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Abstract

Background: Previous studies investigating the association between X-ray repair cross-complementing group 1 (XRCC1)
polymorphisms and thyroid cancer risk have yielded inconsistent results. This meta-analysis was performed to derive a more
precise estimation of the relationship between three XRCC1 polymorphisms and thyroid cancer risk.

Methods/Principal Findings: PubMed and EMBASE database were systematically searched to identify relevant studies. 10
publications were selected for this meta-analysis, including 11 studies for Arg399GIn polymorphism (1726 cases and 3774
controls), 7 studies for Arg194Trp polymorphism (1037 cases and 2487 controls) and 8 studies for Arg280His polymorphism
(1432 cases and 3356 controls). The results in total population did not show any significant association between these three
polymorphisms and the risk of DTC for all genetic models. However, when stratified by ethnicity, the results showed that
Arg280His polymorphism was associated with an increased risk of DTC among Caucasians (Arg/His vs. Arg/Arg: OR = 1.45,
95% Cl =1.09-1.93; dominant model: OR=1.43, 95% Cl =1.08-1.89; additive model: OR=1.38, 95% Cl = 1.05-1.80), whereas
individuals carrying Arg/His genotype have a significantly reduced risk of DTC among Asians (Arg/His vs. Arg/Arg: OR=0.71,
95% Cl=0.51-0.98). We also detected that 399GIn variant allele carriers might presented an overall decreased risk of DTC in
mixed population. Furthermore, subgroup analyses by histological subtype revealed that Arg194Trp polymorphism was
significantly associated with reduced risk for papillary thyroid carcinoma (PTC) (dominant model: OR=0.71, 95% Cl =0.50—
0.99).

Conclusions: This meta-analysis suggests that Arg280His polymorphism might contribute to the susceptibility of DTC
among Caucasians, whereas it might provide protective effects in Asians against the risk of DTC. Additionally, our results
support the protective role of Arg194Trp polymorphism in developing PTC, and show evidence of an association between
Arg399GIn polymorphism and decreased risk of DTC in mixed population.
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Introduction exposure during childhood or as a young adult [3,4]. However,
not all of those who have been exposed to ionizing radiation will
develop thyroid cancer, and most patients do not have the history
of radiation exposure, suggesting that host factors, including
genetic polymorphisms, may have an impact on an individual’s
susceptibility to thyroid cancer.

Thyroid cancer is the most prevalent endocrine malignancy
with increasing incidence rates in recent years [1,2]. It can be
classified into four forms (papillary, follicular, medullary and
anaplastic) based on different histopathological characteristics.
Pathologically, papillary thyroid carcinoma (PTC) and follicular
thyroid carcinoma (FI'C) are termed differentiated thyroid
carcinoma (DTC), accounting for approximately 90% of all
thyroid malignancies. Although the exact etiology of thyroid
cancer remains unknown, exposure to ionizing radiation is the

DNA damage, caused by ionizing radiation, environmental
toxins, and metabolic chemicals, can lead to gene mutations and
genomic instability, which in turn may contribute to tumorigen-
esis. There are four major DNA repair pathways in mammals,
including base excision repair (BER), nucleotide excision repair
only verified cause of thyroid carcinogenesis, especially radiation (NER), mismatch repair (MMR) and double strand break repair
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(DSBR) [5]. Among them, BER is the predominant DNA damage
repair pathway for the processing of endogenous DNA lesions as
well as damages produced during episodes of inflammation and
exposures to ionizing radiation or a variety of chemical
carcinogens [6]. At least 20 proteins are involved in BER pathway,
including X-ray repair cross-complementing group 1 (XRCC1),
apurinic/apyrimidinic endonuclease 1 (APEI), 8-oxoguanine
DNA glycosylase 1 (OGG1), etc [7]. The mutations and single-
nucleotide polymorphisms (SNPs) in corresponding genes may
impair their repair or reversal capacity and increase the risk of
cancer [6].

XRCCI gene is an important component of the BER pathway
encoding a scaffolding protein, which functions as a facilitator or
coordinator in this pathway by directly interacting with poly
(ADP-ribose) polymerase (PARP), DNA polymerase beta, and
DNA ligase III [8,9,10]. Although numerous validated SNPs in
XRCCI gene have been identified in the dbSNP database (http://
www.ncbinlm.nih.gov/SNP), only three of which are most widely
investigated including Argl94Trp on exon 6 (rs1799782, C/T),
Arg280His on exon 9 (rs25489, G/A), and Arg399GIn on exon 10
(rs25487, G/A) [11]. These XRCC1 polymorphisms may affect
DNA repair capacity by changing interactions between XRCC]1
protein and other proteins in BER pathway, and a large number of
studies have focused on the relationship between XRCCI
polymorphisms and development of cancer in humans
[12,13,14,15].

