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Abstract

Previous reports implicate XRCC1 Arg399GiIn polymorphism as a possible risk factor for several cancers. Published
meta-analyses have been conducted on the association of XRCC1 Arg399Gin polymorphism with susceptibility to bladder
cancer, and have generated conflicting results. The present study aimed to derive a more precise estimation of the
relationship. Updated meta-analyses assessing the association of XRCC1 Arg399Gin polymorphism with bladder cancer
were conducted and subgroup analyses on ethnicity, smoking status and source of controls were further performed.
Eligible studies were identified for the period up to May 2012. A total of 19 case-control studies comprising 5767 cases
and 6919 controls were lastly selected for analysis. The overall data failed to indicate significant associations between
XRCC1 Arg399GIn polymorphism and bladder cancer risk (GIn/GIn versus Arg/Arg: odds ratio (OR) = 0.97; 95% CIl=
0.85-1.10; dominant model: OR =1.02; 95% CIl=0.94-1.09; recessive model: OR = 0.95; 95% Cl=0.84-1.07). In
subgroup analyses stratified by ethnicity, smoking status and source of controls, respectively, similar results were
obtained. In conclusion, the results of the present study suggest that XRCC1 Arg399Gin polymorphism might not modify

the susceptibility to bladder cancer. Further large and well-designed studies are needed to confirm this conclusion.
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Introduction

Bladder cancer is one of the most common cancers of the
urinary tract worldwide. The majority of bladder cancers
occur in men and there is a 14-fold polymorphism in the
incidence in’cemationally.1 Previously, several environ-
mental factors such as cigarette smoking, aromatic amines
contained in dyes, chronic inflammation due to infection,
anticancer drugs and radiation are thought to be risk
factors for bladder cancer.? Nevertheless, the mechanisms
of bladder carcinogenesis are still unclear. Notably, even
in individuals exposed to these environmental factors,
bladder cancer only develops in a small proportion of
them, indicating that the host genetic factors might play a
critical role in the tumorigenesis of bladder cancer.
Interaction of genetic factors with environmental factors
may contribute to increased bladder carcinoma suscepti-
bility. Several genetic polymorphisms have been considered
as possible risk factors for bladder cancer by meta-analyses.
Polymorphisms of GSTM1, GSTT1 and MTHFR have been
indicated to increase bladder cancer risk.>~® However, poly-
morphism of hOGG1 has been suggested to have little
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influence on bladder cancer suscep’dbili’cy.6 Hence, different
genetic polymorphisms might exert different effects on
bladder cancer risk. So far, only a few gene polymorphisms
have been identified that are associated with bladder cancer
susceptibility.

Carcinogen exposure could induce DNA damage and cell
injury in bladder tissues.”® The consequences to the cell can
range from single gene mutations to massive chromosomal
breakdown and re-arrangements. The instabilities may
result in severe human disorders such as Alzheimer’s
disease, Parkinson’s disease and cancer.”’”'' The repairing
of various types of DNA damages is important for mainten-
ance of genomic stability and cell survival. Base excision
repair pathways are critical in this process. X-ray repair
cross-complementing gene 1 (XRCC1) is one of the most
important DNA repair genes that plays a key role in the
process of base excision repair. The XRCC1 gene is located
on chromosome 19q13.2-13.3 and is 33 kb in length, com-
prising 17 exons and encoding a 70kDa protein.'> A
widely studied XRCC1 single-nucleotide polymorphism at
the codon 399, with an Arg to GIn change (rs25487), could
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have a diminished capacity to remove DNA adducts and
oxidized DNA damage."® Hence, Arg399GIn polymorphism
has been reported to have a correlation with increased
cancer susceptibility.'*

Published data on the possible association of XRCC1
Arg399GIn polymorphism with bladder cancer have
yielded conflicting results. Previous two meta-analyses on
this issue involved data published prior to 2008'>'® and
generated conflicting results. A number of studies regarding
the association of XRCC1 Arg399GIn polymorphism with
bladder cancer have been recently published. Thus, in this
study, we conducted a quantitative updated meta-analysis
including data up to May 2012, increasing statistical
power to derive a more precise estimation of the
relationship.

Materials and methods
Literature search strategy

A search without a language limitation in the Medline,
EMBASE, OVID, Sciencedirect and Chinese National
Knowledge Infrastructure (CNKI) was conducted, covering
published papers prior to May 2012. A combination of the
following keywords was used: XRCC1, X-ray repair cross-
complementing gene 1, genome-wide association studies,
bladder, neoplasm, cancer, variation and polymorphism. All
searched publications were retrieved and the corresponding
bibliographies were checked for other possible relevant

A J

Studies excluded (n=4)
3 not in line with HWE
1 duplicate publication

papers. Review articles and bibliographies of the relevant
articles identified were hand searched to find other potential
eligible studies.

Inclusion criteria

We used the following criteria for the literature selection:
firstly, studies should concern the association between
XRCC1 Arg399GIn polymorphism and bladder cancer
risk; secondly, studies must be case-control designed;
thirdly, papers should offer the sample sizes, odds ratios
(ORs) and their 95% confidence intervals (Cls), the genetic
distribution or the information that can help infer the
results. Then, we carefully reviewed all possible publi-
cations according to the criteria for further analysis.

Data extraction

Necessary information were carefully extracted from all
eligible articles by two of the authors (WZ and LZ) indepen-
dently according to the inclusion criteria. If their evaluations
were conflicting, an agreement was reached after a discus-
sion. If a consensus was not reached, another author was
consulted to resolve the dispute; then, a final decision was
made by the majority of the votes. Essential information
from the literature was entered into a database. For any
data not provided in the primary articles, the relevant infor-
mation was obtained by contacting the corresponding
authors, wherever possible.
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Table 1 Characteristics of studies included in the present meta-analysis

