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Abstract. Differentiated thyroid carcinoma (DTC) is the
most common endocrine malignancy. This disease includes
papillary and follicular thyroid tumors, and accounts for the
majority of thyroid cancer cases. Although both genetic and
environmental variables contribute to the genesis of DTC,
specific genetic variants in the Thai population remain to
be fully understood. The present case-control study aimed
to investigate six single nucleotide polymorphisms (SNPs)
associated with DTC susceptibility that had previously
been described in genome-wide association studies; namely,
rs944289, rs2439302, rs966423, rs116909374, rs1799782 and
rs861539, and assess these within a Thai population. A total
of 233 patients with histologically confirmed DTC (84.1%
papillary, 12.9% follicular, 2.6% mixed and 0.4% Hiirthle
cell) and 176 control subjects with no history of thyroid
disease were enrolled in the present study. Polymerase chain
reaction-restriction fragment length polymorphism was used
for genotyping. The results of the present study revealed that
the six SNPs were not statistically significant (P<0.05) in
the Thai population. Moreover, results of the sex-stratified
analysis demonstrated that statistically significant associations
were apparent between three SNPs in males; namely, SNPs
rs2439302 (CC vs. CG genotype: OR, 3.325; P=0.024),
1$966423 (CC vs. CT genotype: OR, 0.263; P=0.024; C vs. T
allele: OR, 3.780; P=0.015) and rs1799782 (CC vs. CT geno-
type: OR, 0.194; P=0.046). Collectively, results of the present
study may provide useful insights into the genetic diversity
associated with cancer risk within the Thai population and
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highlight the requirement for sex stratification in genetic
investigations of thyroid cancer.

Introduction

Differentiated thyroid carcinoma (DTC) is the most common
endocrine malignancy worldwide, accounting for 6.59%
of all cancers reported by the Siriraj Cancer Registry 2023
in Thailand (1-3). Papillary thyroid carcinoma (PTC) and
follicular thyroid carcinoma (FTC) are the two most common
subtypes, comprising 80-85 and 10-15% of cases, respectively.
Notably, these diseases are generally associated with a posi-
tive prognosis (4). Poorly differentiated subtypes, though less
common (5%), are associated with poor outcomes. Although
the specific etiology of DTC is yet to be fully understood,
genetic and environmental factors may play a key role in
disease development (5,6), with childhood radiation exposure
being a major environmental risk factor for PTC (7).

Recent advancements in genome-wide association
studies (GWAS) have identified several genetic markers that
may be associated with an increased risk of thyroid cancer,
particularly DTC and PTC. Notably, single nucleotide poly-
morphisms (SNPs), such as rs944289, rs2439302, rs966423,
rs116909374, rs1799782 and rs861539, have been implicated in
these associations (8,9). The six aforementioned SNPs; namely,
1s944289, rs2439302, rs966423, rs116909374, rs1799782 and
rs861539, were selected based on their significant associations
with an increased risk of DTC, particularly PTC, as previously
demonstrated in multiple GWAS. These genetic variants are
implicated in thyroid cancer predisposition across diverse
populations, and are associated with disease susceptibility,
tumor initiation and progression, and patient prognosis.
Moreover, the aforementioned genetic variants may interact
with key signaling pathways, including MAPK and PI3K
signaling pathways, in addition to environmental factors, such
as radiation exposure.

The SNP rs944289 is located near the PTCSC3 gene region,
and results of a previous study highlighted significant asso-
ciations between this polymorphism and the pathogenesis of
PTC. Its role in disease susceptibility was confirmed through
various studies, highlighting the potential impact on PTC
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risk across different populations (10,11). Moreover, the SNP
rs2439302 is located in the NRGI gene region and demon-
strates a clear association with thyroid cancer in Icelandic
individuals. The results of previous studies revealed that this
SNP may be associated with reduced NRG! expression (12,13).
The SNP rs966423 has been identified as a potential risk factor
for thyroid cancer; however, the specific mechanism remains
poorly understood. This SNP may interact with other genetic
markers to influence overall cancer susceptibility (11,14). The
results of a previous study revealed that SNP rs116909374
exhibited potential as a risk factor for thyroid cancer in both
Icelandic and non-Icelandic populations (15). In addition, poly-
morphisms in DNA repair genes; namely, XRCCI (rs1799782)
and XRCC3 (rs861539), may be associated with an increased
risk of DTC development (11,16).

