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Abstract The Arg194Trp polymorphism in the X-ray cross-
complementing group 1 (XRCC1) had been implicated in cancer
susceptibility. The previous published data on the association
between XRCC1 Arg194Trp polymorphism and cancer risk
remained controversial. Hence, we performed a meta-analysis to
investigate the association between cancer susceptibility and
XRCC1 Arg194Trp (59,227 cases and 81,587 controls from
201 studies) polymorphism in different inheritance models. We
used odds ratios with 95 % confidence intervals to assess the
strength of the association. Overall, significantly increased cancer
risk was found (recessive model: (odds ration [OR]=1.18, 95 %
confidence interval [CI]=1.09–1.27; homozygous model: OR=
1.21, 95 % CI=1.10–1.33; additive model: OR=1.05, 95 % CI=
1.01–1.09) when all eligible studies were pooled into the meta-

analysis. In further stratified and sensitivity analyses, significantly
increased glioma risk was found among Asians, significantly
decreased lung cancer risk was found among Caucasians, and
significant increased breast cancer risk was found among hospital-
based studies. In summary, this meta-analysis suggests that
Arg194Trp polymorphism may be associated with increased
breast cancer risk, Arg194Trp polymorphism is associated with
increased glioma risk among Asians, and Arg194Trp polymor-
phism is associated with decreased lung cancer risk among Cau-
casians. In addition, our work also points out the importance of
new studies for Arg194Trp association in some cancer types, such
as gastric, pancreatic, prostate, and nasopharyngeal cancers, where
at least some of the covariates responsible for heterogeneity could
be controlled, to obtain amore conclusive understanding about the
function of the XRCC1 Arg194Trp polymorphism in cancer
development (I2>75 %).
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Introduction

DNA repair systems play critical roles in protecting against
mutations and are essential for maintaining the integrity of the
genome. Certain common genetic polymorphisms within the
genes involved in DNA damage responses may contribute to
the development of cancer and be associated with an increased
risk of the disease. Because reduced DNA repair capacity may
lead to genetic instability and carcinogenesis, genes involved
in DNA repair have been proposed as candidate cancer sus-
ceptibility genes [1]. Until now, more than a hundred proteins
implicated in DNA repair have been found in human cells.
These proteins are implicated in four major DNA repair path-
ways, including nucleotide excision repair (NER), base
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excision repair (BER), double-strand break repair (DSBR),
and mismatch repair (MMR) [1,2].

The X-ray cross-complementing (XRCC) genes were initially
discovered through their role in DNAdamage response caused by
ionizing radiation. They are important components of various
DNA repair pathways contributing to DNA-damage processing
and genetic stability [3]. The DNA repair enzymes XRCC1 play a
central role in the BER pathway [4,5]. XRCC1 is located on
chromosome no. 19q13.2–13.3, and its gene product is implicated
in single-strand break repair and base excision repair mechanisms
[6]. Although there are more than 300 validated single nucleotide
polymorphisms (SNPs) in the XRCC1 gene reported in the
dbSNP database (http://www.ncbi.nlm.nih.gov/SNP/), three of
which are common [7] and lead to amino acid substitutions in
XRCC1 at codon 194 (exon 6, baseC to T, amino acidArg to Trp,
dbSNP no. rs1799782), codon 280 (exon 9, base G to A, amino
acid Arg to His, dbSNP no. rs25489), and codon 399 (exon 10,
base G to A, amino acid Arg to Gln, dbSNP no.rs25487), these
non-conservative amino acid changesmay alter XRCC1 function.
This change in protein biochemistry leads to the supposition that
variant alleles may diminish repair kinetics, thereby influencing
susceptibility to adverse health effects, including cancer.

