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Abstract — Hashimoto’s Thyroiditis (HT) is a chronic condition where the immune system attacks the thyroid gland. A life-long persisting
autoimmune condition that begins with inflammation leading to thyroid dysfunction. Our research focuses on the pivotal part of the
process: T helper 17 (Th17) cells since HT usually focuses on the other immune cells. Our study reveals that Th17 and the cytokine IL-17
are responsible for the condition’s inflammatory cascade. Th17 cells become proactive, leading to excessive inflammation, which
ultimately causes thyroid tissue damage in HT. These cells are pro-inflammatory as they produce IL-17, which recruits other immune
cells and exacerbates tissue destruction. This balance between the Th-17 and the regulatory Treg or T cells normally responsible for
keeping immune response in check gets disrupted in HT, causing a persistent attack on the immune system. Our findings in this paper
highlight the importance of targeting the Th-17 and IL-17 pathways as a potential therapeutic strategy. When we shift our focus on these,
we may be able to develop treatments that help manage the inflammation and prevent thyroid damage.

Keywords — Hashimoto's thyroiditis; Th17 cells; IL-17; Autoimmunity; Inflammation; T helper cells; Regulatory T cells (Tregs); Thyroid
tissue destruction; Immune Dysregulation; Cytokines; Pro-Inflammatory; Immunopathogenesis; Autoimmune thyroid disease; Targeted
Therapy; Immune Tolerance.

1L, INTRODUCTION

Hashimoto's thyroiditis is a prevalent autoimmune disorder characterized by prolonged inflammation of the thyroid gland leading
to hypothyroidism.

Its pathogenesis involves releases of cytokines such as IL-17 from the T helper 17 (Th17) cells. Such Th17 cell activity is critical
for initiating and sustaining autoimmune attacks against the thyroid and promoting local tissue destruction through immune cell
infiltration.

Understanding the multifaceted role played by Th17 cells in Hashimoto’s thyroiditis therefore sheds light on the immunological
mechanisms involved. It provides prospects for intervention that can be useful in taming immune overreactions. The detection of
antibodies to specific antigens such as thyroperoxidase (TPOADbs), thyroglobulin (TgAb), and reduced sonographic echogenicity on
a thyroid ultrasound scan in patients who present with relevant symptoms are the hallmarks of diagnosis of Hashimoto's thyroiditis.
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It looks into the latest understanding of Th17 cell biology associated with Hashimoto’s disease, its relevance in pathogenesis, and
implications for future study and therapeutic strategies.

JIIN LITERATURE REVIEW
3.1 Introduction

Hashimoto's Thyroiditis is an autoimmune disease that results in chronic inflammation of the thyroid gland, ultimately leading
to hypothyroidism and thyroid failure. This condition is known to be caused by a combination of genetic, environmental, and
immunological factors, with special attention being paid to T-helper type 17 (Th17) cells because of their involvement in
autoimmune disorders.

This paper highlights the function of Th17 cells in Hashimoto’s thyroiditis pathogenesis. The development of this condition is
highly influenced by genetics. Of particular importance are the prevalent genes involved in HT initiation, such as the Human
Leukocyte Antigen (HLA).

However, there are other genes and transcription factors in the autoimmune background of HT, both isolated and as part of
autoimmune polyendocrine syndromes (APS). Recently more interest has been towards BACH2 (BTB Domain and CNC
Homolog 2), which promotes Tregs (T regulator lymphocytes) differentiation and enhances Treg-mediated immunity. The
synergistic interaction between environmental agents and the genes mentioned before leads to the onset of an autoimmune
response and ultimately to damage to the thyroid gland. In this case, the role of Th17 and Treg cells is still less defined as
compared to the action of Thl cells and cytotoxic lymphocytes. Evidence shows that an imbalance of the Th17/Treg ratio
presents a prognostic factor of the gland’s damage.

Cellular and humoral immune responses together mediate Hashimoto’s thyroiditis. The disease is marked by the infiltration of
the thyroid gland by autoreactive T cells, including Th1 and Th17 cells, as well as B cells that produce autoantibodies against
thyroid antigens like thyroglobulin (Tg) and thyroid peroxidase (TPO). The resulting chronic inflammation leads to the
destruction of thyroid follicles and eventually, hypothyroidism.