Number Number of Median (or mean)
First Publication of cases controls age, (range) year Racial
author year (male/female) (male/female) Type of controls (cases/controls) decent Country
Stern 2001 235 (183/53) 213 (173/40) Non-cancer controls 65.6 (NA)/63.3 (NA) Caucasian  USA
(age-, sex-,
ethnicity-matched; HB)
Matullo 2001 124 (124/0) 85 (85/0) Non-cancer controls (HB) NA (45-74)/NA Caucasian  ltaly
(40-74)
Shen 2003 201 (201/0) 214 (214/0) Non-cancer controls 63 (20-80)/63 (NA) Caucasian  ltaly
(age, period of recruitment
admission hospital-
matched; HB)
Sanyal 2004 327 (NA/NA) 246 (NA/NA) Healthy controls (age-, area-, 70 (33-96)/NA (NA) Caucasian  Germany
ethnicity-matched; PB)
Broberg 2005 63 (54/9) 158 (121/37) Healthy controls (age-, gender-, 69 (35-85)/69 Caucasian  Sweden
enrolment year, living (21-90)
country-matched; PB)
Matullo 2005 317 (317/0) 317 (317/0) Non-cancer controls (HB) 63.6 (34-76)/57.1 Caucasian UK
(34-76)
Matullo 2006 227 (NA/NA) 1094 (565/526) Healthy controls (age-, gender-,  NA (35-74)/61.2 Caucasian  Eight
smoking status-matched; PB) (85-74) countries
in Europe
Karahalil 2006 100 (NA/NA) 100 (NA/NA) Healthy controls (age- 59.87 (25-87)/59.33 Mixed Turkey
matched; PB) (23-79)
Wu 2006 613 (NA/NA) 596 (NA/NA) Healthy controls (age-, sex-, 63.91 (NA)/62.77 Mixed USA
ethnicity-matched; PB) (NA)
Figueroa 2007 1150 (1004/146) 1149 (1002/147)  Non-cancer controls (age-, 66 (21-80)/65 (NA) Caucasian  USA
gender-, ethnicity-,
region-matched; HB)
Sak 2007 532 (377/155) 560 (367,/193) Healthy controls (HB) 72.8 (NA)/71.9 (NA) Caucasian UK
Huang 2007 613 (NA/NA) 596 (NA/NA) Healthy controls (age-, sex-, NA/NA Caucasian  USA
ethnicity-matched; PB)
Arizono 2008 251 (187/64) 251 (187/64) Healthy controls (age-, sex-, 68.2 (31-90)/68.1 Asian Japan
matched; PB) (34-94)
Fontana 2008 51 (51/0) 45 (45/0) Non-cancer controls (HB) NA/NA Caucasian  France
Wen 2009 130 (104/26) 304 (218/86) Non-cancer controls (HB) 64.86 (NA)/62.84 Asian China
(NA)
Gao 2010 194 (154/40) 313 (152/161) Clinic healthy subjects (HB) 71.2 (39-100)/58.9 Caucasian UK
(27-85)
Ricceri 2010 456 (456/0) 376 (376/0) Non-cancer controls (HB) 63.78 (40-75)/60.55 Caucasian ltaly
(NA)
Wang 2010 234 (191/43) 253 (197/56) Non-cancer controls 63.5 (NA)/62.9 (NA) Asian China
(age-,sex-matched; HB)
Mittal 2011 212 (187/25) 250 (215/35) Healthy individuals (age-, 59.6 (NA)/58.8 (NA) Mixed India

sex-matched; PB)

NA, not available; PB, population-based; HB, hospital-based

Statistical analysis

The OR of XRCC1 Arg399GIn polymorphisms and bladder
cancer risk was estimated for each study. The pooled ORs
for three genetic models were assessed, namely, a homozy-
gote comparison model (GIn/GIn versus Arg/Arg), a domi-
nant model (GIn/GIn + GIn/Arg versus Arg/Arg) and a
recessive model (GIn/GIn versus GIn/Arg + Arg/Arg).
To detect any possible sample size bias, the OR and its
95% CI in each study was plotted against the number of
participants. To assess heterogeneity between the studies,
a Chi-square based Q statistic test was conducted. If the Q
statistic P value was >0.1, the ORs were pooled according
to a fixed-effect model (Mantel-Haenszel); otherwise, a
random-effect model (DerSimonian and Laird) was
selected. The significance of the pooled ORs was evaluated
by Z-test. The Hardy-Weinberg equilibrium (HWE) was
assessed by Fisher’s exact test. Possible publication bias
was evaluated by visual inspection of funnel plots,'” in
which the standard error of log (OR) of each study was
plotted against its log (OR). If the plot was asymmetric, a

possible publication bias might exist. Moreover, Egger’s
linear regression test was also used to assess the symmetry
of the funnel plot.'® If the P value of Egger’s linear
regression test was <0.05, the funnel plot was regarded
as asymmetric, indicating the existence of the publication
bias. All statistical analyses were performed using the
program STATA 11.0 software (Stata Corporation, College
Station, TX, USA).

Results
Study characteristics

Relevant original publications were retrieved and screened.
A total of 46 publications were identified, of which 15
irrelevant papers were excluded. As shown in Figure 1, 31
publications were preliminary eligible, of which one
review article was excluded. Next, six publications not
being case-control studies®~* and one study without suffi-
cient data were also excluded.” As a result, 23 publications
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First Genotyping Cases Controls HWE (control)
author Year method GIn/Gin GIn/Arg Arg/Arg GIn/GIn Gin/Arg Arg/Arg Chi-square P
Stern 2001 PCR-RFLP 21 106 87 26 92 79 0.009 >0.05
Matullo 2001 PCR-RFLP 13 58 53 12 41 31 0.070 >0.05
Shen 2003 PCR-RFLP 21 87 93 24 98 92 0.075 >0.05
Sanyal 2004 PCR-RFLP 32 155 124 23 110 113 0.260 >0.05
Broberg 2005 TagMan 4 31 26 13 62 80 0.041 >0.05
Matullo 2005 PCR-RFLP 40 135 136 47 145 120 0.087 >0.05
Matullo 2006 TagMan 17 53 54 128 482 484 0.229 >0.05
Karahalil 2006 PCR-RFLP 13 38 49 17 42 41 1.181 >0.05
Wu 2006 TagMan 70 277 266 73 256 267 0.913 >0.05
Figueroa 2007 TagMan 133 494 434 110 453 433 0.273 >0.05
Sak 2007 TagMan 66 248 218 75 259 226 0.003 >0.05
Huang 2007 TagMan 347" - 266 329" - 267 - -
Arizono 2008 PCR-RFLP 10 102 139 21 90 140 1.410 >0.05
Fontana 2008 TagMan 5 25 21 7 18 18 0.467 >0.05
Wen 2009 TagMan 9 40 67 19 119 153 0.419 >0.05
Gao 2010 PCR-SSCP 107+ - 85 177* - 136 - -
Ricceri 2010 PCR-RFLP 54 206 186 50 165 153 0.269 >0.05
Wang 2010 PCR-RFLP 19 102 113 22 126 105 3.415 >0.05
Mittal 2011 PCR 39 106 67 39 109 102 0.011 >0.05
PCR, polymerase chain reaction; PCR-RFLP, polymerase chain reaction-restriction fragment length polymorphism; PCR-SSCP, polymerase chain
reaction-single-strand conformation polymorphisms
*GIn/GIn + Gin/Arg
Table 3 Distribution of XRCC1 Arg399GIn genotypes among ever-smokers and never-smokers bearing bladder cancers in the present
meta-analysis
Cases Controls