In the past decade, a number of molecular epidemiological
studies have been done to evaluate the association between
XRCC1 Arg194Trp polymorphism and different types of
cancer risk in diverse populations [8–202]. The tumor types
included breast cancer [8–34,170] , lung cancer
[35–51,53,54,163,178,189,190], head and neck cancer
[68–77,79–83,117,119,122,123,125,128,137,146,157,165,
172–174,191–194], esophageal cancer [101–106,141], and
prostate cancer [96–100,126,166,175], and so on. However,
the results were inconsistent or even contradictory. Partially
because of the possible small effect of the polymorphism on
cancer risk and the relatively small sample size in each of
published studies. In addition, some recent meta-analyses
analyzed such an association only for single cancer such as
lung cancer, glioma, and leukemia, and so on [203–205].
Therefore, we performed a comprehensive meta-analysis by
including the most recent and relevant articles to identify
statistical evidence of the association between XRCC1
Arg194Trp polymorphism and risk of all cancers that have
been investigated.

Materials and methods

Identification and eligibility of relevant studies

A comprehensive literature search was performed using the
PubMed and ISI database for relevant articles published (the
last search update was February 24, 2014) with the following
key words “XRCC1,” “polymorphism,” “Variant,” or “Muta-
tion,” and “Cancer” or “Carcinoma.” MESH terms: XRCC1

[All Fields] and ((“polymorphism, genetic” [MeSH Terms]
OR (“polymorphism” [All Fields] AND “genetic” [All
Fields]) or “genetic polymorphism” [All Fields] or “polymor-
phism” [All Fields]) or variant [All Fields] or (“mutation”
[MeSH Terms] OR “mutation” [All Fields])) and ((“neo-
plasms” [MeSH Terms] or “neoplasms” [All Fields] or “can-
cer” [All Fields]) or (“carcinoma” [MeSH Terms] or “carci-
noma” [All Fields])). The search was not limited to language.
Additional studies were identified by hand searching refer-
ences in original articles and review articles. Authors were
contacted directly regarding crucial data not reported in orig-
inal articles. In addition, studies were identified by a manual
search of the reference lists of reviews and retrieved studies.
We included all the case–control studies and cohort studies
that investigated the association between XRCC1 Arg194Trp
polymorphism and cancer risk with genotyping data. All
eligible studies were retrieved, and their bibliographies were
checked for other relevant publications. When the same sam-
ple was used in several publications, only the most complete
information was included following careful examination.

Inclusion criteria

The included studies needed to have met the following
criteria: (1) only the case–control studies or cohort studies
were considered, (2) evaluated the XRCC1 Arg194Trp poly-
morphism and the risk of cancer, and (3) the genotype distri-
bution of the polymorphisms in cases and controls were
described in details and the results were expressed as odds
ratio (OR) and corresponding 95 % confidence interval (95 %
CI). Major reasons for exclusion of studies were as follows:
(1) not for cancer research, (2) only case population, and (3)
duplicate of previous publication (When the same sample was
used in several publications, only the most complete informa-
tion was included following careful examination).

Data extraction

Information was carefully extracted from all eligible studies
independently by two investigators according to the inclusion
criteria listed above. The following data were collected from
each study: first author’s name, year of publication, country of
origin, ethnicity, source of controls, sample size, and numbers
of cases and controls in the XRCC1 Arg194Trp genotypes
whenever possible. Ethnicity was categorized as “Caucasian,”
“African,” (including African Americans) and “Asian.” We
considered the samples of studies from India and Pakistan as
of “Indian’” ethnicity, and samples from Middle Eastern
countries as “Middle Eastern” ethnicity. When one study did
not state which ethnic groups was included or if it was impos-
sible to separate participants according to phenotype, the
sample was termed as “mixed population.” Meanwhile, stud-
ies investigatingmore than one kind of cancer were counted as
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individual data set only in subgroup analyses by cancer type.
We did not define any minimum number of patients to include
in this meta-analysis. For articles that reported different ethnic
groups and different countries or locations, we considered
them different study samples for each category cited above.

