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Abstract Papillary thyroid cancer (PTC) is a predominant
type of thyroid cancer. Ionizing radiation is the only well-
established risk factor and may result in double-strand breaks.
The x-ray repair cross-complementing group 3 (XRCC3) gene
plays a vital role in DNA repair through homologous recom-
bination. We aimed at investigating the association between
XRCC3 genetic polymorphisms and PTC susceptibility.
Eighty-three PTC patients and 367 controls in a Chinese pop-
ulation were enrolled in the study. Tag single-nucleotide poly-
morphisms (SNPs) were identified by HaploView 4.2 soft-
ware. Genomic DNAs were isolated from peripheral blood
samples by using TaqMan Blood DNA kits. The genotyping
ofXRCC3 SNPs was performed by TaqMan SNPs genotyping
assay. Odds ratios (ORs) and corresponding 95 % confidence
intervals (CIs) were calculated to evaluate the association be-
tween XRCC3 SNPs and PTC susceptibility. The statistical
analyses were conducted by using SPSS 13.0 software. Four
tag-SNPs were initially identified by HaploView 4.2 software.

Only one SNP (rs861539) was shown to be significantly as-
sociated with increased risk of PTC. There was a significant
difference in smoking and drinking status between PTC cases
and controls. And the stratified analysis suggested that the
polymorphisms of rs861539 in XRCC3 were correlated with
PTC risk in the four subgroups of smokers (ex-smokers in-
cluded), non-smokers, drinkers (ex-drinkers included), and
non-drinkers. The meta-analysis showed that only two studies
reported a significant association between XRCC3 polymor-
phisms and PTC risk. In this study, we find a significant as-
sociation between rs861539 polymorphisms and PTC suscep-
tibility. However, there were inconsistent results in previous
published studies. Therefore, further studies in a large popu-
lation are required to gain insights into the PTC risk conferred
by XRCC3 SNPs.
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Introduction

Thyroid cancer is the most common endocrine malignancy
worldwide, which accounts for 90 % of endocrine cancer
cases [1]. The incidence rate has been continuously increasing
in the past decades and it is the fifth most prevalent cancer in
women at present [2]. Thyroid cancer has three main subtypes,
namely papillary thyroid cancer (PTC), follicular thyroid car-
cinoma (FTC), and medullar thyroid carcinoma (MTC) [3].
PTC is the predominant type of thyroid cancer and accounts
for almost 90 % of all cases [4]. PTC emerges as an irregular
form of solid or cystic mass or nodule in a normal thyroid
parenchyma. To date, ionizing radiation is the only well-
established risk factor for thyroid cancer [5]. However, expo-
sure to ionizing radiation does not necessarily lead to the
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development of thyroid cancer since not only environmental
factors but also genetic predisposition could contribute to the
occurrence of thyroid cancer [6]. In other words, individuals
with diverse genetic backgrounds showed different sensitivity
to ionizing radiation [7].

