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Abstract
Objective To explore the association between single nucleotide polymorphism (SNP) in the XRCC3 rs861539(Thr241Met) locus and thyroid
cancer risk.

Methods Studies investigating the association between SNP in the XRCC3 gene and thyroid cancer susceptibility were retrieved from the PubMed,
Embase, Web of Science, CNKI (Chinese National Knowledge Infrastructure), WanFang, and CBM (China Biology Medicine) databases. Eligible
studies were screened according to inclusion/exclusion criteria and principles of quality evaluation. Meta-analysis was performed using Stata
14.0 software. Odds ratios with their corresponding 95% con�dence intervals were pooled to assess the association between SNP in the XRCC3
gene rs861539 locus and thyroid cancer susceptibility.

Results 10 articles(11 studies) were eligible for this meta-analysis. Meta-analysis results were shown as follows: No signi�cant association was
found between XRCC3 rs861539 polymorphism and thyroid cancer risk in Dominant and Overdominant models Dominant model: CT+TT vs CC,
OR=1.231, 95% CI(0.998, 1.474); Overdominant model: CT vs TT+CC, OR=1.05, 95% CI(0.94, 1.18) . Signi�cant associations were found in
Recessive and Allelic models Recessive model: TT vs CC+CT, OR=1.632, 95% CI(1.349, 1.974); Allelic model: T vs C: OR=1.263, 95% CI(1.091,
1.462) .

Conclusion The results of this study suggest that the XRCC3 rs861539(Thr241Met) polymorphism may be associated with an increased thyroid
cancer risk in overall population, and a tendency for signi�cantly increased thyroid cancer risk in TT(Met/Met) genotype population. 

Introduction
Thyroid cancer(TC) is one of the most common endocrine malignancies in human, which accounts for 3.1% of all new cancer cases and 0.4% of
cancer deaths worldwide annually[1]. The incidence of thyroid cancer has been increasing rapidly in recent years, and the largest increase in
incidence of all cancers was seen for thyroid cancer in China [2]. The reason might due to the rapid development of imaging detection
technologies and increasing awareness of people’s health [3], especially considering that thyroid cancer mortality remained stable at a rate of
approximately 0.5 cases per 100000 persons [4]. Thyroid cancers are divided into four main sub-types(papillary, follicular, medullary, and
undifferentiated cancers)[5].To date, the mechanism of thyroid carcinogenesis remains incompletely understood, and the only well-established
risk factor for thyroid cancer might be exposure to ionizing radiation[6].

DNA damaging which caused by ionizing radiation may lead to mutations, genomic instability. The XRCC3(X-ray repair cross-complementing
group 3) located on chromosome 14q32.3 is structurally and functionally related to the RAD51 gene[7], which encodes a member of the
RecA/Rad51-related protein family involved in homologous recombination to preserve chromosome stability and repair DNA damage caused by
endogenous and exogenous factors[8].Over the past decade, several studies have reported the association regarding XRCC3 rs861539
polymorphism and thyroid cancer risk[9-14], however, the results remained inconclusive due to some potential limitations, such as small sample
size, different ethnicity, and phenotypic heterogeneity. Therefore, this meta-analysis was conducted to make this discrepancy clear and to create a
comprehensive picture of the association between XRCC3 rs861539 polymorphism and thyroid cancer susceptibility.

1. Materials And Methods
1.1 Literature selection criteria

1.1.1 Inclusion criteria

(1)Case–control or cohort studies were conducted to investigate the association between XRCC3 rs861539(Thr241Met) polymorphism and
thyroid carcinoma risk; (2)studies with full text articles;(3)English or Chinese articles;(4) providing available genotype data for at least one genetic
model.(4)all thyroid cancer cases must be pathologically con�rmed.

1.1.2 Exclusion criteria

(1) Meeting abstracts, reviews, and animal experiments; (2) only case population; (3) studies with overlapping data; (4) not for cancer research

1.2 Search strategy

A comprehensive computerized literature search of the PubMed, EmBase, Web of Science, China National Knowledge Infrastructure (CNKI),
WanFang, and China Biology Medicine databases up to February 2021 was conducted. The search strategy used the following keywords: XRCC3
or rs861539 or X-ray repair cross-complementing group 3 or Thr241Met or C241T or T241M and thyroid carcinoma or thyroid cancer.
Furthermore, to retrieve as many articles meeting our criteria as possible, we also investigated the reference literature listed in the articles we had
found.
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1.3 Data extraction

Literature selection was completed by two investigators independently. For con�icting evaluations, a third reviewer assessed the articles until an
agreement was reached. The following information was recorded for each study: �rst author, year of publication, country, ethnicity, number of
cases, number of controls, genotype distribution, genotyping methods(all of the data are shown in Table 1).