First author Year Gin/GIn Gin/Arg Arg/Arg GIn/GIn Gin/Arg Arg/Arg
Ever smoking

Matullo 2001 64* - 45 34* - 12

Shen 2003 17 81 86 19 77 65

Matullo 2005 35 123 123 31 102 81

Karahalil 2006 5 18 12 8 16 19

Sak 2007 45* - 352 28 - 342

Huang 2007 265* - 190 181* - 138

Arizono 2008 6 63 96 15 55 88

Wen 2009 6 27 38 6 46 52
Never smoking

Matullo 2001 7 - 6 19* - 19

Shen 2003 4 6 7 5 21 27

Matullo 2005 5 12 13 16 43 39

Karahalil 2006 2 2 9 9 26 22

Sak 2007 12* - 103 16* - 174

Huang 2007 82* - 76 148* - 129

Arizono 2008 4 39 43 6 35 52

Wen 2009 3 13 29 13 63 101

*GIn/GIn+ Gin/Arg

were selected for data extraction and assessment.?” ~*° Then,
one duplicate publication*” and three studies whose genetic
distributions of controls markedly deviated from the HWE
were discarded.?’233¢ Lastly, 19 case-control studies were
included for meta-analyses.

All the selected publications were in English language.
Table 1 lists the author, case/control numbers and other
relevant information on the studies reported in these publi-
cations. According to Table 1, the first author and the
number and characteristics of cases and controls for each
study as well as other necessary information were pre-
sented. In the selected articles, there were 13 groups of
Caucasians,>0~3437-3941-95 {hree of Asians®®*®*” and three
of mixed ethnicities.?>***®

The distribution of XRCC1 Arg399GIn genotypes as well
as the genotyping methods of the included studies is pre-
sented in Table 2. The genetic distributions of the control
groups in all studies were consistent with the HWE.
Genetic distributions of GIn/GIn and GIn/Arg in four
studies were combined as Gln/Gln + Gln/Arg.>>3*447
Detailed genetic distributions were not available from the
primary literature. However, for the study by Wen et al.,*’
the relevant dissertation was found in the CNKI database
through our searching and, thus, detailed genetic distri-
butions with larger sample sizes were extracted for further
analysis. For the study by Ricceri et al,*' the detailed
genetic distributions were provided by the corresponding
author through a correspondence enquiry.
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Table 4 Main results of the pooled data in the present meta-analysis

GIn/GIn versus (GIn/Arg + Arg/Arg)

(GIn/GIn + GIn/Arg) versus Arg/Arg

GIn/GIn versus Arg/Arg

Experimental Biology and Medicine

No. (cases/
controls)

P (Q-test)
0.810

P (Q-test) OR (95% CI) P P (Q-test) OR (95% CI) P
0.596 0.534

P

OR (95% Cl)

0.423

0.95 (0.84-1.07)

0.671

1.02 (0.94-1.09)

0.598

0.97 (0.85-1.10)

5767/6919

Total

Ethnicity

0.201

0.275
0.635
0.860

0.79 (0.52-1.21)

0.498

0.183
0.581

0.86 (0.69-1.07)

0.368
0.729

0.167
0.779

0.74 (0.48-1.14)

601/795

Asian

0.843
0.489

0.97 (0.83-1.12)

0.796
0.096

1.02 (0.94-1.12)

0.98 (0.84-1.14)

4241/5178
925/946

Caucasian

Mixed
Smoking status

0.98 (0.75-1.27)

0.777 0.729 1.10 (0.91-1.32) 0.311

0.98 (0.84-1.14)

0.445
0.671

0.112

0.76 (0.54-1.07)

0.173
0.516

0.94 (0.81-1.10) 0.464
0.754

0.536
0.606

0.061

1697/1415 0.71 (0.49-1.02)

477/983

Ever smoking

0.808

1.08 (0.60-1.93)

0.96 (0.75-1.23)

0.915

0.97 (0.53-1.78)

Never smoking

Source of controls

0.414

0.094 0.465 0.96 (0.78-1.18) 0.667

1.10 (0.98-1.24)
0.96 (0.87-1.06)

0.258
0.748

0.871

1.02 (0.82-1.27)

2285/3288
3482/3631

PB
HB

Volume 238 January 2013

0.843

0.498

0.95 (0.82-1.10)

0.735

0.404

0.441

0.94 (0.80-1.10)

PB, population-based; HB, hospital-based

As shown in Table 3, information regarding
smoking status could be extracted from eight
studies,”?34353839424447 ¢ \which three studies provided

combined genetic distributions (GIn/GIn + GIn/Arg).>*%42

Test of heterogeneity

As shown in Table 3, we analyzed the heterogeneity of
the homozygote comparison (Gln/Gln versus Arg/Arg)
and dominant model (Gln/GIn+ GIn/Arg versus
Arg/Arg) as well as recessive model (GIn/GIn versus
GIn/Arg + Arg/Arg). Studies providing combined genetic
distributions (GIn/GIn + GIn/Arg) rather than detailed dis-
tributions were only included in the dominant model
evaluation.

The absence of heterogeneity was shown for overall data
in the homozygote comparison (P = 0.596 for Q-test), domi-
nant (P = 0.534 for Q-test) and recessive models (P = 0.810
for Q-test). Moreover, no heterogeneities were observed in
the subgroup analyses.