The present study aimed to assess the potential association
of rs944289, rs2439302, rs966423, rs116909374, rs1799782
and rs861539 with the occurrence of DTC. Notably, the afore-
mentioned SNPs are involved in pathways that impact tumor
development and progression, highlighting their potential as
targets for genetic testing. In addition, they may exhibit poten-
tial in the development of personalized treatment strategies for
the management of thyroid cancer.

Materials and methods

Subjects. The present study was approved (approval no. Si
222/2018) by the Institutional Review Board at Faculty of
Medicine Siriraj Hospital (Bangkok, Thailand). In total,
233 patients with DTC and 176 healthy subjects provided
written informed consent prior to participation or the use
of their specimens was approved by the ethics committee.
Clinicopathological characteristics of patients (including sex
and age distribution) are provided in Table II. Control partici-
pants were selected following screening of medical history
questionnaires to exclude individuals with a personal history
of thyroid disorders, thyroid-related symptoms, current use
of thyroid medications, or family history of thyroid disorders
in first-degree relatives. A retrospective chart review was
carried out to obtain each patient's medical history, including
pathological reports and all available radiological examina-
tions. In total, 233 patients with DTC were treated at the
Thyroid Clinic, Division of Nuclear Medicine, Department
of Radiology, Faculty of Medicine Siriraj Hospital (Bangkok,
Thailand) from May 2018 to April 2020. All patients with DTC
were histologically confirmed as having the DTC subtype. All
patients underwent total or near-total thyroidectomy, and at
least one series of radioactive iodine ablation (30-200 mCi).
Genomic DNA was extracted from peripheral blood using the
5 PRIME ArchivePure DNA Blood kit (5 PRIME, Inc.). DNA
samples were used as templates in genotyping analysis.

Genotyping analysis. In total, six polymorphisms; namely,
rs944289, rs2439302, rs966423, rs116909374, rs1799782 and
rs861539, were determined using polymerase chain reac-
tion-restriction fragment length polymorphism (PCR-RFLP)
with a set of primers and restriction enzymes displayed in
Table I. The primers used in the present study were designed
in-house using Primer3 based on the target sequences obtained
from UCSC Genome Browser. PCR was carried out in a 20 ul

reaction containing 50 ng of genomic DNA, 0.2 mM of each
primer, 0.2 mM dNTP mixture, 1.5 mM MgCl,, 1X Taq buffer
with (NH,),SO,, and 0.5 U Taq DNA polymerase (Thermo
Fisher Scientific, Inc.). PCR conditions were as follows: Initial
denaturation at 94°C for 5 min; 35 cycles of 94°C for 30 sec,
56°C for 30 sec and 72°C for 45 sec; followed by a final exten-
sion at 72°C for 10 min. At least three samples per SNP were
selected to confirm the accuracy of genotyping using direct
sequencing of PCR products.

Statistical analysis. All statistical analyses were performed
using SPSS Statistics (version, 29.0; IBM Corp.). Normal distri-
bution was tested using a Kolmogorov-Smirnov test. Values
with normal distribution were expressed as mean (SD) and
non-normal distribution were expressed as median (25-75th
percentiles). Genotypic distributions were examined for a
significant departure from the Hardy-Weinberg equilibrium
(HWE) using a goodness-of-fit Chi-squared test. The potential
association between genotype/allele and risk of DTC was
assessed using Chi-squared or Fisher's exact tests according
to the size of the study, and the results were expressed as odds
ratios (OR) with a 95% confidence interval (CI). Adjusted
ORs were calculated using binary logistic regression analysis
with the primary outcome as the dependent variable. Age was
included as a covariate to statistically control for its potential
confounding effect on the outcome. P<0.05 was considered to
indicate a statistically significant difference. Post-hoc power
calculations using G'Power 3.1 software (17) were conducted
to evaluate the adequacy of the sample size.