1.4 Assessment of the risk of bias in the included literature

The Newcastle–Ottawa quality assessment Scales (NOS) was used to assess all case-control studies included in our present meta-analysis. The
NOS contains 8 items,and the possible scores is ranged from 0 up to 9, a study is considered high quality if it gets more than 5 scores. Finally, the
quality of all the studies included in this meta-analysis was acceptable.

1.5 Statistical analysis

All statistical analysis were carried out using the STATA version 14.0 software(StataCorp, College Station, TX, USA).χ2 analysis with a
signi�cance level of P<0.05 was used to evaluate whether rs861539(Thr241Met) polymorphism distribution of the XRCC3 gene in controls �ts
HWE (Hardy Weinberg equilibrium). Heterogeneity among the studies in each genetic model was assessed by using Cochran’s Q and I2 statistics.
A P value of <0.05 or I2 value of >50% was interpreted as having signifcant heterogeneity, Random effect model was used to summarize all the
studies. Otherwise, the �xed effects model was chosen.We used odds ratios (ORs) and their corresponding 95% con�dence intervals (CIs) to
evaluate relationships between rs861539(Thr241Met) polymorphism and any predisposition to thyroid cancer. Publication bias was assessed by
performing Peters’ test. The signi�cance of the intercept was determined by the t-test suggested by Peters, where P<0.05 was considered
representative of statistically signi�cant publication bias. For all analyses, statistically signi�cance was assumed at P<0.05, unless otherwise
stated.

2. Results
2.1 Retrieval of studies and their characteristics

The initial search strategy resulted in the identi�cation of 96 records (PubMed, N = 19; Web of Science, N = 23; Embase, N = 20; CNKI, N = 23;
CBM, N = 2; Wanfang, N = 9), of which 85 were excluded after reading the title, abstract, full text. One relevant article was excluded by reason of
the low quality evaluation[15]. Finally, 10 articles (11 studies) met the inclusion criteria (the detailed selection process has been illustrated in Fig.
1), consisting of 1 mixed, 5 Asian and 5 Caucasian populations, and these included eligible studies published between 2005 and 2019. Extracted
data of eligible studies are summarized in Table 1. The genotype frequency among cases and controls for rs861539 polymorphism are also
shown in Table 1. The distributions of genotype in the control group were in HWE for most studies (P > 0.05).

 

Table 1 General information of the included studies
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Author Year Ethnicity Case/Control Cases     Controls     HWE NOS Genotyping

CC CT TT CC CT TT

Sturgis[16] 2005 Mixed 134/161 45 69 20 83 60 18 0.165 7 RFLP

Ni[12] 2006 Asians 191/201 179 12 0 181 20 0 0.458 7 RFLP

Siraj[14] 2008 Asians 37/227 18 12 7 97 105 25 0.667 7 RFLP

Akulevich1[13] 2009 Caucasians 120/198 53 51 16 82 89 27 0.716 7 TaqMan

Akulevich2[13] 2009 Caucasians 132/398 55 65 12 161 192 45 0.278 7 TaqMan

Bastos[17] 2009 Caucasians 109/214 39 44 26 71 114 29 0.114 7 RFLP

Fayaz[18] 2013 Caucasians 161/182 71 76 14 101 68 13 0.739 6 RFLP

Yuan[19] 2016 Asians 183/367 95 64 24 232 115 20 0.255 6 MassARRAY

Sarwar[20] 2017 Asians 456/400 277 109 70 273 85 42 <0.05 6 ARMS-PCR

Yan[21] 2016 Asians 275/403 143 97 35 255 126 22 0.223 6 MassARRAY

Santos[22] 2019 Caucasians 106/209 36 44 26 70 112 27 0.085 7 RFLP

RFLP Restriction fragment length polymorphism

ARMS-PCR: Allele-speci�c polymerase chain reaction

HWE = Hardy-Weinberg Equilibrium test

NOS: Newcastle–Ottawa quality assessment Scales

2.2 Quantitative synthesis and sensitivity analysis

The relationship between rs861539 polymorphism and thyroid cancer is summarized in Table 2. Signi�cant associations were observed between
rs861539 polymorphism and the risk of TC under recessive and allelic models (Recessive model : TT vs CT+CC, OR=1.632, 95% CI (1.349, 1.974);
Allelic model : T vs C, OR=1.263, 95% CI(1.091, 1.462) . The aim of sensitivity analysis was to assess the effect of individual studies on the
consistency of the pooled ORs by omitting a single study in each order under all genetic models (as is shown in Table 3). The results suggested
that no individual study signi�cantly affected the pooled ORs in all genetic models.