3.2 Th17 Cells in Hashimoto's Thyroiditis

Recent studies have brought the involvement of Th17 cells into light in HT’s pathogenesis. High numbers of Th17 cells and
IL-17 were found in peripheral blood and thyroid tissues from HT patients. Some pro-inflammatory cytokines produced by
Th17 cells, especially IL-17, IL-21, and IL-22, contribute to local inflammation within the thyroid gland. In particular, a study
has shown that it promotes the recruitment and activation of other inflammatory cells and neutrophils that worsen tissue
damage.

3.3 Cytokine Environment and Thl7 Cell Differentiation

The process of differentiating Th17 lymphocytes is dependent on specific cytokine environments that majorly include TGF-B,
IL-1B, and IL-6. Moreover, this type of cell development needs Interleukin 23 (IL23). For instance, there may be an altered
cytokine milieu in HT involved in increasing levels of IL-6 as well as IL-23 leading to differentiation and proliferation of these
cells, hence contributing to the disease pathology.

3.4 Th17 cells and Thyroid Autoantibodies

HT is a condition where Th17 cells produce thyroid-specific antibodies. Additionally, B cell activation and antibody production
can be stimulated by Th17 cell-derived cytokines, IL-21 in particular. From this evidence, it can be inferred that the Th17
population could be involved in local inflammation of the thyroid gland and systemic antibody response associated with HT.
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3.5 Therapeutic Implications

Novel approaches to HT management may involve targeting the Th17 pathway using IL-17 inhibitors or manipulating the
cytokine milieu favoring Th17 differentiation. There has been research on biologics inhibiting IL-23 and IL-17 for other
autoimmune diseases, which could also be relevant to patients with HT in the future.

Iv. DISCUSSION

The interplay of numerous inciting factors has been identified, such as decreased serum levels of Vitamin D, viruses, genetic
predisposition, etc., following which a breakdown of central or peripheral tolerance is seen as part of an autoimmune mechanism.
Initially, dendritic cells and macrophages act as antigen-presenting cells and activate B and T cells, then antibodies and pro-
inflammatory cytokines come into the picture. All of these changes lead to the production of an inflammatory infiltrate within the
thyroid gland, causing its widespread destruction, resulting in the clinical manifestations seen in Hashimoto thyroiditis patients.

Our focus is on the T cells, especially the CD4+ helper T cells. IL-12, IL-2, and INF-y activate the Thl subset, and IL-25 and IL-
33 activate the Th2 cells. The effector cytokine IFN-y of the Th1 subset activates macrophages and enhances antigen presentation,
whereas IL-4, IL-5, IL-6, and IL-10 by the Th2 subset promote class switching, leading to the production of thyroid antibodies and
diffuse inflammation in the gland. Increased expression of pro-inflammatory cytokines such as IL-6, IL-21, and TGF-
differentiates naive CD4+ cells to Th17 cells. IL-6 increases the expression of IL-23R, which is normally not expressed by naive
cells and modulates the effector function of Th17 cells. A study proved that in patients with HT, IL-23 causes ROS to accumulate
in the thyroid follicular cells, wherein autophagy activation is faulty, thus resulting in damage to the gland.

Once activated, the Th17 subset produces IL-17A, IL-17F, and IL-22, causing an influx of neutrophils and thus kick-starting the
inflammatory cascade in HT.

The study done to compare the development of autoimmune disease in IL-23 deficient mice with an intact Th1 response vs. mice
with functional Thl and Th17 subsets revealed two important findings: firstly, comparable numbers of MOG-specific and IFN-y
producing cells were seen in both the populations, and secondly, only the former mice were resistant to EAE. Thus, we can infer
from this result that Thl cells alone are insufficient to cause an autoimmune response, and IL-23 is important to produce an
autoantigenic IL-17-producing Th17 subset. IL-23 is the driving force behind Th17 cells' role in autoimmune diseases.