DNA double-strand breaks (DSBs) are severe DNA lesions
in eukaryotic cells, leading to the genome instability [8].
DSBs may occur in exposure to exogenous agents, such as
ionizing radiation, alkylating agents, etc. [9]. DNA damage
repair is a fundamental mechanism to maintain the normal
physiological function, especially when the cells are exposed
to stress or exogenous damage. Hence, the dysfunction of
DNA repair may result in the malignant tumor development.
There were two major mechanisms to repair DSBs, homolo-
gous recombination repair (HRR) and the non-homologous
end-joining (NHEJ) pathways. The precise mechanisms of
regulation in the two DSBs repair pathways are not well elu-
cidated yet, but a number of genes are known to regulating
these pathways. X-ray repair cross-complementing group 3
(XRCC3) is a key member of DNA repair gene responsible
for maintaining the genome stability and repairing the DNA
double-strand breaks caused by ionizing radiation damage
[10]. XRCC3 repairs the DSBs through HRR pathway [11].
During HRR, the XRCC3 is essential for Rad51 recruitment
and enables the Rad51 protein to assemble as multimers to the
sites of DSBs [12]. The XRCC3 also play an important role in
the enzymatic resolution of the Holliday junction [13].
Reduced HRR and hypersensitivity to ionizing radiation,
UV radiation, genotoxic alkylating agents, and cross-linking
agents were observed in XRCC3 deficient cell lines [14].
Defects in the HRR-related genes have been revealed to be
correlated with carcinogenesis [15]. Thus, single-nucleotide
polymorphisms (SNP) in the XRCC3 may contribute to the
altered activity of encoding proteins or even loss of protein
functions and ultimately influence the individual genetic pre-
disposition to cancer. A number of studies have investigated
the association between XRCC3 polymorphisms and risk of
diverse cancers, such as colorectal cancer [16, 17], bladder
cancer [18], ovarian cancer [19], etc. The most intensively
studied polymorphisms in the XRCC3 gene is C241T, namely
C18067T or rs861539, which causes a substitution from Thr
to Met at codon 241. Several studies have been conducted to
examine the correlation between rs861539 polymorphisms in
XRCC3 and PTC cancer risks [20–23]. Nonetheless, no con-
clusive finding was reported due to the inconsistent results
between studies. The inconsistency may probably be due to
limited sample sizes and ethnicities with different genetic
backgrounds.

The aim of our study is to investigate the association be-
tween XRCC3 polymorphisms and PTC risk in the Chinese
population. Additionally, we also summarized the previous
studies in the meta-analysis to further assess the PTC risk
conferred by XRCC3 SNPs.

Methods and materials

Study subjects

The study population consisted of 550 subjects, including 183
PTC cases and 367 healthy controls. PTC patients were re-
cruited from Shandong Provincial Qianfoshan Hospital and
the control group was healthy volunteers for annual physical
examination. All the participants were Chinese resided in the
surrounding regions of Sichuan Province. The medical re-
cords of PTC patients were under review, in order to ensure
that the PTC patients had no previous cancer diagnosis or
treatment. Moreover, the diagnosis of PTC patients as well
as PTC subtype determination was confirmed by histopatho-
logical examination. The medical records of healthy controls
were also reviewed to ensure that they have no previous or
current diagnosis of cancer or thyroid-related diseases. The
protocol of our study was approved by the ethic committee
of Shandong Provincial Qianfoshan Hospital and written in-
formed consents were obtained from all participants prior to
execute any experimental procedure.

Tag-SNPs selection

Tag-SNPs ofXRCC3 in Han Chinese population were initially
retrieved through the HapMap database (Hapmap Data Rel
24/Phase II Nov08, on NCBI B36, dbSNP b126) and further
analyzed with HaploView 4.2 (Broad Institute, Cambridge,
MA, USA). Furthermore, tag-SNPs were identified based on
the selection criteria, which the minor allele frequency must
be greater than 0.05 and linkage disequilibrium r2 must be
greater than 0.8.

DNA extraction and SNP genotyping

Five milliliters of peripheral blood was collected from each
subject in our study. QIAamp DNA Blood Kit (QIAGEN,
Hilden, Germany) were used to extract the genomic DNAs
from the blood samples. The SNP genotyping was performed
using Sequenom MassARRAY iPLEX platform (Sequenom
Inc., San Diego, CA, USA) with matrix-assisted laser desorp-
tion ionization time of flight (MALDI-TOF) mass spectrom-
etry. PCR primers were designed by MassARRAY Assay
Design Version 3.1 (Sequenom Inc., San Diego, CA, USA).
The 5-μl PCR reactions were performed in 384-well plates, in
which the reaction mixture includes 10 ng genomic DNA,
100 nM each designed primers, 5 U Taq DNA polymerase,
100 nM dNTP mix, 10× PCR buffer, and 25 mMMgCl2. The
conditions of PCR thermal cycles were as follows: (1) initial
denaturation 94 °C for 15 min; (2) 45 thermal cycles of dena-
turation (94 °C, 20 s), annealing (56 °C, 20 s), and extension
(72 °C for 60 s); (3) final extension at 72 °C for 3 mins. After
removal of unincorporated dNTPs by 1.7 U shrimp alkaline
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phosphatase (SAP), the plate were placed at 37 °C for 20 mins
and then 85 °C for 5 mins. The iPLEX reaction mix includes
the PCR amplication products, 10×iPLEX Buffer Plus,
iPLEX Termination Mix, Primer mix, and iPLEX enzyme.
The iPLEX reaction was carried out under the conditions as
follows: (1) initial denaturation at 94 °C for 30 s; (2) 40 cycles
at 94 °C for 5 s, [52 °C for 5 s and 80 °C for 5 s (repeated five
times per cycle)]; and (3) final incubation at 72 °C for 3 min.
The iPLEX reaction products were desalted by resin treatment
and water. The iPLEX product was subsequently spotted on a
SpectroCHIP (Sequenom, Inc., San Diego, CA), and the data
were analyzed by SpectroTYPER 4.0 software (Sequenom,
Inc., San Diego, CA).

