = 0.001). There was one study
from North India that showed some protective effect of the XRCC1 GIn/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 ESCC
in either a homozygote comparison (GIn/Gln vs Arg/Arg: OR =1.42; 95%CI =1.03-1.95;
P =0.009 for heterogeneity) or a recessive model (GIn/Gln vs Arg/Arg + Arg/GIn: OR =
1.46; 95%CI = 1.10-1.95; P = 0.03 for heterogeneity) (Figure 3).

Review: XRCC1 polymorphism Arg399Gin
Comparison: 01 XRCC1 polymorphism Arg399Gin

Outcome: 04 Cancer risk and XRCC1 cedon 399 SNP in ESCC

Study Case Control OR (random) Weight OR (random)

or sub-category n/N n/N 95%CI % 95%Cl

01 GIn/Gin versus Arg/Arg

Lee 2001 8/72 24/1s6 —_— 2.00 0.69 [0.29, 1.62]
Xing 2002 35/28¢ 49/328 — 3.88 0.79 [0.50, 1.27]
Hao 2004 34/257 33/282 —_— 3.58 1.15 [0.69, 1.92]
Ratnasinghe 2004 12/78 33/225 —_—— 2.51 1.06 [0.52, 2.17]
Yu 2004 19/85 5/93 —s—) 1.51 $.07 [1.80, 14.27]
Yin 2005 14/80 4/63 —_) 1.26 3.45 [1.08, 11.03]
Cai 2006 26/75 42/174 1— 3.13 1.67 [0.93, 3.00]
Ye 2006 11/43 49/228 —_—— 2.35 1.26 [0.59, 2.67]
Zhao 2010 26/131 20/181 il 2.91 2.12 [1.13, 3.98]
Yu 2011 39/27¢ 48/584 —— 3.9% 1.84 [1.17, 2.88]
Subtotal (95%Cl) 1383 2330 i 27.10 1.45 [1.06, 2.00]
Total events: 224 (Case), 307 (Control)

Test for heterogeneity: Chiz = 21.20,df. =9 (P = 0.01), I = 57.6%

Test for overall effect: Z=2.29 (P = 0.02)

02 GIn/Gln versus Arg/Arg+Arg/Gin

Lee 2001 8/10s 24/264 —_—r 2.06 0.82 [0.36, 1.90]
Xing 2002 35/433 43/524 —a 3.96 0.85 [0.54, 1.34]
Hao 2004 34/411 33/479 —— 3.67 1.22 [0.74, 2.01]
Ratnasinghe 2004 12/126 33/418 —— 2.61 1.23 ([0.61, 2.46]
Yu 2004 19/136 5/152 —=—) 1.55 4.77 [1.78,.13:17)
Yin 2005 14/106 4/106 —_—e) 1.29 3.88 [1.23, 1z2.21)
Cai 2006 26/205 42/392 e i— 3.s52 1.21 [0.72, 2.04]
Ye 2006 11/81 49/472 e 2.58 1.36 (0.67, 2.73]
Zhao 2010 26/202 20/317 —_— 3.01 2.19 [1.19, 4205]
Yu 2011 39/432 48/915 i 4.06 1.79 [1.16, 2.78]
Subtotal (95%Cl) 2237 4039 - 23.31 1.46 [1.10, 1.95]
Total events: 224 (Case), 307 (Control)

Test for heterogeneity: Chiz = 18.83,df. = 9 (P = 0.03), I = 52.2%

Test for overall effect: Z=2.59 (P =0.010)

Figure 3. Meta-analysis of esophageal cancer 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 estimates
of odds ratio (OR) and its 95% confidence interval (95%CI) were plotted with a box and a horizontal line. d.f. =
degrees of freedom.

Publication bias

Because the shape of the funnel plot appeared to be symmetric (Figure 4) and the Eg-
ger regression test results were not significant (t =-0.08, P = 0.934), publication biases might
not have had a significant influence on the results of the XRCC1 gene.
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Review: XRCC1 polymorphism Arg399Gin
Comparison: 01 XRCC1 polymerphism Arg3998Gin
Outcome: 01 Association between XRCC1 polymorphism Arg399GIn and esophageal cancer risk
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Figure 4. Funnel plot analysis to detect publication bias. Each point represents a separate study for the indicated
association. SE = standard error; OR = odds ratio.

