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Abstract 

Background: Thyroid disorders are a major clinical concern that negatively impacts the thyroid gland. Thyroid issues have been 

connected to the FOXP3 gene, which is an important immune system regulator. FOXP3 protein levels can be affected by genetic 

differences, which may impair regulatory T-cell activity and exacerbate immunological abnormalities. Objectives: To investigate 

the influence of FOXP3 gene polymorphisms on circulating FOXP3 protein levels and their association with thyroid 

dysfunction. Methods: This study included 100 patients with thyroid disorders and 50 healthy controls. Thyroid function was 

assessed by measuring serum T3, T4, and TSH levels using a Cobas analyzer. Serum FOXP3 protein levels were quantified by 

ELISA. Genomic DNA was extracted and analyzed for FOXP3 gene variations using PCR and sequencing. Results: No 

significant differences were observed in serum T3 and T4 levels between patients and controls. However, TSH levels were 

significantly elevated in the patient group. Serum FOXP3 levels were significantly lower in patients compared to controls. The 

distribution of the three FOXP3 gene genotypes (AA, AC, and CC) did not differ significantly between patients and controls. 

Individuals with the heterozygous (AC) genotype exhibited significantly higher serum FOXP3 levels compared to the other two 

genotypes. Conclusions: Individuals with thyroid disorders had reduced levels of FOXP3, which may indicate an association 

between thyroid disease and impaired immunity. The study emphasizes the complicated interaction of genetic and environmental 

factors, even if it could not identify an obvious connection with the rs3761548 gene variation. 
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 لدى مرضى اضطرابات الغدة الدرقية العراقيين  FOXP3 في تعديل مستوى بروتين FOXP3 (rs3761548) دراسة دور تعدد الأشكال الجيني

 الخلاصة

السلبي على وظيف  :الخلفية لتأثيرها  نظرًا  رئيسية  الدرقية مشكلة سريرية  الغدة  بجينتهاتعُد اضطرابات  الدرقية  الغدة  تم ربط مشاكل  مهم  FOXP . وقد  منظم  ، وهو 

بروتينللجهاز   مستويات  تتأثر  أن  يمكن  المناعية FOXP3 المناعي.  الشذوذات  وتفاقم  التنظيمية  التائية  الخلايا  نشاط  إلى ضعف  يؤدي  قد  مما  الجينية،   .بالاختلافات 

  100هذه الدراسة  شارك في :ائقالطر .المتداولة وارتباطها بضعف وظيفة الغدة الدرقية FOXP3على مستويات  FOXP3 التحقيق في تأثير تعدد أشكال جين :الأهداف

الثيروكسين الح  50مريض مصاب باضطرابات الغدة الدرقية و  ثلاثي يودوثيرونين ر، فرداً سليمًا. تم تقييم وظيفة الغدة الدرقية عن طريق قياس مستويات هرمونات 

تم استخراج الحمض النووي الجينومي وتحليله للكشف عن  ELISA في المصل باستخدام تقنية FOXP3 تم تحديد كمية بروتين وفي الدم   هرمون منبه الغدة الدرقيةو

المتسلسل FOXP3 تغيرات جين البوليميراز  الجيني (PCR) باستخدام تقنيتي تفاعل  في الدم بين  T4و T3 فروقاً معنوية في مستويات  تسجللم    :النتائج  .والتسلسل 

مستويات  والمرضى   كانت  مستويات   TSHالأصحاء.  أن  المرضى.  في  ملحوظ  بشكل  مقارنة   FOXP3مرتفعة  المرضى  لدى  معنوي  بشكل  أقل  كانت  المصل  في 

بشكل معنوي بين المرضى والأفراد الأصحاء. ومن المثير للاهتمام أن الأفراد الذين يحملون  FOXP3 بالأفراد الأصحاء. ولم يختلف توزيع الأنماط الجينية الثلاثة لجين

إن الأفراد الذين يعانون   :الاستنتاجات  .النمطين الجينيين الآخرينمع  في المصل أعلى بشكل معنوي مقارنة   FOXP3أظهروا مستويات   (AC) النمط الجيني المتغاير  

