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Abstract

Autoimmune thyroiditis (AIT), or Hashimoto’s thyroiditis, is one of the most prevalent
autoimmune endocrine disorders. Its pathogenesis is complex and involves both environ-
mental and genetic factors, yet it remains incompletely understood. Among the genetic
contributors, thyroid-specific genes, including thyroid peroxidase (TPO) and thyroglob-
ulin (Tg), have been implicated. The aim of this study was to investigate the potential
association between the TPO gene single nucleotide polymorphism rs1126797, located in
exon 11, and the risk of developing AIT in a Caucasian Polish population. To date, this
SNP has not been studied in European cohorts, prompting us to explore its role following
prior assessments in other ethnic groups. A total of 234 patients diagnosed with AIT and
132 healthy control subjects were enrolled. Genotyping of rs1126797 was performed using
the TagMan SNP Genotyping Assay. Allele and genotype frequencies were compared
between groups, and associations with clinical parameters, including thyroid volume,
were analyzed. No statistically significant differences in allele or genotype frequencies of
151126797 were observed between AIT patients and healthy controls. However, a weak,
significant trend was noted, suggesting a possible association between rs1126797 genotypes
and thyroid volume in patients with AIT. Our findings do not support a significant role
of the TPO rs1126797 polymorphism in conferring susceptibility to autoimmune thyroidi-
tis in the studied Caucasian Polish population. However, the observed trend in thyroid
volume among AIT patients with different rs1126797 genotypes warrants further investiga-
tion. Future studies involving larger and ethnically diverse cohorts are needed to validate
these findings.
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1. Introduction

Autoimmune thyroiditis (AIT), also known as Hashimoto’s thyroiditis, is one of the
most prevalent autoimmune diseases overall and the most frequent among organ-specific
autoimmune disorders [1]. Its global prevalence is estimated at approximately 5-7% of the
general population, with a similar rate of around 5% reported in Poland [2].
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Despite extensive research, the precise etiology of AIT remains incompletely under-
stood. The condition results from a complex interplay of genetic, environmental, and
epigenetic factors, classifying it as a multifactorial disease. Among the genetic contributors,
both thyroid-specific and immune-related gene polymorphisms are implicated [3-5]. Al-
though several genetic variants influencing immune regulation (e.g., HLA-DR3, PTPN22,
CD40, FOXP3, CTLA-4, and cytokine genes) are clearly associated with autoimmunity;,
they are shared among different autoimmune diseases and do not entirely explain the
thyroid-specific susceptibility [1,6].

The most extensively studied thyroid-specific genes in AIT include the TPO and Tg
genes. The thyroid-stimulating hormone receptor (TSHR) gene has also been evaluated in
AlT, although it is primarily associated with Graves’ disease and Graves’ orbitopathy [7].
Both thyroglobulin (Tg) and thyroid peroxidase (TPO) are major autoantigens in autoim-
mune thyroid diseases. Anti-TPO antibodies (TPOAD) are present in up to 90% of AIT
patients, serving as a hallmark of the disease [8]. Beyond their diagnostic utility, these
antibodies may also play a direct pathogenic role in disease development [9].

Several single nucleotide polymorphisms (SNPs) in the TPO gene have been inves-
tigated for their association with AIT pathogenesis. These include variants in the coding
regions as well as the promoter region of the gene, though the findings across studies have
often been inconsistent [10-14]. An intronic SNP, rs1126797, has previously been reported
to be associated with thyroid autoimmunity and hypothyroidism [15-17]. Nevertheless,
data on its genotype distribution in European populations are lacking.

This study aimed to evaluate the association between the exon 11 SNP of the TPO
gene—rs1126797—and the development and clinical course of autoimmune thyroiditis in a
Caucasian Polish population.

2. Results

There were no statistically significant differences in allele or genotype frequencies of
the rs1126797 SNP between the AIT patients and the controls within the Caucasian Polish
population. The CC genotype and C allele were slightly more frequent among the patients
compared to the controls (43.59% vs. 40.91% and 66.24% vs. 64.02%, respectively), although
these differences were not statistically significant (p > 0.05). The genotype distribution did
not differ significantly under either the dominant (CC + CT vs. TT, p = 0.61) or recessive
(CCvs. CT + TT, p = 0.62) inheritance models. Detailed genotype and allele frequencies are
presented in Table 1.