Table 2 Meta-analysis of the association between polymorphism (SNP) in the XRCC3 rs861539 locus and the thyroid cancer risk

Genetic
models

Genotype
Comparison

No. of
included
studies

Case Control Heterogeneity
test

Selected
models

Meta-analysis results Peters test

 

I2 P OR(95% CI) P t P

Dominant
model

CT+TT vs
CC

11 1904 2960 55.1% 0.014 Random 1.231(0.998,1.474) 0.053 -1.21 0.256

Recessive
model

TT vs
CT+CC

10 1713 2759 34.4% 0.133 Fixed 1.632(1.349,
1.974)

<0.001 -0.14 0.890

Allele model T vs C 11 3808 5920 54.2% 0.016 Random 1.263(1.091,
1.462)

0.002 -1.08 0.308

Overdominant
model

CT vs
TT+CC

11 1904 2960 60.0% 0.005 Random 0.994(0.805,
1.227)

0.954 -1.37 0.203

Table 3 Sensitivity analysis
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Genetic models Genotype
Comparison

No. of included
studies

Meta-analysis
results

OR(95% CI)

Sensitivity analysis Assess the effect of each individual
study on the pooled ORs

Dominant
model

CT+TT vs CC 11 1.231(0.998,1.474) Minimum OR=1.161/Fluctuation of 95%CI(0.942, 1.531)

Recessive
model

TT vs CT+CC 10 1.632(1.349,
1.974)

Minimum OR=1.537/Fluctuation of 95%CI(1.255, 2.144)

Allelic model T vs C 11 1.263(1.091,
1.462)

Minimum OR=1.223/Fluctuation of 95%CI(1.048, 1.517)

Overdominant
model

CT vs TT+CC 11 0.994(0.805,
1.227)

Minimum OR=0.945/Fluctuation of 95%CI(0.761, 1.288)

2.3 Subgroup analysis

We conducted subgroup analyses by different ethnicities (Asians/Caucasians/Mixed)(as is shown in table 4), and grouping studies by
Asians/Caucasians/Mixed populations could lead to heterogeneities decreased partly. Since we could not con�rm that various ethnicities be the
source of heterogeneity. To be speci�c, we found that rs861539 (Thr241Met) polymorphism may be signi�cantly associated with an increased
thyroid cancer risk in recessive genetic model among Asians/Caucasians populations (recessive model: TT vs CC+CT, Asians /OR=1.964, 95%
CI(1.487, 2.595); Caucasians/ OR=1.373, 95% CI(1.032,1.827)), and signi�cantly associated with an increased thyroid cancer risk in allelic genetic
model among Asians and Mixed populations(Asians/OR=1.378, 95% CI(1.108,1.715);Mixed/OR=1.614, 95%CI (1.147,2.270)). However, no
signi�cant association between rs861539(Thr241Met) polymorphism and thyroid cancer risk was observed in Caucasians in allelic
model(OR=1.107, 95%CI (0.959,1.279)). Lastly, no signi�cant association between rs861539(Thr241Met) polymorphism and thyroid cancer risk
was observed in other genetic models among Asians/Caucasians populations.

Table 4 Subgroup analysis of ethnicity

Genetic models Ethnicity No. of included studies OR(95% CI) P value I2/ P value Model

Dominant model

TT+ CT VS CC

Overall 11 1.231(0.998,1.474) 0.053 55.1%/0.014 Random

Caucasians 5 1.045(0.856,1.277 0.664 15.8%/0.314 Fixed

Asians 5 1.284(0.977,1.688) 0.073 53.4%/0.073 Random

Mixed 1  2.105(1.311,3.379 0.002 / /

Recessive model

TT VS CT+ CC

Overall 10 1.632(1.349, 1.974) <0.001 34.4%/0.133 Fixed

Caucasians 5 1.373(1.032,1.827 0.03 47.8%/0.105 Fixed

Asians 4 1.964(1.487,2.595) <0.001 0.00%/0.403 Fixed

Mixed 1  1.394(0.704,2.758 0.340 / /

Allelic model

T vs C

Overall 11 1.263(1.091, 1.462) 0.002 54.2%/0.016 Random

Caucasians 5 1.107(0.959,1.279 0.166 13.6%/0.327 Fixed

Asians 5 1.378(1.108,1.715) 0.004 52.9%/0.075 Random

Mixed 1 1.614(1.147,2.270) 0.006 / /

Overdominant model

CT vs TT+ CC

Overall 11 0.994(0.805, 1.227) 0.954 60.0%/0.005 Random

Caucasians 5 0.885(0.633,1.238) 0.477 65.0%/0.022 Random

Asians 5 1.078(0.898,1.293) 0.421 35.6%/0.184 Fixed

Mixed 1 1.787(1.122,2.847) 0.015 / /

 