Statistical analyses

Difference of clinical characteristics (age, sex, smoking and
alcohol status) between PTC cases and controls were tested by
chi-square test. The Hardy-Weinberg equilibrium of selected
tag-SNPs was assessed by goodness-of-fit chi-square test.
Genetic models such as homozygous comparison (MM vs.
WW), dominant model (WM+MMvs.WW), recessive mod-
el (MM vs. WW + WM) and allele model (M vs. W) were
constructed to compare the allelic and genotypic frequencies
between PTC cases and controls. Odds ratio (OR) and the
95 % confidence interval (95 % CI) were used to estimate
the PTC risk conferred by XRCC3 polymorphisms. In meta-
analysis, heterogeneity between studies was assessed by I2

andQ test. When I2<0.05 and P>0.05 forQ test, fixed effects
model should be used; otherwise, the random effects model
should be employed. Funnel plot were used to evaluate the
publication bias. A two-tailed P value less than 0.05 was con-
sidered as statistically significant. All statistical analyses were
performed using SPSS 20.0 software (SPSS, Inc., Chicago,
IL, USA). Meta-analysis was conducted with STATA version
11.0 (Stata, College Station, TX, USA).

Results

Clinical features of study population

In this cohort study, 550 participants include 183 PTC patients
and 367 healthy controls. Comparing the clinical features be-
tween PTC cases and controls, we found a similar age and sex
ratio in two groups (Table 1). However, there was significant
difference in the consumption of tobacco and alcohol between
PTC patients and healthy controls. Additionally, the propor-
tion of current smoker and drinker was markedly higher in
PTC patients compared with healthy controls. In regards to
the cancer-related characteristics of PTC patients, the PTC
patients were mainly diagnosed at the stage of T2 or T3.
Sixty-eight PTC patients have no clinical manifestation of

regional lymph node metastasis, nonetheless, 75 PTC patients
have tumor cells found in one lymph node and the rest of the
40 PTC patients have tumor cells invaded in two or three
nearby lymph nodes. Most of the PTC patients have primary
tumors located in either right lobe or left lobe; 72.1 % of PTC
cases have no extra-thyroidal extension.

Tags SNP selection

Sixteen tag-SNPs were identified from HapMap databases,
with MAF>0.05 and r2>0.08 as selection criteria. The

Table 1 Comparison of PTC patients and controls by selective
characteristics

Clinical characteristics PTC patients Controls P value

Total 183 367

Age (years)

≤45 87 (47.5 %) 188 (51.2 %) 0.415

>45 96 (52.5 %) 179 (48.8 %)

Sex

Male 74 (40.4 %) 141 (38.4 %) 0.648

Female 109 (59.6 %) 226 (61.6 %)

Smoking status

Current 55 (30.1 %) 69 (18.8 %) 0.001

Former 18 (9.8 %) 73 (19.9 %)

Never 110 (60.1 %) 225 (61.3 %)

Alcohol status

Current 67 (36.6 %) 90 (24.5 %) 0.002

Former 38 (20.8 %) 63 (17.2 %)