Meta-analysis results

The main results of the meta-analysis are listed in Table 4.
For the overall data including 5767 cases and 6919 controls,
no significant associations of XRCC1 Arg399GIn poly-
morphism with bladder cancer risk were shown in the
homozygote comparison (OR = 0.97; 95% CI=0.85-1.10;
P=0.59 for heterogeneity), dominant (OR =1.02; 95%
CI=0.94-1.09; P=0.534 for heterogeneity) or recessive
models (OR = 0.95; 95% CI = 0.84-1.07; P = 0.810 for het-
erogeneity), indicating that XRCC1 Arg399GIn polymorph-
isms might not have a correlation with bladder carcinoma
risk (Figure 2).

In subgroup analysis with respect to ethnicity, no signifi-
cant associations were shown in Asian, Caucasian or mixed
ethnicities subgroups (Figure 3). Similarly, in subgroup
analysis with respect to smoking status, no significant
associations were found in either ever-smokers or never-
smokers (Figure 4). Likewise, when the data were divided
by source of controls, significant associations were observed
in neither the hospital-based nor the population-based sub-
groups, under the three genetic comparisons (Figure 5).

Sensitivity analysis

When the effect-models were changed, the significance of
the overall data for the three comparisons, respectively,
was not altered (data not shown). One-way sensitivity
analysis™ was carried out to assess the stability of the
meta-analysis. The statistical significance of the results was
not changed when any single study was omitted (data not
shown), indicating the robustness and credibility of the
results.

Bias diagnostics

Funnel plots were created for assessment of possible publi-
cation biases. Further, Egger’s linear regression tests were
used to assess the symmetries of the plots. The funnel
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Study

ID OR (95% Cl)
Stern (2001) + 0.98 (0.66, 1.45)
Matullo (2001) — 0.78 (0.44, 1.38)
Shen (2003) —_— 0.88 (0.59, 1.29)
Sanyal (2004) - 1.28 (0.91, 1.80)
Broberg (2005) , ~ 1.44 (0.79, 2.61)
Matullo (2005) —_— 0.80 (0.58, 1.11)
Matullo (2006) —F— 1.03 (0.71, 1.50)
Karahalil (2006) ~ : 0.72 (0.41, 1.27)
Wu (2006) 1.06 (0.84, 1.33)
Figueroa (2007) 1.11 (0.93, 1.32)
Sak (2007) 0.97 (0.77, 1.24)
Huang (2007) 1.06 (0.84, 1.33)
Arizono (2008) 1.02 (0.71, 1.45)
Fontana (2008) - 1.03 (0.45, 2.34)
Wen (2009) e 0.81 (0.53, 1.25)
Ricceri (2010) 0.99 (0.75, 1.32)
Wang (2010) T 0.76 (0.53, 1.09)
Gao (2010) 0.97 (0.67, 1.39)
Mittal (2011) ——Fs— 1.49(1.02,2.19)
Overall (-squared = 0.0%, p = 0.534) <;> 1.02 (0.94, 1.09)

I |
0.383 1 2,61

Figure 2 Meta-analysis for the association of bladder cancer risk with XRCC1 Arg399Gin polymorphism (GIn/GlIn + GIn/Arg versus Arg/Arg; overall data)

Study
ID OR (95% CI)
Caucasian

Stern (2001) 447 0.98 (0.66, 1.45)
Matullo (2001) - 0.78 (0.4, 1.38)
Shen (2003) - 0.88 (0.59, 1.29)
Sanyal (2004) —_— 1.28 (0.91, 1.80)
Broberg (2005) . 1.44 (0.79, 2.61)
Matullo (2005) —— 0.80 (0.58, 1.11)

Matullo (2006)
Figueroa (2007)
Sak (2007)
Fontana (2008)
Ricceri (2010)
Huang (2007)
Gao (2010)

1.03 (0.71, 1.50)
1.11(0.93, 1.32)
0.97 (0.77, 1.24)
1.03 (0.45, 2.34)
0.99 (0.75, 1.32)
1.06 (0.84, 1.33)
0.97 (0.67, 1.39)

Subtotal (/-squared = 0.0%, p=0.796) 1.02 (0.94, 1.12)
i'u'iixed

Karahalil (2006) 0.72 (0.41, 1.27)
Wu (2006) 1.06 (0.84, 1.33)
Mittal (2011) 1.49 (1.02, 2.19)
Subtotal (/-squared = 57.3%, p = 0.096) - 1.10 (0.91, 1.32)
:Rsian

Arizono (2008) 1.02 (0.71, 1.45)
Wen (2009) 0.81 (0.53, 1.25)
Wang (2010) — 0.76 (0.53, 1.09)
Subtotal (/-squared = 0.0%, p = 0.498) =~ 0.86 (0.69, 1.07)

I I
0.383 1 261

Figure 3 Meta-analysis for the association of bladder cancer risk with XRCC1 Arg399GIn polymorphism (GIn/GIn + GIn/Arg versus Arg/Arg; stratified by
ethnicity)
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Study

ID OR (95% Cl)
Ever smoking

Shen (2003) — 0.77 (0.50, 1.18)
Matullo (2005) — 0.78 (0.54, 1.12)
Karahalil (2006) —_— 1.52 (0.60, 3.81)
Arizono (2008) — 0.90 (0.58, 1.40)
Wen (2009) —_— 0.87 (0.47, 1.59)
Matullo (2001) &— 0.50 (0.23, 1.07)
Sak (2007) T 1.56 (0.95, 2.56)
Huang (2007) — 1.06 (0.80, 1.42)

Huang (2007)
Subtotal (/-squared = 0.0%, p = 0.516)

Subtotal (/-squared = 32.0%, p=0.173) <P 0.94 (0.81, 1.10)
Never smoking

Shen (2003) + 1.48 (0.49, 4.48)
Matullo (2005) — 0.86 (0.38, 1.98)
Karahalil (2006) € - 0.28 (0.08, 1.02)
Arizono (2008) —= 1.27 (0.70, 2.28)
Wen (2009) —_— 0.73 (0.37, 1.45)
Matullo (2001) + 1.17 (0.33, 4.12)
Sak (2007) i 1.27 (0.58, 2.78)

0.94 (0.64, 1.39)
0.96 (0.75, 1.23)

0.0767

-

13

Figure 4 Meta-analysis for the association of bladder cancer risk with XRCC1 Arg399GIn polymorphism (GIn/GIn + GIn/Arg versus Arg/Arg; stratified by

smoking status)

plots appeared to be symmetrical for the overall data
(Figure 6a). Additionally, results of the Egger’s tests also
indicate the absence of the publication biases (Figure 6b)
(dominant model: t = —1.09, P > 0.05).