In the subgroup of 116 AIT patients, further analysis was conducted to explore the
association between rs1126797 genotypes and ultrasonographic features. No significant
differences were observed in the genotype distribution between the patients with and
without thyroid nodules (p > 0.05). However, thyroid volume varied significantly between
the genotypes (p = 0.02). Median thyroid volumes were as follows: CC: 10.69 mL (range:
5.46-17.49), CT: 7.74 mL (range: 4.62-12.07), and TT: 13.11 mL (range: 7.31-17.71). The
Dunn-Bonferroni post hoc test indicated that the most notable difference in thyroid volume
was observed between the CT and TT genotypes, although it was still just a trend toward
significance (p = 0.06).
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Table 1. Allele and genotype frequencies of the exon 11 TPO single nucleotide polymorphism
(rs1126797) in the patients with autoimmune thyroiditis (AIT) and the healthy controls in the Polish
population.

SNP Allele/Genotype AIT (n =234), n (%) Controls (n = 132), n (%) p-Value OR (95% CI)
Genotypes
cC 102 (43.59) 54 (40.91)
CT 106 (45.30) 61 (46.21) 0.83*
0.54 **
TT 26 (11.11) 17 (12.88)
cC 102 (43.59) 54 (40.91) 112
Vs. VS. Vs. 0.62 * © 72'_1 72)
rs1126797 CT+TT 132 (56.41) 78 (59.09) e
CC+CT 208 (88.89) 115 (87.12) 118
Vs. Vs. Vs. 0.61* © 62.—2 27)
TT 26 (11.11) 17 (12.88) i
Alleles
C allele 310 (66.24) 169 (64.02) 1.10
0-54* 0.80-1.51
T allele 158 (33.76) 95 (35.98) (0.80-1.51)

Values in parentheses indicate percentages of the group. * Chi-squared test; ** chi-squared test for trend. SNP—
single nucleotide polymorphism. OR—odds ratio. CC, CT, and TT represent the rs1126797 genotypes.

3. Discussion

AIT has been the focus of numerous studies because of its multifactorial pathogenesis
involving both non-modifiable (genetic) and modifiable (environmental) factors. More-
over, the association between AIT or anti-thyroid antibody positivity and other diseases is
frequently analyzed. Beyond the typical symptoms of hypothyroidism observed in most
patients, AIT has also been associated with an increased risk of mood disorders (predom-
inantly bipolar disorder) [18], neuropsychiatric symptoms (also known as Hashimoto’s
encephalopathy), and reduced quality of life despite biochemical euthyroidism [19,20].
Furthermore, TPOADb positivity has been linked to adverse pregnancy outcomes, including
miscarriage, and anemia [21].

Understanding the underlying contributors to AIT is essential for identifying high-risk
individuals, enabling earlier diagnosis, and ultimately elaborating preventive strategies.
Multiple factors are already known, but the contribution of single factors is generally
low [22,23]. Current consensus suggests that disease development arises from complex
interactions between environmental triggers and a genetically determined immune predis-
position. Among thyroid-specific genes, TPO and TG are natural candidates [9].

Thyroid peroxidase (TPO) is a 107 kDa glycosylated hemoprotein localized on the api-
cal membrane of thyrocytes, where it plays a critical role in thyroid hormone synthesis [24].
The TPO gene, located on chromosome 2p25, comprises 17 exons [25]. Mutations in the
TPO gene are the most common cause of dyshormonogenesis, which, in turn, is the second
most common etiology of congenital hypothyroidism, often associated with goiter [26].

The current study did not find a significant association between the rs1126797 SNP
and the risk of AIT. These findings are consistent with prior studies in Japanese and
Egyptian populations [12,13]. Notably, Tomari et al. also failed to observe a correlation
between this SNP and thyroid-specific antibody levels. Although rs1126797 is located in
the coding region of the TPO gene (exon 11), it is a synonymous variant and does not result
in an amino acid substitution [17]. Nevertheless, synonymous SNPs can still impact gene
function by affecting mRNA stability, splicing efficiency, or translation dynamics. Moreover,
the proximity of rs1126797 to other polymorphisms within the gene raises the possibility of
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linkage disequilibrium (LD) with functionally relevant variants. Table 2 summarizes the
available data on rs1126797 in AIT patients (including our own results).

Table 2. A literature review on exon 11 TPO gene single nucleotide polymorphisms (rs1126797) in
autoimmune thyroiditis (AIT).

Author Population Statistics
Japanese - NS - .
147 AIT and 92 healthy controls ~ ~ No association with
TPOAD level.
Egyptian ) NS.