Never 78 (42.6 %) 214 (58.3 %)

Tumor stage –

T1 34 (18.6 %)

T2 74 (40.4 %)

T3 54 (29.5 %)

T4 21 (11.5 %)

Nodal stage –

N0 68 (37.1 %)

N1a 75 (41.0 %)

N1b 40 (21.9 %)

Location –

Right lobe 79 (43.2 %)

Left lobe 77 (42.1 %)

Isthmus 24 (13.1 %)

Pyramidal lobe 3 (1.6 %)

Tumor size –

<10 mm 46 (25.1 %)

10–40 mm 100 (54.7 %)

>40 mm 37 (20.2 %)

Extra-thyroidal extension –

Yes 132 (72.1 %)

No 51 (27.9 %)

Tumor Biol. (2016) 37:979–987 981



linkage disequilibrium of 16 retrieved tag-SNPs was illustrat-
ed in Fig. 1. As it is shown, four SNPs (rs1799794,
rs56377012, rs1799796, and rs861539) which can represent
all genetic variants of XRCC3 were selected by HaploView
4.0 (Broad Institute, Cambridge, MA). The relative locations
of four SNPs were shown in Fig. 2. The polymorphism of
rs1799794 in XRCC3was located in the 5′ untranslated region
(5′UTR). The rs56377012 mutation was localized in exon1,
and the polymorphisms of rs1799796 and rs861539 were sit-
uated within exon 5.

Association between the XRCC3 polymorphisms and risk
of PTC

The XRCC3 allelic and genotypic frequencies of PTC cases
and healthy controls were shown in Table 2. No significant
deviation from Hardy-Weinberg Equilibrium was observed in
the allelic and genotypic frequencies of PTC cases and healthy
controls (Table 3). Analysis of the four XRCC3 SNPs showed
a significant correlation between rs861539 polymorphisms
and increased PTC risk. In the allele model (T vs. C), T mutant

allele was significant associated with increased risk of PTC
(OR=1.65, 95 % CI=1.24–2.19, P=0.001). In the homozy-
gous model (TT vs. CC), the individuals with TT mutants
were more likely to develop PTC than CC wild types carriers
(OR=2.93, 95 % CI=1.55–5.56, P=0.001). In the dominant
model (CT + TT vs. CC), the combined genotypes CT + TT
were associated with higher risk of PTC than CC wild type
(OR=1.59, 95 % CI=1.11–2.28, P=0.011). In the recessive
model (TT vs. CT + CC), TTmutants were shown to associate
with increased risk of PTC (OR=2.62, 95 % CI=1.40–4.88,
P=0.002). However, the polymorphisms of rs1799796,
rs56377012, and rs1799794 were reported to have no appar-
ent association with PTC susceptibility.

Stratified analysis of XRCC3 in rs861539 and PTC risk

As shown in Table 3, it was noted that PTC cases have signif-
icantly higher proportion of current tobacco or alcohol users
than healthy controls. Hence, we further investigated the im-
pact of rs861539 polymorphism on the PTC occurrence strat-
ified by smoking and drinking status. Stratified analysis
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Fig. 1 Linkage disequilibrium (LD) plots of tag-SNPs in the XRCC3 gene
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(Table 4) showed that there was a significantly higher fre-
quency of T allele and CT or TT genotypes in the subgroup
of smokers or ex-smokers. The polymorphisms of
rs861539 in XRCC3 were significantly associated with
PTC risk in the subgroup of non-smokers under the allelic,
homozygous, and recessive models. In regards to the
drinking status, we observed a significant association be-
tween XRCC3 variants of rs861539 and PTC susceptibility
in the subgroup of current or former drinkers under the
allelic, homozygous, and recessive models. As for the sub-
group of non-drinkers, T allele was shown to be a risk
factor compared with C allele under the allele model.
Meanwhile, the TT and TC mutants were significantly as-
sociated with PTC risk compared with CC wild types under
the dominant model.