Over the past decade, several epidemiological studies have
reported the association regarding XRCC1 polymorphisms and
thyroid cancer risk [16,17,18,19,20,21,22,23,24,25,26]. However,
the results are to some extent divergent, but nevertheless
intriguing. And majority of studies involved no more than a few
hundred thyroid cancer cases, which may have been underpow-
ered to detect a slight effect or may have generated a fluctuated
risk estimate. So far, no quantitative summary of the evidence has
ever been performed. To clarify the effect of XRCC1 polymor-
phisms (Arg399GIn, Arg280His, and Argl94Trp) on thyroid
cancer risk, we carried out a meta-analysis of all eligible case-
control studies.

Materials and Methods

Identification and selection of relevant studies

A comprehensive literature search was performed using the
PubMed and EMBASE database to identify studies that evaluated
the association between XRCC1 polymorphisms and the risk of
thyroid cancer up to December 18, 2012 with the following terms
and keywords: (XRCC1 or “X-ray repair cross-complementation
group 17 or “DNA repair gene”), (“thyroid cancer” or “thyroid
carcinoma”) and (polymorphism or variant or variation). The
search was limited to human studies. In addition, references cited
in the retrieved articles were reviewed to trace additional relevant
studies missed by the searching.

Inclusion criteria

The following inclusion criteria were used to select literatures
for the meta-analysis: 1) a case—control study evaluating at least
one polymorphism in the XRCC1 gene; 2) studies with full text
articles; 3) sufficient data for estimating an odds ratio (OR) with
95% confidence interval (CI); 4) no overlapping data. If studies
had the same or overlapping data, only the largest study should be
included in the final analysis.
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Data extraction

Two investigators reviewed and extracted information from all
eligible publications independently, according to the inclusion
criteria listed above. For conflicting evaluation, a consensus was
reached by discussion. The following data were collected from
cach study: first author, year of publication, country, ethnicity
(categorized as Asian, Caucasian, or mixed descent), source of
controls (population-based [PB] or hospital-based [HB] controls),
genotyping method, numbers of cases and controls, genotype
frequency of cases and controls, and the results of Hardy-
Weinberg equilibrium (HWE) test.

Statistical analysis

We first assessed HWE in the controls for each study using a
web-based program  (http://ihg2.helmholtz-muenchen.de/cgi-
bin/hw/hwal.pl) and a P<<0.05 was considered as significant
disequilibrium. The strength of association between these three
XRCC1 polymorphisms (Arg399GIn, Arg194Trp and Arg280His)
and thyroid cancer risk was measured by ORs with 95% Cls. The
pooled ORs were performed for dominant model (aa+Aa vs. AA, a
was for the minor allele and A was for the major allele), recessive
model (aa vs. Aa+AA), codominant model (aa vs. AA, Aa vs. AA)
and additive model (a vs. A), respectively. Heterogeneity
assumption was checked by a chi-square-based Q test [27], and
P statistics was calculated to quantify the proportion of the total
variation across studies due to heterogeneity [28]. The pooled
ORs were calculated by a fixed-effects model (the Mantel-
Haenszel method) when the P value>0.05 for the Q test which
indicated a lack of heterogeneity among the studies [29].
Otherwise, a random-effects model (DerSimonian-Laird method)
was used [30]. To explore the effect of heterogeneity among the
studies on the conclusions of this meta-analysis, subgroup analyses
were performed by ethnicity and histological subtype (papillary
thyroid carcinoma and follicular thyroid carcinoma). Sensitivity
analysis was performed by omitting each study in turn to assess the
stability of results. The publication bias was diagnosed by the
funnel plot, in which the standard error of log (OR) of each study
was plotted against its log (OR). Funnel plot asymmetry was
further assessed by the method of Egger’s linear regression test
(P<<0.05 was considered a significant publication bias) [31]. All of
the statistical analyses used in our meta-analysis were performed
by STATA version 11.0 (Stata, College Station, TX, USA).

