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Exploring The Link Between TSHR Gene Polymorphism and
Thyroid Function Parameters in Thyroid Disorder Patients
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ABSTRACT

Background and Objectives: Most common autoimmune thyroid diseases are Hashimoto's thyroiditis and
Graves' disease which are caused by immune system and genetic factors. In this study the association be-
tween the thyroid function test (TFT) values and the TSHR gene polymorphism ¢.1349G>T will be investigat-
ed, which leads to a p.Arg450Leu amino acid change, in patients with thyroid disorders.

Methods: A cross-sectional study investigating, 50 thyroid dysfunction patients and 50 samples of healthy
controls participated. The immunoassay was used to measure the serum levels of TSH, FT3, and FT4. Allele-
specific ARMS-PCR was used to genotype the TSHR ¢.1349G>T (p.Arg450Leu) polymorphism.

Results: Hyperthyroid patients displayed suppressed TSH and raised FT3/FT4 levels, and hypothyroid pa-
tients displayed considerably elevated TSH and decreased FT3/FT4 levels. The hyperthyroid group had a
higher frequency of the c.1349G>T variation of the TSHR gene (p.Arg450Leu) than the hypothyroid and con-
trol groups. The T allele was found to be statistically significantly associated with a higher incidence of hy-
perthyroidism (P<0.01). Serum TSH levels did not significantly differ between homozygous and heterozy-
gous carriers of the mutation.

Conclusion: The research suggests a possible relationship between thyroid dysfunction, specifically hyper-
thyroidism, and the TSHR ¢.1349G>T (p.Arg450Leu) polymorphism. Thyroid disease risk prediction and diag-
nosis accuracy may be improved by performing genetic screening.
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INTRODUCTION

The prevalence of thyroid diseases is higher in
women and older people, and they impact 5% to
10% of the population globally, making them a
serious public health concern.' Amongst the most
common endocrine disorders are autoimmune
thyroid diseases (AITDs), of which Hashimoto's
thyroiditis (HT) and Graves' disease (GD) are the
most prevalent.” Graves' disease is an autoim-
mune disease and one of the most frequent causes
of hyperthyroidism, which is caused by the pres-
ence of thyroid-stimulating immunoglobulins
(TSIs) that bind to thyroid- stimulating hormone
receptor (TSHR) on the thyroid follicular cells
and stimulate the uncontrolled production of thy-
roid hormones.> While in Hashimoto's thyroiditis
(HT) the immune-system cells lead to death of
thyroid tissues and results in hypothyroidism.
Both disorders may have similar clinical symp-
toms, but they have different causes, Wthh fre-
quently makes diagnosis more difficult.* Thyroid
function tests (TFTs) are the cornerstone to dis-
tinguish between GD and HT, specifically when
the findings are vague. TSH, FT3, and FT4 serum
levels, and presence of thyroid-specific autoanti-
bodies, assist proper diagnose and guide the treat-
ment plan. Many genetic variations have been
linked to autoimmune thyroid illnesses, genetic
pred1sposmons have an important role in these
conditions.” TSHR gene has an important role in
regulating thyroid hormones. The G protein-
coupled receptor encoded by this gene, which is
found on chromosome 14q31, and triggers intra-
cellular signaling cascades when it binds to TSH,
produce and release T3 and T4.° There is a rela-
tion between many thyroid conditions, like auto-
immune conditions, familial non-autoimmune
hyperthyr01d1sm and toxic thyr01d nodules, to
variations in the TSHR gene.”