وهو بروتين أساسي للوظيفة المناعية، مما قد يشير إلى وجود ارتباط بين أمراض الغدة الدرقية وضعف المناعة.   FOXP3  انخفاضمن مشاكل في الغدة الدرقية لديهم  

من أجل الحصول على  .rs3761548 تؤكد الدراسة على التفاعل المعقد للعوامل الوراثية والبيئية، حتى لو لم تتمكن من تحديد ارتباط واضح مع تعدد الأشكال الجيني

 .وتعدد أشكاله الجينية في أمراض الغدة الدرقية، هناك حاجة إلى مزيد من الدراسات مع مجموعات مرضى أكبر ومعايير أكثر دقة للاختيار FOXP3 فهم أفضل لدور
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INTRODUCTION 

The endocrine system is a network of glands that 

secrete hormones into the bloodstream. These 

hormones act as chemical messengers, traveling 

throughout the body to regulate various bodily 

functions, including growth, development, 

metabolism, and reproduction [1]. Thyroid disorders 

are prevalent in women more than in males and can 

range from inflammatory lesions to neoplastic 

tumors [2,3]. About 40% of people worldwide have a 

thyroid problem [4]. While 2-5% of people have 

autoimmune thyroid disease (AID) [5]. The risk of 

developing these conditions is increased by various 

variables. Iodine consumption, pollution from the 

environment, smoking, some medicines, and genetics 

are a few of them [4]. Hashimoto's thyroiditis (HT) 

and Graves' disease (GD) are prevalent autoimmune 

thyroid gland illnesses that cause hypothyroidism 

and hyperthyroidism, respectively [6,7]. 

Hypothyroidism refers to an underactive thyroid 

gland. As a result, the thyroid gland's ability to 

function is reduced. Under secretion of thyroid 

hormone, primarily thyroxine (T4) and 
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triiodothyronine (T3), is the result of this condition. 

Although it can affect anyone at any age, it is more 

likely in women and elderly individuals [8]. A 

prominent cause of hypothyroidism in iodine-rich 

locations is chronic autoimmune thyroiditis, often 

known as Hashimoto's thyroiditis. Genetic factors, 

infections, stress, radiation exposure, environmental 

triggers, and interactions between genetic and 

environmental factors may all be associated with the 

beginning of disease [9]. The term “overt 

hyperthyroidism” refers to elevated levels of 

triiodothyronine (T3) and free thyroxine (FT4) as 

well as suppressed thyrotropin (formerly known as 

thyroid-stimulating hormone). About 0.2% to 1.4% 

of people worldwide suffer from overt 

hyperthyroidism, while about 0.7% to 1.4% of 

persons worldwide suffer from subclinical 

hyperthyroidism, which is characterized by low 

thyrotropin concentrations and normal T3 and FT4 

values. The clinical manifestation of disorders of the 

thyroid is identified by changes in blood levels of 

thyroid-stimulating hormone, L-3,5,3-

triiodothyronine (T3), and L-3,5,3,5-

tetraiodothyronine (T4) [10]. Among thyroid 

problems, hyperthyroidism and hypothyroidism as 

well as hypothyroxinemia are the most common. Cell 

differentiation, metabolism, and function are all 

impacted by these conditions [11]. Thyroid hormones 

(T3 and T4) are produced with the help of iodine. As 

a result, a lack of iodine causes a decrease in T3 and 

T4 synthesis, resulting in hypothyroidism. High 

iodine intakes cause an increase in the rate of T3 and 

T4 production, leading to hyperthyroidism [12]. The 

forkhead box p3 (FOXP3) is an effective marker for 

the stimulation and growth of regulatory T cells 

[13,14]. The transcription factor FOXP3 plays a 

crucial role in avoiding autoimmune disorders by 

controlling the growth and activity of Treg cells. 

Variations in FOXP3 can impair Treg cell’s ability to 

suppress, resulting in autoimmune disorders [15,16]. 

The FOXP3 gene plays a crucial role in immune 

tolerance as a transcription factor, and its absence 

results in immunological dysregulation [17,18]. 