Results

Clinical findings. In total, 233 patients with DTC who were
treated at the Thyroid Clinic were enrolled in the present
study. Of these patients, 196 patients (84.1%) exhibited
PTC, 30 patients (12.8%) exhibited FTC, six patients (2.6%)
exhibited mixed papillary and FTC, and one patient (0.4%)
exhibited Hiirthle cell carcinoma, according to the World
Health Organization criteria. There were 187 women and 46
men (female to male ratio, 4.1) included in the present study,
with a mean age of 51.1+14.9 years (range, 18-88 years). In
total, 176 control subjects without a history of thyroid disease
were included in the present study (female to male ratio, 3.8)
with a median age of 27 years (22-34), ranging from 19 to
87 years of age.

Genotyping analysis. Genotyping analysis was used to
examine the potential association between six SNPs and
DTCs. Notably, the data included genotype and allele
frequencies in cases and controls, HWE, P-values, OR with
95% CI, and corresponding P-values for association analyses
(Table III). The results of the present study revealed that the
ORs were indicative of specific directions for each SNP;
however, the results did not reach statistical significance
(P<0.05). The adjusted OR remained non-significant following
comprehensive age adjustment, suggesting that these findings
are not artifacts of the age imbalance between groups (data
not shown). All SNPs included in the control group exhibited
HWE (P>0.05), confirming appropriate genotype distribution
patterns. Notably, the rs116909374 SNP lacked variation in
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Table I. List of primers and restriction enzymes for SNPs detection in the present study.

Annealing Length of
temperature fragment Restriction
SNP ID Primer sequence (5'-3') o) (bp) enzyme
1s944289 F: GCAGCTGCAGATTTATTGCTT 56 811 BsrDI
R: GCCATGCACTACCCAGTTCT
rs2439302 F: TGCAAGAATGGCCTAACACAATGTGTAATCTT 56 211 Bfal
TGTTTCCT
R: ACTTCTGTTCCTGAGTCATC
15966423 F: CCCACGTGGAGAGGTGAGAAAAGTAGGGTGG 56 218 Nlalll
AAGAGGACA
R: TCTGTCTGTGCTCCAAGGTG
rs116909374 F: GAACAGCATTCACTTTGAGCA 56 700 Nisil
R: TGTGCTCTAATCCTAGCACCAT
151799782 F: CCCTCCTTTCCCAGGACTC 56 597 Pyull
R: GAGAAAGTGGATCCAGGATGA
rs861539 F: TTTCAGACGGTCGAGTGACAG 56 567 Nlalll

R: CAGAGGTGCACACACCACAT

SNP, single nucleotide polymorphism; F, forward; R, reverse.

Table II. Characteristics of patients and controls.

Case Control

Characteristics (n=233) (n=176)
Age, years 51.02+14.90 27 (22-34)
Sex

Female 187 (80.26%) 139 (78.98%)

Male 46 (19.74%) 37 (21.02%)
Tumor type

PTC 196 (84.12%)

FTC 30 (12.88%)

Mix 6 (2.58%)

Hiirthle 1(0.43%)

this population, limiting its utility in the present association
study. Post-hoc power calculation analysis yielded a power
(1-p) of 0.82, exceeding the conventional threshold of 0.80.
This confirmed that the sample size of the present study
was sufficient to detect ORs of =1.8 with appropriate statis-
tical power, while maintaining a 5% Type I error rate and
considering sex-specific genetic effects for these SNPs. The
results of the present study also revealed significant genetic
associations for three SNPs; namely, rs2439302, rs966423
and rs1799782. Notably, the results were categorized by sex,
and presented with OR, 95% CI and corresponding p-values
(Table IV). rs2439302 demonstrated a significant association
in men when comparing the CC and CG genotypes (OR,
3.325; 95% CI, 1.171-9.442; P=0.024), whereas no significant
associations were observed in women. Similarly, for rs966423
in males, two significant associations were identified; namely,

the CC vs. CT genotype comparison (OR, 0.263; 95% ClI,
0.082-0.841; P=0.024) and the C vs. T allele comparison (OR,
3.780; 95% CI, 1.291-11.068; P=0.015). Notably, no significant
associations were found in women for this SNP. The results of
the present study also revealed a signification association for
the CC vs. CT genotype for rs1799782 in men (OR, 0.194; 95%
CI, 0.039-0.968; P=0.046); however, there was no statistically
significant association in women. Collectively, the results
of the present study revealed that all statistically significant
associations (P<0.05) were exclusively observed in men,
indicating potential sex-specific genetic effects of these SNPs.
Although significant associations were observed exclusively
in men, these findings should be interpreted with caution due
to the limited male sample size (n=46), as this may reduce
statistical power and lead to effect size overestimation. The
observed OR suggested both increased and decreased risks
depending on the specific comparison, with no statistically
significant findings in women for any of the tested SNPs or
comparisons.