Results

Study characteristics

A total of eleven publications were preliminarily retrieved based
on the inclusion criteria for risks of thyroid cancer related to the
XRCC1  polymorphisms  [16,17,18,19,20,21,22,23,24,25,26].
Among which, one was excluded because the data of genotyping
distribution was missing [26], two separated case—control studies
were included from the publication of Akulevich et al. [19] and
were considered separately. And part of the data were analyzed
only in dominant genetic model because the publication of
Sigurdson et al. [21] only provide the limited genotyping
information for two XRCC1 polymorphisms (Argl94Trp and
Arg280His). Hence, there were 11 studies for Arg399GIn
polymorphism (1726 cases and 3774 controls), 7 studies for
Argl94Trp polymorphism (1037 cases and 2487 controls) and 8
studies for Arg280His polymorphism (1432 cases and 3356
controls). Our initial search and the process of study selection
were summarized in Figure 1, while the main characteristics of
included studies were listed in Table 1. And the study for Iran
population was considered as Caucasian descent, but not Asian
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descent since the genotype distribution and allele frequency of
controls of XRCC1 among Iran population seems more similar as
Caucasians, as shown in the Table 2. Therefore, there were 5
studies of Caucasians [19,22,24,25], 4 studies of Asians
[16,17,18,23] and 2 studies of mixed population [20,21]. In
addition, some of the studies provided genotype data for specific
histological subtypes of thyroid cancer, such as PTC and FTC.
Among them, six studies focused on PTC [16,18,19,21,23], and
only the study by Santos et al. [25] on both PTC and FTC. The
distribution of genotypes in the controls of each study was in
agreement with Hardy—Weinberg equilibrium except for two
studies (only for the Arg399GIn polymorphism) [21,23]. Among
these studies, 10 were hospital-based and only one was population-
based. Most of the cases were confirmed histologically or
pathologically.

Quantitative synthesis

Table 3 summarized the main results of the meta-analysis for
XRCC1 polymorphisms. For Arg399GIn polymorphism, there
was no statistically significant difference between this polymor-
phism and the risk of DTC in all genetic models when all eligible

44 Publications identified
16 PubMed
28 EMBASE
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studies were pooled together. Similarly, the combined results did
not showed any association between Argl94Trp/Arg280His
polymorphisms and the risk of DTC for all genetic models.
However, when stratified by ethnicity, the results showed that
Arg/His genotype was associated with an increased risk of DTC
among Caucasians (Arg/His vs. Arg/Arg: OR=1.45, 95%
CI=1.09-1.93; dominant model: OR=1.43, 95% CI=1.08-
1.89; additive model: OR =1.38, 95% CI=1.05-1.80), whereas
individuals carrying Arg/His genotype have a significantly
reduced risk of DTC among Asians (Arg/His vs. Arg/Arg:
OR =0.71, 95% CI=0.51-0.98). (Figure 2) And carriers of the
399GIn variant allele might have a decreased risk of DTC in
mixed population (dominant model: OR =0.73, 95% CI=0.55

0.97; recessive model: OR =0.56, 95% CI=0.34-0.93; GIn/GlIn
vs. Arg/Arg: OR=0.50, 95% CI=0.30-0.85; additive model:
OR =0.73, 95% CI=0.59-0.92). We also detected that the Trp
allele of Argl94Trp polymorphism was significantly associated
with increased risk of DTC in mixed population (additive model:
OR =1.49, 95% CI=1.02-2.17). Furthermore, stratified analyses
by histological subtype showed that Argl94Trp polymorphism
was significantly associated with reduced risk for PT'C in dominant

16 Citations overlapped

syndrome)

3 Not casecontrol studies

34 Excluded (for title and abstract)
6 Not a related gene polymorphism
4 Not related to thyroid cancer (2 Graves'

"| disease, 1 Hodgkin disease, 1 acute radiation

5 Reviews, Editorials and Meta-analyses

4

10 Publications considered for
inclusion

1 Additional pap er id entified
from retrieved articles

v
11 Publications consid ered for further
evaluation

1 Excluded

r

1 Without sufficient data

h 4

11 Studies included in Meta-analysis

1 Publication including two separated case—control studies

Figure 1. Flow diagram of included studies for this meta-analysis.

doi:10.1371/journal.pone.0064851.9001
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Table 1. Characteristics of studies included in the meta-analysis.