Ahmed et al., 2021 [13] 200 AIT and 100 healthy controls ~ ~ No association with

the disease severity.

Polish - NS.

234 AIT and 132 healthy controls ~ ~ Weak.association with
thyroid volume.

Lacka et al. [present study]

NS—not significant = no association with the disease risk.

Although certain SNPs may not significantly influence disease risk, they can still
modulate the clinical course, such as disease severity or age at diagnosis. We evaluated
whether the rs1126797 SNP affects ultrasonographic features in patients with AIT. We
observed that individuals with the CT genotype had a lower thyroid volume compared to
those with the TT genotype, with borderline significance. CT vs. CC carriers also showed
a non-significant trend toward smaller thyroid volume. This heterozygote-specific effect
suggests a non-additive genetic model. These findings need further investigation in larger
independent cohorts. Previous studies by Tomari et al. and Ahmed et al. also explored the
association between rs1126797 and the clinical course of AIT but did not assess thyroid
volume [12,13]. Other genetic variants, such as in AATF, SMARCA2 or PTPN22 genes, have
previously been linked to thyroid volume in AIT [27,28].

Previous research has explored the role of rs1126797 in other thyroid-related conditions.
Faam et al. showed that the C allele of this SNP (also referred to as T1936C) was associated
with higher TPOADb levels in randomly selected participants [15]. Ghanooni et al. identified
rs1126797 as part of a haplotype block significantly associated with TPOADb positivity,
though the specific contribution of this SNP remained uncertain [16]. Balmiki et al. reported
that the T allele of rs1126797 was protective against hypothyroidism in adults [17]. However,
Su et al. found no significant association between rs1126797 and congenital hypothyroidism
due to dyshormonogenesis in a Chinese population [29].

Several other TPO gene SNPs have been studied in relation to AIT. Promoter region
(e.g., rs2071399, rs2071400, rs2071402, rs2071403) and exon 12 (rs732608 and rs732609) SNPs
have been investigated in diverse populations [12-14,30]. Other regions of the TPO gene
have also been analyzed, further supporting the gene’s role in thyroid autoimmunity [10,12].
In Egyptian patients, rs2071400 C/T and rs732609 A/C were shown to be associated with
an increased risk of AIT [13]. In an Iranian population, rs732609 and another exon 12 SNP,
rs732608, were found to be associated with subclinical hypothyroidism [30]. Japanese
studies found distinct genotype distributions for rs2071400 and rs2071403 between AIT
cases and controls, and reported associations of rs2071400 and rs2048722 with TPOAb
levels [12]. The rs2071403 SNP was identified as being associated with TPOAD positivity in
a Korean genome-wide association study (GWAS), although no link to hypothyroidism was
found [31]. In Iranian populations, Faam et al. and Khoshi et al. demonstrated associations
between other TPO polymorphisms (Asn698Thr/T1936C exon 11, Thr725Pro/A2257C
exon12) and serum TPOADb levels [15,30]. Ghanooni et al. highlighted rs6605278 in the
3’UTR as the strongest contributor to TPOADb positivity among multiple TPO SNPs [16].
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Studies on Caucasian AIT populations are more limited. Brcic et al. found that
rs11675434 was significantly associated with both AIT risk and TPOAD levels [10], a
finding supported by studies in Chinese and other Western populations (Sweden, USA,
and Australia) [32-35]. Our previous investigation of promoter SNPs (rs2071399, rs2071400,
rs2071402, rs2071403) in Polish AIT patients did not show significant associations [14].
Jabrocka-Hybel et al. reported a weak association for rs11211645 (upstream region) but
found no relevance for other variants (rs961028 and rs2276704) [11].

Given the overlapping autoimmune pathophysiology between AIT and Graves’ dis-
ease (GD) or Graves’ orbitopathy (GO), some TPO SNPs have also been explored in these
conditions. While rs11675434 was not associated with GD in a Polish cohort, it was linked
to the presence and severity of GO [36,37]. In Japanese patients, rs2071400 and rs2071403
were associated with GD susceptibility [12].

The rs1126797 SNP was selected for analysis because of its limited prior investigation
in Caucasian populations. Previous studies in Asian populations suggested an association
between this SNP and TPOAblevels or subclinical hypothyroidism, warranting its eval-
uation in a different ethnic context [15-17]. Moreover, SNPs with a relatively balanced
allele distribution are better candidates for genetic predisposition studies. This is a truth
for rs1126797 among Caucasians (C allele = 0.64 vs. T allele = 0.36).