Discussion

For the overall data, the results showed that XRCC1
Arg399GIn genetic polymorphism may not have a marked
correlation with bladder cancer risk. Similar results were
shown in subgroup analyses according to ethnicity,
smoking status and source of controls.

Published meta-analyses regarding the associations of
XRCC1 Arg399GIn polymorphism with several other
cancer risks have generated conflicting results. XRCCl1
Arg399GIn polymorphism has been suggested to increase
risks of lung cancer, breast cancer, nasopharyngeal cancer,
esophageal cancer and prostate cancer.”’ > Nevertheless,
XRCC1 Arg399GIn polymorphism has been shown to
exert little effect on susceptibility to gastric cancer, skin
cancer, hepatocellular cancer, colorectal cancer and
bladder cancer.'®*~% Therefore, XRCC1 Arg399GIn poly-
morphism might play different roles in the tumorigenesis
of different malignancies.

For bladder carcinoma, one previous meta-analysis con-
ducted by Lao et al.”® involving 12 case-control studies
suggested that XRCC1 Arg399GIn might decrease bladder
cancer risk for the overall data and among ever-smokers,

inconsistent with the present meta-analysis. Another
meta-analysis conducted by Wang et al.'® only including
10 studies indicated no associations between XRCC1
Arg399GIn polymorphism and bladder cancer risk.
However, subgroup analyses had not been considered in
this study. Notably, in the meta-analyses by Lao et al.'®
and Wang et al.,'® the study®® whose genetic distributions
of the control group exhibited significant deviation from
the HWE was not excluded, which might contribute to
any bias.?® Therefore, in the present meta-analysis, we dis-
carded the studies whose controls were not in line with
the HWE.?283¢ Moreover, the sensitivity analysis con-
firmed the robustness of the present meta-analysis and
hence increased its credibility.

In the subgroup analysis according to ethnicity, no signifi-
cant associations were found among Asians, Caucasians
and mixed ethnicities subgroups, in line with the overall
data. Evidence indicates that ethnic polymorphism might
lead to disparities in bladder cancer outcomes, possibly
due to different health care and socioeconomic classes.®"**
Nevertheless, the data of the present study suggested that
the potential ethnic variation might exert little influence
on XRCC1 Arg399GIn polymorphism’s association with
bladder cancer susceptibility.

Smoking is an important established risk factor for
bladder cancer. The data of our meta-analysis showed no
association of XRCC1 Arg399GIn variation with bladder
cancer among either ever-smokers or never-smokers, incon-
sistent with the results obtained by Lao et al.'®> Evidence
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Stern (2001) 0.98 (0.66, 1.45)
Matullo (2001) -+ 0.78 (0.44, 1.38)
Shen (2003) —_— 0.88 (0.59, 1.29)
Matullo (2005) _— 0.80 (0.58, 1.11)
Figueroa (2007) 1.11 (0.93, 1.32)
Sak (2007) 0.97 (0.77, 1.24)
Fontana (2008) 1.03 (0.45, 2.34)
Wen (2009) = 0.81 (0.53, 1.25)
Ricceri (2010) 0.99 (0.75, 1.32)
Wang (2010) 0.76 (0.53, 1.09)
Gao (2010) 0.97 (0.67, 1.39)
Subtotal (/-squared = 0.0%, p=0.735) <P 0.96 (0.87, 1.06)
PB
Sanyal (2004) —_— 1.28 (0.91, 1.80)
Broberg (2005) ~ 1.44 (0.79, 2.61)
Matullo (2008) —$— 1.03 (0.71, 1.50)
Karahalil (2006) = 0.72 (0.41,1.27)
Wu (2008) 1.06 (0.84, 1.33)
Huang (2007) 1.06 (0.84, 1.33)
Arizono (2008) 1.02 (0.71, 1.45)
Mittal (2011) — 1.49 (1.02, 2.19)
Subtotal (-squared = 0.0%, p = 0.465) <> 1.10 (0.98, 1.24)
| |
0.383 1 261

Figure 5 Meta-analysis for the association of bladder cancer risk with XRCC1 Arg399GIn polymorphism (GIn/GlIn + GIn/Arg versus Arg/Arg; stratified by source

of controls). PB, population-based; HB, hospital-based
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Figure 6 Publication bias test for the overall data (GIn/GIn + GIn/Arg versus Arg/Arg; (a) funnel plot; (b) Egger’s linear regression test)

suggests that carcinogen exposure can lead to DNA
damage. Since XRCC1 plays a central role in base excision
repair pathways, polymorphisms of XRCC1 Arg399GIn
could result in diminished capacity to remove DNA
adducts and oxidized DNA damage.”> Unrepaired
damage might either lead to two results, cell apoptosis or
unregulated cell growth.®> Therefore, XRCC1 Arg399GIn
genetic polymorphism might increase or decrease cancer

risk. In meta-analysis by Lao et al.,"” decreased bladder
cancer risk was shown for Arg399GIn variation among ever-
smokers. However, when we re-conducted the subgroup
analysis regarding smoking status, we found that the
results in the meta-analysis by Lao et al.'® was unstable,
indicated by the sensitivity analysis. The results signifi-
cantly changed when the included study by Kelsey et al.>®
whose controls happened to exhibit marked deviation
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from the HWE was excluded. Therefore, we discarded this
study” from the smoking status database in the present
meta-analysis. Interestingly and surprisingly, after the
exclusion, the results became insignificant, and the data of
these subgroups became stable, which is confirmed by the
sensitivity analysis (data not shown).

In the subgroup analysis according to source of controls,
significant associations were observed in neither the
hospital-based subgroup nor the population-based sub-
group. Hospital-based controls might not be truly represen-
tative of the general population and thereby may
underestimate the bladder cancer risk. Thus, any selection
bias might exist. However, the data of the present
meta-analysis indicated little influence of the possible selec-
tion bias on the results. Notably, use of proper control par-
ticipants with strict matching criteria is important in future
studies for reducing such possible selection bias.

