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Abstract The Argl94Trp 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 Argl94Trp polymorphism and cancer risk
remained controversial. Hence, we performed a meta-analysis to
investigate the association between cancer susceptibility and
XRCC1 Argl94Tmp (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-
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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, Argl94Trp polymorphism is associated with
increased glioma risk among Asians, and Argl94Trp 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 a more conclusive understanding about the
function of the XRCC1 Argl94Trp polymorphism in cancer
development (>75 %).

Keywords XRCC1 - Arg194Trp - Polymorphism -
Susceptibility - Meta-analysis - Cancer

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 DNA damage 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 XRCCI play a
central role in the BER pathway [4,5]. XRCC] 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
XRCCI at codon 194 (exon 6, base C to T, amino acid Arg to Trp,
dbSNP no. 1rs1799782), 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 changes may 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 Argl94Trp 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
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[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 Argl194Trp
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 Argl194Trp 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 Argl194Trp 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 investigating more 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 % Cls 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 /*
value, a value that describes the percentage of variation across
studies that are due to heterogeneity rather than chance, where
P=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 HWE may 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 STATA version 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
XRCCI. 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

Potentially relevant papers identified and

screened for retrieval (n = 1544)

Duplicate  articles  were
excluded (n = 689)

142

\ 4

A 4

Studies have possible associations

(n=855)

Review articles, Case reports,
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and other polymorphisms

\ 4 were excluded (n = 660)

Publications about XRCC! Argl94Trp

polymorphism and risk of cancer (n = 195)

Excluded studies due to

overlapping populations (n =
6)

Articles  about XRCCI  Argl94Gln,

polymorphism and cancer risk (n = 189)

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 Argl94Trp
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, P,=0.015,
’=19.6 %; homozygous model: OR=1.21, 95 %
CI=1.10-1.33, P;,<0.001, >°=33.6 %; additive model:
OR=1.05, 95 % CI=1.01-1.09, P,<0.001, *=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, P,=0.175,
I’=34.8 %; homozygous model: OR=1.32, 95 %
CI=1.05-1.66, P,=0.271, ’=21.7 %), glioma (recessive
model: OR=1.77, 95 % CI=1.41-2.22, P,=0.805,
?=0.0 %; homozygous model: OR=2.03, 95 % CI=1.61—
2.57, P,=0.176, ’=29.2 %), leukemia (heterozygous mod-
el: OR=1.18, 95 % CI=1.04-1.33, P,=0.121, *=29.7 %),
and lung cancer (recessive model: OR=1.16, 95 %
CI=1.01-1.35, P,=0.182, P=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 XRCCl1
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, P,=0.122, ’=41.5 %; ho-
mozygous model: OR=1.30, 95 % CI=1.03-1.65, P,=0.185,
PP=35.4 %) and glioma (dominant model: OR=1.23, 95 %
CI=1.09-1.39, P,=0.237, I’=26.4 %; recessive model:
OR=1.80, 95 % CI=1.40-2.31, P,=0.625, *=0.0 %; homo-
zygous model: OR=1.87, 95 % CI=1.45-2.41, P,=0.569,
F=0.0 %; additive model: OR=1.29, 95 % CI=1.11-1.51,
P,=0.057, =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, P,=0.186,
P=28.0 %; heterozygous model: OR=1.26, 95 % CI=1.04—
1.53, P,=0.496, ’=0.0 %) and significantly decreased cancer
risk was observed among lung cancer (dominant model:
OR=0.84, 95 % CI=0.74-0.95, P,=0.139, ’=32.4 %; addi-
tive model: OR=0.83, 95 % CI=0.73-0.93, P,,=0.254,

P=19.9 %) and lymphoma (additive model: OR=0.77,
95 % CI=0.59-0.99, P,=0.400, *=0.0 %).

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

We also examined the association of the XRCCI1
Argl94Trp 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, P,=0.117,
I?=30.7 %; heterozygous model: OR=0.91, 95 %
CI=0.81-0.99, P,=0.174, ’=24.8 %), esophageal cancer
(recessive model: OR=1.44, 95 % CI=0.81-0.99,
P,=0.174, P=24.8 %; homozygous model: OR=1.41,
95 % CI=1.11-1.78, P,=0.386, P=12 %), gastric cancer
(dominant model: OR=0.79, 95 % CI=0.63-0.98,
P,=0.727, I’=0.0 %), and glioma (recessive model:
OR=1.93, 95 % CI=1.07-3.46, P,=0.525, ’=0.0 %; ho-
mozygous model: OR=4.90, 95 % CI=2.46-9.76,
P,=0.641, ’=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,
P,=0.217, =277 %; homozygous model: OR=1.81,
95 % CI=1.11-2.95, P,=0.170, P=33.9 %), breast cancer
(dominant model: OR=1.17, 95 % CI=1.05-1.30,
P,=0.266, P=17.6 %,; heterozygous model: OR=1.16,
95 % CI=1.04—1.29, P,=0.423, ’=2.3 %:; additive model:
OR=1.14, 95 % CI=1.01-1.29, P,=0.085, I’=37.3 %),
colorectal cancer (dominant model: OR=1.17, 95 %
CI=1.03-1.33, P,=0.238, I’=21.6 %; heterozygous model:
OR=1.17, 95 % CI=1.02-1.33, P,=0.244, ’=20.9 %; addi-
tive model: OR=1.14, 95 % CI=1.02-1.27, P,=0.254,
P=19.9 %), gastric cancer (recessive model: OR=1.48,
95 % CI=1.17-1.87, P,=0.135, P=40.5 %), giloma (reces-
sive model: OR=1.75, 95 % CI=1.37-2.23, P;,=0.682,
P=0.0 %; homozygous model: OR=1.81, 95 % CI=1.41—
232, P,=0.611, =0.0 %), and lung cancer (heterozygous
model: OR=0.86, 95 % CI=0.75-1.00, P,=0.025, P=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,
P,=0.183, P=357 %). For leukemia, significant increased
acute myeloblastic leukemia (AML) risk was observed among

@ Springer



Tumor Biol. (2014) 35:10677-10697

10682

JueoyIUSIS A[[EONSIEIS A1k S)NSAI SY) Jey) SJeIIPul SIN[EA JI[EN 3y} “ANouado1dldy ySiy 03 anp PapN|oxa AUam SHNSAL YL