Discussion

The distribution of DTC subtypes in the present study is consis-
tent with global trends, where PTC is consistently reported as
the most prevalent form of DTC. On the other hand, mixed
papillary and FTCs and Hiirthle cell carcinomas are rare
with low prevalence rates (4,18). The female to male ratio of
patients with DTC observed in the present study was 4.1, and
this was consistent with previous findings (19). A total of six
SNPs with susceptibility to DTC were observed in a previous
study and were therefore used in the present case-control
association study. A total of two SNPs; namely, rs966423 and
rs1799782, demonstrated consistent trends; however, these did
not demonstrate statistical significance (P<0.05).
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Table III. Genotype and allele frequencies of SNPs in cases and controls with corresponding odds ratios and P-values for

association.
Nearest Genotype/ Frequency Frequency HWE
SNPID gene Allele in case in control P-value QOdds ratio (95% CI) P-value
1s944289 PTCSC3 CC 39 28 0.521 1.00 -
CT 89 72 0.887 (0.499-1.579) 0.685
TT 51 31 1.181 (0.611-2.284) 0.621
Missing 55 45 - -
C 167 128 1.00 -
T 191 134 0.915 (0.665-1.259) 0.587
1s2439302 NRG1 CC 102 86 0.864 1.00 -
CG 67 48 1.177 (0.736-1.881) 0.496
GG 9 5 1.518 (0.490-4.699) 0.469
Missing 56 37 - -
C 271 220 1.00 -
G 85 58 0.841 (0.576-1.227) 0.368
1s966423 DIRC3 CC 176 127 0.936 1.00 -
CT 42 44 0.689 (0.426-1.114) 0.128
TT 1 3 0.241 (0.025-2.339) 0.220
Missing 14 2 - -
C 394 298 1.00 -
T 44 50 1.502 (0.975-2.315) 0.065
rs116909374 MBIP CC 202 175 NA 1.00 -
CT 1 0 NA NA
TT 0 0 NA NA
Missing 31 1 - -
C 405 350 1.00 -
T 1 0 NA NA
rs1799782 XRCC1 CC 65 57 1.000 1.00 -
CT 33 48 0.603 (0.342-1.064) 0.081
TT 8 10 0.702 (0.259-1.898) 0.485
Missing 128 61 - -
C 163 162 1.00 -
T 49 68 1.3963 (0.911-2.140) 0.125
rs861539 XRCC3 CC 142 139 0.925 1.00 -
CT 23 19 1.185 (0.618-2.272) 0.609
TT 1 1 0.979 (0.061-15.805) 0.988
Missing 68 17 - -
C 307 297 1.00 -
T 25 21 0.868 (0.476-1.585) 0.646

The results of previous GWAS highlighted rs966423 as a
variant associated with an increased risk of thyroid cancer,
including PTC. Previous studies using various popula-
tions, including Chinese and Slovak cohorts, demonstrated
that rs966423 was associated with the development of
PTC (13,20). Research on the Icelandic population revealed
a strong association between rs966423 and thyroid cancer,
with an OR of 1.34, indicating a higher risk for carriers of
this variant (15). The TT genotype of rs966423 was associ-
ated with increased overall mortality in patients with DTC,
suggesting that this variant may affect the clinical course of
the disease (21). However, the limited predictive power of

rs966423 for thyroid cancer was observed in some popula-
tions (22). The results of a previous study demonstrated no
statistically significant correlation between the rs966423
polymorphism in the DIRC3 gene or any histopathological
or clinical features, including initial response to therapy,
response at follow-up, or overall mortality in patients with
DTC (23). The results of the present study revealed that
the T allele of rs966423 exhibited no significant asso-
ciation with disease development. Collectively, these results
suggested that rs966423 may not act as a useful indicator
for the clinical course or prognosis of thyroid cancer. This
highlights a discrepancy in findings and suggests that the
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Table I'V. Sex-stratified analysis of three SNPs with corresponding odds ratios.