In the present meta-analysis, evident between-study
heterogeneities for the overall data were absent in the
three genetic comparisons. Thus, the fixed-effect models
were utilized. In the subgroup analyses, insignificant hetero-
geneities were also found in the relevant subgroups, increas-
ing the reliability of the results.

Publication bias is an important problem that should
be considered in a meta-analysis. We utilized funnel plots
to evaluate the possible publication bias. Then, Egger’s
linear regression test was used as an approach to evaluating
the symmetry of the plot. The results failed to suggest any
bias, indicating the robustness and credibility of the results.

Several limitations should be addressed. Firstly, in this
meta-analysis, the primary articles only provided data
about Caucasians, Asians and mixed ethnicities. Future
studies should include data from other ethnicities such as
Africans. Secondly, subgroup analyses with respect to age,
gender histological types and other factors have not been
conducted in the present study due to the lack of relevant
data in the primary literature. Thirdly, only studies
written in English and several other languages indexed by
the common databases were searched. Thus, any selection
bias might exist. Additionally, gene-gene and gene-
environment interactions should also be considered in the
further studies.

Despite the limitations, the results of the present
meta-analysis failed to suggest a significant association of
XRCC1 Arg399GIn polymorphism with bladder cancer
risk. Further investigations with large sample sizes and
strict matching criteria in view of confounding factors are
needed for clarification of the possible associations.

Author contributions: All authors participated in the
design, interpretation of the studies and analysis of the
data and review of the manuscript; WZ and LZ conducted
the experiments; LC, BZ and ZC analyzed the data; and
WZ and ZC wrote the manuscript.

REFERENCES

1 Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global cancer
statistics. CA-Cancer | Clin 2011;61:69-90

2 Hirao Y, Kim W], Fujimoto K. Environmental factors promoting bladder
cancer. Curr Opin Urol 2009;19:494-9
3 Gong M, Dong W, An R. Glutathione S-transferase T1 polymorphism
contributes to bladder cancer risk: a meta-analysis involving 50 studies.
DNA Cell Biol 2012;31:1187-97
4 Jiang Z, Li C, Wang X. Glutathione S-transferase M1 polymorphism and
bladder cancer risk: a meta-analysis involving 33 studies. Exp Biol Med
(Maywood) 2011;236:723-8
5 Kouidhi S, Rouissi K, Khedhiri S, Ouerhani S, Cherif M,
Benammar-Elgaaied A. MTHFR gene polymorphisms and bladder
cancer susceptibility: a meta-analysis including race, smoking status and
tumour stage. Asian Pac | Cancer Prev 2011;12:2227-32
6 Li D, Liu H, Yan L, Tang Y, Ren ], Xu Z. Lack of association between
hOGG1 Ser326Cys polymorphism and the risk of bladder cancer: a
meta-analysis. Urol Int 2012;88:88-94
Ohnishi S, Murata M, Kawanishi S. Oxidative DNA damage induced by
a metabolite of 2-naphthylamine, a smoking-related bladder carcinogen.
Jpn | Cancer Res Gann 2002;93:736-43
8 Tang MS, Wang HT, Hu Y, Chen WS, Akao M, Feng Z, Hu W. Acrolein
induced DNA damage, mutagenicity and effect on DNA repair. Mol
Nutr Food Res 2011;55:1291-300
9 Li GM. A special issue on DNA damage response and genome stability.
Cell Biosci 2012;2:4
10 Gonfloni S, Maiani E, Di Bartolomeo C, Diederich M, Cesareni G.
Oxidative stress, DNA damage, and c-Abl signaling: at the
crossroad in neurodegenerative diseases? Int | Cell Biol 2012;2012:
683097
11 Lovell MA, Markesbery WR. Oxidative DNA damage in mild cognitive
impairment and late-stage Alzheimer’s disease. Nucl Acids Res
2007;35:7497 - 504
12 Mutamba JT, Svilar D, Prasongtanakij S, Wang XH, Lin YC, Dedon PC,
Sobol RW, Engelward BP. XRCC1 and base excision repair balance in
response to nitric oxide. DNA Repair 2011;10:1282-93
13 Ginsberg G, Angle K, Guyton K, Sonawane B. Polymorphism in
the DNA repair enzyme XRCC1: utility of current database
and implications for human health risk assessment. Mutat Res
2011;727:1-15
14 Tudek B. Base excision repair modulation as a risk factor for human
cancers. Mol Aspects Med 2007;28:258-75
15 Lao T, Gu W, Huang Q. A meta-analysis on XRCC1 R399Q and R194W
polymorphisms, smoking and bladder cancer risk. Mutagenesis
2008;23:523-32
16 Wang C, Sun Y, Han R. XRCC1 genetic polymorphisms and bladder
cancer susceptibility: a meta-analysis. Urology 2008;72:869-72
17 Munafo MR, Clark TG, Flint ]. Assessing publication bias in genetic
association studies: evidence from a recent meta-analysis. Psychiatry Res
2004;129:39-44
18 Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis
detected by a simple, graphical test. BM] 1997;315:629-34
19 Goode EL, Ulrich CM, Potter JD. Polymorphisms in DNA repair genes
and associations with cancer risk. Cancer Epidemiol Biomarkers Prev
2002;11:1513-30
20 Manuguerra M, Matullo G, Veglia F, Autrup H, Dunning AM, Garte S,
Gormally E, Malaveille C, Guarrera S, Polidoro S, Saletta F, Peluso M,
Airoldi L, Overvad K, Raaschou-Nielsen O, Clavel-Chapelon F,
Linseisen ], Boeing H, Trichopoulos D, Kalandidi A, Palli D, Krogh V,
Tumino R, Panico S, Bueno-De-Mesquita HB, Peeters PH, Lund E,
Pera G, Martinez C, Amiano P, Barricarte A, Tormo MJ, Quiros JR,
Berglund G, Janzon L, Jarvholm B, Day NE, Allen NE, Saracci R,
Kaaks R, Ferrari P, Riboli E, Vineis P. Multi-factor dimensionality
reduction applied to a large prospective investigation on
gene-gene and gene-environment interactions. Carcinogenesis
2007,28:414-22
21 Ryk C, Kumar R, Sanyal S, de Verdier PJ, Hemminki K, Larsson P,
Steineck G, Hou SM. Influence of polymorphism in DNA repair and
defence genes on p53 mutations in bladder tumours. Cancer Lett
2006;241:142-9
22 Sakano S, Hinoda Y, Sasaki M, Wada T, Matsumoto H, Eguchi S,
Shinohara A, Kawai Y, Hara T, Nagao K, Naito K, Matsuyama H.
Nucleotide excision repair gene polymorphisms may predict acute
toxicity in patients treated with chemoradiotherapy for bladder cancer.
Pharmacogenomics 2010;11:1377 -87