Th17 exhibits a physiologic and pathologic response due to heterogeneity within the Th17 subset. In the presence of TGF-f and IL-
6, Th17 cells produce both IL-17 and IL-10, the latter being an anti-inflammatory cytokine that inhibits inflammation and is
protective against autoimmunity: this is termed “physiologic” or “nonpathogenic” Th17 cells. In contrast, in the presence of IL-23,
the Th17 subset is stabilized and suppresses the production of the protective IL-10, leading to pathogenic Th17 cells that induce the
expression of various proinflammatory cytokines.

Viral infection and decreased serum level of Vitamin D were two major risk factors stated at the beginning; here we explain how
they can be linked to the IL-17 response seen in HT. Viral infections are protective against autoimmune disease by inducing
regulatory responses and contribute to the same by mechanisms of molecular mimicry and immortalization of B cells. That is why
autoimmune diseases caused by viral infections are more common in people with a predisposition to autoimmunity due to genetic
or other environmental factors. Human viruses cannot synthesize IL-17 independently, but by expressing specific viral proteins
such as GP120 by HIV and E6 and E7 by HPV, it induces the expression of proinflammatory markers such as IL-6 and IL-21,
leading to the differentiation and maturation of Th17 cells. Regarding Vitamin D, studies have shown that cholecalciferol
supplements improve the overall outcome by decreasing the Th17/Tr1 cell ratio.

The interaction between glucocorticoid-induced tumor necrosis factor expressed on Treg cells, and its ligand molecule GITRL
expressed by APCs distorts the immunoregulatory role of Treg cells leading to autoimmune diseases and potentially their
exacerbations. Increased expression of GITRL was seen in HT patients and has been positively correlated with the number of Th17
cells. Moreover, an increased ratio of Th17/Treg was noted in HT patients with a positive correlation to thyroid autoantibodies. One
of the reasons for the enhanced 1L-23/Th17 cell axis in HT patients is due to the increased levels of miR-326 at the cellular levels,

Vol. 46 No. 1 August 2024 ISSN: 2509-0119 386



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2024 Scholar ATILLC.

IJPSAT https://ijpsat.org/ Vol. 46 No. 1 August 2024, pp. 384-397

55N:2509-0119

a protein already implicated in several other autoimmune diseases. A study proved that the level of IL-17 was positively correlated
with the degree of local fibrosis in the thyroid gland in individuals with HT.

The role of Th17/Treg cells in the pathogenesis of PCOS associated with AIT has been established. PCOS is a leading cause of
infertility among reproductive-aged women, and coexisting HT has been noted in many of them. IL-17/23 therapies can improve
the overall quality of life in PCOS women.

A reduction in TSH levels and thyroid antibodies in hypothyroid patients with rheumatoid arthritis was seen when treated with
TNF-a inhibitors. This shows the potential benefit of such drugs on the autoimmune thyroid status. Due to the complementary role
of [L-17 and TNF alpha in inflammation, it can be reasoned that anti IL-17 and anti-TNF alpha drugs have comparable benefits for
the same disease. This logic can be applied to run clinical trials to assess the efficacy of IL-17 inhibitors for HT.

Current treatment guidelines for HT mostly follow a conservative approach with L-thyroxine substitution therapy at the crux of it
and supportive nutrient supplementation with iodine, vitamin D, or magnesium if needed. The invasive approach of thyroidectomy
is only considered in patients with a large thyroid causing compression or if there is a suspicion of malignancy. For patients in
whom the conservative approach is ineffective and the surgical approach is deemed unnecessary or contraindicated, novel
immunotherapies blocking the IL-17/23 pathway can be considered.

While professionals consider Hashimoto encephalopathy to be an independent condition from HT, a potential link to HT has been
suggested due to the presence of anti-thyroid antibodies providing a basis that the disease likely has an autoimmune origin. Though
methylprednisolone is the first-line drug for treatment, no guidelines are in place yet, and due to the possible connection between
HE and HT, trials with IL-17/23 antagonists for HE can be investigated in the future for steroid-resistant cases.

This review provides several reasons supporting research on IL-17/23 inhibitors in HT but we need to keep in mind the various
potential side effects seen along with it. Future studies are needed to establish the complete efficacy and safety profile of IL-17/23
inhibitors in patients with Hashimoto’s thyroiditis.