Numerous autoimmune illnesses, including Graves 

disease (GD), have been linked to the forkhead box 

p3 (FOXP3) gene polymorphisms [19]. The FOXP3 

gene is located on the X chromosome and controls 

both the development and functions of Tregs. 

Functional mutations in the FOXP3 gene have been 

associated with susceptibility to various autoimmune 

diseases. Moreover, mutation of the FOXP3 gene is a 

risk in unexplained recurrent spontaneous abortions, 

Grave’s disease, and allergic rhinitis [20]. The 

FOXP3 gene contains 11 coding exons and 3 non-

coding exons in the 5’ upstream region in humans; 

the FOXP3 protein contains multiple structural 

domains [21]. This study aims to investigate the 

potential association between serum FOXP3 levels 

and the Foxp3 gene polymorphism (rs3761548) in 

Iraqi patients with thyroid disorders. By examining 

this genetic variation and its influence on FOXP3 

serum level, we expect to gain insights into the 

immunological mechanisms underlying thyroid 

disease and potentially identify novel biomarkers for 

disease diagnosis and prognosis. 

METHODS 

Study design and setting 

Two distinct groups were included in this study: the 

Control Group, which comprised 50 healthy 

individuals randomly selected from a pool of hospital 

visitors and relatives, and the Patient Group, which 

encompassed 100 individuals diagnosed with thyroid 

disorders. These patients were recruited from the 

National Diabetes Center, Mustansiriyah University, 

and Al-Yarmouk Teaching Hospital in Baghdad. 

Inclusion criteria 

Patients were included in the study if they were 

diagnosed with either hypothyroidism or 

hyperthyroidism, as determined by standard 

laboratory tests measuring thyroid-stimulating 

hormone (TSH), triiodothyronine (T3), and thyroxine 

(T4) levels. 

Exclusion criteria 

The following individuals were excluded from the 

study. Pregnant women, Women using hormonal 

contraceptives or menstrual cycle regulators, 

individuals with a history of thyroidectomy Patients 

with underlying liver or kidney disease and 

individuals currently using biotin. 

Ethical Considerations 

The study protocol was approved by the Council of 

the Institute of Genetic Engineering and 

Biotechnology at the University of Baghdad. Before 

enrollment, all participants provided written 

informed consent. Additionally, necessary approvals 

were obtained from the collaborating centers, 

hospitals, and laboratories. 

Biochemical tests 

The Cobas E411 system is a highly accurate and 

efficient automated platform used for biochemical 

diagnostic testing, including thyroid hormone 

assessments (TSH, T3, and T4). Frozen serum 

samples are thawed and loaded into the system using 

labeled sample cups. The TSH is dependent on the 

Sandwich Principle, with a biotinylated antibody that 

binds to the TSH antigen in the sample, and a 

ruthenium-labeled antibody that binds to a different 

epitope on the TSH antigen. Streptavidin-coated 

paramagnetic microparticles capture the biotinylated 

antibody-antigen complex. Furthermore, upon 

application of electrical potential, the ruthenium label 

emits light, and the intensity of the light is directly 

proportional to the amount of TSH in the sample. 

The competitive principles of T3 and T4 include a 

ruthenium-labeled antibody that competes with the 
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antigen (T3 or T4) in the sample for binding to a 

specific binding site. Streptavidin-coated 

paramagnetic microparticles capture the remaining 

unbound ruthenium-labeled antibody. Upon 

application of electrical potential, the ruthenium label 

emits light, and the intensity of the light is inversely 

proportional to the amount of antigen in the sample. 

The FOXP3 serum level is evaluated using an 

Enzyme-Linked Immunosorbent Assay (ELISA) kit 

from Innova Biotech CO.LTD Ltd., China, with cat. 

no. In.hu2287. This technique involves coating a 

microplate with antibodies specific to FOXP3. The 

serum sample or a standard containing a known 

amount of FOXP3 is then added to the wells. A 

second antibody, conjugated to horseradish 

peroxidase (HRP), binds to the captured FOXP3. 