Meta-analysis of the association between XRCC3
polymorphisms in rs861539 and PTC risk

Four eligible studies were identified from the comprehensive
literature retrieval, which investigated the association between
XRCC3 polymorphisms in rs861539 and PTC risk [20–23].
The results of the meta-analysis were summarized in Table 5.
Sturgis et al. reported the significant correlation between
XRCC3 polymorphisms in rs861539 and PTC risk under al-
lelic (OR=1.16; 95 % CI=1.15–2.27; P=0.006) and domi-
nant models (OR=2.10; 95 % CI=1.31–3.38; P=0.002).
Bastos et al. also revealed that the rs861539 polymorphisms
in XRCC3 were associated with PTC susceptibility under the
recessive model (OR=2.35; 95 % CI=1.24–4.44; P=0.007).
However, Siraj et al. and Akulevich et al. reported no

Table 2 Associations between four polymorphisms of XRCC3 gene and the risk of PTC

SNP (Rs number) Allele/genotype Patients (frequency) Controls (frequency) Model OR [95 % CI] P value

A4541G (rs1799794) G 128 (35.0 %) 219 (29.8 %) Allelic 1.27 [0.97–1.65] 0.084

AA 77 (42.1 %) 184 (50.1 %) Homozygous 1.46 [0.81–2.64] 0.209

AG 84 (45.9 %) 147 (40.1 %) Dominant 1.38 [0.97–1.98] 0.074

GG 22 (12.0 %) 36 (9.8 %) Recessive 1.26 [0.72–2.21] 0.426

A6410G (rs56377012) G 30 (8.2 %) 51 (6.9 %) Allelic 1.19 [0.75–1.91] 0.455

AA 158 (86.3 %) 320 (87.3 %) Homozygous 2.53 [0.67–9.56] 0.156

AG 20 (10.9 %) 43 (11.7 %) Dominant 1.08 [0.64–1.81] 0.779

GG 5 (2.7 %) 4 (1.1 %) Recessive 2.55 [0.68–9.61] 0.153

A17893G (rs1799796) G 111 (30.3 %) 201 (27.4 %) Allelic 1.15 [0.88–1.52] 0.307

AA 90 (49.2 %) 194 (52.9 %) Homozygous 1.39 [0.73–2.63] 0.318

AG 75 (41.0 %) 145 (39.5 %) Dominant 1.16 [0.81–1.65] 0.416

GG 18 (9.8 %) 28 (7.6 %) Recessive 1.32 [0.71–2.46] 0.378

C18067T (rs861539) T 112 (30.6 %) 155 (21.1 %) Allelic 1.65 [1.24–2.19] 0.001

CC 95 (51.9 %) 232 (63.2 %) Homozygous 2.93 [1.55–5.56] 0.001

TC 64 (35.0 %) 115 (31.3 %) Dominant 1.59 [1.11–2.28] 0.011

TT 24 (13.1 %) 20 (5.4 %) Recessive 2.62 [1.40–4.88] 0.002
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significant association between XRCC3 polymorphisms in
rs861539 and PTC risk.

Discussion

In the present study, we conducted this hospital-based cohort
study to investigate the association between XRCC3 SNPs and
PTC susceptibility. Our study involved 183 PTC patients and
367 healthy controls. Our results showed that only rs861539
polymorphisms were shown to significantly associate with
higher risk of PTC. Comparing the clinicopathological param-
eters of cases and controls, we found a significant difference in
smoking and drinking status between PTC patients and
healthy controls. Therefore, we further performed a stratified
analysis based on the smoking and drinking status in PTC
patients and healthy controls. Our data indicated that XRCC3
polymorphisms in rs861539 were significantly associated
with increased risk of PTC in the subgroup of current, former,
and non-smokers. Similar results were observed in the sub-
group of current, former and non-smokers as well. In the
meta-analysis of previous studies, the rs861539 polymor-
phisms of XRCC3 were reported to correlate with PTC

susceptibility in the studies of Sturgis et al. and Bastos et al.
The other two eligible studies suggested no association be-
tween rs861539 polymorphisms of XRCC3 and PTC risk.