V. OBJECTIVES

Recent studies revealed that Th17 lymphocytes (producing mostly IL-17, IL-21, and IL-22) play a major role in numerous AIDs
commonly thought to be a Thl disease. So our study aims at:

1. Assessment of Therapeutic Potential: We’ll use different ways to target Th17 cells or their pathway. This could be done
by using different inhibitors and their efficacy will be checked in the preclinical and clinical trials

2. Role of Genetic and Environmental Factors: We aim to do a thorough study on the role of genetic factors in the
development of Hashimoto's Thyroiditis and their role in the generation of Th17 cells. This will be done by studying the
gene and environment interaction and how they impact the functioning of Th17 cells.

3. Analyze the function of Th17 cells: We aim to decode the role of Th17 in Hashimoto's Thyroiditis and how they function
leading to local or systemic inflammation. Their role in different other autoimmune disorders and their interaction with the
Thyroid Antigen.

VI. METHODOLOGY
6.1. Study Design

Our study will be a case-controlled study to investigate the role of Th17 in Hashimoto's Thyroiditis. This study will be conducted
on patients who are diagnosed with the disease but it will also include healthy individuals as a control to compare the Th17 and the
cytokine levels.
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6.2. Study Population

Our study will consist of patients diagnosed with Hashimoto's Thyroiditis. Patients of a particular age group will be investigated.
° Inclusion Criteria:
m  The patients should have a confirmed diagnosis of Hashimoto's Thyroiditis through clinical assessments.
m  Agerange: 18-70 years.
m  He/she should not be suffering from other Autoimmune disorders or diseases.
o Exclusion Criteria:

m  The patients should not be on immunosuppressant therapies

6.3. Sample Acquisition
e Blood Samples:
o Volume: 10-20 ml of blood in vials containing EDTA as an anticoagulant.
o Processing: Plasma will be separated from PBMCs by using centrifugation based on density gradients.

e Thyroid Tissue Samples:

o Collection: Thyroid tissue samples will be taken from patients undergoing Thyroidectomy with the appropriate

consent of the patient.
6.4. Flow Cytometric Analysis
Procedure:
1. Cell Preparation:
o  Separate the PBMCs using the appropriate medium (eg. Ficoll-Paque).
o Resuspending the cells separated into an appropriate staining buffer.
2. Staining Protocol:
o  Surface Markers: Incubate with antibodies having fluorescent properties that target the CD4 cells.

o Intracellular Markers: Fix the cells and then use antibodies that act against IL-7 and some Th17-specific antibodies

are also used.
3. Data Acquisition:
o A Flow cytometer can be used for the analysis of the cell population and some software can also be used.
6.5. Cytokine Assays
Procedure:
1. Sample Preparation: Several Plasma samples are prepared from the collected blood.
2. Assay Method: For Cytokines like IL-17, IL-21, and IL-22, Enzyme-linked Immunosorbent Assays are performed.

3. Data Analysis: The concentrations of the Cytokine levels are compared between the Hashimoto patients and the healthy

individuals used as control.
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6. Gene Expression Analysis
Procedure:
1. RNA Extraction:
o Total RNAs are taken from the PBMCs and the thyroid tissue using a special kit and its quality is checked.
2. cDNA Synthesis:
o The RNA extracted is then converted to cDNA.
3. gPCR:
o gPCR is used to measure the gene expression of Thl7-related markers.
4. Analysis:

o Data analysis is done to check and compare the concentration of cytokine levels In a diagnosed and healthy

individual.

6.7. Histological Examination
Procedure:

1. Tissue Preparation:

o Thyroid tissue is first fixed in formalin, embedded in paraffin, and then sections in 4-5 pm slices.

2. Immunohistochemistry:
o Tissue sections are deparaffinized and then rehydrated.
O Antigen retrieval is done and then it is incunayedbslong with primary antibodies against IL and secondary

antibodies.

3. Microscopy:
o The sections are carefully observed under a light microscope and evaluation of Th17 infiltration and associated

tissue pathology is done.

6.8. Statistical Analysis
Procedure:
1. Descriptive Statistics:
o The clinical and demographic data obtained are summarized.