The arginine-to-leucine substitution at codon 450
(p.Argd450Leu) is caused by the single-nucleotide
polymorphism (SNP) c.1349G>T. This change,
which takes place in the extracellular region of
the receptor, 1nﬂuences both ligand binding
and signal transduction.’ The variation is a asso-
ciated with enhanced receptor sensitivity and
modified immunological responses in some are-
as, which may impact the manifestation of the
disease.'”!! These correlations are not always
seen, most likely due to environmental and ethnic
factors.'? Despite continuing studies on this top-
ic, knowledge between the relationship of this
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polymorphism and thyroid hormone levels, espe-
cially within particular ethnic or regional group-
ings, is still deficient. Studying the TSHR gene's
variations may help in the diagnosis of the ill-
ness, understanding the causes, and assessing in-
dividual’s risks for developing thyroid disorders.
The aim of this study was to compare a cohort of
patients with thyroid dysfunction to a group of
healthy people from the same population to ex-
amine the association between thyroid function
tests and the TSHR ¢.1349G>T (p.Arg450Leu)
polymorphism. It is hypothesized that the TSHR
c.1349G>T (p.Arg450Leu) polymorphism is sig-
nificantly associated with thyroid dysfunction
and altered thyroid function test parameters. Indi-
viduals carrying the T allele are expected to show
lower TSH and higher FT3 and FT4 levels com-
pared to those with the wild-type genotype.

METHODS
Study Design and Ethical Approval
This cross-sectional study investigated the rela-
tionship between thyroid function tests and the
TSHR  gene  polymorphism  ¢.1349G>T
(p.-Arg450Leu). Data and samples were collected
from the Central Laboratory in Erbil, Iraq, be-
tween June and September 2024, with verbal
consent obtained from each participant.
Study Participants
One hundred participants were included in the
study, fifty of whom had thyroid dysfunction and
the other fifty were healthy controls who were
matched for age and sex. Twenty-five of the pa-
tients were diagnosed with hypothyroidism,
while the remaining twenty-five were diagnosed
with hyperthyroidism. The patients were diag-
nosed based on medical history, physical exami-
nation findings, and thyroid function test results.

Inclusion Criteria

e Adult participation ranged in age from 18 to
65.

e Individuals who were not receiving treatment
at the time of recruitment but had verified
thyroid dysfunction.

e Those with no personal or family history for
autoimmune or thyroid conditions.

Exclusion Criteria

e Those diagnosed with systemic autoimmune
disorders.

e Those who had taken medications for thyroid
condition within 3 months.
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Blood Sample Collection

Each participant provided 7ml of venous blood,
collected aseptically. The sample was divided:
3ml into an EDTA tube for genomic DNA ex-
traction and 4ml into a gel tube for serum separa-
tion. The serum samples were centrifuged at
3000rpm for 10 minutes and stored at -20°C for
biochemical analysis. EDTA samples were stored
at 4°C for DNA isolation.

Thyroid Hormone Analysis

The COBAS e411 (Roche Diagnostics, Germa-
ny) was used to measure the serum concentra-
tions of triiodothyronine (T3), thyroxine (T4),
and thyroid-stimulating hormone (TSH). Those
are the normal ranges of the thyroid hormone
tests:

TSH: 0.27-4.2 plU/mL, FT3: 3.1-6.8 nmol/L,
and FT4: 12-22 nmol/L

DNA Extraction and Genotyping

The genomic DNA was extracted from the blood,
by using the ADD BIO DNA Extraction Kit
(ADD BIO Inc.,, South Korea).. Using a
NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, USA), DNA yield and purity
were measured; acceptable A260/A280 ratios be-
tween 1.8 and 2.0. Utilizing the allele- specific
amplification refractory mutation system-
polymerase chain reaction (ARMS-PCR) tech-
nique that is used at the Medical Research Cen-
ter/Hawler Medical University in Erbil City/
IRAQ, the TSHR gene ¢.1349G>T polymor-
phism (which results in the p.Arg450Leu amino
acid substitution;) was genotyped. The following
ingredients were included in the 20 uLL PCR reac-
tion volume:

3 pl of genomic DNA, 1 pl primer (Forward), 1
pl primer (reverse), 10 pl master mix, and 5 pl
DdH20

Thermal Cycling Conditions Included

Initial denaturation at 95°C for 5 minutes, 35 cy-
cles of denaturation at 95°C for 30 seconds. An-
nealing at 65°C for 30 seconds, at 62°C for 30
seconds and at 50°C for 30 seconds. Extension at
72°C for 30 seconds, and final extension at 72°C
for 5 minutes.