Statistical analysis

Crude ORs together with their corresponding 95 % CIs were
used to assess the strength of association between the XRCC1
Arg194Trp polymorphism and the risk of cancer. The pooled
ORs were performed for co-dominant model (Trp/Trp versus
Arg/Arg and Arg/Trp versus Arg/Arg), dominant model (Arg/
Trp+Trp/Trp versus Arg/Arg), recessive model (Trp/Trp ver-
sus Arg/Arg+Arg/Trp), and additive model (Trp versus Arg),
respectively. Between-study heterogeneity was assessed by
calculating Q statistic (Heterogeneity was considered statisti-
cally significant if P<0.10) [206] and quantified using the I2

value, a value that describes the percentage of variation across
studies that are due to heterogeneity rather than chance, where
I2=0 % indicates no observed heterogeneity, with 25 %
regarded as low, 50 % as moderate, and 75 % as high [207].
If results were not heterogeneous, the pooled ORs were cal-
culated by the fixed-effect model (we used the Q statistic,
which represents the magnitude of heterogeneity between-
studies) [208]. Otherwise, a random-effect model was used
(when the heterogeneity between-studies were significant)
[209]. In addition to the comparison among all subjects, we
also performed stratification analyses by cancer type (if one
cancer type contained less than three individual studies, it was
combined into the “other cancers” group), source of control,
and ethnicity. Moreover, the extent to which the combined risk
estimate might be affected by individual studies was assessed
by consecutively omitting every study from the meta-analysis
(leave-one-out sensitivity analysis). This approach would also
capture the effect of the oldest or first positive study (first
study effect). In addition, we also ranked studies according to
sample size, and then repeated this meta-analysis. Sample size
was classified according to a minimum of 200 participants and
those with fewer than 200 participants. The cite criteria were
previously described [210]. Last, sensitivity analysis was also
performed, excluding studies whose allele frequencies in con-
trols exhibited significant deviation from the Hardy–Weinberg
equilibrium (HWE), given that the deviation may denote bias.
Deviation of HWEmay reflect methodological problems such
as genotyping errors, population stratification, or selection
bias. HWE was calculated by using the goodness-of-fit test,
and deviation was considered when P<0.05. Begg’s funnel
plots [211] and Egger’s linear regression test [212] were used
to assess publication bias. A meta-regression analysis was
carried out to identify the major sources of between-studies
variation in the results, using the log of the ORs from each
study as dependent variables and cancer type, ethnicity, and

source of controls as the possible sources of heterogeneity. All
of the calculations were performed using STATAversion 10.0
(STATA Corporation, College Station, TX).

Results

Eligible studies and meta-analysis databases

Figure 1 graphically illustrates the trial flow chart. A total of
1,544 articles regarding XRCC1 polymorphisms with respect
to cancer were identified. After screening the titles and ab-
stracts, 689 articles were excluded because they were dupli-
cated. In addition, 660 articles were excluded because they
were review articles, case reports, and other polymorphisms of
XRCC1. Last, of these published articles, six publications
[52,63,78,162,170,201] were excluded because their popula-
tions overlapped with another six included studies
[33,49,65,76,109,126]. As summarized in supplemental
Table 1, 189 publications with 201 case–control studies were
selected among the meta-analysis, including 59,227 cases and
81,587 controls. Among these studies, eghit studies were
included in the dominant model only because they provided
the genotypes of Arg/Trp+Trp/Trp versus Arg/Arg. In addi-
tion, there were 14 bladder cancer studies, 30 breast cancer
studies, 4 cervical cancer studies, 18 colorectal cancer studies,
7 esophageal cancer studies, 10 gastric cancer studies, 11
glioma studies, 32 head and neck cancer studies, 18 leukemia
studies, 25 lung cancer studies, 5 lymphoma studies, 3 pan-
creatic cancer studies, 9 prostate cancer studies, 6 skin cancer

Fig. 1 Study flow chart explaining the selection of the 189 eligible case–
control studies included in the meta-analysis
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studies, and 9 studies with the “other cancers.”All of the cases
were pathologically confirmed.