Female Male
Genotype/ Odds ratio Odds ratio
SNP ID Allele (95% CI) P value (95% CI) P-value
1s2439302 CCvs.CG 0.912 (0.536-1.553) 0.735 3.325(1.171-9.442) 0.024
CC vs. GG 1.444 (0.417-5.001) 0.562 1.750 (0.100-30.592) 0.701
Cvs.G 0.975 (0.636-1.497) 0.909 0.462 (0.204-1.045) 0.064
1s966423 CCvs.CT 0.857 (0.501-1.466) 0.573 0.263 (0.082-0.841) 0.024
CCvs. TT 0.371 (0.033-4.141) 0.420 NA NA
Cvs. T 1.222 (0.754-1.981) 0417 3.780 (1.291-11.068) 0.015
rs1799782 CCvs.CT 0.726 (0.393-1.340) 0.305 0.194 (0.039-0.968) 0.046
CCvs. TT 0.524 (0.164-1.671) 0.275 1.750 (0.151-20.231) 0.654
Cvs. T 1.404 (0.879-2.244) 0.156 1.434 (0.506-4.067) 0.497

observed association may be influenced by other genetic
or environmental factors.

Previous studies have investigated the association between
the rs1799782 polymorphism in the XRCCI gene and thyroid
carcinoma; however, contradictory results were observed. A
previous study including a Chinese cohort demonstrated that
the homozygous TT genotype of rs1799782 was associated
with a markedly elevated risk of DTC, with an OR of 2.09,
indicating a two-fold increase in risk (16). The results of a
further previous study revealed that the T allele of rs1799782
was associated with an increased risk of PTC in a Han Chinese
population, with an adjusted OR of 1.61 (24). The results of a
meta-analysis also confirmed the aforementioned association
between the rs1799782 polymorphism and an increased risk
of thyroid cancer in specific genetic models (25). The results
of the present study revealed that the T allele of rs1799782
was associated with DTC development, with an OR of
1.3963. However, these results were not statistically signifi-
cant. Moreover, several previous studies indicated that the
rs1799782 polymorphism may be associated with a reduced
risk of thyroid cancer. In a Pakistani population, the homozy-
gous mutant TT of rs1799782 significantly decreased the risk
of thyroid cancer, with an OR of 0.71 (26).

The results of the present study also revealed a signifi-
cant genetic association for three SNPs; namely, rs2439302,
r$966423 and rs1799782. Although numerous previous studies
do not provide male-specific data for these three SNPs, the
overall findings suggested that these SNPs may contribute to
thyroid cancer risk and progression in men in a similar manner
to women. The results of the present study also revealed that
the CG genotype of rs2439302 and T allele of rs966423 in male
patients was significantly associated with an increased risk
of DTC, while the CT genotypes of 15966423 and rs1799782
were associated with a decreased risk of DTC. However, the
present study included a limited number of male patients.
Thus, further investigations focused on male populations are
required to verify the observed sex-specific associations.

Although rs944289 and rs2439302 polymorphisms
have been consistently associated with an increased
risk of thyroid cancer in Chinese, Japanese and Korean

populations (12,27-29), the results of the present study
revealed no association between the four SNPs; namely,
rs944289, rs2439302, rs116909374 and rs861539, and this
result was further verified in additional investigations. For
example, the results of a previous study revealed that the
potential effect of rs944289 and the strength of its associa-
tion may vary among populations (30). Moreover, rs2439302
may influence susceptibility to thyroid cancer; however,
the specific impact is not definitive across all ethnicities.
In a Turkish population, the observed association between
rs2439302 and thyroid cancer risk was not statistically signif-
icant, highlighting that this association may differ among
populations (31). The limited clinical potential for predicting
thyroid cancer was further demonstrated through assessing
the association of key SNPs, such as rs2439302 with cancer
risk, suggesting that although there may be an association, its
predictive power may remain low (22). In addition, the results
of a previous study revealed that the rs116909374 SNP may be
associated with thyroid cancer risk, particularly in European
populations. However, its role in the Chinese population is yet
to be clearly established (13). In addition, research involving
the Han Chinese population revealed no polymorphism for
15116909374, further supporting the lack of association with
thyroid cancer in this demographic (22). This result was
consistent with those of the present study. Although previous
results in Chinese and Pakistani populations suggested that
the rs861539 variant T allele was associated with an elevated
risk of thyroid cancer (16,32), results of a meta-analyses
focused on the rs861539 polymorphism did not demonstrate
a significant association, or the association was not consis-
tent across ethnic subgroups (33). Notably, large amounts of
data for certain SNPs may be missing, which may affect the
power of the analysis. Moreover, an age discrepancy among
participants is acknowledged as a limitation due to its poten-
tial influence on the study outcomes. Additional studies with
larger sample sizes are therefore required to confirm these
findings.