Aduagoreiay JuedoyIusis ,

S[OpOW S}O9)Jo-WOpURI FUISn PAJRNI[Ed 219M YO ‘(B AQ PajedIpur) A10ud3oI1a)ay JUBdIUSIS JO 9SBD o) U] "S[9POUI SJOJJ-PIXI] FUISh PIJe[NI[ed A1oM SO Arewuns [y

0°€8/100°0 q  LLLWO0O q 9€9P900 (P6'S—TH0) LST +Lb/6vT'0 (06'1-89°0) €I'T 9'18/100°0> . (@regorns ONH uerpuy
00/L9L°0 (STT-SL'0) L60  00/€€0 (STT-TL0) S6'0  0°0/9L'0 (9SH—+E0) ¥TT  00/LSH0 (CO+—+E€0) 9TT  0°0/S090 (STI-EL0) $6'0 (L16/286) € Iooued jsearqg  UROLGY
00/StL°0 (90 T-1L°0) L8O  0°0/ST80 (90'T-69°0) 80  0°0/659°0 (++'T-8€0) L6'0  0°0/959°0 (0S'T-6£0) 660 % 0°0/9780 (90'T-69°0) 98°0  (SSSI/HLL'T) €  Toourd 21eIS0Ig
00/007'0 (660-650) L0 S8F/€P1'0 (SO'T-19°0) 080  +'L/OYE0 (9S'T-81°0) €50 8'91/26T0 (€9'T-610) SSO  +0W/L81°0 (20'1-650) 8.0  (OSI‘T/LIOT) € ewoyduwiAy
TIS/5T0°0  (LOT-€L°0) 880  6'61/4STO  (£60-€L0) €80  O'TH/H60°0 (98°TSS0)9TT SOW/L600 T6TLS0)6TT HTE/6E10 (S60-#20) 80 (LIS9/9v9p) 11 Jooued Fun'y
S8H/TH00 L(19T-860)9TT  0°0/96v°0 (§ST-#0'1) 92T  S6E4600 S9E0L0)09T TOL/LITO (PrT—680) LT 089S0 (S T-901) 821 (S8YTSSHT) 01 BIueyno |
00//0S0 (T T+80)660  00/0790 (ST'T-T80)L60  00/8780 (S9T-$90) I€T 00080 (#9790 I€T  00/0L50 (91'T1-€80) 860 (I+6°€/01T°T) €1 ONH
YIIATE0 (FO'T-9L°0) 880  00/4TF0 (2O T-€L0)98°0  00/TbH'0 (SSE-6+0) TET  00/LVY0 (TO€0S0) #ET  00/8650 (TOT—€L0) L8O  (CIEWHITD ¥ BUIOND
9¢h/€81°0 (61°T-L9°0) 060  0°0/9€50 (ST'T-85°0) T80  €81/6970 (I8T0S0)61'T 807190 (06T€S0)+TT  00/4S90 (LOT+90) €80  (0SI°T/979) €  109uED OLISED
8'97/90T0 (ST'I-18°0)960  0°0/4TS0 (80'1—+L0) 680  0°0/69¢0 (TSE+80)TLT 00/887°0 (£9°€-980) LL' I'P/10v°0  (TI'T-LL0) €60 (965 €/S6L°T) 6 100ULD [£)9210[0))
9ce/eel’0 (ITT-160) 00T #'5/€6€0 (ZI'T-160) 10T 0°0/L6¥0 (SE€1-790) T60  0°0/0950 (9€1-L9'0) 960  L'1T/HTc0 (CI'T-160) 10T (#80°9/#86°S) €1 190ued Jsearg
00/02L'0 (S0'T1-780) €60 0°0/#T80 (€0 T-6L70) 060  0°0/L6Y'0 (8TT990) €TT 0°0/€8%°0 (P€T-890) LTT  0°0/SP80 (+O'1-180) T6'0 (TLYS/L6SH) 01 ~ 199URD Ioppe[d  Uelseone))
1'18/500°0 q  $98/1000 q VSTToTro (LST-190) €0T  00/8LL0 (TST-L90) 0T +'98/100°0> q (61S/P16) € 100UBD dpeIsold
0°LS/0100 (LT'T-26'0) ¥0'T  9°S1/S6T0 (LOT-680) L60  STH/9900 TST-€60) 61T 997/161°0 (9€T-66'0) 91T  6°€H/8S00 (ST T-L80) 00T (1T6°€/CLYE) 11 Tooued Sun'y
L'L/800°0 (€T 1-89°0) T6'0  6'8S/€90°0 (SET-SL0) IOT  699/620°0 (69 T-+E0)9L'0 THS/880°0 (6 T-1H0)8L'0 0°TYEE00 (ECTHL0) 660  (STLT/966) S BIWUOYNO]
$'€8/100°0> a L'EL/1000> 0971-980) LI'T 1'LL/T000> a L'89/1000 (LLT1-19°0)+0'T 8'08/100°0> q  (WPL1/88€D) 8 ONH
S€S/LS00 [(IST-II'D) 6T  00/LSS0 (8TT-86'0) TI'T  0°0/69S0 (I#7-St'1)L8T 0°0/ST90 (IST-0¢1) 08T ¥9TLETO (68 T-60'1) €T  (81H°T/LOTT) 9 BWIOID
€18/100°0 a  0%8/1000 :  6°SL/1000 a CTLS/6E00 (96 T-06'0) €€°'T 1°L8/100°0> q (8L6°1/€€8°1)9  Iooued oLusen
Jdued
00/Lst0 OT'T-66'0) SOT  0°0/66L0 (LOT-180) ¥6'0 #SE/S8T0 (€9 1-€0'1) 0T TSt/ccl’0 (89 1—~0D #€T  000/208°0 (€T T-L80) 660 (€€€TIIST) § [eaSeydosy
165/€900 61 T-060) 0T  609/L£0°0 (TET-880)80T  00/€9v0 (HTT-T80) 10T  0°0/0L80 (61 T-080)860 €+94HT00 I€T-L80)LOT (16E°€/TS8T) S I09UED [E30210[0))
0°0/0st'0 (STT-860090T 004250 (0TT-L60)80T  0°5/58€0 (I€1-260) 60'T 601/9v€0 (9TT1-68°0)90T  00/LcS0 (0TT-860) 80T  (I1T°€/098°T) 9 Iooued Jsearg UEISy
) J'd  D%SOF0 @) J'd  10%6)I0 () J'd (10 %S6) A0 (%) J/'d (0% S6OF0 (%) J/'d (1D % $6) IO
(1onuoo/ases 7S) adfy
[opow SANIPPY 9)084Zz019)0H 9)03AzowoH [OPOUI DAISSIOY [opou Jueuruio  suostiedwod ‘oN woue) Aoy

odAy 100ued pue spepowr onouss JuateyIp Jopun wsiydiowAjod dif 6131y 1DDYX oY 10 Ao1uy)e Aq paziiogared (1D % §6) SYO Arewung g d[qeL

pringer

Qs



10683

Tumor Biol. (2014) 35:10677-10697

A1oua3010)0Y YSIY 0} Onp PPNJIXD dI0M SINSAI AL,
Aduagorelay JuedoyIusis ,
soIpmys paseq-fendsoy gz ‘sorprys paseq-uonendod g7