The PCR product will be visualized on 1%
(agarose gel electrophoresis) for 60 minutes at 75
V., and the gel will be stained with ethidium bro-
mide. A 100 bp DNA ladder was used as a mo-
lecular size marker. Electrophoresis results were
visualized using a UV transilluminator, and geno-
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types were determined based on banding patterns.
Statistical Analysis

Statistical Package for Social Sciences (SPSS
version 23) used for statistical analysis. Inde-
pendent samples T test and Chi-squared test were
used and p value of < 0.05 was considered as sta-
tistically significant.

RESULTS

The study comprised 100 participants, consisting
of 50 individuals with thyroid dysfunction and 50
age- and sex-matched healthy controls. 25 pa-
tients had Hyperthyroidism and the other 25 had
Hypothyroidism. They were diagnosed using
clinical presentation and thyroid function tests
(TFTs). Statistically there was no significant dif-
ference in the mean age of both groups, which
were 39.98 + 12.45 years and 39.32 + 11.40
years, respectively (p= 0.78). Female-to-male
ratio was approximately 5:1 in both groups.
Thyroid Function Test Parameters

COBAS e411 immunoassay analyzer used to
measure serum levels of TSH, free triiodothyro-
nine (FT3), and free thyroxine (FT4). In the con-
trol group (n = 50), the mean FT3 and FT4 values
were 2.11 + 0.45 pmol/L and 123.03 + 30.91
pmol/L, respectively, while the mean TSH level
was 2.28 + 1.14 pIU/mL. In the patient group (n
= 50), the mean FT3 and FT4 levels were signifi-
cantly higher (6.98 = 5.63 pmol/L and 20.60 +
13.27 pmol/L, respectively), and the TSH level
was elevated (3.87 + 5.44 plU/mL). Statistically
significant differences were observed between
the two groups for all the three hormonal parame-
ters: FT3 (P < 0.001), FT4 (P < 0.001), and TSH
(P = 0.046). Thyroid function test results across
study groups are shown in Table 1.

Genotype Distribution of TSHR ¢.1349G>T
(p-Arg450Leu)

ARMS-PCR used to analyze all 100 subjects'
genotypes for the TSHR ¢.1349G>T polymor-
phism. Genotyping was confirmed through aga-
rose gel electrophoresis, which distinguished be-
tween wild-type

and mutant (T) alleles based on specific banding
patterns. The genotypes were categorized as ho-
mozygous wild-type (GG), heterozygous (GT),
and homozygous mutant (TT).

In the patient group (n = 50),

e 18 patients (36%) had the GT genotype,

e 14 patients (28%) had the TT genotype, and
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e 18 patients (36%) had the GG genotype.

In the control group (n = 50),

e 35 individuals (70%) had the GG genotype,

e 15 individuals (30%) had the GT genotype,
and

e none (0%) had the TT genotype.

EDJ

The TT genotype was observed only among pa-
tients, with 10 out of 14 TT cases presenting with
hyperthyroidism. A statistically significant differ-
ence in genotype frequency was found between
patients and controls (p= 0.00005, > test).

Table 1. Thyroid function test results across study groups

Hyperthyroid (n=25) 0.18+0.11 593 +0.44 20.10 £2.80
Hypothyroid (n=25) 6.47+2.10 2.79+0.52 10.90 + 1.80
Control (n=50) 2.28+1.14 2.11+0.45 123.03 £30.92