The present study may provide novel insights into specific
genetic factors that are associated with DTC susceptibility, and
the results demonstrated that these may differ between sexes in
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the Thai population. Specifically, significant associations with
1rs2439302, rs966423 and rs1799782 were only observed in
males. Results of the present study highlighted the importance
of sex stratification in genetic association studies of DTC,
and may provide useful insights into genetic heterogeneity
in thyroid cancer risk among the Thai population. Further
investigations with larger cohorts are required to confirm
these associations, and determine the clinical impact on risk
assessment and the development of treatment strategies.

Acknowledgements

The authors would like to thank Ms Julaporn Pooliam (Siriraj
Research Management Unit, Department of Research and
Development, Faculty of Medicine Siriraj Hospital; Bangkok,
Thailand) for sample size calculation and statistical analysis.

Funding

The present study was supported by the Thailand Science
Research and Innovation Fund Chulalongkorn University
(grant no. HEA662300074) and the ‘Chalermphrakiet Grant’
(Faculty of Medicine Siriraj Hospital, Mahidol University).

Availability of data and materials

The data generated in the present study may be requested from
the corresponding author.

Authors' contributions

PY was responsible for study design, carrying out the experi-
ments, analysis, supervision, conceptualization, manuscript
writing and editing of the final version of the manuscript. AL
was responsible for carrying out the experiments and editing
of the final version of the manuscript. JS was responsible for
carrying out the experiments and editing of the final version of
the manuscript. SA was responsible for study design, carrying
out the experiments, analysis, supervision, conceptualization,
manuscript writing and editing of the final version of the
manuscript. PY and SA confirm the authenticity of all the raw
data. All authors read and approved the final version of the
manuscript.

Ethics approval and consent to participate

The present study was approved (approval no. Si 222/2018) by
the Institutional Review Board at Faculty of Medicine Siriraj
Hospital (Bangkok, Thailand). All participants provided
written informed consent prior to participating in the study
or the use of their specimens was approved by the ethics
committee.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.

Use of artificial intelligence tools

During the preparation of this work, artificial intelligence
tools were used to improve the readability and language of
the manuscript or to generate images, and subsequently, the
authors revised and edited the content produced by the artifi-
cial intelligence tools as necessary, taking full responsibility
for the ultimate content of the present manuscript.

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram I and Jemal A: Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality worldwide
for 36 cancers in 185 countries. CA Cancer J Clin 74: 229-263,
2024.

2. Siegel RL, Giaquinto AN and Jemal A: Cancer statistics, 2024.
CA Cancer J Clin 74: 12-49, 2024.

3. Siriraj Cancer Center: Siriraj Cancer Registry 2023. https:/www2.
si.mahidol.ac.th/department/cancer/download/siriraj-cancer-registry-
2023/?wpdmdl=6263&refresh=6882115c9e2771753354588. Accessed
March 18, 2025.

4. Dralle H, Machens A, Basa J, Fatourechi V, Franceschi S, Hay ID,
Nikiforov YE, Pacini F, Pasieka JL and Sherman SI: Follicular
cell-derived thyroid cancer. Nat Rev Dis Primers 1: 15077, 2015.

5. Kitahara CM and Sosa JA: The changing incidence of thyroid
cancer. Nat Rev Endocrinol 12: 646-653, 2016.

6. Song YS and Park YJ: Genomic characterization of differenti-
ated thyroid carcinoma. Endocrinol Metab (Seoul) 34: 1-10,2019.