Quantitative synthesis

The evaluations of the association of XRCC1 Arg194Trp
polymorphism with cancer risk are shown in Table 1. Over-
all, significantly increased cancer risk was observed (reces-
sive model: OR=1.18, 95 % CI=1.09–1.27, Ph=0.015,
I2 = 19.6 %; homozygous model: OR= 1.21, 95 %
CI=1.10–1.33, Ph<0.001, I

2=33.6 %; additive model:
OR=1.05, 95 % CI=1.01–1.09, Ph<0.001, I

2=59.6 %)
when all the eligible studies were pooled the meta-
analysis. Then, we performed subgroup analysis by cancer
type. We found that individuals with the minor variant
genotypes had a higher risk of esophageal cancer (recessive
model: OR=1.36, 95 % CI= 1.10–1.70, Ph = 0.175,
I2 = 34.8 %; homozygous model: OR= 1.32, 95 %
CI=1.05–1.66, Ph=0.271, I

2=21.7 %), glioma (recessive
model: OR=1.77, 95 % CI= 1.41–2.22, Ph = 0.805,
I2=0.0 %; homozygous model: OR=2.03, 95 % CI=1.61–
2.57, Ph=0.176, I

2=29.2 %), leukemia (heterozygous mod-
el: OR=1.18, 95 % CI=1.04–1.33, Ph=0.121, I

2=29.7 %),
and lung cancer (recessive model: OR=1.16, 95 %
CI=1.01–1.35, Ph=0.182, I

2=20.9 %), as shown in Table 1.
For the lung cancer studies, we also performed subgroup
analysis by smoker habits, no significant association was
found among smokers and non-smokers.

Ethnicity and cancer risk attributed to the XRCC1 Arg194Trp
polymorphism

We further examined the association of the XRCC1
Arg194Trp polymorphism and cancer risk according to cancer
type and ethnicity (Table 2) because there was significant
heterogeneity between studies. For samples of Asians, we
found that individuals with the minor variant genotypes had
a higher risk of esophageal cancer (recessive model:
OR=1.34, 95 % CI=1.07–1.68, Ph=0.122, I

2=41.5 %; ho-
mozygous model: OR=1.30, 95 % CI=1.03–1.65, Ph=0.185,
I2=35.4 %) and glioma (dominant model: OR=1.23, 95 %
CI=1.09–1.39, Ph=0.237, I

2=26.4 %; recessive model:
OR=1.80, 95 % CI=1.40–2.31, Ph=0.625, I

2=0.0 %; homo-
zygous model: OR=1.87, 95 % CI=1.45–2.41, Ph=0.569,
I2=0.0 %; additive model: OR=1.29, 95 % CI=1.11–1.51,
Ph=0.057, I

2=53.5 %). For samples of Caucasians, signifi-
cantly increased cancer risk was observed among leukemia
(dominant model: OR=1.28, 95 % CI=1.06–1.54, Ph=0.186,
I2=28.0 %; heterozygous model: OR=1.26, 95 % CI=1.04–
1.53, Ph=0.496, I

2=0.0 %) and significantly decreased cancer
risk was observed among lung cancer (dominant model:
OR=0.84, 95 % CI=0.74–0.95, Ph=0.139, I

2=32.4 %; addi-
tive model: OR=0.83, 95 % CI=0.73–0.93, Ph=0.254,

I2=19.9 %) and lymphoma (additive model: OR=0.77,
95 % CI=0.59–0.99, Ph=0.400, I

2=0.0 %).

Source of controls and cancer risk attributed to the XRCC1
Arg194Trp polymorphism

We also examined the association of the XRCC1
Arg194Trp polymorphism and cancer risk according to
cancer type and source of controls (Table 3). For the
population-based studies, the XRCC1 Arg194Trp polymor-
phism was associated with risk of breast cancer (dominant
model: OR=0.91, 95 % CI= 0.84–0.99, Ph = 0.117,
I2 = 30.7 %; heterozygous model: OR=0.91, 95 %
CI=0.81–0.99, Ph=0.174, I

2=24.8 %), esophageal cancer
(recessive model: OR=1.44, 95 % CI= 0.81–0.99,
Ph=0.174, I

2=24.8 %; homozygous model: OR=1.41,
95 % CI=1.11–1.78, Ph=0.386, I

2=1.2 %), gastric cancer
(dominant model: OR=0.79, 95 % CI= 0.63–0.98,
Ph=0.727, I2=0.0 %), and glioma (recessive model:
OR=1.93, 95 % CI=1.07–3.46, Ph=0.525, I