Control
Author Year Ethnicity Region SNPs studied Genotyping source Cases/Controls
Santos 2012 Caucasian Portugal 399, 194 PCR-RFLP HB 109/217, 108/217
Fard-Esfahani 2011 Asian Iran 399, 194, 280 PCR-RFLP HB 155/190, 157/187, 170/193
Ryu 2011 Asian Korea 399, 194 PCR-RFLP HB 111/100, 111/100
Garcia-Quispes 2011 Caucasian Spain 399, 280 iPLEX Assay HB 386/474,398/473
Akulevich-a 2009 Caucasian Russia/Belarus 399, 280 PCR-RFLP PB 123/197, 123/195
Akulevich-b 2009 Caucasian Russia/Belarus 399, 280 PCR-RFLP HB 132/398, 132/398
Ho 2009 Mixed USA 399, 194, 280 PCR-RFLP HB 251/503, 251/503, 251/503
Sigurdson 2009 Mixed Kazakhstan 399, 194, 280 Tagman HB 24/892, 25/906, 25/896
Chiang 2008 Asian Taiwan 399, 194, 280 Tagman HB 283/469, 283/469, 283/469
Siraj 2008 Asian Saudi Arabia 399, 280 PCR-RFLP HB 50/229, 50/229
Zhu 2004 Asian China 399, 194 PCR-RFLP HB 105/105, 105/105
Abbreviations: RFLP, restriction fragment length polymorphism; TagMan, real-time TagMan analysis; iPLEX Assay: Increased Plexing Efficiency.
and Flexibility for MassARRAY platform; PB, population-based; HB, hospital-based.
doi:10.1371/journal.pone.0064851.t001

Table 2. Genotype distribution of XRCC1 polymorphisms used in the meta-analysis.
Control Sample size
Polymorphism First author Year  Ethnicity source (case/control) ~ Case Control HWE  MAF
AA Aa aa AA Aa aa

Arg399Gin Santos 2012 Caucasian HB 106 217 44 50 12 87 105 25 0.43 0.36
Fard-Esfahani 2011 Caucasian HB 155 190 78 60 17 83 87 20  0.69 033
Ryu 2011 Asian HB 111 100 87 17 7 72 19 9 <0.01 0.19
Garcia-Quispes 2011 Caucasian HB 386 474 153 186 47 196 212 66 048 0.36
Akulevich-a 2009 Caucasian PB 123 197 55 50 18 75 100 22 018 0.37
Akulevich-b 2009 Caucasian HB 132 398 65 53 14 158 193 47 0.30 0.36
Ho 2009 Mixed HB 251 503 133 99 19 220 216 67 0.23 0.35
Sigurdson 2009 Mixed HB 24 892 12 10 2 460 343 89 0.036 0.29
Chiang 2008 Asian HB 283 469 150 110 23 277 165 27 0.71 0.23
Zhu 2004 Asian HB 105 105 49 44 12 57 45 3 0.09 0.24
Siraj 2008 Asian HB 50 229 35 13 2 142 72 15 0.16 0.22

Arg194Trp Santos 2012 Caucasian HB 105 217 95 8 2 1% 21 0 0.45 0.05
Fard-Esfahani 2011 Caucasian HB 157 187 136 18 3 166 20 1 0.64 0.06
Ryu 2011 Asian HB 111 100 59 43 9 37 49 14 0.73 0.39
Ho 2009 Mixed HB 251 503 203 45 3 433 69 1 0.31 0.07
Sigurdson 2009 Mixed HB 25 906 20 5 665 241 - -
Chiang 2008 Asian HB 283 469 127 119 37 234 199 36 0.48 0.29
Zhu 2004 Asian HB 105 105 50 52 3 48 51 6 0.11 0.30

Arg280His Fard-Esfahani 2011 Caucasian HB 170 193 146 23 1 173 18 2 0.07 0.06
Garcia-Quispes 2011 Caucasian HB 398 473 337 58 3 426 44 3 0.12 0.05
Akulevich-a 2009 Caucasian PB 123 195 113 10 0 176 19 0 0.47 0.05
Akulevich-b 2009 Caucasian HB 132 398 117 15 0 366 32 0 0.40 0.04
Ho 2009 Mixed HB 251 503 229 22 0 453 50 O 0.24 0.05
Sigurdson 2009 Mixed HB 25 896 24 1 800 96 - -
Chiang 2008 Asian HB 283 469 224 54 5 349 113 7 0.53 0.14
Siraj 2008 Asian HB 50 229 33 12 5 129 79 21 0.09 0.26

Abbreviations: HWE, Hardy-Weinberg equilibrium; MAF, minor allele frequency; A, the major allele; a, the minor allele.

doi:10.1371/journal.pone.0064851.t002
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Figure 2. Forest plots of ORs with 95% Cl for XRCC1 Arg280His polymorphism and the risk of DTC observed in subgroup analyses
by ethnicity (fixed effects). The center of each square represents the OR, the area of the square is the number of sample and thus the weight used
in the meta-analysis, and the horizontal line indicates the 95%CI. (A) Arg/His vs. Arg/Arg. (B) Dominant model. (C) Additive model.

doi:10.1371/journal.pone.0064851.g002

model (OR=0.71, 95% CI=0.50-0.99). (Figure 3) However, no
evidence of significant association between Arg399GIn/Arg280His
polymorphisms and the risk of PTC was found. In addition,
subgroup analysis by the source of controls was not performed due
to the limited data for population-based studies.