JueOLIUSIS A[[BONSIIR)S QI S)NSAI
) Jey) 21BJIPUT SANJBA OI[E)I Y], “S[OPOW $}03JJ2-WOopuEl Sulsn Paje[ndfed a1am sy ‘(e Aq pajedrpur) A10ud3012)at] JueOYIUSIS JO 9SBI dY) U] “S[OPOW $}103JJ2-Pax1y SuIsn PaJe[no[ed aI9M S Arewuns [y

00/0Ly'0 (IT'T-8L°0) €60  €€7/9110 (rTT-080) 660  0°0/1LL0 (OST-9¥'0)8L0  0°0/9€8°0 (LTT9¥0)9L0  §9T/SYT0O (ET'T-0L0) 69°0 (LeLrepl) s 1oouBd UDIS
0'99/6100 (€S'T-€8°0) ET'T  +'SL/E000 o SFEE8T0 (LLT-080)61°T  TE/68€0 (OLT-6L0)9T'T  E€L/A000 (ILT-€L0)TI'T (LSS/LET D) §  100uBd deys0Id
Jadued
L'L8/100°0> a 1'88/100°0> a % 00/8990 (¢r'T090)1TT % 0°0/08L0 (STT-8S0) ¥I'T T'88/100°0> o wTuevl) € dnearuEd
6'1L/6T0°0 L9'1-89°0) LO'T  €TY0LOO (b6 T-€90)O1'T  €19/9L0°0 WLV’ ETI0) LY T  ¥'EG/LITO (L6T-L80) IE€T  8'0L/TEO0 (96'1-85°0) LO' (1es/66e) € pwoydwiky
6'89/1000> 01'1-180)S60  ¥'L/STO0 (001-L'0)98°0  S'1#/850°0 (6§'1-98°0) LI'T  8TEOTI'0 (0¥'1-96°0) 9T'T  0'65/£00°0 (SOT-LL'0) 060  (L89°9/0TC°9) ¥1 ~ 00ued Jun]
LTYM000 (E7'1-S6°0) LI'T  TSE/LI00 6£T-€60)¥I'T  0FS/L000 (90T090) IT'T  9TH/IH00 (S6'T-9L0) ITT  8'LV/LINO THT-€60)ST'T (SH0€/L9ET) 91 S Lep
8°€9/100°0> O£ T-L60)TI'T  S'8Y/H000 o6TT-960) TT'T  0'TS/H000 (T8T-8L0)61'T  T'6E/SE00 (€9T-8L'0) ET'T T09/100°0> (b€ T-L60) ¥T'T  (99TL/T¥8Y) LT ONH
I'TL1000 6€T-86'0)9T'T  T+H€/9ST'0 (ST'T-C6'0) €T 00/T190 (€T I# D I8T  00/2890 (€27~ DSLT 071972100 LE€TH60)0TI'T  (608H/T15°€) 8 Buionn
L€8/100°0> ¢ L08/100°0> a 8990100 (TLTH60)09T SOV/SEI0 (L&T~I'T) 8T 0¥8/1000> a (296°1/508'1) 9  300ued dnSED
Jadued
I61/1670 (61'1-1L0)T6'0  0°0/6T€0 (T€1-0L0)960  0°0/16€0 (TST-LTO)¥90  00/28E0 (9S1-62°0) L90  TO1/E0€0  (8T'1-89°0) €6°0 (116/960) € eaBeydosy
Jaoued
6'61/vSTO LZTC0D#IT  60TPT0 (E€T-20'DLIT  67/96€0 (EL1-€6°0) LTT  TOSEY0 (€ST480) €1'T 9'1T/8ET0  (€€71-€0°D) £I'T  (99€°€/9v6°D) 11 [£30210]0)
€SE/EIT0 (ECT-L60 ¥I'T  T6UPYTO (BET-T60)TI'T  9€H/OLT0 (S6T-060) €€T  €Tv/2810 (981680 67T  0°0/ITH0 (6€T¥60) ¥TI'T  (T0'T/HOL)  390ULD [eIIAIDD
€LE/S800 62 T-I0DFIT  €TYETYO (6T T-#0°DII'T  ¥91/E8T0O (LET-€60) €1'T  1'6/9S€0 (8TT-68'0) LOT  9L1/99T0 (0 7-S0'D) LI'T  (990°/66S°€) €1 Ia0ued jsearg
6'8€/0600 (PT'1-58°0)860 68I//9T0 (60'T-58°0)96°0  6'€E/OLI0 (c67—II'1) IS8T  LLYLITO (88T-0I'D) LT TEYLITO (60'T-L8°0) 860  (TI0°G/E6'Y) TT  100ULD JoppY|g 2131
0°01/€7€0  (60T-SL'0) 060 009,60 (LOT-TL'0) L8O  €€h/TSTO (6TTHSO)TI'T  L'EW6YI0 (E€T950) ¥T'T  0°0/16L°0 (807T-CL'0) 88°0  (0SL'1/€99°T) ¥ 190URD eysoid
TTTTETo U0 0l 00/€0S0  (60'1-58'0) 960 S61/49T0 (8P 1160 91T T'6/65€0 (6V'1-€60) LI'T  T6/9S€0 (I1'1-28'0) 860 (9p¥'4/019°7) 11 1eoued Jun]
0VL/F000 (87 1-€90) 60 8'L9/ST00 IS1-690) 660  €ELOLE0  (9r'4—96'0) LOT  0°0/00S0 (T6'€-€80) 08’1  9ELH000 9S1-29°0) 860  (66STULLI'D S ONH
T96/100°0> o TL6/1000> o 00190 (926970 06%  00/STSO (OF'€L0T) €61 €46/100°0> a  (120T066) € Bwoly
€07/S8T0 (€0'T-L9°0) €80 0°0/SSL'0  (€0°'T-09°0) 8,0  8'SE/11T0 (8ETHH0)8L'0  TST/6VTO (6V'1-6v°0) 980  0°0/LTLO (860-€90) 620  (9IE€THIS) v 100UBd dnsen
Jadued
004590 (61'T-L6'0) 80T 00/9¢50 (LOT-080)T6'0  TT/98€0 (8L 7-II'D I¥' T  80€/8TC0 (IST-SI'D#r' T  00/8890 (PI'T-280)00T  (Ov€T/IOFD ¥ [eoSeydosy
Jadued
00/17L0 (FOT-S8°0) ¥6'0  00/859°0 (90'T-18'0) €60 0'0/8S6'0 (LT'T-TL0O)T60  0°0/L960 (61T-L0) 60  00/0L90 (SOT-T80) €60  (L86'7/910T) 9 [10910[0D)
v'S€/080°0 L10'T-€8°0) 160 8¥THLI'0 (66°0-180) 160 0°0/908°0 (ETTHL0)S60  0°0/0c8°0 (9TT-LL0) 660 LOL/LITO (660-+80) 60 (S60°01/06L°6) 9T  190ud Isearq ad
) J'd  D%SOI0 ) J'd 1 %s6)I0 @) J'd  1D%s6)d0 () JJ'd  1D%6)d0 (%) /4 (1D % $6) IO
(jonuoo/ases 7S) [01u0d Jo
Topowr dANIPPY [opowr snoSAzoI1)oH [opow sno3AzowoH [OPOW AISSOY [opow jueurwio  suostedwod "oN ad£y 100ue) 90In0g