After washing away unbound components, a 

substrate (TMB) is added, which is catalyzed by 

HRP to produce a blue color. The intensity of this 

color, measured at 450 nm, is directly proportional to 

the amount of FOXP3 in the sample. By comparing 

the sample's absorbance to a standard curve, the 

concentration of FOXP3 can be accurately 

determined [22]. 

Genomic DNA Extraction 

Genomic DNA was extracted from both fresh and 

frozen blood samples collected in EDTA tubes. 

Frozen samples were stored for a maximum of seven 

days before extraction. DNA isolation was performed 

using the Easy Pure Blood Genomic DNA Extraction 

Kit from Trans Gen Biotech, China, with cat. no. 

(EE121), a protocol designed for efficient and rapid 

extraction of genomic DNA from up to 200 µL of 

whole blood. DNA concentration and purity were 

assessed using a Nanodrop spectrophotometer. TE 

buffer was used as a blank, and 2 microliters of 

extracted DNA were measured at 260 nm and 280 

nm. Concentrations ranged from 32 to 57 ng/µl, and 

A260/A280 ratios were between 1.7 and 1.9, 

indicating pure DNA. 

Polymerase chain reaction 

A specific primer was designed according to the 

current study to detect FOXP3 SNP (rs3761548) with 

forward sequence (TCTTGCTCGCTCTTTGTGTG) 

and reverse sequence 

(GCCCCACAATCAAGGTTTT) with product size 

(582bp). To assess the FOXP3 gene's association 

with thyroid disorder, the PCR reaction was 

optimized using a partial gene sequence. An 

annealing temperature of 56°C was found to be 

optimal for producing clear bands on an agarose gel. 

The 25 µl PCR reaction was prepared using 

2xEasyTaq® PCR SuperMix, forward and reverse 

primers, DNA template, and nuclease-free water. The 

PCR program involved an initial denaturation step at 

94°C, followed by 35 cycles of denaturation at 94°C, 

annealing at 56°C, and extension at 72°C. A final 

extension step at 72°C for 5 minutes was included to 

ensure complete DNA synthesis. 

Gel Electrophoresis 

DNA samples, including extracted genomic DNA 

and PCR products, were separated using agarose gel 

electrophoresis. Agarose gels of 1% and 2% 

concentration were prepared with TBE buffer and 

ethidium bromide for DNA extraction and PCR 

product detection, respectively. DNA samples were 

mixed with loading dye and loaded into the wells of 

the gel. Electrophoresis was performed at 100 volts 

for 60 minutes, causing DNA fragments to migrate 

towards the positive electrode. The gel was then 

stained with ethidium bromide and visualized under 

UV light. The DNA bands were captured using a gel 

documentation system and analyzed using 

specialized software. 

DNA Sequencing 

The amplified PCR fragments were sequenced using 

Sanger sequencing on an ABI3730XL automated 

DNA sequencer. The obtained sequences were 

aligned with a reference sequence using Blast to 

determine the genotypes. Geneious Prime software 

was used for further analysis, including sequence 

alignment and other molecular biology tasks. 

Statistical analysis  

Statistical analysis was conducted using SPSS 26. 

Data was presented as mean and standard deviation. 

Normality was assessed using the Shapiro-Wilk test. 

Independent t-tests were used to compare group 

means. Hardy-Weinberg equilibrium was evaluated 

using a web-based tool. Chi-square tests were used to 

compare genotype and allele frequencies between 

groups. Odds ratios with 95% confidence intervals 

were calculated to assess the association between 

FOXP3 gene SNPs and thyroid disorders. Statistical 

significance was determined at a p-value of less than 

0.05 [23,24]. 

RESULTS 

The current study revealed that the mean age of 

patients in the intervention group (43.54 ± 1.94 

years) was slightly higher than that of the control 

group (39.03 ± 1.54 years). However, this difference 

in age between the two groups did not reach 

statistical significance (p= 0.07) (Table 1). The 

gender distribution between the study groups was not 

statistically different (p= 0.8). Both groups exhibited 

a female predominance, with females comprising 

78% and 80% of the disease and healthy groups, 

respectively, and males comprising the remaining 

22% and 20%, respectively (Table 1). Biochemical 

analysis of thyroid hormones revealed no significant 

differences between patients and healthy individuals 

for T3 (p= 0.1) and T4 (p= 0.3). However, a 

significant increase in TSH levels was observed in 

patients compared to healthy controls (p= 0.001). 
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Table 1: Comparison between patients and control regarding age 
and sex. 