DISCUSSION

Our meta-analysis summarized the evidence to date regarding the association between
the XRCC1 Arg399GIn polymorphism and EC, involving a pooled total of 3591 patients with
EC and 5752 controls from 16 studies. The overall data showed that the XRCC1 Arg399GIn
polymorphism is unlikely to be a major risk factor for EC susceptibility in a wide population.
However, on subgroup analysis, our results indicated that the XRCC1 Arg399GlIn polymorphism
was significantly associated with EC in Chinese subjects, particularly for ESCC.

Previous studies have found that the XRCC1 399GIn/GIn genotype is associated with
arisk of lung cancer among Asians (Kiyohara et al., 2006) and breast cancer in African Ameri-
cans (Duell et al., 2001), which also found an ethnic difference of the GIn399 allele with can-
cer susceptibility. If the association between this polymorphism and EC holds true, especially
in Chinese subjects, this may be because of gene-to-gene or gene-to-environment interactions,
or it may be a reflection of a pattern of linkage disequilibrium with other more important
polymorphisms, unique to men of Chinese background. However, it is still hard to claim the
association between the GIn399 allele and EC risk in Chinese due to the currently limited data,
and further studies in Chinese may be required in the future.

Our analysis also demonstrated that the XRCC1 GIn399 allele elevated risk of ESCC in
Chinese, which is inconsistent with the study of Dai et al. (2009). The different results may be due
to the studies performed in the last 3 years and included in our meta-analysis. However, the lack
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of effect of the GIn399 allele on EA may be explained by different patterns of genetic alterations
and gene-environment interactions. Our data also suggested that the study from the North Indian
population should be considered separately, because it caused significant between-study hetero-
geneity in the analysis of ESCC. In that study, the XRCC1 GIn/GIn genotype protected Indian
drinkers from EC, but the underlying mechanisms remain unclear (Sobti et al., 2007).

Our analysis did not evaluate whether the XRCC1 Arg399GIn polymorphism may
affect the clinical behavior of EC or other clinicopathologic attributes because of the lack
of sufficient studies. However, 2 studies did generate some relevant data. Liu et al. (20006)
claimed that ESCC patients with 399 wild type had a high metastastic rate, and that XRCCl1
Arg399GIn was associated with ESCC TNM stage and lymph node metastasis, both of which
affected the prognosis of ESCC. Another study (Zhang et al., 2010) showed that there was
a significant correlation between the radiosensitivity and polymorphisms of XRCC1 Arg-
399GlIn. The response rates of radiotherapy for XRCC1 Arg/Arg, Arg/Gln, GIn/Gln genotypes
were 91.5, 88.9 and 60.0%, respectively (P = 0.009).

In the present meta-analysis, we searched as many publications that had been carried
out in the Chinese population as we could. The most of the published studies with full text that
we searched were in English or Chinese, and we believe that most of the related literature was
obtained and screened in our study. Furthermore, we performed a test of heterogeneity and ex-
amined the sources of heterogeneity, and publication bias was not observed in the analysis of
funnel plots and the Egger test. The results of our meta-analysis could be considered accurate
and valid. However, there are still some limitations inherited from the published studies. First,
selection bias could have influenced our analysis of Caucasian populations since we assumed that
the subjects were Caucasian in studies conducted in Western countries. In addition, the genotype
distribution of the Arg399GIn polymorphism among control subjects did not conform to HWE in
2 studies (Cai et al., 2006; Ye et al., 2006). Second, in our collection process, unpublished studies,
index words, search area, and language all could have produced biases. Third, confounding fac-
tors might have had an impact on the conclusion of our study because of case-control studies. For
instance, some studies used a healthy population as the reference group, whereas others selected
hospital patients without organic esophageal diseases as the reference group, which might have
influenced the meta-analysis results because the hospital controls were more likely to develop EC
in the future. Therefore, larger studies with different ethnic populations and tumor histology are
needed to clarify the possible roles of XRCC1 polymorphisms in the etiology of EC.

CONCLUSIONS

In summary, our meta-analysis revealed that the XRCC1 Arg399GIn polymorphism
did not alter susceptibility to EC in the overall populations, whereas there was evidence for
an association between the XRCC1 GIn399 variant allele and increased EC risk under the ho-
mozygote contrast and a recessive model among Chinese populations, particularly for ESCC.
This warrants additional investigations in larger studies and meta-analysis to clarify the pos-
sible roles of the XRCC1 Arg399GIn polymorphism in the etiology of EC.
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