2=0.0 %; ho-
mozygous model: OR=4.90, 95 % CI = 2.46–9.76,
Ph=0.641, I

2=0.0 %). For the hospital-based studies, sig-
nificant association was observed among bladder cancer
(recessive model: OR=1.78, 95 % CI= 1.10–2.88,
Ph=0.217, I

2=27.7 %; homozygous model: OR=1.81,
95 % CI=1.11–2.95, Ph=0.170, I

2=33.9 %), breast cancer
(dominant model: OR=1.17, 95 % CI= 1.05–1.30,
Ph=0.266, I

2=17.6 %; heterozygous model: OR=1.16,
95 % CI=1.04–1.29, Ph=0.423, I

2=2.3 %; additive model:
OR=1.14, 95 % CI=1.01–1.29, Ph=0.085, I

2=37.3 %),
colorectal cancer (dominant model: OR=1.17, 95 %
CI=1.03–1.33, Ph=0.238, I

2=21.6 %; heterozygous model:
OR=1.17, 95 % CI=1.02–1.33, Ph=0.244, I

2=20.9 %; addi-
tive model: OR=1.14, 95 % CI=1.02–1.27, Ph=0.254,
I2=19.9 %), gastric cancer (recessive model: OR=1.48,
95 % CI=1.17–1.87, Ph=0.135, I

2=40.5 %), giloma (reces-
sive model: OR=1.75, 95 % CI=1.37–2.23, Ph=0.682,
I2=0.0 %; homozygous model: OR=1.81, 95 % CI=1.41–
2.32, Ph=0.611, I

2=0.0 %), and lung cancer (heterozygous
model: OR=0.86, 95 % CI=0.75–1.00, Ph=0.025, I

2=47.4 %).

Anatomical site, histological type, and association
of the XRCC1 Arg194Trp polymorphism with cancer risk

We next completed a subgroup analysis by cancer type and
histological type or anatomical location (Table 4). Overall, there
was no association between the XRCC1 Arg194Trp polymor-
phism and risk of lung adenocarcinoma, lung squamous cell
carcinoma, and cardia gastric cancer. For head and neck cancer,
significant increased oral cancer risk was observed among
heterozygous model (OR=1.34, 95 % CI=1.07–1.68,
Ph=0.183, I

2=35.7 %). For leukemia, significant increased
acute myeloblastic leukemia (AML) risk was observed among
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dominant model (OR=1.32, 95 % CI=1.11–1.56, Ph=0.120,
I2=48.6 %) and heterozygous model (OR=1.31, 95 %
CI=1.10–1.57, Ph=0.380, I

2=2.4 %).

Heterogeneity analysis

There was significant heterogeneity among these studies for
dominant model comparison (Ph<0.001), recessive model
comparison (Ph=0.015), homozygous model comparison
(Ph<0.001), heterozygous model comparison (Ph<0.001),
and additive model comparison (Ph<0.001). Then, we
assessed the source of heterogeneity by ethnicity, cancer type,
source of controls, HWE, and sample size. Table 5 lists the
results of meta-regression analysis. The results of meta-
regression indicated that source of controls (dominant model:
P=0.008; heterozygous model: P=0.012; additive model:
P=0.012) and HWE (dominant model: P=0.002; homozy-
gous model: P=0.022; heterozygous model: P=0.016; addi-
tive model: P=0.004) but not ethnicity (dominant model:
P=0.857; recessive model: P=0.877; homozygous model:
P=0.902; heterozygous model: P=0.994; additive model:
P=0.955), cancer type (dominant model: P=0.637; recessive
model: P=0.503; homozygous model: P=0.380; heterozy-
gous model: P=0.658; additive model: P=0.458), and sample
size (dominant model: P=0.082; recessive model: P=0.394;
homozygous model: P=0.080; heterozygous model:
P=0.182; additive model: P=0.058) contributed to substantial
heterogeneity among the meta-analysis.