Association Between Genotype and Hormone
Levels

The association between TSHR ¢.1349G>T gen-
otypes and thyroid hormone levels was evaluated
among all study participants. In individuals with
the TT genotype (n = 14), serum TSH levels
were significantly suppressed, with a mean value
of 0.19 £ 0.08 pIU/mL. Correspondingly, FT3
and FT4 levels were elevated, averaging 5.97 +
0.51 pmol/L and 19.8 + 2.7 pmol/L, respectively,
indicating a strong association with hyperthyroid
features. Participants carrying the GT genotype
(n = 33) exhibited intermediate hormone levels,
with mean TSH of 2.74 £ 1.92 plU/mL, FT3 of
4.12 + 0.68 pmol/L, and FT4 of 16.7 +2.3 pmol/
L. In contrast, individuals with the GG genotype
(n = 53) had hormone values within normal lim-
its, including TSH at 2.96 + 1.34 plU/mL, FT3 at
3.45 + 0.56 pmol/L, and FT4 at 14.8 £+ 1.9 pmol/
L, consistent with euthyroid status. Statistical
analysis using one-way ANOVA demonstrated a
significant association between genotype and all
three hormonal parameters (P < 0.001), suggest-
ing that the presence of the T allele, particularly
in homozygous form, is correlated with altered
thyroid function and predisposes to hyperthy-
roidism.

Correlation Analysis

A correlation analysis was conducted to evaluate
the relationship between TSHR ¢.1349G>T gen-
otypes and thyroid hormone levels (TSH, FT3,
and FT4). The analysis revealed a strong nega-
tive correlation between the number of T alleles
and serum TSH levels, indicating that as the
number of T alleles increases (from GG to GT to
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TT), TSH concentrations decrease markedly.
This inverse relationship was particularly evident
in TT individuals, who consistently exhibited
suppressed TSH values. Additionally, there was
a positive correlation between T allele presence
and both FT3 and FT4 levels, suggesting that the
T allele is associated with elevated levels of cir-
culating thyroid hormones. These trends support
the hypothesis that the mutant T allele of the
TSHR gene is functionally linked to altered thy-
roid regulation, especially in promoting hyper-
thyroid activity. The findings are consistent with
the genotype- hormone associations described
earlier and further emphasize the functional im-
pact of this polymorphism on thyroid homeosta-
sis. Mentioned in Table 1 and Table 2.

Figure 1. ARMS-PCR genotyping for
patient group
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The DNA ladder in Lane 1, ranging from 100 bp
to 1000 bp, displays molecular size reference.
Lanes 2 to 8 display patient samples with clear
amplification bands. Distinct bands displayed at
175 bp, 517 bp, and 654 bp confirms successful
allele- specific amplification of the TSHR gene
polymorphism (c.1349G>T). The banding pat-
terns suggest different genotypic profiles among
the patients, indicating a mix of homozygous and
heterozygous variants.

Lane 1 contains the DNA ladder (100-1000 bp),
is a molecular weight marker for ~band size
estimation. Lanes 2 to 9 display control samples,
each of them showing clear and specific amplifi-
cation band. The bands at 517 bp, and 654 bp cor-
respond to allele-specific regions of the TSHR
gene (c.1349G>T). The banding pattern across
control lanes indicates the predominance of the
homozygous wild-type (GG) genotype in the
healthy population.

Figure 2. ARMS-PCR genotyping for
control samples

Table 2. Genotype distribution of TSHR ¢.1349G>T polymorphism

Groups GG

GT TT

Hyperthyroid n=16

Patients (n=30) Hypothyroid n=14

11 (36.7%)

11 (36.7%) |8 (26.7%)

Controls (n=30)

21 (70%)

9 (30%) 0 (0%)

DISCUSSION

This study examined the relationship between thy-
roid function test parameters and the TSHR gene
polymorphism ¢.1349G>T (p.Arg450Leu;) in a
Kurdish cohort that included 50 thyroid dysfunc-
tion patients and 50 healthy controls. The im-
portant results showed that hyperthyroid individu-
als were more likely to have the T allele, especial-
ly the TT genotype, which was linked to different
hormonal patterns, specifically decreased TSH
levels and increased FT3 and FT4. These findings
highlight the significance of TSHR gene varia-
tions in illness susceptibility and phenotypic ex-
pression, and they confirm the increasing amount
of evidence pointing to a genetic foundation for
autoimmune thyroid diseases.