od4y 100ued pUE S]ONU0d JO 20IN0S 0} Jurpiodoe sarpnys J10j wsiydiowAjod di] 6181V [DDYX JO A10uag010)ay ay) Jo anfea pue (1D %, S6) SYO Arewwung ¢ dqel,

pringer

As



Tumor Biol. (2014) 35:10677-10697

10684

pozAJeue SOIpn)s o) Ul BTk [edrojeut Aq pajeredos 10U 100UED 00U PUE Pedy JO ANSIOAIP & SOpn|ou] |

AyreueSoraay Jueoyusig

Aoudgo1019y YSIy 0 9P PIPN[OXd AIOM S NSAT A, ,

BUIOUIDIED [[20 snowenbs )¢ “ewouroIedouape Dy

JUBOIIUSIS A[[BONSIIR)IS QIB S)NSI
o) Jey) 21BJIPUT SANJBA OI[E}I Y], "S[OPOW S}09JJ2-wopuel Suisn paje[nofed a1am sy “(q £q payesipur) A310u2301030Y JUBDYIUTIS JO ASED ) U] "S[OPOW $109J2-PaXI) SUISN PAJB[NI[LI 1AM SO ATewruns [y

ueiseone))
Y6e/8S10 (LY T-680) vI'T  00/6£L°0 (LST-88°0) LI'T L'8E/E9T°0 (PSTTS0)SI'T T9¢/081°0 (SHT0S0) IT'T  00/4eh0 (4S1-88°0) 91'[ (899/289) § /TIVO
€65/9100 (8ST-S8°0)9T'T  66/€5€0 (6€T-680) IT'T #97/1L0°0 o(S6'T0F0) 80T €6€/LIT0 (9ST-CS0) 060  LTHP60'0 o(9ST-L80) 9T'T (0¥T1/5¢€8) 8 TIVO
9OL/LIOO ((FP8T-96°0) €CT  ¥'T08E0 (ST IET SILAI00 ((I8F-190)TLT L'89/TTO0 ((L8'€-8S0)0ST  987/0T1'0 (96 1—11'T) TET (89t°T/ST16) ¥ TNV euoyno|
J3dued
SEP/0ST0 (ST T-+8°0) 860 S8Y/IHT0 (CI'THL0) 160 00/614'0 (65 T-9L0) LOT  0°0/4#€90 (TST-080) 0T'T  T'€W/€ST0 (ET'T-LL0) €60  (0THT/T69) ¥ eIpIe) osen
00/L7S0  (8€T-8L°0) 860 00190 (89 1-840)TTT  0°0/4SSO  (88°T-€9°0) SE'T  0°0/85S°0 (08°7-89°0) 8T 0°0/0S80 (SO'T-0L0) 98°0  (9L8T/LYI‘T) € oS
00/2€90 (6 1-26'0) 10T 0°0/24S0 (€8 T+90) 8€'T  0°0/289°0 (I+'T—C80) I+'T  00/L850 (0F'T-98°0) €41 0°0/4€90 (81°1-08°0) L60 (92T°€/088) S DV 1eoued Sung
ueIseone))/Ns
TITSSTo  (91'1-080) L60 THI/SIE0 (0TT1-18°0) 860 0°0/816°0 (60T-8€0) 060 0°0/4C60 (80T—8€0) 680 661/99C0 (61'1-08°0) 860  (+€0°€/L9ST) 6 EEliTe}
L'SS/0100 4(9T1-08°0) 10T 8'€S/F100 ((LTT-8L0) 660 00/L¥SO (191290 ¥O'T  0°0/66L°0 (S91-69°0) LO'T  679/100°0 (LET1-T80) 90T (1€TH/81ST) €1 L8NS YO
ueIsy
L'08/900°0 e CESBIT0  (ITT-4L°0) 60 8'6L/L00°0 e 6TLISTO0 ((TETEE0)88°0  LTLITOO (¥ 1-TS0) L8O (#L9/66¥) € /190UED PIOIAY],
1'€9/6100 (v’ 1-18°0)80'T TIE/20T0 (9TT-S80) €0'T T'SHYIN0 (LI ESS0) THT 89S/TH00 (ETETI0) I+’ T  9SH/880°0 ((FET-LLO) TOT  (L8Y'T/OVO'T) L Tooued proikyy,
S69/TT100 o(8LT-68°0)9TT L'SE/E8T°0 (89701 €T TSH/ITI'0 (61°CT8L0) 0T 68€/29T0 (L8T-690) EI'T  0°6S/5400 o(S6T-560) 9€'T (606/99L) S Iooued [e10
Jodued
1'16/100°0> e 1'P8/200°0 e 9798/100°0 e 9 18/400°0 e CT68/100°0> e (SLI'I/TTI'T) € [edSukreydosen ONH
) J'd 0% SOI0 (o) J'd  (10%SOI0 ) J'd (D% SOV0 (W JJ'd (1D%S$6)I0 (W JJ'd (1D % $6) d0 BAIR [ROIWIOJRUR
(jonuoo/ased 7S) 10 2dKy adKy
[opowr dANIPPY [opout sno3Azo1010H [opout SnOSAZOWOH [OPOW DAISSIOY [opow jueurwo(]  suosLedwod ‘oN [ed130[0ISTH I0ue))

o)1s Jown) o1y199ds & ur eare [eorwojeue 1o odA) [eor3ojoisty Aq pazuogaes wsiydiowAjod di 6181V 1DDYX AU 10F (1D % S6) SYO Alewwung qeL,

pringer

Qs



Tumor Biol. (2014) 35:10677-10697

10685

dominant model (OR=1.32, 95 % CI=1.11-1.56, P,=0.120,
’=48.6 %) and heterozygous model (OR=1.31, 95 %
CI=1.10-1.57, P,=0.380, "=2.4 %).