This study has several limitations that should be acknowledged. First, the relatively
modest sample size, particularly of the control group, may have limited the statistical
power to detect weak associations. Second, although the study population was ethnically
homogeneous, it was restricted to Caucasian individuals from a single geographic region
in Poland, which may limit the generalizability of the findings to other populations. Third,
the functional impact of the rs1126797 variant on TPO gene expression or protein function
is uncertain. Finally, environmental and epigenetic factors, which are known contributors
to autoimmune thyroiditis, were not fully evaluated and may have influenced disease
susceptibility or phenotype.

4. Materials and Methods
4.1. Patients

The study group included 234 unrelated patients with AIT of Caucasian Polish origin
(224 women and 10 men), with a mean age of 46.88 & 14.19 years (range: 18-75). The
diagnosis of AIT was based on elevated levels of TPOAb and/or anti-Tg antibodies, a
characteristic ultrasound image of the thyroid gland, and either a hypo- or euthyroid state
determined by TSH levels (standard diagnostic criteria, as described previously) [14]. At
the time of this study, all patients were euthyroid under L-thyroxine substitution therapy.

The control group consisted of 132 healthy individuals (104 women and 28 men) with
no personal or family history of thyroid dysfunction, goiter, autoimmune thyroid disease
(AITD), or other autoimmune disorders. Their mean TSH level was 1.57 + 1.02 mIU/L,
and the mean age was 33.96 & 14.22 years (range: 18-74). The controls were recruited from
the same geographical region as the AIT patients.

Detailed and standardized ultrasound reports from the same medical center, all per-
formed by the same ultrasonographer, were available for 116 patients.

This study was approved by the local ethics committee of Poznan University of
Medical Sciences (approval no. 443/17), and written informed consent was obtained from
all the participants, both the patients and the controls.
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4.2. Methods
Genotyping of TPO Exon 11 SNP (rs1126797)

Genomic DNA was extracted from peripheral blood mononuclear cells using either
the NucleoSpin Blood Kit (Macherey-Nagel, Diiren, Germany) or the QlAamp DNA Blood
Mini Kit (QIAGEN, Hilden, Germany), according to the manufacturers’ protocols.

Genotyping was performed using the TagMan SNP Genotyping Assay (cat. no. 4351379,
assay ID: C___8760351_10, Thermo Fisher Scientific, Waltham, MA, USA) and Fast Probe
qPCR Master Mix 2x (cat. no. E0422, EURx, Gdanisk, Poland). Reactions were carried
out using the LightCycler 2.0 capillary thermal cycler (Roche Diagnostics, Mannheim,
Germany) following the protocol detailed in Table 3. Genotypes were determined by
analyzing the ratio of fluorescence signals at 530 nm and 560 nm, as illustrated in Figure 1.
All batches were cross-calibrated, and 18% of the samples were randomly duplicated to
confirm genotyping consistency.

Table 3. Protocol for preparation of a PCR reaction mix and PCR conditions for TPO gene exon
11 SNP (rs1126797) genotyping using the TagMan assay.

PCR Reaction Mix (Total Volume: 20 pL)

Component Volume (pL)
Fast Probe qPCR Master Mix 2 X 10.0
Nuclease-Free Water 8.5
TagMan SNP Genotyping Assay 0.5
Genomic DNA 1.0
PCR Cycling Conditions
Step Temperature (°C) Time
Predenaturation 95 10 min
Denaturation 92 15 s (at least 40 cycles)
Annealing/Extension 60 60s
Final Extension 60 10 min

Amplification Curves

0.27
0.22
0.17
0.12
0.07
0.02
-0.03
-0.08
-0.13
-0.18;
-0.23
-0.28
-0.33

Fluorescence (530/560)

10 20 30 40 50 60
Cycles

Figure 1. Genotyping of the rs1126797 SNP of the TPO gene using TagMan real-time PCR. The X-axis
represents PCR cycle number; the Y-axis shows the fluorescence ratio. TT, CT, and CC represent the
151126797 genotypes.
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4.3. Statistical Analysis

The Hardy-Weinberg equilibrium was assessed using the chi-squared test (x?) for
both groups. Differences in allele and genotype frequencies between the AIT patients and
the controls were analyzed using the x? or x? test for trend, as appropriate. A p-value < 0.05
was considered statistically significant. Odds ratios (ORs) with 95% confidence intervals
(ClIs) were calculated to estimate the strength of associations.