Test of heterogeneity and sensitivity analyses

Significant heterogeneity was detected for Argl94Trp polymor-
phism (recessive model comparison, additive model comparison
and homozygote comparison), Arg399GIn polymorphism (additive
model comparison) and Arg280His polymorphism (heterozygote
comparison). To explore the potential sources of heterogeneity, we
assessed the pooled ORs under all comparisons via subgroup and
sensitivity analyses. We found that ethnicity (x*=10.90, df=2,
P=0.004 for Arg280His polymorphism; %>=9.01, df=2,
P=0.011 for Arg399GIn polymorphism) but not the source of
controls (x*=0.34, df=1, P=0.560 for Arg280His polymor-
phism; X2 =0.01, df=1, P=0.920 for Arg399GIn polymorphism)
contributed to substantial heterogeneity for Arg280His/
Arg399GIn polymorphisms. Although there were two studies
deviated from HWE for Arg399GIn polymorphism, the corre-

PLOS ONE | www.plosone.org

sponding pooled ORs were not materially altered by including or
not including these studies (data not shown). In addition, we
evaluated the influence of each individual study on the overall
ORs for Argl94Trp/Arg280His polymorphisms. And the results
showed the pooled ORs of these two polymorphisms were not
materially altered by the results of any individual study, suggesting
that the results of this meta-analysis are credible (data also not
shown).

Publication bias

We performed Begg’s funnel plot and Egger’s test to assess the
publication bias in this meta-analysis. The shapes of the funnel
plots did not reveal any evidence of obvious asymmetry (Figure 4).
The results of Egger’s test did not suggest any evidence of
publication bias for Arg399GIn polymorphism (P= 0.602 for Gln/
Gln vs. Arg/Arg, P=0.342 for Arg/Gln vs. Arg/Arg, P=0.534
for dominant model, P=0.473 for recessive model and P=0.798
for additive model), Arg194Trp polymorphism (P=0.818 for Trp/
Trp vs. Arg/Arg, P=0.306 for Arg/Trp vs. Arg/Arg, P=0.234
for dominant model, P=0.754 for recessive model and P=0.636
for additive model) and Arg280His polymorphism (P=0.588 for

May 2013 | Volume 8 | Issue 5 | e64851
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Figure 3. Forest plot of ORs with 95% Cl for XRCC1 Arg194Trp polymorphism and the risk of PTC under dominant model. The center
of each square represents the OR, the area of the square is the number of sample and thus the weight used in the meta-analysis, and the horizontal

line indicates the 95%ClI.
doi:10.1371/journal.pone.0064851.9003

His/His vs. Arg/Arg, P=0.992 for Arg/His vs. Arg/Arg,
P=10.656 for dominant model, P=0.236 for recessive model and
P=0.821 for additive model), respectively.

Discussion

The DNA repair system plays a pivotal role in maintaining the
genome integrity and stability through the reversal of DNA
damage. Genetic variations in DNA repair genes are thought to
modify DNA repair capacity and suggested to be related to cancer
risk [32,33,34]. The XRCC1, encoding an important scaffolding
protein that participate in the BER pathway, has multiple roles in
repairing DNA base damage and single-strand DNA breaks. More
than 300 validated SNPs have been identified in this gene, of
which, Arg399GIn, Argl94Trp and Arg280His polymorphisms
were most extensively studied [11]. These non-conservative amino
acid alterations may alter XRCC1 function and contribute to the
risk of cancers [35]. To date, several studies have been conducted
to evaluate the association between XRCC1 polymorphisms and
thyroid cancer risk in different ethnic populations, but the results
remain conflicting rather than conclusive
[16,17,18,19,20,21,22,23,24,25,26].

Previously, two studies by Akulevich et al. [19] and Ho et al.
[20], respectively, reported that Arg399GIn polymorphism was
associated with decreased risk of DTC and PTC, whereas
Arg399GIn variant genotype carriers presented an increased risk
of PTC in a Chinese study [16]. However, more studies did not
support an association between Arg399GIn polymorphism and
thyroid cancer risk [17,21,22,23,24,25]. Furthermore, Ho et al.
[20] reported that Argl94Trp variant homozygote genotype was
associated with increased risk of DTC, in agreement with the
conclusion by Chiang et al. [17]. In contrast, it was reported that
the heterozygous genotype was significantly associated with a
decreased risk of PTC in a Korean population [23]. And other
studies did not reveal statistically significant association regarding
this polymorphism and thyroid cancer [16,21,24,25]. As for
Arg280His polymorphism, Garcia-Quispes et al. [22] addressed
the variant genotype showed a highly increased risk for DTC
among Caucasian, while two studies by Akulevich et al. [19] and
Fard-Esfahani et al. [24] found similar trends toward having D'TC,
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but statistical significance was not attained. Moreover, another two
studies suggested that Arg280His heterozygous genotype might
provide protective effects against the risk of thyroid cancer among
Asians, but this also did not reach statistical significance [17,18].
The discrepancies across these studies motivated the present meta-
analysis.