Heterogeneity analysis

There was significant heterogeneity among these studies for
dominant model comparison (P,<0.001), recessive model
comparison (P,=0.015), homozygous model comparison
(P,<0.001), heterozygous model comparison (P;,<0.001),
and additive model comparison (P,<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: /=81.4; heterozygous mod-
el: #=77.9; additive model: /=82.6), glioma (dominant mod-
el: =81.4; heterozygous model: =80.3; additive model:
P=82.9), pancreatic cancer (dominant model: /°=88.2; het-
erozygous model: =88.1; additive model: =87.7), Asians
of gastric cancer (dominant model: #=87.1; homozygote
model: #=75.9; heterozygous model: =84.0; additive mod-
el: ’=87.3), Asians of head and neck cancer (dominant mod-
el: #=80.8; homozygote model: °=77.1; additive model:
I’=83.5), Asians of prostate cancer (dominant model:
I=86.4; heterozygous model: /°=86.5; additive model:
P=81.1), Indians of head and neck cancer (dominant model:
I=81.6; heterozygous model: *=77.7; additive model:
#=83.0), population-based studies of glioma (dominant mod-
el: =94.3; heterozygous model: #=97.2; additive model:
?=96.2), hospital-based studies of gastric cancer (dominant
model: =84.0; homozygote model: #=80.7; additive mod-
el: =83.7), hospital-based studies of pancreatic cancer (dom-
inant model: =88.2; heterozygous model: #=88.1; additive
model: ”=87.7), hospital-based studies of prostate cancer
(heterozygous model: /=75.4), nasopharyngeal cancer (dom-
inant model: #=89.2; recessive model: =81.6; homozygote
model: 2=86. 6; heterozygous model: P=84.1 ; additive mod-
el: 7=91.1), and Asians of thyroid cancer (homozygote

Table 5 meta-regression analysis of the main characteristics for XRCC1 Arg194Trp polymorphisms

Additive model

Homozygous model Heterozygous model

Recessive model

Study characteristics Dominant model

P

95 % CI

Coef.

P

95 % CI

Coef.

P

95 % CI P Coef. 95 %CI

Coef.

P

95 % CI

Coef.

0.458

0.658 —0.004 (-0.015; 0.007)

0.994 0.001

(-0.013; 0.008)
(-0.042; 0.043)

0.380 —0.002
0.902 0.0002
0.387

(-0.695; —0.055) 0.022 -0.243

(-0.036; 0.014)
(-0.961; 0.054)

(-0.028; 0.013) 0.637 —0.011

0.637 —0.007
0.857 —0.008

(-0.014; 0.009)
(-0.217;-0.033) 0.008 —0.055

(-0.041; 0.049)

—-0.003
0.004

Cancer type
Ethnicity

0.955

(-0.198; -0.024) 0.012

(-0.041; 0.043)

(-0.120; 0.106)
(-0.287; 0.111)

(-0.106; 0.090) 0.877 —0.007

—0.111

0.016 -0.252 (-0.425;-0.079) 0.004

0.182 —0.193 (-0.392; 0.006)

(-0.201; — 0.025) 0.012
(-0.441; —0.046)
(-0.388; 0.074)

—-0.113

(-0.221; 0.112) 0.519 —0.088

-0.125

-0.314
—0.194

Source of controls

HWE

(-0.483; 0.056) 0.121 -0.375

(-0.518; -0.111) 0.002 -0.213

(-0.412; 0.024)

0.058

0.080 -0.157

(-0.647; 0.255) 0.394 -0.453

0.082 —0.196

Sample size
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model: 2=79.8; additive model: #=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: #=34.5; het-
erozygous model: =23.7; additive model: /°=53.8) and
population-based studies of glioma (dominant model: *=
0.0). When the small studies were excluded, the high
between-studies heterogeneity was deleted among glioma
(dominant model: P=54.7; heterozygous model: P=31.1;
additive model: 7=70.6) and population-based studies of
glioma (dominant model: #=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

@ Springer

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 Argl94Trp (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 XRCCI 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 GO/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. Argl94Trp is located in a domain
that separates but connects the XRCC1 NH2 terminal and
BRCT. Argl94Trp mutation will change XRCC1’s structure
but may not influence the function of XRCCI1. 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



10687

Tumor Biol. (2014) 35:10677-10697

Ayeudgo1030 YSIY 0} NP PIPNIXD AIOM SINSAI AL, o
AKyrauagdoreley Jueoyrusig ,
saIpmys paseq-fendsoy gz ‘sorprys paseq-uonendod g7

JUROIUSIS AJ[BONSIB)S AIB S)NSAI
U} Jey) 9LOIPUT SINJBA OI[E}I YT, "S[OPOW S}0J3-Wopues SUIsn paje[nofed a1om sy ‘(e Aq payesrpur) A1oua§o1a)ay] JueoyIuSIs JO 9sed o) U] "S[OPOU S}09JJa-paxIj SUISn PJE[Noed aI0M SO ATewuns [[y