High between-studies heterogeneity was observed among
gastric cancer (dominant model: I2=81.4; heterozygous mod-
el: I2=77.9; additive model: I2=82.6), glioma (dominant mod-
el: I2=81.4; heterozygous model: I2=80.3; additive model:
I2=82.9), pancreatic cancer (dominant model: I2=88.2; het-
erozygous model: I2=88.1; additive model: I2=87.7), Asians
of gastric cancer (dominant model: I2=87.1; homozygote
model: I2=75.9; heterozygous model: I2=84.0; additive mod-
el: I2=87.3), Asians of head and neck cancer (dominant mod-
el: I2=80.8; homozygote model: I2=77.1; additive model:
I2=83.5), Asians of prostate cancer (dominant model:
I2=86.4; heterozygous model: I2=86.5; additive model:
I2=81.1), Indians of head and neck cancer (dominant model:
I2=81.6; heterozygous model: I2=77.7; additive model:
I2=83.0), population-based studies of glioma (dominant mod-
el: I2=94.3; heterozygous model: I2=97.2; additive model:
I2=96.2), hospital-based studies of gastric cancer (dominant
model: I2=84.0; homozygote model: I2=80.7; additive mod-
el: I2=83.7), hospital-based studies of pancreatic cancer (dom-
inant model: I2=88.2; heterozygous model: I2=88.1; additive
model: I2=87.7), hospital-based studies of prostate cancer
(heterozygous model: I2=75.4), nasopharyngeal cancer (dom-
inant model: I2=89.2; recessive model: I2=81.6; homozygote
model: I2=86.6; heterozygous model: I2=84.1; additive mod-
el: I2=91.1), and Asians of thyroid cancer (homozygote T
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model: I2=79.8; additive model: I2=80.7). Significant devia-
tion from HWE was detected in the ten articles. When these
studies were excluded, the high between-studies heterogeneity
was deleted among glioma (dominant model: I2=34.5; het-
erozygous model: I2=23.7; additive model: I2=53.8) and
population-based studies of glioma (dominant model: I2=
0.0). When the small studies were excluded, the high
between-studies heterogeneity was deleted among glioma
(dominant model: I2=54.7; heterozygous model: I2=31.1;
additive model: I2=70.6) and population-based studies of
glioma (dominant model: I2=0.0).

Sensitivity analysis

Examining genotype frequencies in the controls, significant
deviation from HWE was detected in the ten articles
[106,118,145,156,161,169,180,182,185,200]. When these
studies were excluded, the result was changed among
population-based studies of glioma (recessive model:
OR=3.34, 95 % CI=0.56–20.06; homozyhous model:
OR=3.30, 95 % CI=0.55–19.80), as shown in Table 6. When
the study of small sample was excluded, the results was
changed among leukemia (heterozygous model: OR=1.14,
95 % CI=0.96–1.36), lung cancer (recessive model:
OR=1.17, 95 % CI=0.97–1.41), Caucasians of lymphoma
(additive model: OR=0.79, 95 % CI= 0.61–1.03),
population-based studies of glioma (recessive model:
OR=3.34, 95 % CI=0.56–20.06; homozyhous model:
OR=3.30, 95 % CI=0.55–19.80), hospital-based studies of
bladder cancer (recessive model: OR=1.34, 95 % CI=0.69–
2.58; homozygous model: OR=1.42, 95 % CI=0.74–2.75),
and hospital-based studies of lung cancer (heterozygous mod-
el: OR=0.86, 95% CI=0.74–1.01), as shown in Table 7. Last,
when the study of Xing et al. [103] was excluded, the results
were changed among esophageal cancer (recessive model:
OR=1.18, 95 % CI=0.91–1.52; additive model: OR=1.15,
95 % CI=0.88–1.51), Asians of esophageal cancer (recessive
model: OR=1.13, 95 % CI=0.86–1.48; additive model:
OR=1.12, 95 % CI=0.84–1.48), and population-based stud-
ies of esophageal cancer (recessive model: OR=1.26, 95 %
CI=0.96–1.65; additive model: OR=1.24, 95 % CI=0.93–
1.64). When the study of Mitra et al. [27] was excluded, the
results were changed among the population-based studies of
breast cancer (dominant model: OR=0.93, 95 % CI=0.86–
1.01; heterozygous model: OR=0.93, 95 % CI=0.86–1.01).
When the study of Li et al. [206] was excluded, the results
were changed among hospital-based studies of colorectal
cancer (dominant model: OR=1.08, 95 % CI=0.93–1.25;
heterozygous model: OR=1.08, 95%CI=0.92–1.25; additive
model: OR=1.07, 95 % CI=0.94–1.22). When the study of
Shen et al. [113] was excluded, the results were changed
among hospital-based studies of gastric cancer (recessive
model: OR=1.27, 95 % CI=0.96–1.68). When the study of

Ramachandran et al. [83] was excluded, the results were
changed among oral cancer (heterozygous model: OR=1.21,
95 % CI=0.95–1.54).