The G protein-coupled receptor encoded by the
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thyroid-stimulating hormone receptor (TSHR)
gene, which is found on chromosome 14q31, me-
diates TSH activity in thyroid follicular cells, con-
trolling the production and secretion of thyroid
hormones."”> Hashimoto's thyroiditis (HT) and
Graves' disease (GD) are two conditions that can
be exacerbated by genetic changes in this gene
that interfere with normal TSH signaling.'® The
c.1349G>T single nucleotide polymorphism
(SNP), which causes an amino acid change at co-
don 450 replacing arginine with leucine was
found to be statistically significantly associated
with hyperthyroidism. Interestingly, the TT geno-
type was only detected in patients and was more
common in those with Graves' disease, indicating
that this variant may have a pathogenic role in the
onset of the illness.
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Our findings that the TSHR ¢.1349G>T polymor-
phism particularly the TT genotype is strongly
associated with hyperthyroidism agree with the
pathophysiological mechamsms described by
Smith and Hegediis," who emphasized the role of
inappropriate TSH receptor activation by stimu-
lating autoantibodies in the development of
Graves’ disease. Similarly, our results suggest
that enhanced TSHR activity, potentially driven
by genetic alterations such as the T allele, may
contribute to the thyrotoxic phenotype. Further-
more, these results are in hne with those reported
by Morshed and Davies,' who proposed that
structural variations in the TSH receptor, includ-
ing genetic polymorphisms, can influence both
immune reactivity and receptor functionality, ulti-
mately promoting disease susceptibility. The ob-
served parallels imply that the T allele may exert
dual effects enhancing receptor sensitivity and
increasing immunogenic potential thereby predis-
posing individuals to hyperthyroid states. Minor
discrepancies in the magmtude of association
compared to previous studies'’ may be attributed
to inter-population genetic variability, differences
in sample sizes, or methodological approaches.
These results are in line with earlier research
showing that mutations in the TSHR gene can
change ligand binding, interfere with downstream
signaling, and reduce immunological tolerance.
These changes could result in constitutive recep-
tor activation or elevated receptor sensitivity,
which are pathways that are involved in the de-
velopment of autoimmune thyroid disorders.'®,"
In individuals with familial non- autoimmune hy-
perthyroidism, for instance,” found constltutively
activating TSHR mutations, suggesting that gain-
of-function changes i in th1s gene can cause thyro-
toxicosis on its own.” Similarly, via increasing
receptor ~ immunogenicity,”  suggested  that
changed TSHR activity may disrupt self- toler-
ance and promote autoimmune reactions, espe-
cially in GD.*!
According to our findings, the TT genotype was
linked to higher FT3 and FT4 and significantly
reduced TSH levels (mean: 0.19 = 0.08 plU/mL),
which is consistent with the hyperthyroid bio-
chemical profile. The ¢.1349G>T polymorphism's
functional consequence is supported by this geno-
type-specific hormonal tendency. A potential
dose-dependent or semi-dominant inheritance pat-
tern was suggested by the intermediate levels dis-
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played by the GT heterozygous genotype (TSH:
2.74 £ 1.92 plU/mL; FT3: 4.12 £ 0.68 pmol/L;
FT4: 16.7 = 2.3 pmol/L). Yoshihara et al.'s re-
search, which found comparable associations be-
tween TSHR genotypes and thyroid function indi-
cators 1n Japanese populations, supports these
findings.?
Furthermore, there was a significant difference in
the genotype distribution between the patients and
the controls (Table 2)While both the GT and TT
genotypes were more common in the disease
group (36.0% and 28.0%, respectively), the GG
genotype was far less common in the healthy pop-
ulation (70%). The presence of the T allele in-
creases the likelihood of having thyroid dysfunc-
tion, according to this skewed distribution.
Interestingly, our analysis did not find a signifi-
cant correlation between this polymorphism and
hypothyroidism, even though the T allele is clear-
ly linked to hyperthyroidism. Because GD and
HT are caused by different pathophysiological
pathways, this uniqueness may be explained. HT
usually involves cytotoxic T-cell-mediated follic-
ular destruction and TSHR-blocking antibodies,