00/FrL0 (2O T-+90) 180  0°0/0€60 (ZO'T-8S0) LLO  0°0/T190 (b¥'1-9€0)TL0  00/€89°0 (€9 T-¢#0) 280  0°0/018°0 (10°T-8S°0) LL'O FP9/stS) v H/100uEd Unjg
§'8¢/2070 (ICTH60) ITI'T  00/2L90 (TET-S80)90°T  8TL/0900 (LT6-LY0) 60T +°0L/9900 0£8-870)66T  00/6L90 (+E€T1-680) 60T (86/109) €  €H/MOUED [EAAR)
- (PTICL0) #6°0 - (81'1-99°0) 88°0 — (08'61-55°0) 0€°€ = (9007950 v€'€  00/L690 (0T 1-890) 06°0 (126°1/016) T gd/ewolD
¥'19/5€0°0 L€TT-680) 0T  9+e/161°0 (11°1-98°0) 860  0°0/0SL'0  (80°Z—10°1) SK' T 0°0/208°0 (€0T-660) TH'T  8TS/SLOO (1T 1-€80) 00'T (€0L€/EY9D) § gH/eworn
004780 (960250 #L0  00/LL60 (TO'T-€S0) EL0  0°0/9¥8°0 (TI'1-8T0)9S0 0°0/6SL'0 (STI-E€0)+90  0°0/LL80 (96°0-850) #£°0 (L88°1/8TL) € €d/1eoued oLsen
00/5¢s0 (ITT-L60) 60T 0°0/657°0 (OT'T-180) ¥6'0  0TE/0T0 (82 1-60°1) 68T 60S/0€1°0 08 T-CI'D kT  00/1S90 (LI'T-88°0) TO'T (LT6T/9LT°T) € dd/mdoued [edgeydosy
adAy 100uBD pUE [013U0D JO I0INOS
€57/29T0 (IST-00DPI'T  004YS0 (LTT-T60) 80T  0°0/86S0 (CZz—+0'D)ZST 00/8%9°0 (SIz—20D) 8T  00/18€0 (TET-960) €T'T (Tren/eee) € UEISY//BUIOND)
cm_mmosz
- @U'1-S%'0) 1L°0 - (ITT1-S¥'0) #L°0 - (#9°€-90°0) 9¥°0 = (SL'€90°0) 870  0°0/L0L0 (SO'T-9S0) LL'O (TeL1/ovs) T /300UED JLSED)
odAy 100uRd pue Auyg
00/86%°0  (80'1-CL0) 88°0  +'#1/€2€°0 (FI'T-1L0) 060  0°0/8€L0 (I€THE0)L90 00/LSLO  (OFT-0F0)9L0  €8/65€0 (I1'1-69°0) 88°0 (LOS1/09L) S Iooued unjg
8'€S/SSO0 81 1-L80) I0T  L€T/9STO (80°1-98°0) 960  0°0/9%L0 (1750 1) 6# T 00/8LLO (80T-€0°D) 9% T  SH€/S910  (11'1-98°0) 66°0 (¥T9°s/€85°6) L ewon
9'%8/100°0> q T08/100°0> q €69/2000 (SI'T9L0)8TT 6Ly/2900 (P8 T-L80)9TT £€8/100°0> q (6+8°¢/£€5°0) 6 1o0ued dLISED)
0TPOr0 (LTI'T-960)90'T  0°0/0850 (60'T-€8°0) S60  +'SE/S81°0 (€9 T—€0°1) 0T TSk/cel’0 (89 1-£0°D #€T  0°0/L290 (+1'1-88°0) 00T (8Tr'T/TLsST) 9 Tooued [eageydosy
§'8¢/2070 (ICTH60) ITI'T  00/2L90 (TET-S80)90°T  8TL/0900 (LT6-LY0) 60T +°0L/9900 0£8-870)66T  00/6L90 (HET1-680) 60T (8%6/109) € 1ooued [BIIAID)
adKy 100uR)
6'95/100°0> L0 T-660) €0°'T T'SH/100°0> SO°T-960) 00T 867/1000> 8190 1) 9I'T T'LI/9E00 ST T=90°1) SI'T €TS/100°0> L0 1-86°0) 20T (099°8L/SH'LS) 061 [[e10AQ
W J'd D% S6)I0  (WJ'd 1D%S6)I0 (W J'd @O % SOOI W Jd (D% SOU0 (W J'd (1D % $6) ¥O
([onuoo/ased 7S)
[opow SANIPPY [opout sno34Azo1eloH [opour sno3AzowoHq TOPOUL SAISSIOY [opowr jueuroq suosLredwos "oN SO[qeLIeA

SH J20UBD U0 FMH UM SAIPMIs 0) SuIpIodde sjopowt o13ouad juarepip Jopun wsiydiowAjod dif 6131y DX JO A10u03010191 a4 Jo anfea pue (D %, 56) SYO Arewwung 9 dqel,

pringer

As



Tumor Biol. (2014) 35:10677-10697

10688

€L9/1000> J0€T-S60) IT'T  L'TS/T000 (8TT-E60) 60T  L+S/000 (86'T-8L°0) ¥TT L'TH/ITO0 (9L T-6L°0) 8T'T 6'€9/100°0> (E€T-S60) TI'T (€T0°L/S65) vT gH/ONH
- (FE1-TL0) 160 - (81'1-99'0) 88°0 - (08°61-55°0) 0£°¢ = (9007950 ¥€'€  0°0/L690 (0TT-89°0) 060 (126°1/016) T dd/ewonn
004890 (FI'1-L90) L8O  00/1260 (STI+90)680  00/16€0 (TST-LTO)¥90 00/28€0 (95 1-62°0) L90  0°0/288°0 (0T 1-€9°0) L8O OTp/0y0) T dgH/0ouEd [edSeydosy
8STHITO ' I-10'1) §I'T  €L1/68T0 (€€ 7-20°'D) 9T €01/6v€0 (0L 1-16°0) ¥T1  0°€/60F'0  (0S'1-T80) 11’1 8+vT/€cc0 (¢ 1-€0°D) LI'T (812°€/86L°T) 6 € H/190U.d [£10010[0)
00/2190 (F0'1-S80) #6'0  0°0/LZS0  (90'1-C80) €60  0°0/1060 (LI'T-CL0) T60  0°0/026'0 (61'1-vL0) ¥6'0  0°0/LESO  (SO'1-T80) €60 (6€6'7/696°1) S €d//190Ued [£10310]0)
€Se/€1T0  (ECT1-L6'0) P11 T6TUPYTO  (LEI-06'0) Tl 9°€H/0LT0  (S6'1-06°0) €€'T €1#/281°0 (98 1-68°0) 6T1  +'57/29T0 (0¥ 1-+6°0) SI'T (T€0°1/L89) € €H/100Ued [BOIAI)
SOvY00 [L0ST-00°) #I'T  001/6v€0 (OST-#0')9I'T  107/2STO  (9€1-T6'0) TI'T 6 11/0€€0  (LT1-88°0)90'T  9LYIST'0 (0 [—0°D) LI'] (096°¢/£05°€) 11 gH/100ue0 Jsealg
L'0S/870°0 (LT'1-S8°0) 00T  8%T/1€C0 (I1'1-98°0) 86'0  €LV/LLOO SL'THLO)THT t'8H/ILO0 8ST690)vET  H1€/L910 (I11'1-88°0) 660 (896'7/L08Y) 6 gH/190ued Ioppe[g