More importantly, many systematic reviews and meta-analyses
have addressed the association of XRCC1 polymorphisms with
various cancers [36,37,38,39,40,41,42], but have not evaluated the
association between these polymorphisms and thyroid cancer. In
other words, this is the first meta-analysis undertaken so far of the
largest and most comprehensive assessment for the relationship
between XRCC1 polymorphisms and the susceptibility to thyroid
cancer. Our meta-analysis did not show any significant association
between these three polymorphisms (Arg399GIn, Argl194Trp, and
Arg280His) and the risk of DTC in the total population for all
genetic models. Interestingly, in the subgroup analysis by ethnicity,
the results indicated that Arg280His polymorphism was associated
with a significantly increased risk of DTC among Caucasians
under dominant genetic model, additive genetic model and
heterozygote comparison, whereas heterozygote Arg/His geno-
type might provide protective effects in Asians against the risk of
DTC. We also detected that individuals harboring variant allele of
Arg399GIn polymorphism might have a decreased risk of DTC in
mixed population, but not in Caucasians or Asians. In contrast,
the Arg194Trp variant allele carriers might have an increased risk
of DTC in mixed population, but not in Caucasians or Asians.
Several factors may contribute to different roles of the same
polymorphism in cancer susceptibility among different ethnic
populations. Above all, cancer is a complicated multi-genetic
disease, and different genetic backgrounds may contribute to the
discrepancy. Another explanation may be that the low penetrance
genetic effects of single polymorphism usually depends on
interaction with other polymorphisms and/or a particular
environmental exposure including tobacco smoke, ionizing radi-
ation, dietary and other lifestyles. Besides, other factors such as
selection bias and different matching criteria may also result in the
difference. However, our results for Argl94Trp polymorphism
should be interpreted with caution because only one study of
mixed population was included for the analysis of the additive

6 May 2013 | Volume 8 | Issue 5 | e64851



XRCC1 Polymorphisms and Thyroid Cancer Risk

€00¥ L $87900"9u0d [euInof/LZE1°0L:10p
‘PasN sem [9POW-PaxIy ‘DSIMIBYIO (G0'0>>1591 A119U3DH0I13Y J10) SN[BA 4 USYM Pasn Sem [9pow S1D9))a-wopuey ‘153 O woly Ausauabolaiay 4oy sanjea ¢ty