N

Downloaded from ebm.sagepub.com at SAGE Publications on June 20, 2016


http://ebm.sagepub.com/

Zhuo et al. XRCC1 Arg399Gin polymorphism and bladder cancer

75

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

Sakano S, Wada T, Matsumoto H, Sugiyama S, Inoue R, Eguchi S, Ito H,
Ohmi C, Matsuyama H, Naito K. Single nucleotide polymorphisms in
DNA repair genes might be prognostic factors in muscle-invasive
bladder cancer patients treated with chemoradiotherapy. Br | Cancer
2006;95:561-70

Sanyal S, De Verdier PJ, Steineck G, Larsson P, Onelov E, Hemminki K,
Kumar R. Polymorphisms in XPD, XPC and the risk of death in
patients with urinary bladder neoplasms. Acta Oncol 2007;

46:31-41

Stern MC, Conway K, Li Y, Mistry K, Taylor JA. DNA repair gene
polymorphisms and probability of p53 mutation in bladder cancer.
Mol Carcinog 2006;45:715-9

Covolo L, Placidi D, Gelatti U, Carta A, Scotto Di, Carlo A, Lodetti P,
Picciche A, Orizio G, Campagna M, Arici C, Porru S. Bladder cancer,
GSTs, NAT1, NAT2, SULT1A1, XRCC1, XRCC3, XPD genetic
polymorphisms and coffee consumption: a case-control study. Eur |
Epidemiol 2008;23:355-62

Andrew AS, Karagas MR, Nelson HH, Guarrera S, Polidoro S,
Gamberini S, Sacerdote C, Moore JH, Kelsey KT, Demidenko E

Vineis P, Matullo G. DNA repair polymorphisms modify bladder
cancer risk: a multi-factor analytic strategy. Hum Heredity 2008;
65:105-18

Andrew AS, Nelson HH, Kelsey KT, Moore JH, Meng AC, Casella DP,
Tosteson TD, Schned AR, Karagas MR. Concordance of multiple
analytical approaches demonstrates a complex relationship between
DNA repair gene SNPs, smoking and bladder cancer susceptibility.
Carcinogenesis 2006;27:1030-7

Arizono K, Osada Y, Kuroda Y. DNA repair gene hOGG1 codon 326 and
XRCC1 codon 399 polymorphisms and bladder cancer risk in a Japanese
population. Jpn | Clin Oncol 2008;38:186-91

Broberg K, Bjork J, Paulsson K, Hoglund M, Albin M. Constitutional
short telomeres are strong genetic susceptibility markers for bladder
cancer. Carcinogenesis 2005;26:1263-71

Figueroa JD, Malats N, Real FX, Silverman D, Kogevinas M, Chanock S,
Welch R, Dosemeci M, Tardon A, Serra C, Carrato A, Garcia-Closas R,
Castano-Vinyals G, Rothman N, Garcia-Closas M. Genetic variation in
the base excision repair pathway and bladder cancer risk. Hum Genet
2007;121:233-42

Fontana L, Bosviel R, Delort L, Guy L, Chalabi N, Kwiatkowski F,
Satih S, Rabiau N, Boiteux JP, Chamoux A, Bignon Y],

Bernard-Gallon DJ. DNA repair gene ERCC2, XPC, XRCC1, XRCC3
polymorphisms and associations with bladder cancer risk in a French
cohort. Anticancer Res 2008;28:1853 -6

Gao W, Romkes M, Zhong S, Nukui T, Persad RA, Smith PJ, Branch R,
Keohavong P. Genetic polymorphisms in the DNA repair genes XPD and
XRCC1, p53 gene mutations and bladder cancer risk. Oncol Rep
2010;24:257-62

Huang M, Dinney CP, Lin X, Lin J, Grossman HB, Wu X.

High-order interactions among genetic variants in DNA

base excision repair pathway genes and smoking in bladder

cancer susceptibility. Cancer Epidemiol Biomarkers Prev

2007;16:84-91

Karahalil B, Kocabas NA, Ozcelik T. DNA repair gene polymorphisms
and bladder cancer susceptibility in a Turkish population. Anticancer Res
2006;26:4955-8

Kelsey KT, Park S, Nelson HH, Karagas MR. A population-based
case-control study of the XRCC1 Arg399GIn polymorphism and
susceptibility to bladder cancer. Cancer Epidemiol Biomarkers Prev
2004;13:1337-41

Matullo G, Dunning AM, Guarrera S, Baynes C, Polidoro S, Garte S,
Autrup H, Malaveille C, Peluso M, Airoldi L, Veglia F, Gormally E,
Hoek G, Krzyzanowski M, Overvad K, Raaschou-Nielsen O,
Clavel-Chapelon F, Linseisen ], Boeing H, Trichopoulou A, Palli D,
Krogh V, Tumino R, Panico S, Bueno-De-Mesquita HB, Peeters PH,
Lund E, Pera G, Martinez C, Dorronsoro M, Barricarte A, Tormo MJ,
Quiros JR, Day NE, Key TJ, Saracci R, Kaaks R, Riboli E, Vineis P. DNA
repair polymorphisms and cancer risk in non-smokers in a cohort study.
Carcinogenesis 2006,27:997 -1007

Matullo G, Guarrera S, Carturan S, Peluso M, Malaveille C, Davico L,
Piazza A, Vineis P. DNA repair gene polymorphisms, bulky DNA
adducts in white blood cells and bladder cancer in a case-control study.
Int ] Cancer | Int Cancer 2001,92:562-7

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

Matullo G, Guarrera S, Sacerdote C, Polidoro S, Davico L, Gamberini S,
Karagas M, Casetta G, Rolle L, Piazza A, Vineis P. Polymorphisms/
haplotypes in DNA repair genes and smoking: a bladder cancer
case-control study. Cancer Epidemiol Biomarkers Prev 2005;14(Part
1):2569-78