o&b JI90ue)d pue [0.NU0D JO 32IN0S

00/885°0  (€0'T-190) 60  0°0/€2+0 (E1'1-690) S8°0  0°0/SSF0O  (6TT-11°0) LEO  0°0/9%F'0 (I€T-11'0)8€0  0°0/06¥°0 (80 1-79°0) T80 (8601/86) T uerseone)/ewoydwA
TYSI0T00 90 1-1L0) L8O  €ITULYTO (£60-CL0) 280 O 1H/460°0 o(98°T-SS0) 9T T SOV/L600 T6TLS0)6TT 6vE/6T10 (#6°0-+L0) £8°0 (8819/85SH) 0T UeIseonE)/I100UED FUN']
T19/9000 81'1-T60) ¥0'T  SEI/61€0 (80 1-680) 860  L'E€V/LI0O b€ 1-960) ¥I'T SIT/SHTO (PE1-86°0) vI'T  #8p/ck00  (911-88°0) 10°T (1L8€/2T9¢) 01 UBISY//100UED Fun']
695/0€0°0 09 1-160) ITT  0°0/96v°0 (9ST—€0°1) LZT  99S/TE00 SEE-EF0) 0TT 1'6V/L90°0 o96T9F0) 91'T  1'SE/091°0  (bS'[—#0'1) 9C'T 00€°T/€9T°D L UEISEONE)/BILIANNO |
L'YL/I800°0 (€T 1-89°0) T6'0  6'85/€90°0 SEI-SL0) 10T  699/620°0 w69 1—HE0)9L'0 THS/880°0 (6¥' 1-1+'0)8L0 0'1L/9100 (E€T1-89°0) S6°0 (659°T/£€6) ¥ UBISY//BIUSY NI
00/L£90 (EI'T-180)960  00/I¥L0 (TI'1-6L0) #60  0°0/I19L0  (69T6S0)9TT 0°0/65L'0 (TL'T650)LTT  00/S0L0 (£1'1-08°0) S60 (EP8°€/S11°D) Tl UBISEONE)/ONH
9'88/100°0> q 1'S8/100°0> q 9€9H900 Wr6'S—THO0) LST ¥LY/6YI'0  (06'1-89°0) €1'T T98/100°0> a (STI'1/$10°D ¢ ueIpu/ONH
8'68/100°0> q CTLL/TO00> q L'6L/100°0> a STILT000 o(86'T-€9°0) TI'T S'€8/100°0> a (9¥9°1/$6T°D) L UBISY/ONH
ueiseone))

TLYITTO  (TI1-8L°0) €60 0°0/ISL'0 (90'T-1L°0) L8O  €9/6LE0 (/' €-SL°0) 19T  L'€/86€0 (£5°€—LL'0) ST 0°0/01S0 (60 T-#L0) 060 8PF¢/SH9°D) L /120UED [21010[0))
1'9¢/201°0 (OI'T-160) 00T 9'8/19¢0 (TI'T-06'0) I0'T  0°0/L6¥°0  (SE'T-T90) TE0  0°0/09S°0  (9€°1-L9°0) 960  1'ST/861°0  (TI'1-06°0) 00'T (€£50°9/116°S) T ULISLONED/100UED ISLaIE]
0'0/€25°0  (SO'T-T80) €60 0°0/65L0 (FO'T-08°0) 160 6°0/01¥0 (TTT-19°0)9T'T  0°0/0cF0  (PTT-19°0) LT'T  0°0/2EL0  (+0'1-T8°0) TE'0 (165°5/68¢") 8 UrISEONE)/100ULD IOPPE[

adAy 100ued pue Aoy
004y 0 (0T'T-LL'0) TGO 9%S/9900 I+ 1-CL0) 10T 0°0/1L80 (TTI-€H0)TL0  00/1€60 (BI'T-€4'0) IL'0  0'€H/SET0 (6T 1-TL0) L6O (085°1/L€6) § 100U UDYS
['TL9T00 TETHL'0) 660  98€/081°0 (FTT-+80)TOT  8S9/EE00 6TT0F0) 960 €LS/TLOO (86 T-SH0) ¥6'0  9°09/SS0°0 (8ET-SL°0) TO' (L98°1/05€°D ¥ ewoyduAy
6'65/100°0> (80'T-L80) L60  9°€€/0900 (10 T-T80) 160  L0£/980°0 9F1-€6'0) LI'T T1'81/02C0 (I¥'1-L60) LT'T  L'87/S000 o(+0O'T-€8°0) €60  (+00°T1/269°8) €T Tooued Suny
L'€9/100°0 (PETH60) TI'T  TSE/6LO0 9ET-960) vI'T  6LS/S000 9L T-190) +O'T L'T$/9100 0L T-SLO) EI'T  6TS/ET00 (LET-€60) TI'T (9TH°5/€99°0) €1 eIuoyno |
¥'L9/1000> 9T T+6'0) 60'T THS/1000> (STT-€60)80'T  80S/C00°0 (00T-S80) €T #'9¢/0¥00 (9L T-98°0) ETT S+9/1000> (6T T—+670) 0T’ (T19°6/TLL'S) 6T ONH
9'0L/T000 FET-L60) YT T'TE/OLT0 (CUT-160) 10T 0009990  (F€C-€#D) €8T  00/€2L'0  (STT-6ED LLT  LFS/6100 (LTT-€6'0) 60T (0€L°9/12¥") 01 BwIOND
0°0/SLS0  (ST'T-S60) SOT  0°0/LI80 (SO'T-18°0)T6'0  LTTILTO (99101 Z€T 8Ye/SLTO (0L T-0I'D) 96T 0°0/9€8°0  (I1T'1-98°0) 860 @LYTH9D 9 Tooued Teadeydosy
L6T/Eer0  (0T'T-S60) TO'T  €€7/S610 (PT'T-S60) 40T 0°0/20S0  (€TT-+80) 20T 0°0/0690 (61'T-T80) 66'0 +0€/910 (EI'T-S6°0) €0°'T (L16°8/2L0O°S) ST 1o0UED [£)0010[0))
€Se/€1T0 (ECT-L60) YI'T  TEUPPTO  (LET060) TI'T  9€H/0LT0  (S6T-06'0) €T €TH/281°0  (98°1-68°0) 61T  #S7/29T0 (0¥ T-+6°0) ST'T (T€0'1/L89) € Io0UED [BOTAIOD)
¥'0S/2000 (90'T-56'0) 00T 9'6€/610°0 (90'T-€60) 00'T  0°0/L09°0 (£TT-06'0) SO'T  0°0/LILO (0TT-680) €0'T  €9/4000 01’ T-160) 00T  (L89%1/818°CT) 8T 190UBD J5eaIg]
§LELOTO (ETT-T60)TOT  0SH6€0 (IT'T-880)860 S0E/SLI0  (€0T-L60) 0¥’ T +'Te/6ST0  (€8'T-060)8TT  0°91/1620 (IT'1-68°0) 00T (TIE9/ErT°S) 11 Tooued 10ppefe

odAy 100ue)