CEL 9lE0 (9€'1-£9'0)56'0 oer  €LLO (8€'L-19°0)L60 - - (S9'T-€€°0)€6°0 LvT  €9C0 (62°1-65°0)£8°0 - - (£0'€-6€°0)0L°L (8LLL/0EE)W JOld
adfigns |ed160joisIH
- - (9¥'L-25'0)88°0 - - (£¥'1-15°0)£8'0 - - - 00 78€0 (2€'1-81°0)08°0 - - - (66€L/9L2)T PaXIN
00 8060 (90'L-19'0)18°0 0'0 Z8S'0 (86°0-LS'0)LLO 00 €80 (61'T-91°0)L0°L 00 ¥0L0 (LO'L-¥S0)rL 0 00 ¥26'0 (Sr'z-€S0pL'L (869/€€€)T uelsy
00 1SS0 (08°L-SO°L)8E’L 0'0 S6t'0 (€6°L-60°L)St’L 00 8090 (0£'€-92°0)66'0 00 €150 (68°L-80°L)EY'L 00 ¥l90 (05°€-ST'0)¥6'0 (6Sl/€T8)y  ueisedne)
Apuyig
60F 8LLO (€T°1-98'0)€0°L 6'95  SE€00 (2¥'1-SL'00¥0°L 00 8S60 (96'L-15°0)00°L 8y 1900 (ZT'1-¥8'0)L0"L 00 /S60 (01'2-95°0)80°L (9se€/zev )8 |elol
(%)4 R’ (1D%S6)40  (%)/ Y (1D%S6)40  (%)J R’ (1D%S6)40  (%)/ Y (1D%S6)40  (%)J Y (1D%S6)40
Bay *sA sIH Bay/Bay *SA sIH/Bay Bay/Bay “SA SIH/SIH Bay/6ay *SA sIH/Bay + SIH/SIH Bay/Bay + SIH/BAY *SA SIH/SIH u  siHogZbay
S99l T0g0 (L0'L-85°0)9£°0 g€l ¥LEOD (E0'L-6¥'0)LL0 885 8800 (€ET°L-0€°0)09°0 00 STS'0 (66°0-0S'0)LL°O €S Tllo (0¥'L-SE°0)LL0 (8zEL/8LEW Dld
adfigns |ed160]01sIH
- - (Zrz-zoLer'L - - (0L'2-T6'0)6€°L - - (06'19-99'0)0%'9 vy 8910 (£8'1-06'0)0€"L - - (89'85-€9'0)£0°9 (60¥1/9L2)T PaXIN
£'08 9000 (E¥'L-LS'0)06'0 eSS 8LLO (LT'1-¥£'0)56'0 8'6L  L000 (¢s'T-¥T'0)8L0 LTL 9200 (1¥'1-25'0)£8°0 6'CL SCO0 (zeT-€€0)88°0 (r£9/66¥)€ uelsy
00 /T80 (zo'z-08'0)LT'L 00  9¥S0 (€9'1-£5'0)96'0 00 ¥6S0 (¢8'T€-06°0)EV'S 00  £/90 (¥8'1-89°0)CL'L 00 €850 (6£2€-06°0)EV'S (¥O¥/297)T  uelsedne)
Adiuyig
ce9  8l00 (ev'L-78'0)80°L coe 6020 (9T'1-58'0)€0°L ¢s9  €L00 (69°€-SS°0)EV'L ¥'Ssy 6800 (6T°1-68°0)20'L 6’95 L¥0'0 Te-tooer'L (£8vT/LE01)L |eloL
(%) Y (ID%S6)40 (%) L’ (1D%S6)40 (%) Y (ID%S6)40 (%) L’ (ID%S6)40 (%) Y (1ID%S6)40
Bay *sa di] Bay/Bay *sA dap/Bay Bay/Bay *sn daj/day  Bay/Bay ‘sa diay/Bay + day/dil  Bay/Bay + day/Bay *sa dag/day u diupelbiy
v'le  88l0 (60°L-08'0)76'0 00 0¢90 (L0"L-99'0)Z8'0 L'S¢  8€C0 (EV'L-€£°0)20'L 6'S  78€0 (#0'L—-0£'0)S8°0 L'yl €CE0 (£5°L-T80)EL’L (8€LT/€T9)L Dld
adfigns |ed16o|oIsIiH
9'€ 80€'0 (T6°0-65°0)EL°0 00 €0v0 (£0°L-65°0)08°0 0°'0 09%'0 (S8°0-0€°0)0S°0 00 9ZE€'0 (L6°0-SS'0)EL°0 0'0 8850 (£6°0-¥€'0)95°0 (S6€L/5LD)T PaxIN
S'L9 LS00 (9€°L-¥6'0)EL'L 00 LO¥'0 (££'1-58'0)80°L 045  €L00 (¥1'2-68°0)8€'L 9ty 9510 (6€'1-68'0)LL"L £05  80L0 (80'-88°0)S€'L (€06/6¥5)7 uelsy
00 €¥v0 (S0°'L-28'0)26'0 L'se /810 (¥0'L-€£'0)£8'0 00 L¥6°0 (61°1-69'0)06'0 vl SEE0 (¥0'L-¥£'0)88'0 00 8¢80 (ST'L-S£'0)£6'0 (9£v71/206)S  uelsedne)
Apuyg
S6y  LE0O (£0'L-18'0)€6'0 §lc  6€C0 (¥0'1L-08'0)L6'0 L'8€ 1600 (0L'L-€£°0)06'0 L'6€ 8800 (€0°1-08'0)L6°0 L6 €910 (SL'L=£L00¥60  (PLLE/9TLLILL |elol
(%) Y (1D%S6)HO (%) Y (1D%S6)40 (%) Y (ID%S6)HO (%) Y (1D%S6)40 (%) Y (1>%S6)40
64y ‘sA uip 6ay/Bay *sA ujp/6i1y 6ay/Bay SA uip/ulp  Bay/Bay ‘sA ujp/6iy + up/u|p  Bay/Bay + uj/bay ‘SA UD/UID u ueeebiy

[Spow SARIPPY

3j064z043)9H

@j06AzowoH

|opow jueuiwoq

|opow aAIssa9Y

|opow >13dUdD

"J1d pue J1@ jo ysu ays pue swsiydiowAjod siHogzbIY pue dily61bly ‘UDe6EhIY 104 SisAjeue-e1aW Jo SINsay € a|qel