Publication bias

Both Begg’s funnel plot and Egger’s test were performed to
access the publication bias of this meta-analysis. Begg’s fun-
nel plots did not reveal any evidence of obvious asymmetry in
any genetic model in the overall meta-analysis (Fig. 2). The
Egger’s test results also suggested no evidence of publication
bias in the meta-analysis of Arg194Trp (dominant model:
P=0.651; heterozygous model: P=0.697; recessive model:
P=0.534; additive model: P=0.533; homozygous model:
P=0.678), indicating that our results were statistically robust.

Discussion

Cancer is the result of a series of DNA alternations in single
cell or clone of that cell, which lead to loss of normal function,
aberrant or uncontrolled cell growth, and often metastases.
BER is initiated by recognition and excision of damaged base
by the specific DNA glycosylase. X-ray repair cross-
complementing groups 1 protein is a scaffold protein directly
associated with polymerase beta, DNA ligase III, and poly
(ADP-ribose) polymerase in a complex to facilitate the BER
and single-strand break repair (SSBR) processes [213–215]. A
recent report provides data showing that the E2F1 transcrip-
tion factor regulates XRCC1 and promotes DNA repair [216].
A XRCC1 deletion mutation in null homozygous mice is
embryonic lethal [217]. XRCC1 has two BRCA1 carboxyl-
terminal (BRCT) domains (BRCT1 and BRCT2), located
centrally and at the C-terminal end, respectively. BRCT2 is
responsible for binding and stabilizing DNA ligase III and is
required for single-strand breaks and gaps repair (SSBR),
specifically during the G0/G1 phases of the cell cycle [218].
The center of BRCT1 domain binds to and down-regulates the
single-strand breaks and gaps recognition protein PARP1 and
is required for efficient SSBR during both G1 and S/G2
phases of the cell cycle. Arg194Trp is located in a domain
that separates but connects the XRCC1 NH2 terminal and
BRCT. Arg194Trp mutation will change XRCC1’s structure
but may not influence the function of XRCC1. A number of
studies have reported the association of XRCC1 Arg194Trp
polymorphism with risk of cancer; however, the results
remained controversial, although some original studies
thought that Arg194Trp polymorphism was associated with
risk of cancer, others had different opinions. In order to
resolve this conflict, the meta-analysis of 201 eligible studies
including 59,227 cases and 81,587 controls was performed to
derive a more precise estimation of the association between
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XRCC1 Arg194Trp polymorphism and risk of different types
of cancer.

Overall, significantly increased cancer risk was found
when all eligible studies were pooled into the meta-analysis
of Arg194Trp. In further stratified and sensitivity analyses,
significantly increased glioma risk was found among Asians,
significantly decreased lung cancer risk was found among
Caucasians, and significant increased breast cancer risk was
found among hospital-based studies. It also should be consid-
ered that the apparent inconsistency of these results may
underlie differences in ethnicity, lifestyle, and disease preva-
lence as well as possible limitations due to the relatively small
sample size. The current knowledge of carcinogenesis indi-
cates a multi-factorial and multistep process that involves
various genetic alterations and several biological pathways.
Thus, it is unlikely that risk factors of cancer work in isolation
from each other. And the same polymorphisms may play
different roles in cancer susceptibility because cancer is a
complicated multi-genetic disease, and different genetic back-
grounds may contribute to the discrepancy. And even more
importantly, the low penetrance genetic effects of single poly-
morphism may largely depend on interaction with other poly-
morphisms and/or a particular environmental exposure. We
observed a wide variation of the Trp allele frequencies of
control resources in Asians (0.296), Indians (0.200), Cauca-
sians (0.077), and Africans (0.082), and this different allele
frequency might account for the association between the
XRCC1 Arg194Trp polymorphism and cancer susceptibility
among different ethnicity.