2.4 Publication bias

Publication bias was assessed using Harbord’s tests for each genetic model, and there was no evidence of publication bias for all of the genetic
models (as is shown in Table 2).
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3. Discussion
The X-ray repair cross-complementing group 3 gene (XRCC3) belongs to a family of genes responsible for repairing DNA double-strand breaks [23],
and it encodes a 346 amino acid polypeptide that participates in DNA double-strand break repair [24]. Among several SNPs identi�ed in the XRCC3
gene, the most extensively studied is Thr241Met on exon 7(rs861539), which can in�uence the ability to repair DNA [25]. The rs861539(C>T)
polymorphism is a nonsynonymous substitution (C→T) resulting in an amino acid change from threonine to methionine at position 241
(Thr241Met)[26, 27]. In the past decade, Numerous studies have investigated the potential biological signi�cance of the XRCC-3
rs861539(Thr241Met)[28-31], and it has been implicated as a causative risk factor for the development of different types of malignancies. The
malignancy types included breast cancer [7, 32, 33], lung cancer [34], osteosarcoma[35], melanoma[36], thyroid cancer[14, 16]. However, the correlation
between XRCC3 rs861539 polymorphism and thyroid cancer risk still remained controversial [9, 13, 16, 17]. To derive a more precise estimation, we
performed this meta-analysis to investigate the association between rs861539 polymorphism on XRCC3 gene and the risk of thyroid cancer.

In this study based on results of 11 studies containing 1904 thyroid cancer cases and 2960 controls, we observed an association of XRCC3
rs861539 polymorphism with thyroid cancer risk in the overall analysis under recessive and allelic genetic models, and this result was
inconsistent with the previous meta-analysis by Wang [37]. The result indicated that the variant T(Met) allele was associated with increased risk of
thyroid cancer(OR=1.263, 95%CI (1.091, 1.462) P=0.002). TT genotypes were associated with 1.632-fold (95% CI 1.349 to 1.974, P<0.001) higher
risk compared to CC+CT genotypes. No signi�cant association was found between rs861539 polymorphism and thyroid cancer risk, and these
results mean that although T allele is the risk factor, CT (heterozygous) genotype is not su�cient for disease induction and development,
compared to TT genotype. Since there were obvious heterogeneities among studies under dominant/allelic/overdominant genetic models, then
we performed a strati�ed analysis by ethnicity. Heterogeneities under most genetic models were not reduced through subgroup analysis, which
means that ethnicity may not contribute to substantial heterogeneity among the overall meta-analyses.

In the subgroup analysis our results with rs861539 polymorphism show a signi�cant association with thyroid cancer risk among Asians in
recessive model (OR=1.964, 95%CI (1.487, 2.595), P<0.001). Additionally, we did not observe an association of XRCC3 rs861539 (Thr241Met)
polymorphism with thyroid cancer risk in Allelic model among Caucasians (OR=1.107, 95%CI(0.959,1.279), P=0.166). These �ndings above
indicate that the effect of XRCC3 rs861539 polymorphism on the risk of thyroid cancer is ethnically different and the rs861539 polymorphism
has its obvious effect on the development of thyroid cancer in Asians. However, these results above by subgroup analysis were inconsistent with
the previous meta-analysis by Lu[11].

To sum up, our meta-analysis indicates that rs861539 polymorphism may be associated with an increased thyroid cancer risk in overall
population, and a tendency for signi�cantly increased thyroid cancer risk in TT(Met/Met) genotype population., and this association was
obviously exists in Asians.

Individuals with polymorphisms in XRCC3 rs861539 locus have a potential risk of thyroid cancer, but the carcinogenesis of rs861539
polymorphism to thyroid is still not completely understood. It is largely accepted that ionizing radiation would stimulate DNA damage, which
would then induct genomic instability, and previous study indicated that variant genotypes of XRCC3 codon241 are associated with increased
DNA damage with increased sensitivity to DNA toxic agents [38].

To our best knowledge, this is the most comprehensive meta-analysis with the largest sample size tried to explore the association between single
nucleotide polymorphism (SNP) in the XRCC3 rs861539(Thr241Met) locus and thyroid cancer risk. Our study had the advantage of including
higher numbers of cases and controls and assessment of sensitivity analysis. However, there were still some limitations in this meta-analysis.
First, these results are based on unadjusted estimates that lack original data from the included studies, and a more precise analysis should be
conducted. Second, the controls were not uniformly de�ned, and not all the controls from included studies in consistent with Hardy Weinberg
equilibrium. Third, Additional functional as well as association studies investigating gene-gene and gene-environment interactions are required to
elucidate this issue. Lastly, lack of available data prevented us from performing additional subgroup analyses by age, gender, ionizing radiation
and other risk factors. For these limitations, the results should be treated with caution. Certainly, our discovery warrant con�rmation by further
investigations with larger sample size.

4. Declarations
Abbreviations:

XRCC3 (X-ray repair cross-complementing group 3);TC (thyroid cancer); CBM (China Biology Medicine); CNKI (Chinese National Knowledge
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