XRCC3, located in chromosome 14q32.3, is a member of
Rad51 family that enhances chromosome stability and repair
DNA damage through homologous recombination. Genomic
instability is a hallmark of most cancers, caused by abnormal
DNA damage repair as well as the defects in apoptosis induc-
tion and cell cycle checkpoints [24]. In the process of DNA
repair, Ku70/Ku80 heterodimer (KU) and MRE11-RAD50-
NBS1 complex (MRN) function as sensor proteins to detect
the DSB (Fig. 3) [25]. After binding to the DSB sites, DSB
repair was activated through signal transduction by KU or
MRN. XRCC3, along with Rad51 and BRCA2, initiate the
homologous recombination [26]. Effective DNA repair can
restore the normal cell function and cell proliferation.
However, ineffective DNA repair can result in cell cycle ar-
rest, apoptosis, or even cancer [27]. Hence, the XRCC3 muta-
tion might induce the genomic instability due to ineffective
DNA repair, ultimately leading to the development of cancer.

Accumulating evidences have suggested that XRCC3 is
implicated in the DSBs repair. The C241T mutation in
XRCC3 is likely to be marginally but not significantly

Table 4 The relationship between potential risk factors and the genotypes of C18067T

Genotypes Cases Controls Model OR (95 % CI) P value Genotypes Cases Controls Model OR (95 % CI) P value

Smoking status

Current/former Never

T 46 56 Allelic 1.87 [1.19–2.95] 0.007 T 66 99 Allelic 1.52 [1.01–2.19] 0.024

CC 37 93 Homozygous 3.59 [1.27–10.1] 0.012 CC 58 139 Homozygous 2.58 [1.14–5.83] 0.019

TC 26 42 Dominant 1.85 [1.04–3.28] 0.035 TC 38 73 Dominant 1.45 [0.92–2.29] 0.114

TT 10 7 Recessive 3.06 [1.14–8.41] 0.024 TT 14 13 Recessive 2.38 [1.08–5.25] 0.028

Drinking status

Current/former Never

T 65 64 Allelic 1.69 [1.13–2.53] 0.010 T 47 155 Allelic 1.60 [1.06–2.41] 0.026

CC 56 98 Homozygous 3.11 [1.29–7.50] 0.009 CC 39 134 Homozygous 2.49 [0.94–64] 0.060

TC 33 46 Dominant 1.56 [0.94–2.59] 0.085 TC 31 69 Dominant 1.67 [1.00–2.83] 0.050

TT 16 9 Recessive 2.88 [1.23–6.79] 0.001 TT 8 11 Recessive 2.11 [0.81–5.46] 0.117

PTC papillary thyroid cancer, OR odds ratio, CI confidence interval

Table 3 Primers of XRCC3 gene polymorphisms for PCR amplification

dbSNP Position Alias name Primers sequence (PCR profiles) P value for HWE Global MAF

rs1799794 5′UTR A4541G F: 5′- TGTTAAACCAAGTTCTCAGC-3′ 0.432 G: 0.289
R: 3′-GTCTCCCGGGTCCTCCTC-5′

rs56377012 Exon 1 A6410G F: 5′- ATAATTCTGGGATTCAGG-3′ 0.072 G: 0.005
R: 3′-TAGGTTTAGGTAAAACAG-5′

rs1799796 Exon 5 A17893G F: 5′- TGCTGACCAGCATAGACA-3′ 0.110 G: 0.247
R: 3′-GGGTGTCCTGTGGAACAA-5′

rs861539 Exon 5 C18067T F: 5′- GAATTTGACAGCCAGGCC-3′ 0.255 T: 0.217
R: 3′-GGGACACGACACGTAGTT-5′
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associated with impaired DNA repair capacity [28]. Hence, a
number of studies have investigated the association between
XRCC3 polymorphisms and cancer. The C241T polymor-
phism in the exon5 of XRCC3 gene was the most intensively
studied genetic variant, which was reported to associate with
colorectal cancer [16, 17], ovarian cancer [19], acute myeloid
leukemia [29, 30], glioma [31], bladder cancer [18, 32], and
melanoma skin cancer [33]. However, other studies reported