7. Veiga LH, Holmberg E, Anderson H, Pottern L, Sadetzki S,
Adams MJ, Sakata R, Schneider AB, Inskip P, Bhatti P, et al:
Thyroid cancer after childhood exposure to external radiation:
An updated pooled analysis of 12 studies. Radiat Res 185:
473-484,2016.

8. Figlioli G, Elisei R, Romei C, Melaiu O, Cipollini M, Bambi F,
Chen B, Kohler A, Cristaudo A, Hemminki K, et al: A compre-
hensive meta-analysis of case-control association studies to
evaluate polymorphisms associated with the risk of differenti-
ated thyroid carcinoma. Cancer Epidemiol Biomarkers Prev 25:
700-713, 2016.

9. Gudmundsson J, Sulem P, Gudbjartsson DF, Jonasson JG,
Sigurdsson A, Bergthorsson JT, He H, Blondal T, Geller F,
Jakobsdottir M, et al: Common variants on 9q22.33 and 14q13.3
predispose to thyroid cancer in European populations. Nat
Genet 41: 460-464, 2009.

10. Bonora E, Tallini G and Romeo G: Genetic predisposition to
familial nonmedullary thyroid cancer: An update of molecular
findings and state-of-the-art studies. J Oncol 2010: 385206,
2010.

11. Jones AM, Howarth KM, Martin L, Gorman M, Mihai R, Moss L,
Auton A, Lemon C, Mehanna H, Mohan H, et al: Thyroid cancer
susceptibility polymorphisms: Confirmation of loci on chromo-
somes 9922 and 14q13, validation of a recessive 8q24 locus and
failure to replicate a locus on 5q24. J] Med Genet 49: 158-163,
2012.

12. Guo Y, Zhang W, He R, Zheng C, Liu X, Ge M and Xu I:
Investigating the association between rs2439302 polymorphism
and thyroid cancer: A systematic review and meta-analysis. Front
Surg 9: 877206, 2022.

13. Wang YL, Feng SH, Guo SC, Wei W], Li DS, Wang Y, Wang X,
Wang ZY,Ma YY, Jin L, et al: Confirmation of papillary thyroid
cancer susceptibility loci identified by genome-wide association
studies of chromosomes 14q13,9q22,2q35 and 8p12 in a Chinese
population. J Med Genet 50: 689-695, 2013.

14. Mussazhanova Z, Rogounovitch TI, Saenko VA, Krykpayeva A,
Espenbetova M, Azizov B, Kondo H, Matsuda K, Kalmatayeva Z,
Issayeva R, et al: The contribution of genetic variants to the risk
of papillary thyroid carcinoma in the kazakh population: Study
of common single nucleotide polymorphisms and their clini-
copathological correlations. Front Endocrinol (Lausanne) 11:
543500, 2021.

15. Gudmundsson J, Sulem P, Gudbjartsson DF, Jonasson JG,
Masson G, He H, Jonasdottir A, Sigurdsson A, Stacey SN,
Johannsdottir H, et al: Discovery of common variants associ-
ated with low TSH levels and thyroid cancer risk. Nat Genet 44:
319-322,2012.



16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

/B PUBLICATIONS

SPANDIDOS

YanL,LiQ,LiX,Ji Hand Zhang L: Association studies between
XRCCI1, XRCC2, XRCC3 polymorphisms and differentiated
thyroid carcinoma. Cell Physiol Biochem 38: 1075-1084, 2016.
Faul F, Erdfelder E, Buchner A and Lang AG: Statistical power
analyses using G*Power 3.1: Tests for correlation and regression
analyses. Behav Res Methods 41: 1149-1160, 2009.

Sturgis EM and Li G: Molecular epidemiology of papillary
thyroid cancer: In search of common genetic associations.
Thyroid 19: 1031-1034, 20009.