0°09/100°0> (80'T-66'0) #O'T T'L¥/T00°0> (90'T-L6'0) T0T 0°€E/T1000> (I€7-80° 1) 6I'T 8TT/OT00 (LT T-80°T) LI'T TSS/T1000> (80 T-86°0) €0°'T (€10°08/2S8°LS) LLT [[EI2AQ

@) ' 0% SOM0 (W J'd  (1D%S)I0 (W J'd  1D%SO)I0 (%) J'd  1D%S6)d0 (%) J/'d (1D % S6) MO
(Jonuoo/ases 7S)
[opouw dANIPPY [opowr sno3AzoI1oleH [opowr snoFAzowoH [OPOU JAISSIONY [opow JuruIOq suostredwod "oN SI[qRLIBA
JSu

100ued uo syuedronred (g JO WNWIUIW € [HIM SAIPNIS 0) JUIPI0doE sjopow dnaues juareip opun wsiydrowkjod diy 6181y [DDYX Jo Aouadorsjay oy Jo anfea pue (1D 9% S6) SYO Arewrung £ QSF.-L

pringer

Qs



Tumor Biol. (2014) 35:10677-10697 10689

S % g = :% XRCC1 Argl194Trp polymorphism and risk of different types
Sl1z225S £ of cancer.

%f % % § § i{‘; Overall, significantly increased cancer risk was foun.d

-l ~-12% = g when all eligible studies were pooled into the meta-analysis

e Gc :‘r ? C—r 8 of Argl94Trp. In further stratified and sensitivity analyses,

S i § § § g significantly increased glioma risk was found among Asians,

% 2 o 5 5 S significantly decreased lung cancer risk was found'among

<!o]l-<= 9 é Caucasians, and significant increased breast cancer risk was

2 d e P found among hospital-based studies. It also should be consid-

S § % § % é ered that the apparent inconsistency of these results may

5 N?:f § § § § § underlie differences in ethnicity, lifestyle, and disease preva-

E ==~ 8 lence as well as possible limitations due to the relatively small

g S % s < E % sample size. The current knowledge of carcinogenesis indi-

% = é i é é —g cates a multi-factorial and multistep process that involves

5|8 < % % % g various genetic alterations and several biological pathways.

218|232 3 -%D Thus, it is unlikely that risk factors of cancer work in isolation

S 0o = from each other. And the same polymorphisms may play

e g E different roles in cancer susceptibility because cancer is a

3 § § § g —5 complicated multi-genetic disease, and different genetic back-

% ) no j - - é grounds may contribute to the discrepancy. And even more

= g ] A importantly, the low penetrance genetic effects of single poly-

5| = < g n g morphism may largely depend on interaction with other poly-

S s < = & morphisms and/or a particular environmental exposure. We

E g § E - § 5 observed a wide variation of the Trp allele frequencies of

| e % control resources in Asians (0.296), Indians (0.200), Cauca-

Slgdes % sians (0.077), and Africans (0.082), and this different allele

N?f § 2 § § E frequency might account for the association betwee.n.t.he

— S e g XRCC1 Argl94Trp polymorphism and cancer susceptibility
2lg|gard & among different ethnicity.

g i\i % ; ;‘) ;L E Bafed on biochemical properties described for XRCC1

RS ? % % % g polymorphism, we would expef:t.tbat the Trp allele would be

:‘E g12z28 2 associated with higher susceptibility for all t}{pe.s of cancer.

- e e e éﬂ However, our results showed that such association was ob-

Sl g 5 b served just for breast cancer, glioma, and lung cancer, sug-

3 -k § 5 gesting that other factors may be modulating the XRCCI

= ;: ;3 ° < £ polymorphism functionality. However, the exact mechanism

3; 5 §5g8 f for association between different cancer types agd XRCC 1

Els |24 <4 ) Argl94Trp polymorphism was not clear, carcinogenetic

§ 8|S SRS £ > mechanism may differ by different tumor sites and the

§ g E § ‘vj § E g XRCC1 genetic variants may exert varying effects in dlffere.nt

iy g cancers. Several previous meta—analyse.s asse.ssed. the associa-

23 S @ E é tion of XRCC1 Arg194Trp polymorphism w1th.rlsk of gastric

2 % E 5 S 2 < and lung cancer, and so on. Wang et al. [219] in 2009 found

§§ § § S 3 'i decreased lung cancer risk among subjects carrying XRCC/

83 SRR g g «} 194 Arg/Trp genotype (OR=0.88, 95 % CI=0.79-0.97).

2 S8 E = 5 However, Dai et al. [203] in 2012 found that the risk for lung

§ ;" % jg cancer was increased among the variant homozygote Trp/Trp

=) E % gn g of codon 194 polymorphism, compared with the wild-type

qé - B man g }é g 5 Arg/Arg (OR: 1.19; 95 % CI=1.01—1..39). In the subgroup

?8) < 5 % % o g ; ; analyses by ethnicity, the OR for the variant homozygote Trp/

: 2 E, i % § é g § g Trp of codon 194 was 1.21(95 % CI=1.02-1.43) for Asian.

2|3 §5EE 5:; 5 2 Chen et al. [220] in 2012 suggested XRCC1 Argl94Trp

SR =R homozygous mutant genotype (Trp/Trp) was found to be
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Fig. 2 Begg’s funnel plot of for publication bias test between XRCC1 Arg194Trp polymorphism and cancer risk (homozygous model and dominant

model)

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 Argl194Trp 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
Argl194Trp 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 Argl194Trp 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 Argl194Trp 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 Argl94Trp 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

@ Springer

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, Argl94Trp polymorphism is associated with increased
glioma risk among Asians, and Argl94Trp 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 Argl194Trp
polymorphism in cancer development (*>75 %).
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