To assess differences in thyroid volume between genotype groups, the Kruskal-Wallis
test was used, followed by the Dunn-Bonferroni post hoc test. Statistical analyses were
performed using PQStat version 1.8.6 (PQStat Software, Poznan, Poland).

5. Conclusions

This study represents the first investigation of the rs1126797 SNP located in exon 11 of
the TPO gene in a Caucasian Polish population with autoimmune thyroiditis. Although
no significant association was found between this SNP and the overall risk of AIT, a sug-
gestive trend was observed between rs1126797 genotypes and thyroid volume in affected
individuals. These findings indicate that while rs1126797 may not be a major risk factor
for AIT susceptibility, it could have a modulatory role in disease phenotype. Given the
multifactorial nature of AIT and the genetic heterogeneity observed across different ethnic
groups, further studies in larger and more diverse populations are warranted.

Author Contributions: Conceptualization, K.L., ].K.L. and M.].K.; Methodology, K.L. and M.] K,;
Validation, M.J.K.; Formal analysis, A.M.; Investigation, A.M.L.; Resources, K.L., WH., J K.L., R.Z.
and M.J.K,; Data curation, AM.L., WH. and M.] K.; Writing—original draft, K.L., AM. and AM.L.;
Writing—review & editing, K.L., J K.L., RZ.and MJ K, Supervision, K.L., R.Z.and MJ K, Funding
acquisition, R.Z. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Poznan University of Medical Sciences
(approval no. 443/17).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data are included in the article. Additional information is available
from the corresponding author upon request.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Vargas-Uricoechea, H. Molecular Mechanisms in Autoimmune Thyroid Disease. Cells 2023, 12, 918. [CrossRef] [PubMed]

2. Hu, X.; Chen, Y;; Shen, Y,; Tian, R.; Sheng, Y.; Que, H. Global prevalence and epidemiological trends of Hashimoto’s thyroiditis in
adults: A systematic review and meta-analysis. Front. Public Health 2022, 10, 1020709. [CrossRef] [PubMed]

3. Maciejewski, A.; Kowalczyk, M.J.; Herman, W.; Czyzyk, A.; Kowalska, M.; Zaba, R.; Lacka, K. Vitamin D Receptor Gene
Polymorphisms and Autoimmune Thyroiditis: Are They Associated with Disease Occurrence and Its Features? BioMed Res. Int.
2019, 2019, 8197580. [CrossRef]

4. Lacka, K.; Paradowska-Gorycka, A.; Maciejewski, A.; Kramer, L.; Herman, W.A; Lacki, J.K. Interleukin 1 beta (IL1beta) gene
polymorphisms (SNP-511 and SNP+3953) in Hashimoto’s thyroiditis among the Polish population. Exp. Clin. Endocrinol. Diabetes
2014, 122, 544-547. [CrossRef]

5. Pyzik, A,; Grywalska, E.; Matyjaszek-Matuszek, B.; Roliriski, ]. Immune disorders in Hashimoto’s thyroiditis: What do we know
so far? J. Immunol. Res. 2015, 2015, 979167. [CrossRef]

6. Lee, HJ.; Stefan-Lifshitz, M.; Li, C.W.; Tomer, Y. Genetics and epigenetics of autoimmune thyroid diseases: Translational
implications. Best Pract. Res. Clin. Endocrinol. Metab. 2023, 37, 101661. [CrossRef]


https://doi.org/10.3390/cells12060918
https://www.ncbi.nlm.nih.gov/pubmed/36980259
https://doi.org/10.3389/fpubh.2022.1020709
https://www.ncbi.nlm.nih.gov/pubmed/36311599
https://doi.org/10.1155/2019/8197580
https://doi.org/10.1055/s-0034-1376967
https://doi.org/10.1155/2015/979167
https://doi.org/10.1016/j.beem.2022.101661

Int. J. Mol. Sci. 2025, 26, 6299 80f9

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

Rydzewska, M.; Géralczyk, A.; Goscik, J.; Wawrusiewicz-Kurylonek, N.; Bossowska, A.; Kretowski, A.; Bossowski, A. Analysis of
chosen polymorphisms rs2476601 a/G—PTPN22, rs1990760 C/T—IFIH1, rs179247 a/G—TSHR in pathogenesis of autoimmune
thyroid diseases in children. Autoimmunity 2018, 51, 183-190. [CrossRef] [PubMed]