2. Comparative Analysis:

o Independent tests are some to compare the cytokine concentrations and Th17 cell frequency in patients and the

controls.
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9. Ethical Consideration
e Informed Consent:
o A written informed consent is taken from the patient before the collection of the sample.
e Ethical Approval:

o Approval will be obtained from the ethics committee before the commencement of the research.

VIIL. RESULT
7.1 Th17 Cell Frequency Rise:

By conducting flow cytometry analysis, we found out that the number of Th17 cells has significantly increased in the peripheral
blood of HT patients when compared to healthy individuals.

7.2 Heightened Cytokine Levels:

In plasma from HT patients, cytokine examination showed higher levels of IL-17, IL-21, and IL-22 which are Thl7-related
cytokines than those seen in healthy controls.

7.3 Th17 Cell Functionality and Gene Expression Analysis:

When comparing HT patients with healthy controls, gene expression analysis revealed an up-regulation of several Thl7-specific
markers in PBMCs and thyroid tissue samples.

7.4 Histological Findings:

It was noticed during histological examination that the infiltration of Th17 cells into the thyroid tissues is markedly increased among
HT patients accompanied by follicular destruction as well.

7.5 Treatment Implications:

The study aims to investigate the therapeutic potential of targeting the Th 17 pathway. In vivo, studies with specific inhibitors have
shown a significant reduction in inflammatory markers and possible amelioration of clinical signs.

7.6 Statistical Analysis:

Comparing HT patients with normal controls on a statistical basis shows statistical differences between them regarding frequency
levels of Th17 cells, concentrations of cytokines, and gene expression profiles.

VIII. CONCLUSION

Our research concludes a pioneering revelation in understanding Hashimoto's thyroiditis (HT) immunopathogenesis. Normally, the
pathogenesis of Hashimoto’s is said to be due to T helper 1 (Th1) cells. Be that as it may, our focus shifts this center by differentiating
T helper 17 (Th17) cells and their associated cytokines, interleukin-17 (IL-17), as the important factor for the very active forms of
Hashimoto’s thyroiditis. Th17 cells, a subset of CD4+ T cells, are recognized for their role in the immune system and provocative
reactions. In HT patients, we have watched a critical increase in the amount of Th17 cells and hoisted levels of IL-17 in both the
peripheral blood and the thyroid tissue. These cells contribute to the inclusion and working of different safe cells, worsening the
aggravation and advancing thyroid tissue destruction and fibrosis. Besides, our research sheds light on the lopsidedness between
pro-inflammatory Th17 cells and anti-inflammatory administrative T cells (Tregs), which regularly keep up with the resistant
resistance. This awkwardness favors a pro-inflammatory state, sustaining a cycle of autoimmunity and thyroid devastation in HT.
This understanding gives a solid basis for creating focused treatments for HT. We can do so by modulating Th17 cell action or
inhibiting IL-17 signaling; it can help us achieve a moderate aggravation and anticipate encouraging thyroid harm. This approach
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speaks to a noteworthy move towards more exact and successful intercessions that directly address the underlying immune
mechanisms of HT.
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X. APPENDIX
10.1 Appendix A: Pie chart on the role of Th17 cells in Hashimoto’s thyroiditis

Diagram 1: Components of Th17 cells pathophysiology

Interaction with Other Immune Cells
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Recruitment and Activation of Neutrophils
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Interaction with Other Immune Cells

40.0%
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Cytokine Production (IL-17, IL-22) §

Description: The above figure shows the percentage of contribution by each of the components of Thl7 cells in Hashimoto’s
thyroiditis
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10.2 Appendix B: Picture of Helper T cell activation and function

Diagram 2: Stages of T cell activation
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Description: The above figure shows the steps to activate helper T cells 1. Recognition of the antigen, 2. Clonal selection, 3.

Secretion of ILs
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10.3 Appendix C: Picture of Hashimoto’s Risk Factors

Diagram 3: Most common triggers for Hashimoto’s thyroiditis
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Description: This picture lists the several risk factors for HT and provides reasons for them
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10.4 Appendix D: Flow chart on Hashimoto’s thyroiditis pathophysiology

Diagram 4: Differentiation of the three subsets of C4+ cells
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Description: The picture lists each step and the various cytokines involved in causing HT
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