Parameters 

Groups 

p-value Patients 

(n=100) 

Control 

(n=50) 

Sex 
Female 78(87) 40(80) 

0.8 
Male 22(22) 10(20) 

Age (year) 43.54±1.94 39.02±1.54 0.07 

Values are expressed as frequency, percentage, and mean±SE  

 

The mean TSH level in patients was (5.66±0.66), 

while in healthy individuals it was (2.08±0.17). 
Serum FOXP3 levels were significantly lower in 

patients compared to healthy controls (p= 0.02), with 

mean values of 631.1±29.92 and 714.92±20.66, 

respectively (Table 2). 
 

Table 2: Comparison between patients and control groups in T4, 

T3, TSH, and FOXP 

Groups 
Results 

p-value 
Patients Control 

T3 (µIU/mL) 73.55±5.82 61.63±5.36 0.1 
T4 (µIU/mL) 1.85±0.20 1.68±0.05 0.3 

TSH (µIU/mL) 5.66±0.66 2.08±0.17 0.001 

FOXP3 (pg/ml) 631.1±29.92 714.92±20.66 0.02 

Values are expressed as mean±SD. 

Analysis of the rs3761548 region using the sequence 

technique revealed no statistically significant 

differences in genotype frequencies between patients 

and healthy controls. Specifically, no significant 

associations were observed for the AA, AC, and CC 

genotypes (p= 0.7, 0.5, and 0.6, respectively, for the 

A and C alleles (p= 0.8) (Table 3). 

Table 3: The genotypes and allele frequency of rs3761548 in 

patients and control 

SNP 

rs3761548 

Frequencies n(%) 
p-value Odd ratio (95% CI) 

Patients Control 

AA 30(30) 16(32) 0.7 0.91 (0.44 to 1.93) 

AC 36(36) 15(30) 0.5 1.31(0.63 to 2.77) 
CC 34(34) 19(38) 0.6 0.84 (0.41 to 1.72) 

A 96(48) 47(47) 0.8 1.04 (0.64 to 1.69) 

C 104(52) 53(53) 0.8 0.96 (0.59 to 1.56) 

 

Table 4 elucidates Hardy-Weinberg equilibrium 

results among study groups. Deviation from Hardy-

Weinberg equilibrium was noted in both patient and 

control groups (p= 0.02 for both). Within the patient 

group, the AC genotype exhibited the highest 

frequency (36), followed by CC of 34 and AA of 30. 

In contrast, the CC genotype was most prevalent in 

the control group, followed by AA and AC (19, 16%, 

and 15%, respectively). 

Table 4: Hardy-Weinberg equilibrium result among study groups 

Groups 
rs3761548 

 AA AC CC P 

Patients 
Observed No. 30 36 34 

0.02 
Expected No. 23.04 49.92 27.04 

Control 
Observed No. 16 15 19 

0.02 
Expected No. 11.045 24.91 14.045 

 

Subsequent ROC curve analysis yielded an AUC of 

0.62 with p= 0.03, indicating moderate 

discriminative ability. While sensitivity was high at 

92%, specificity was relatively low at 32%, 

suggesting potential utility as a screening tool but 

necessitating further investigation with a larger 

sample size to enhance diagnostic accuracy [22] 

(Figure 1). 

  

 
Figure 1: The ROC Curve of FOXP3 serum level (AUC= 0.621, 

p= 0.031, the best cut-off value = 532.50, Sensitivity (92%), and 
Specificity (32%). 

 

The effect of a specific genetic polymorphism, 

rs3761548 on the severity of thyroid disorder patients 

among individuals in the study group is shown in 

Table 5. Analysis of serum FOXP3 levels revealed a 

significant decrease in patients carrying the AC 

genotype compared to healthy controls. The mean 

FOXP3 level in patients with the AC genotype was 

585.56, while it was 795.73 in healthy controls with 

the same genotype. Within the healthy group, a 

significant decrease in mean FOXP3 levels was 

observed across all three genotypes (CC, AA, and 

AC). The mean levels for these genotypes were 

659.89, 704.50, and 795.73, respectively. 