Li P,Ding Y, Liu M, Wang W and Li X: Sex disparities in thyroid
cancer: A SEER population study. Gland Surg 10: 3200-3210, 2021.
Duffek M, Skerenova M, Halasova E, Sarlinova M, Dzian A,
Repiska V, Dobrovodsky A, Mistuna D, Bernadic M and
Matakova T: Risk genetic polymorphism and haplotype associ-
ated with papillary thyroid cancer and their relation to associated
diseases in Slovak population. Bratisl Lek Listy 123: 475-448,2022.
Swierniak M, Wojcicka A, Czetwertyfiska M, Dtugosifiska J,
Stachlewska E, Gierlikowski W, Kot A, Gérnicka B, Koperski £,
Bogdanska M, et al: Association between GWAS-derived
rs966423 genetic variant and overall mortality in patients with
differentiated thyroid cancer. Clin Cancer Res 22: 1111-1119, 2016.
Guo S, Wang YL, Li Y, Jin L, Xiong M, Ji QH and Wang I:
Significant SNPs have limited prediction ability for thyroid
cancer. Cancer Med 3: 731-735, 2014.

Hincza K, Kowalik A, Palyga I, Walczyk A, Gasior-Perczak D,
Mikina E, Trybek T, Szymonek M, Gadawska-Juszczyk K,
Zajkowska K, et al: Does the TT variant of the rs966423
polymorphism in DIRC3 affect the stage and clinical course of
papillary thyroid cancer? Cancers (Basel) 12: 423, 2020.

Zhu J, Qi P and Li Z: Interaction between XRCC1 gene polymor-
phisms and obesity on susceptibility to papillary thyroid cancer in
Chinese Han population. Cell Physiol Biochem 49: 638-644, 2018.
Jafari Nedooshan J, Forat Yazdi M, Neamatzadeh H, Zare
Shehneh M, Kargar S and Seddighi N: Genetic association of
XRCC1 gene rs1799782, rs25487 and rs25489 polymorphisms
with risk of thyroid cancer: A systematic review and meta-
analysis. Asian Pac J Cancer Prev 18: 263-270, 2017.

26.

217.

28.

29.

30.

31.

32.

33.

BIOMEDICAL REPORTS 23: 157, 2025 7

Bashir K, Sarwar R, Fatima S, Saeed S, Mahjabeen I and
Akhtar Kayani M: Haplotype analysis of XRCC1 gene polymor-
phisms and the risk of thyroid carcinoma. J BUON 23: 234-243,
2018.

AiL,LiuX,Yao Y, YuY,SunH and Yu Q: Associations between
rs965513/rs944289 and papillary thyroid carcinoma risk:
A meta-analysis. Endocrine 47: 428-434,2014.

Saenko VA and Rogounovitch TI: Genetic polymorphism
predisposing to differentiated thyroid cancer: A review of major
findings of the genome-wide association studies. Endocrinol
Metab (Seoul) 33: 164-174, 2018.

Rogounovitch TI, Bychkov A, Takahashi M, Mitsutake N,
Nakashima M, Nikitski AV, Hayashi T, Hirokawa M, Ishigaki K,
Shigematsu K, et al: The common genetic variant rs944289 on
chromosome 14q13.3 associates with risk of both malignant and
benign thyroid tumors in the Japanese population. Thyroid 25:
333-340, 2015.

Zheng J, Li C, Wang C and Ai Z: Common genetic variant on
14q13.3 contributes to thyroid cancer susceptibility: Evidence
based on 12 studies. Mol Genet Genomics 290: 1125-1133,
2015.

Demir S, Giirkan H, Celik M, Sezer A, Eker D, Giildiken S,
Siit N, Tozkir H, Goncii E, Biilbiil BY, er al: Investigation of the
relationship between genome wide association studies-derived
polymorphisms and differentiated thyroid cancer risk in a
Turkish population. Gazi Med J 32: 547-553, 2021.

Sarwar R, Mahjabeen I, Bashir K, Saeed S and Kayani MA:
Haplotype based analysis of XRCC3 gene polymorphisms in
thyroid cancer. Cell Physiol Biochem 42: 22-33,2017.
Mandegari M, Dastgheib SA, Asadian F, Shaker SH,
Tabatabaie SM, Kargar S, Sadeghizadeh-Yazdi J
and Neamatzadeh H: A meta-analysis for association of
XRCC1, XRCC2 and XRCC3 polymorphisms with suscepti-
bility to thyroid cancer. Asian Pac J Cancer Prev 22: 2221-2236,
2021.


https://www.spandidos-publications.com/10.3892/br.2025.2035