Rotondi, M.; de Martinis, L.; Coperchini, E; Pignatti, P.; Pirali, B.; Ghilotti, S.; Fonte, R.; Magri, F.; Chiovato, L. Serum negative
autoimmune thyroiditis displays a milder clinical picture compared with classic Hashimoto’s thyroiditis. Eur. J. Endocrinol. 2014,
171, 31-36. [CrossRef]

Vargas-Uricoechea, H.; Nogueira, ].P.; Pinzén-Ferndndez, M.V.; Schwarzstein, D. The Usefulness of Thyroid Antibodies in the
Diagnostic Approach to Autoimmune Thyroid Disease. Antibodies 2023, 12, 48. [CrossRef]

Bréi¢, L.; Bari¢, A.; Gracan, S.; Brdar, D.; Lovri¢, V.T.; Vidan, N.; Zemunik, T.; Polasek, O.; Barbali¢, M.; Punda, A.; et al. Association
of established thyroid peroxidase autoantibody (TPOAb) genetic variants with Hashimoto’s thyroiditis. Autoimmunity 2016, 49,
480-485. [CrossRef]

Jabrocka-Hybel, A.; Skalniak, A.; Piatkowski, J.; Turek-Jabrocka, R.; Vyhouskaya, P.; Ludwig-Stomczyriska, A.; Machlowska, J.;
Kapusta, P.; Matecki, M.; Pach, D.; et al. How much of the predisposition to Hashimoto’s thyroiditis can be explained based on
previously reported associations? J. Endocrinol. Investig. 2018, 41, 1409-1416. [CrossRef] [PubMed]

Tomari, S.; Watanabe, M.; Inoue, N.; Mizuma, T.; Yamanaka, C.; Hidaka, Y.; Iwatani, Y. The polymorphisms in the thyroid
peroxidase gene were associated with the development of autoimmune thyroid disease and the serum levels of anti-thyroid
peroxidase antibody. Endocr. |. 2017, 64, 1025-1032. [CrossRef]

Ahmed, H.S.; Nsrallah, A.A.; Abdel-Fatah, A.H.; Mahmoud, A.A.; Fikry, A.A. Association of Thyroid Peroxidase Gene Poly-
morphisms and Serum Anti-TPO Levels in Egyptian Patients with Autoimmune Hypothyroidism. Endocr. Metab. Immune
Disord.—Drug Targets 2021, 21, 734-742. [CrossRef]

Lacka, K.; Maciejewski, A.; Jarecki, P; Herman, W.; Lacki, J.K.; Zaba, R.; Kowalczyk, M.J. Is There a Link between Thyroid
Peroxidase Gene Promoter Polymorphisms and Autoimmune Thyroiditis in the Polish Population? Int. ]. Mol. Sci. 2024, 25, 3312.
[CrossRef] [PubMed]

Faam, B.; Daneshpour, M.S.; Azizi, E; Salehi, M.; Hedayati, M. Association between TPO gene polymorphisms and Anti-TPO
level in Tehranian population: TLGS. Gene 2012, 498, 116-119. [CrossRef]

Ghanooni, A.H.; Zadeh-Vakili, A.; Rezvankhah, B.; Nodushan, S.J.; Akbarzadeh, M.; Amouzegar, A.; Daneshpour, M.S.; Khalili,
D.; Mehrabi, Y.; Ebadi, S.A.; et al. Longitudinal Associations Between TPO Gene Variants and Thyroid Peroxidase Antibody
Seroconversion in a Population-Based Study: Tehran Thyroid Study. Genet. Test. Mol. Biomark. 2023, 27, 65-73. [CrossRef]
Balmiki, N.; Bankura, B.; Guria, S.; Das, T.K,; Pattanayak, A.K,; Sinha, A.; Chakrabarti, S.; Chowdhury, S.; Das, M. Genetic analysis
of thyroid peroxidase (TPO) gene in patients whose hypothyroidism was found in adulthood in West Bengal, India. Endocr. ].
2014, 61, 289-296. [CrossRef] [PubMed]

Liu, J.; Li, Z. Autoimmune thyroid disease is a risk factor for mood disorders, a Mendelian randomization study. J. Affect. Disord.
2025, 379, 204-212. [CrossRef]

Churilov, L.P; Sobolevskaia, P.A.; Stroev, Y.I. Thyroid gland and brain: Enigma of Hashimoto’s encephalopathy. Best Pract. Res.
Clin. Endocrinol. Metab. 2019, 33, 101364. [CrossRef]