no conclusive evidence of the correlation between XRCC3
polymorphisms and risk of lung cancer [34, 35], gastric cancer
[36, 37], breast cancer [38–40], as well as prostate cancer [41].
As for thyroid cancer, several studies have been conducted to
examine the possible association between XRCC3 SNPs and
thyroid cancer risk. Sturgis et al. and Bastos et al. reported a
positive association between XRCC3 variants and thyroid can-
cer susceptibility [21, 23]. In contrast, Siraj et al. and
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Fig. 3 Mechanism of XRCC3 in the process of DNA repair and thyroid cancer development

Table 5 Characteristics of published studies of XRCC3 C18067T polymorphism and PTC

First author, year Case Control Allelic Homozygous Dominant Recessive

CC/CT/TT CC/CT/TT OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P OR (95 % CI) P

Sturgis EM,
2005 [23]

45/69/20 83/60/18 1.16 [1.15–2.27] 0.006 2.05 [0.98–4.26] 0.053 2.10 [1.31–3.38] 0.002 1.39 [0.70–2.76] 0.339

Siraj AK,
2008 [21]

18/12/7 97/105/25 1.04 [0.62–1.75] 0.867 1.51 [0.57–4.01] 0.407 0.79 [0.39–1.58] 0.501 1.88 [0.75–4.74] 0.172

Akulevich NM,
2009 [20]

55/65/12 161/192/45 0.93 [0.69–1.24] 0.613 0.78 [0.39–1.58] 0.491 0.95 [0.64–1.42] 0.806 0.78 [0.40–1.53] 0.476

Bastos HN,
2009 [21]

26/31/21 71/114/29 1.31 [0.90–1.89] 0.152 1.98 [0.96–4.06] 0.061 0.99 [0.57–1.72] 0.980 2.35 [1.24–4.44] 0.007
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Akulevich N et al. found no evident correlation between
XRCC3 polymorphism and thyroid cancer risk [20, 22].

In view of the mutation site in XRCC3, the rs56377012,
rs1799796 and rs861539 are located in the coding regions
(exon1 and exon5) while the rs1799794 is situated in the 5′
UTR. Even though the four polymorphisms were located in
the regulatory and coding regions, only rs861539 were shown
to associate with increased PTC risk. The SNP of rs861539
contributes to Thr241Met amino acid substitution, which may
possibly alter the function of XRCC3 or its interaction with
other proteins implicated in the process of DNA damage
repair.

Some inherited limitation in our study needed to be ad-
dressed. First, since our study was a hospital-based cohort
research, the possibility of selection bias in the recruitment
process cannot be ruled out. Besides, our study was conducted
only based on Asian ethnicity. Due to the existence of differ-
ent genetic backgrounds between ethnic groups, the genetic
predisposition to PTC induced by XRCC3 mutation may vary
among different ethnicities.Moreover, our study was conduct-
ed on a relatively small population, as well as the eligible
studies included in our meta-analysis. Since there were few
studies published on the association between rs861539 poly-
morphisms in XRCC3 and PTC risk, only four qualified stud-
ies were included in our study and thus the results of meta-
analysis can only serve as a supporting evidence for our study.
Further large-scale studies are needed to further validate our
results and shed light on the etiological mechanism of PTC
induced by XRCC3 polymorphisms.

In conclusion, our study suggested that the polymorphism
of rs861539 in XRCC3 was associated with increased risk of
PTC. Due to the significant difference in smoking and drink-
ing status between PTC cases and controls, we performed a
stratified analysis based on smoking and drinking status, of
which the results indicated that the polymorphisms of
rs861539 in XRCC3 was correlated with PTC susceptibility
in the four subgroups (current/former smokers, non-smokers,
current/former drinkers, and non-drinkers). In addition, the
meta-analysis showed that two out of four eligible studies
have reported a significant association between rs861539
polymorphisms in XRCC3 and PTC susceptibility.
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