Table 5: The effect of rs3761548 genotypes on FOXP3 level 

 

Genotypes 

Groups 

Patients Control p-value 

rs3761548  

AA FOXP3 615.67±62.31 704.50±42.83 0.2 
AC FOXP3 585.56±43.96 795.73±31.34 0.001 

CC FOXP3 692.94±50.04 659.89±26.63 0.5 

p-value 0.3 0.02  

Values are expressed as mean±SE. 

DISCUSSION 

Autoimmune thyroid disease (AITD) is a common 

organ-specific autoimmune disorder, primarily 

affecting middle-aged women [25].  AITD occurs in 

2–4% of women and up to 1% of men, with 

increasing prevalence with age and influenced by 

genetic, immune, and environmental factors 

[26,27].The AITDs arise from a breakdown in the 

body's immune tolerance, leading to the production 

of antibodies against thyroid antigens [28]. This 

often involves dysfunction of T lymphocytes, which 
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play a crucial role in regulating the immune 

response. The development of AITDs is likely 

influenced by a complex interplay between 

environmental triggers and genetic predisposition 

[29,30]. T regulatory (Treg) cells, particularly the 

CD4+CD25+ subset, are essential for maintainin 

immune tolerance by suppressing self-reactive 

immune cells [31]. Dysfunction or depletion of these 

cells has been implicated in the pathogenesis of 

autoimmune disease. Evidence suggests that patients 

with these diseases may have reduced numbers of 

CD4+CD25 high Treg cells. Furthermore, studies 

have shown that enhancing Treg cell function can 

suppress experimental autoimmune thyroiditis [32]. 

FOXP3 is a master regulator of Treg cell 

differentiation, development, and function. Its 

deficiency impairs Treg cell suppressive activity, 

leading to unchecked activation of self-reactive T 

cells and the development of autoimmunity. Notably, 

Foxp3 is located on chromosome Xp11.23, a region 

previously linked to an autoimmune disorder [16, 33, 

34]. The study observed a consistent increase in TSH 

levels, T3, and T4 levels in patients in comparison 

with control, aligning with previous research [35] in 

T3 and T4 while different in TSH levels. This study 

found significantly lower levels of serum FOXP3 in 

individuals with thyroid disorders compared to 

healthy controls. FOXP3 is a crucial protein that 

regulates the activity of regulatory T cells (Tregs), 

which are essential for maintaining a balanced 

immune system. Previous research on the association 

between serum FOXP3 levels and autoimmune 

diseases has been limited. A study by Paradowska et 

al. in a Polish population about rheumatoid arthritis 

(RA) suggested a potential link between elevated 

Foxp3 protein levels and RA susceptibility. Their 

findings revealed significantly higher serum Foxp3 

levels in RA patients compared to healthy controls 

(p< 0.0001). Specifically, 138 patients exhibited 

positive Foxp3 levels, while 134 were negative. In 

the control group, 54 individuals were positive, and 

241 were negative [36]. Another study by Ikram 

[37], revealed that serum Foxp3 levels had a 

statistically significant increase in RA patients; this 

result was assessed in 68 RA patients and 68 healthy 

controls using ELISA. Furthermore, a positive 

correlation was found between serum Foxp3 levels 

and both disease activity score and disease grade. 

However, these findings suggest that serum Foxp3 

levels may not accurately reflect Treg-mediated 

immune regulation in the context of RA. Patients 

with thyroid conditions had substantially reduced 

serum FOXP3 levels, according to this study. For T- 

reg cells, which typically maintain immunological 

homeostasis, to grow and operate, FOXP3 is a 

critical transcription factor. The immune system is 

greatly impacted by thyroid disease, which includes 

both hyperthyroidism and hypothyroidism. The 

observed decline in FOXP3 levels suggests the 

possibility of a correlation between the emergence of 

thyroid diseases and compromised Treg function. 