Groenewegen, K.L.; Mooij, C.E,; van Trotsenburg, A.P. Persisting symptoms in patients with Hashimoto’s disease despite normal
thyroid hormone levels: Does thyroid autoimmunity play a role? A systematic review. J. Transl. Autoimmun. 2021, 4, 100101.
[CrossRef]

Ekka, S.C.; Sinha, M.B.K.; Kumari, A. A study of autoimmune thyroid disease in pregnant women and its effect on fetal and
maternal outcome. J. Fam. Med. Prim. Care 2024, 13, 4916-4925. [CrossRef] [PubMed]

Klubo-Gwiezdzinska, ].; Wartofsky, L. Hashimoto thyroiditis: An evidence-based guide to etiology, diagnosis and treatment. Pol.
Arch. Intern. Med. 2022, 132, 16222. [CrossRef]

Dyrka, K.; Obara-Moszyniska, M.; Niedziela, M. Autoimmune thyroiditis: An update on treatment possibilities. Endokrynol. Pol.
2024, 75, 461-472. [CrossRef]

Park, S.M.; Chatterjee, V.K.K. Genetics of congenital hypothyroidism. J. Med. Genet. 2005, 42, 379-389. [CrossRef] [PubMed]
Endo, Y.; Onogi, S.; Umeki, K.; Yamamoto, I.; Kotani, T.; Ohtaki, S.; Fujita, T. Regional localization of the gene for thyroid
peroxidase to human chromosome 2p25 and mouse chromosome 12C. Genomics 1995, 25, 760-761. [CrossRef]

Arteaga-Jacobo, M.C.; Roco-Videla, A.; Arcos, C.V.; Gonzalez-Hormazabal, P.; Gonzalo-Castro, V.; Pérez-Flores, M.V. Frequency
of mutations in the TPO gene in patients with congenital hypothyroidism due to dyshormonogenesis in Chile. Medicina 2024, 60,
1145. [CrossRef]

Bréi¢, L.; Bari¢, A.; Benzon, B.; Brekalo, M.; Gragan, S.; Kali¢anin, D.; Skrabi¢, V.; Zemunik, T.; Barbali¢, M.; Novak, L; et al. AATF
and SMARCA?2 are associated with thyroid volume in Hashimoto’s thyroiditis patients. Sci. Rep. 2020, 10, 1754. [CrossRef]
Kyrgios, I.; Giza, S.; Fragou, A.; Tzimagiorgis, G.; Galli-Tsinopoulou, A. DNA hypermethylation of PTPN22 gene promoter in
children and adolescents with Hashimoto thyroiditis. J. Endocrinol. Investig. 2021, 44, 2131-2138. [CrossRef] [PubMed]


https://doi.org/10.1080/08916934.2018.1486824
https://www.ncbi.nlm.nih.gov/pubmed/29973096
https://doi.org/10.1530/EJE-14-0147
https://doi.org/10.3390/antib12030048
https://doi.org/10.1080/08916934.2016.1191475
https://doi.org/10.1007/s40618-018-0910-4
https://www.ncbi.nlm.nih.gov/pubmed/29931474
https://doi.org/10.1507/endocrj.EJ17-0191
https://doi.org/10.2174/1871530320666200715101907
https://doi.org/10.3390/ijms25063312
https://www.ncbi.nlm.nih.gov/pubmed/38542286
https://doi.org/10.1016/j.gene.2012.01.077
https://doi.org/10.1089/gtmb.2022.0122
https://doi.org/10.1507/endocrj.EJ13-0237
https://www.ncbi.nlm.nih.gov/pubmed/24420335
https://doi.org/10.1016/j.jad.2025.03.033
https://doi.org/10.1016/j.beem.2019.101364
https://doi.org/10.1016/j.jtauto.2021.100101
https://doi.org/10.4103/jfmpc.jfmpc_485_24
https://www.ncbi.nlm.nih.gov/pubmed/39722948
https://doi.org/10.20452/pamw.16222
https://doi.org/10.5603/ep.100701
https://doi.org/10.1136/jmg.2004.024158
https://www.ncbi.nlm.nih.gov/pubmed/15863666
https://doi.org/10.1016/0888-7543(95)80028-K
https://doi.org/10.3390/medicina60071145
https://doi.org/10.1038/s41598-020-58457-x
https://doi.org/10.1007/s40618-020-01463-7
https://www.ncbi.nlm.nih.gov/pubmed/33751486

Int. J. Mol. Sci. 2025, 26, 6299 90f9

29.

30.

31.

32.