whereas GD involves TSHR-stimulating antibod-
? Because HT is more frequently associated
w1th other genetic loci like HLA-DR3 and CTLA
-4, a gain-of-function polymorphism in TSHR
may contrlbute to GD susceptibility but not nec-
essarily to HT.**
Along with genotypic effects, TSH levels and
FT3/FT4 were significantly inversely correlated
in both patients and controls. The hypothalamic-
pituitary-thyroid system's feedback regulatory
axis, in which elevated thyroid hormones inhibit
TSH synthesis through negative feedback, 1s
highlighted by this physiological relationship.”
More significantly, the idea that this polymor-
phism improves thyroid hormone synthesis is
supported by the positive association found be-
tween the presence of the T allele and increased
FT3/FT4 concentrations.
Additionally, our study adds to the expanding
body of research on thyroid disease's population-
specific genetics. Few studies have examined
Middle Eastern ethnic groups; most prior research
has concentrated on East Asian or European pop-
ulations. Because of its low outbreeding and rela-
tive genetic homogeneity, the Kurdish population
1S a unique genetic reservoir that can be used to
identify founder mutations or risk alleles particu-
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lar to the population.?® The T allele's potential as a
screening or diagnostic marker in this population
is demonstrated by the observed frequency of
0.45 in patients compared to 0.15 in controls.
Nonetheless, it is necessary to recognize some
restrictions. First, the sample size may restrict the
ability to identify subtle effects or interactions
with other loci, even though it is adequate to iden-
tify significant genotype-phenotype relationships.
Larger, multi-center cohorts should be included in
future studies to support the current findings and
investigate possible gene-environment interac-
tions. A dependable technique for identifying
known single nucleotide polymorphisms (SNPs),
ARMS-PCR is not sensitive enough to discover
new or extra variations in linkage disequilibrium
with ¢.1349G>T. Whole-exome or targeted se-
quencing are examples of broader genomic stud-
ies that might offer a more thorough comprehen-
sion of TSHR gene variations. The part epigenetic
processes play in controlling TSHR expression is
another crucial factor to consider. According to
earlier research, autoimmune thyroid illnesses af-
fect the methylation patterns of the TSHR gene,
which may have an impact on immunological re-
activity and receptor function.”’ Further research
using transcriptome and methylation profiling
techniques might provide more detailed under-
standing of how these SNPs affect gene activity in
addition to their coding impacts. This study's re-
sults, despite these drawbacks, offer strong proof
that the TSHR ¢.1349G>T polymorphism plays a
role in the pathophysiology of thyroid dysfunc-
tion, especially hyperthyroidism. The correlation
between elevated hormone activity and the TT
genotype underscores its possible significance as
a genetic risk factor and a potential target for tar-
geted therapies. Personalized

management techniques, genetic counseling, or
closer clinical surveillance may be beneficial for
people with this genotype to lower their risk of
thyrotoxicosis.

The findings emphasize the importance of includ-
ing molecular screening in routine diagnostic pro-
cedures and the part that genetic predisposition
plays in autoimmune thyroid illness. Confirming
these results and clarifying the molecular path-
ways connecting TSHR variation to thyroid dys-
function would require more studies in a variety
of groups.
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CONCLUSION

This study demonstrates a significant association
between the TSHR gene polymorphism
c.1349G>T (p.Arg450Leu) and thyroid hormone
levels among Kurdish patients with thyroid dys-
function. The T allele, particularly in the TT gen-
otype, was linked to decreased TSH and increased
FT3 and FT4 levels, indicating its potential role as
a genetic susceptibility marker for Graves’ dis-
ease. These findings highlight the value of incor-
porating molecular genotyping alongside thyroid
function tests to enhance diagnostic accuracy and
support personalized management of autoimmune
thyroid disorders. Further large-scale and multi-
ethnic studies are recommended to confirm these
results and explore the underlying molecular
mechanisms.
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