The observed drop in FOXP3 levels may be caused 

by Treg activity being disrupted by chronic 

inflammation within the thyroid gland. Thyroid 

dysfunction, including both overactive and 

underactive thyroid function, can disrupt the immune 

system. The observed decrease in FOXP3 suggests 

that Tregs may not be functioning properly in 

individuals with thyroid disorders. The previous 

study  conducted  by  Sedyabane  et  al.  [38] 

investigated the association between serum FOXP3 

levels and cervical lesions in a cohort of 90 cervical 

cancer (CC) cases, 90 cervical intraepithelial 

neoplasia (CIN) cases, and 90 healthy controls, using 

a quantitative ELISA. The results demonstrated 

significantly higher mean FOXP3 levels in serum 

samples from CC cases compared to both CIN cases 

and healthy controls (p< 0.001). Notably, over half 

(58%) of CC cases exhibited serum FOXP3 

concentrations exceeding 0.0545 ng/ml (P < 0.001). 

While elevated serum FOXP3 levels were observed 

in CC cases, no significant association was found 

between increased FOXP3 expression and CIN. 

Furthermore, multivariate analysis revealed that 

increased serum FOXP3 concentrations were 

associated with a two-fold increased risk of 

developing CC (Odds Ratio: 2.094, p= 0.038, 95% 

CI: 1.042-4.209). The study observed a decline in 

FOXP3 levels in patients after Percutaneous 

Coronary Intervention (PCI), indicating a disruption 

in immune balance. However, this reduction was not 

specific to patients who developed contrast-induced 

nephropathy (CIN). This suggests that PCI itself 

induces inflammation, and further investigation is 

warranted to understand the interplay between 

inflammation markers and FOXP3 in the 

development of complications like CIN [39]. The 

study also analyzed a specific gene (rs3761548) but 

found no significant differences in its genetic 

variations between patients and healthy controls. 

This lack of association may be due to factors such 

as a limited number of participants, potential biases 

in how the study group was selected, and the 

complex nature of autoimmune diseases. The results 

of the current investigation differed from those of the 

previous study regarding the finding that the AC and 

AA genotypes of rs3761548 were significantly more 

frequent in patients with Graves' disease (GD) 

compared to healthy controls in the Turkish 

population. This suggests that these genotypes may 

be associated with an increased risk of developing 

GD. However, the study did not find any association 

between rs3761548 and the development of Graves' 

ophthalmopathy (GO) within the GD patient group 

[19]. The previous systematic review and meta- 

analysis carried out by Li and their team 

demonstrated a significant association between the 

variant allele of rs3761548 and an increased risk of 

Graves' disease (GD), specifically in Asian 

populations (OR: 1.31, 95% CI 1.04, 1.64; p= 0.02). 

This suggests that this genetic variation may play a 

role in the development of GD in individuals of 

Asian descent. However, no such association was 

observed among Caucasian populations [40]. The 

current study did not identify any significant 

associations between the analyzed SNPs (rs3761548) 

and the presence of this SNP in study participants. 

This finding is consistent with the results of a 
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previous study conducted by Bossowski in 2014, 

which also failed to demonstrate any significant 

differences in these SNPs between females with and 

without rs3761548 [41]. 

Study limitations 

The limitations of the current investigation include a 

relatively small sample size, a focused analysis of a 

limited set of genetic polymorphisms (rs3761548), 

and a lack of control for potential confounding 

environmental factors. These limitations may restrict 

the generalizability of the findings and hinder the 

establishment of a definitive causal association. 

Furthermore, the diverse range of thyroid disorders 

present in the sample population suggests that future 

research should be more specific, with dedicated 

studies on Graves' disease and Hashimoto's 

thyroiditis. 

Conclusion 

This study found significantly lower levels of 

FOXP3 in patients with thyroid disorders. This 

suggests a possible link between the impaired 

function of regulatory T cells (Tregs) and the 

development of thyroid disease. While the rs3761548 

gene variation showed no significant association with 

thyroid disease. The findings highlight the complex 

interplay of genetic and environmental factors in 

autoimmune diseases. 
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