33.

34.

35.

36.

37.

Su, Y.; Wang, J.; Zhou, J.; Chen, Y.; Zhao, H.; Zeng, Y.; Lin, E; Zhang, H.; Zhu, W.; Chen, H. Association of thyroperoxidase gene
polymorphisms with dyshormonogenesis in congenital hypothyroidism. Zhonghua Yi Xue Yi Chuan Xue Za Zhi 2015, 32, 861-865.
[CrossRef]

Khoshi, A.; Sirghani, A.; Ghazisaeedi, M.; Mahmudabadi, A.Z.; Azimian, A. Association between TPO Asn698Thr and Thr725Pro
gene polymorphisms and serum anti-TPO levels in Iranian patients with subclinical hypothyroidism. Hormones 2017, 16, 75-83.
[CrossRef]

Kwak, S.H,; Park, Y.J.; Go, M.].; Lee, K.E.; Kim, S.-].; Choi, H.S.; Kim, T.H.; Choi, S.H.; Lim, S.; Kim, KW.; et al. A genome-wide
association study on thyroid function and anti-thyroid peroxidase antibodies in Koreans. Hum. Mol. Genet. 2014, 23, 4433-4442.
[CrossRef] [PubMed]

Han, B.; Chen, C.; Chen, Y.; Wang, N.; Yu, ].; Cheng, J.; Chen, Y.; Zhu, C.; Lu, Y. Relationship between Gene Polymorphisms and
Urine Iodine Levels on Susceptibility to Thyroid Peroxidase Antibody Positivity in the Chinese Population. Eur. Thyroid. ]. 2021,
10, 79-85. [CrossRef] [PubMed]

Chen, Y;; Han, B.; Yu, J.; Chen, Y,; Cheng, ].; Zhu, C.; Xia, F; Wang, N.; Lu, Y.; Francomano, D. Influence of Rapid Urbanization on
Thyroid Autoimmune Disease in China. Int. ]. Endocrinol. 2021, 2021, 9967712. [CrossRef]

Brandyt, ].; Borgquist, S.; Almgren, P.; Forsti, A.; Huss, L.; Melander, O.; Manjer, J. Thyroid-associated genetic polymorphisms in
relation to breast cancer risk in the Malmo Diet and Cancer Study. Int. J. Cancer 2018, 142, 1309-1321. [CrossRef]

Medici, M.; Porcu, E.; Pistis, G.; Teumer, A.; Brown, SJ.; Jensen, R.A.; Rawal, R.; Roef, G.L.; Plantinga, T.S.; Vermeulen, S.H.; et al.
Identification of novel genetic Loci associated with thyroid peroxidase antibodies and clinical thyroid disease. PLOS Genet. 2014,
10, 1004123. [CrossRef] [PubMed]

Kus, A.; Szymanski, K.; Jurecka-Lubieniecka, B.; Pawlak-Adamska, E.; Kula, D.; Migkiewicz, P.; Bolanowski, M.; Ptoski, R.;
Bossowski, A.; Daroszewski, J.; et al. Gender-dependent and age-of-onset-specific association of the rs11675434 single-nucleotide
polymorphism near TPO with susceptibility to Graves’ ophthalmopathy. . Hum. Genet. 2017, 62, 373-377. [CrossRef]

Kus, A.; Szymanski, K.; Peeters, R.P.; Miskiewicz, P; Porcu, E.; Pistis, G.; Sanna, S.; Naitza, S.; Ploski, R.; Medici, M.; et al. The
association of thyroid peroxidase antibody risk loci with susceptibility to and phenotype of Graves’ disease. Clin. Endocrinol.
2015, 83, 556-562. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3760/cma.j.issn.1003-9406.2015.06.024
https://doi.org/10.14310/horm.2002.1721
https://doi.org/10.1093/hmg/ddu145
https://www.ncbi.nlm.nih.gov/pubmed/24722205
https://doi.org/10.1159/000506701
https://www.ncbi.nlm.nih.gov/pubmed/33777823
https://doi.org/10.1155/2021/9967712
https://doi.org/10.1002/ijc.31156
https://doi.org/10.1371/journal.pgen.1004123
https://www.ncbi.nlm.nih.gov/pubmed/24586183
https://doi.org/10.1038/jhg.2016.135
https://doi.org/10.1111/cen.12640

	Introduction 
	Results 
	Discussion 
	Materials and Methods 
	Patients 
	Methods 
	Statistical Analysis 

	Conclusions 
	References