Based on biochemical properties described for XRCC1
polymorphism, we would expect that the Trp allele would be
associated with higher susceptibility for all types of cancer.
However, our results showed that such association was ob-
served just for breast cancer, glioma, and lung cancer, sug-
gesting that other factors may be modulating the XRCC1
polymorphism functionality. However, the exact mechanism
for association between different cancer types and XRCC1
Arg194Trp polymorphism was not clear, carcinogenetic
mechanism may differ by different tumor sites and the
XRCC1 genetic variants may exert varying effects in different
cancers. Several previous meta-analyses assessed the associa-
tion of XRCC1 Arg194Trp polymorphism with risk of gastric
and lung cancer, and so on. Wang et al. [219] in 2009 found
decreased lung cancer risk among subjects carrying XRCC1
194 Arg/Trp genotype (OR=0.88, 95 % CI=0.79–0.97).
However, Dai et al. [203] in 2012 found that the risk for lung
cancer was increased among the variant homozygote Trp/Trp
of codon 194 polymorphism, compared with the wild-type
Arg/Arg (OR: 1.19; 95 % CI=1.01–1.39). In the subgroup
analyses by ethnicity, the OR for the variant homozygote Trp/
Trp of codon 194 was 1.21(95 % CI=1.02–1.43) for Asian.
Chen et al. [220] in 2012 suggested XRCC1 Arg194Trp
homozygous mutant genotype (Trp/Trp) was found to beT
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associated with increased risk of gastric cancer. However, our
meta-analysis indicates that Arg194Trp polymorphism is as-
sociated with decreased lung cancer in Caucasians and new
study is important for Arg194Trp association in gastric cancer.
Our meta-analysis should be more stringent and comprehen-
sive. Firstly, more up to date studies were recruited to provide
statistically significant results. Secondly, the association of
Arg194Trp with risk of cancer had been explored in detail.

In the present meta-analysis, highly between-studies het-
erogeneity was observed in the hospital-based controls for
some cancer types, such as gastric, prostate, and pancreatic
cancers. The reason may be that the hospital-based studies
have some biases because such controls may contain certain
benign diseases which are prone to develop malignancy and
may not be very representative of the general population.
Thus, the use of a proper and representative cancer-free con-
trol subjects is very important in reducing biases in such
genotype association studies. The results of meta-regression
also indicated that source of controls contributed to substantial
heterogeneity among the meta-analysis. And this indicates
that it may be not appropriate to use an overall estimation of
the relationship between XRCC1 Arg194Trp polymorphism
and risk of cancer.

The current meta-analysis has some strength compared
with individual studies and previous meta-analyses. First,
differently from previous meta-analyses, we explored the
impact of XRCC1 Arg194Trp on a great diversity of cancer
sites, allowing for a general view of its influence on cancer
susceptibility. Second, our meta-analysis explores and ana-
lyzes the sources of heterogeneity between studies about
XRCC1 Arg194Trp in cancer. Third, more up to date studies
were recruited to provide statistically significant results. As an
example of these crucial features, differently from a recent
pooled analysis of nine studies with a total of 1,709 colorectal

cancer cases and 3,233 controls [221], we found 18 studies
with 5,267 cases and 8,713 controls on colorectal cancer risk.

In summary, this meta-analysis suggests Arg194Trp poly-
morphism may be associated with increased breast cancer
risk, Arg194Trp polymorphism is associated with increased
glioma risk among Asians, and Arg194Trp polymorphism is
associated with decreased lung cancer risk among Caucasians.
In addition, our work also points out the importance of new
studies for Arg194Trp association in some cancer types, such
as gastric, pancreatic, prostate, and nasopharyngeal cancers,
where at least some of the covariates responsible for hetero-
geneity could be controlled, to obtain a more conclusive
understanding about the function of the XRCC1 Arg194Trp
polymorphism in cancer development (I2>75 %).
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