May 2013 | Volume 8 | Issue 5 | e64851

PLOS ONE | www.plosone.org



A

Begg's funnel plot with pseudo 95% confidence limits

XRCC1 Polymorphisms and Thyroid Cancer Risk

2 —~
o
14
o O
S 04 P Coy
g O © °
o °
14
24
T T T T T
0 2 4 6 8
s.e. of: logOR
B Begg's funnel plot with pseudo 95% confidence limits
1 -
5
14
o ] O
g’ Q
P oo
-5 4
14
T T T i T
0 1 3 4

2
s.e. of: logOR

Figure 4. Begg'’s funnel plots of Arg399GIn polymorphism and the risk of DTC for publication bias test. Each point represents a
separate study for the indicated association. Log (OR), natural logarithm of OR. Horizontal line, mean effect size. (A) Recessive model. (B) Dominant

model.
doi:10.1371/journal.pone.0064851.g004

model. Considering the limited numbers of studies, in the future,
larger studies are warranted to validate possible ethnic differences
in the effect of these polymorphisms on the risk of thyroid cancer.

Strikingly, stratified analysis by histological classification of
thyroid cancer revealed that Argl94Trp polymorphism was
significantly associated with reduced risk for PTC in dominant
model. On the contrary, Arg399GIn and Arg280His polymor-
phisms did not appear to have an overall influence on the
susceptibility to PTC. Actually, only four studies explored the
possible association between Argl94Trp polymorphism and the
risk of PT'C. In line with our findings, Ryu et al. [23] reported that
Arg/Trp genotype carriers presented an overall decreased risk of
PTC, in Asians (OR =0.55, 95% CI=0.31-0.98). Similarly, other
three studies suggested that the Trp allele might provide protective
effects against developing PTC in different populations, but
statistical significance was not attained [16,21,25]. Although our

PLOS ONE | www.plosone.org

results strongly suggested its role in the development of PTC, it
should not be excluded that this effect could be related to sample
size. Thus, given the existence of etiologic heterogeneity within
different histological types of thyroid cancer, subtype-specific
studies including adequate numbers of cases are needed to verify
its potential usefulness as a predictive biomarker of genetic
susceptibility to different subtypes of thyroid cancer.

Although we have put considerable effort and resources into
testing possible association between XRCC1 polymorphisms and
thyroid cancer risk, there are still some limitations in this meta-
analysis. First, the number of published studies was not sufficiently
large for a comprehensive analysis, especially for subgroup
analyses by ethnicity and histological subtype. Stratified analyses
by histological subtype were only performed for PT'C, but not for
FTC, because only one study [25] reported separate genotype
frequency for FTC. Second, gene-gene, gene—environment, or

May 2013 | Volume 8 | Issue 5 | e64851



even different polymorphism loci of the XRCC1 gene interactions
were not examined in this meta-analysis because of the insufficient
data. Actually, several studies demonstrated the effect of gene-gene
interactions between XRCC1 polymorphisms and other genes in
DNA repair pathway on cancer risk [17,43,44,45]. Also, the
studies by Chiang et al. [17] and Ho et al. [20] found that multiple
haplotypes of XRCC1 polymorphisms were associated with a
significantly increased risk of DTC. Therefore, it is of particular
interest to elucidate the utility of XRCC1 haplotypes in predicting
the risk of thyroid cancer. Third, our results were based on single-
factor estimates without adjustment for other risk factors such as
age, gender, radiation exposure dose, smoking status, drinking
consumption, obesity, or other variables, which might have caused
confounding bias. For instance, the genetic risk in the study by
Chiang et al. [17] was more predominant in DTC cases that
showed neck lymph node (LN) metastasis. Thus, a more precise
analysis should be conducted if detailed individual data are
available. Last but not the least, some inevitable publication bias
might exist in the results because only published studies were
retrieved although the funnel plot and Egger’s test indicated no
remarkable publication bias.

In conclusion, this meta-analysis suggests that Arg280His
polymorphism might contribute to the susceptibility of DTC
among Caucasians, whereas it might provide protective effects in
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Asians against the risk of DTC. Additionally, our results support
the protective role of Argl94Trp polymorphism in developing
PTC, and show evidence of an association between Arg399Gln
polymorphism and decreased risk of DTC in mixed population.
Nevertheless, large-scale, well-designed and population-based
studies are needed to investigate haplotypes, gene—gene, and
gene—environment interactions on these polymorphisms and the
risk of thyroid cancer and its histological subtypes in an ethnicity
specific population, which may eventually lead to better compre-
hensive understanding of the possible roles in thyroid tumorigen-
esis.
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