Mittal RD, Mandal RK, Gangwar R. Base excision repair pathway genes
polymorphism in prostate and bladder cancer risk in North Indian
population. Mech Ageing Dev 2011;133:127-32

Ricceri F, Guarrera S, Sacerdote C, Polidoro S, Allione A, Fontana D,
Destefanis P, Tizzani A, Casetta G, Cucchiarale G, Vineis P, Matullo G.
ERCC1 haplotypes modify bladder cancer risk: a case-control study.
DNA Repair 2010;9:191-200

Sak SC, Barrett JH, Paul AB, Bishop DT, Kiltie AE. DNA repair

gene XRCC1 polymorphisms and bladder cancer risk. BMC Genetics
2007;8:13

Sanyal S, Festa F, Sakano S, Zhang Z, Steineck G, Norming U,
Wijkstrom H, Larsson P, Kumar R, Hemminki K. Polymorphisms in
DNA repair and metabolic genes in bladder cancer. Carcinogenesis
2004;25:729-34

Shen M, Hung R], Brennan P, Malaveille C, Donato F, Placidi D, Carta A,
Hautefeuille A, Boffetta P, Porru S. Polymorphisms of the DNA repair
genes XRCC1, XRCC3, XPD, interaction with environmental exposures,
and bladder cancer risk in a case-control study in northern Italy. Cancer
Epidemiol Biomarkers Prev 2003;12(Part 1):1234-40

Stern MC, Umbach DM, van Gils CH, Lunn RM, Taylor JA. DNA repair
gene XRCC1 polymorphisms, smoking, and bladder cancer risk. Cancer
Epidemiol Biomarkers Prev 2001;10:125-31

Wang M, Qin C, Zhu ], Yuan L, Fu G, Zhang Z, Yin C. Genetic variants
of XRCC1, APE1, and ADPRT genes and risk of bladder cancer. DNA
Cell Biol 2010;29:303-11

Wen H, Ding Q, Fang ZJ, Xia GW, Fang J. Population study

of genetic polymorphisms and superficial bladder cancer

risk in Han-Chinese smokers in Shanghai. Int Urol Nephrol
2009;41:855- 64

Wu X, Gu J, Grossman HB, Amos CI, Etzel C, Huang M, Zhang Q,
Millikan RE, Lerner S, Dinney CP, Spitz MR. Bladder cancer
predisposition: a multigenic approach to DNA-repair and
cell-cycle-control genes. Am | Hum Genet 2006,78:464-79

Stern MC, Umbach DM, Lunn RM, Taylor JA. DNA repair gene XRCC3
codon 241 polymorphism, its interaction with smoking and XRCC1
polymorphisms, and bladder cancer risk. Cancer EpidemiolBiomarkers
Prev2002;11:939-43

Tobias A. Assessing the influence of a single study in the meta-analysis
estimate. Stata Techn Bull 1999;8:15-7

Cui Z, Yin Z, Li X, Wu W, Guan P, Zhou B. Association between
polymorphisms in XRCC1 gene and clinical outcomes of patients with
lung cancer: a meta-analysis. BMC Cancer 2012;12:71

Wu K, Su D, Lin K, Luo J, Au WW. XRCC1 Arg399GIn gene
polymorphism and breast cancer risk: a meta-analysis based on
case-control studies. Asian Pac ] Cancer Prev 2011;12:2237-43

Wei B, Zhou Y, Xu Z, Ruan J, Zhu M, Jin K, Zhou D, Hu Q, Wang Q,
Wang Z, Yan Z. XRCC1 Arg399GIn and Argl94Trp polymorphisms in
prostate cancer risk: a meta-analysis. Prostate Cancer Prostatic Dis
2011;14:225-31

Huang GL, Guo HQ, Yu CY, Liu XY, Li BB, Wu JJ, He ZW. XRCC1
polymorphisms and risk of nasopharyngeal carcinoma: a meta-analysis.
Asian Pac | Cancer Prev 2011;12:2329-33

Yin M, Tan D, Wei Q. Genetic variants of the XRCC1 gene and
susceptibility to esophageal cancer: a meta-analysis. Int | Clin Exp Med
2009;2:26-35

Chen B, Zhou Y, Yang P, Wu XT. Polymorphisms of XRCC1 and
gastric cancer susceptibility: a meta-analysis. Mol Biol Rep
2012;39:1305-13

Zhang H, Li W, Franklin MJ, Dudek AZ. Polymorphisms in DNA repair
gene XRCC1 and skin cancer risk: a meta-analysis. Anticancer Res
2011;31:3945-52

Liu F, Li B, Wei Y, Yan L, Wen T, Zhao ], Xu M. XRCC1 genetic
polymorphism Arg399GIn and hepatocellular carcinoma risk: a
meta-analysis. Liver Int 2011;31:802-9

Wang B, Wang D, Huang G, Zhang C, Xu DH, Zhou W. XRCC1
polymorphisms and risk of colorectal cancer: a meta-analysis. Inf |
Colorectal Dis 2010;25:313-21

Downloaded from ebm.sagepub.com at SAGE Publications on June 20, 2016


http://ebm.sagepub.com/

76 Experimental Biology and Medicine Volume 238 January 2013

60 Thakkinstian A, McElduff P, D’Este C, Duffy D, Attia J. A method for 63 Vispe S, Yung TM, Ritchot J, Serizawa H, Satoh MS. A cellular
meta-analysis of molecular association studies. Stat Medicine defense pathway regulating transcription through
2005;24:1291-306 poly(ADP-ribosyl)ation in response to DNA damage. Proc Natl

61 Yee DS, Ishill NM, Lowrance WT, Herr HW, Elkin EB. Ethnic differences Acad Sci USA 2000;97:9886-91

in bladder cancer survival. Urology 2011;78:544-9
62 Jacobs BL, Montgomery JS, Zhang Y, Skolarus TA, Weizer AZ,
Hollenbeck BK. Disparities in bladder cancer. Urol Oncol 2012;30:81-8 (Received June 12, 2012, Accepted October 23, 2012)

Downloaded from ebm.sagepub.com at SAGE Publications on June 20, 2016


http://ebm.sagepub.com/

