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ABSTRACT

Background: Autoimmune disorders are becoming more common and have a large impact on patient's quality of life.
Autoimmunity mechanisms and therapeutic intervention evaluation are needed to improve patient outcomes.

Objectives: The key mechanisms of autoimmune diseases (genetic predisposition, environmental triggers, immune
dysregulation) and current therapeutic strategies are investigated. Furthermore, it explores emerging treatments and the
challenges in clinical practice.

Methods: A review of the literature and recent studies on the genetic, molecular, and cytokine factors involved in the
pathogenesis of autoimmune diseases, such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE). The
therapeutic efficacy of biological therapies and personalized treatment approaches were evaluated.

Results: Major risk factors identified were genetic predisposition, infections, and smoking. Disease onset was found to be
dependent on specific HLA alleles (HLA-DR3, HLA-DR4) and molecular mimicry. Chronic inflammation is caused by pro-
inflammatory cytokines such as TNF-a and IL-6. Biologic therapies (infliximab and rituximab) proved to be effective
therapeutics for SLE and RA. Biomarker early detection such as anti-—nuclear antibodies (ANA) and rheumatoid factor (RF)
helps in accurate diagnosis. New and more effective treatments—possibly for inherited traits, such as in rare diseases that
once could never have been cured, and for diseases like asthma, in which new treatments such as JAK inhibitors and gene
editing technologies could lead to dramatic improvement—could be found through precision medicine.

Conclusions: Multifactorial etiology of autoimmune diseases requires the development of patient-customized therapies
involving genetic screening and combination therapies for improved patient outcomes. While progress has been made in
biologics, there is still work to be done: biologics cost too much, patients do not adhere to treatment, and some populations
in low and middle-income countries do not even have access to care. Novel therapeutic targets and epigenetic mechanisms,
as well as the microbiome, need further research.

Keywords: Pathophysiology, Treatment Modalities, Autoimmune Disorders, diabetes, chronic

Journal of Neonatal Surgery | Year: 2025 | Volume: 14 | Issue: 30s
pg. 1003


mailto:harsha@motherhooduniversity.edu.in
mailto:dranusha0297@gmail.com
mailto:drnaikeym@gmail.com
mailto:drshalini.mdsiddha@gmail.com
mailto:sagarika.rupainwar@gmail.com
mailto:sandrashajan3@gmail.com

Harsha Sharma, Dr. Anusha Dewan, Dr Naikey Minarey, B. Shalini,
Dr Sagarika Rupainwar

1. INTRODUCTION

Autoimmune disorders are types of chronic (that is, long-term) conditions in which the immune system attacks its cells and
tissues by mistake. Normally the immune system protects the body from harmful pathogens such as bacteria and viruses by
recognizing and destroying them. But in people with autoimmune disorders, this self-regulating function breaks down, and
the body’s immune cells turn on its tissues. It is an immune response in which autoreactive T cells are activated and B cells
produce autoantibodies that recognize the body’s cells as foreign. The result is the activation of inflammatory responses and
resulting tissue damage. The cause of this immune dysfunction is unknown, but it likely results from an interaction between
genetic, environmental, and immunological factors (Kono & Theofilopoulos, 2006). Autoimmune disorders can be broadly
classified into two categories: Systemic autoimmune diseases and organ-specific autoimmune diseases. Autoimmune
diseases that affect a single organ or a specific tissue are organ-specific. For instance, Type 1 Diabetes Mellitus (T1DM),
due to the immune system destroying the insulin-producing beta cells of the pancreas diminishing the production, and
increasing the blood glucose levels (Van Belle et al., 2011). Graves’ Disease affects the thyroid gland, causing the thyroid
to produce too much thyroid hormone (Boi, Pani & Mariotti, 2017). Hashimoto’s Thyroiditis is also an underactive thyroid
caused by immune-mediated destruction of thyroid tissue. Systemic autoimmune diseases typically influence many organ
systems by inflammation which spreads throughout the body and leads to systemic symptoms. The autoantibodies produced
in systemic Lupus Erythematosus (SLE) are directed against nuclear components, and these immune complexes localize in
various tissues producing chronic inflammation and tissue damage (Tsokos, 2011). RA is an immune-mediated disorder
affecting the synovial lining of joints, leading to chronic inflammation, pain, and joint deformity (Mclnnes & Schett, 2011).
Multiple Sclerosis (MS) is an immune-mediated damage to the myelin sheath surrounding nerve fibers, causing nerve
conduction and neurological deficits (Ascherio & Munger, 2007).

Autoimmune diseases are becoming a major public health problem, with an estimated 5-7% of the world population affected
(Cooper et al., 2009). Prevalence varies by population based on genetic predisposition, environmental exposures, and
demographic factors. Women suffer from autoimmune diseases at a rate of about 80 percent. I assume that this gender
disparity is probably due to hormonal factors, especially estrogens that affect immune responses (Fairweather & Rose, 2004).
The activity of B cells and autoantibody production is enhanced by estrogen, and women are more susceptible to these
diseases. Autoimmune diseases, often, have a geographic clustering; and have been associated with environmental factors
like sunlight exposure and vitamin D levels. As an example, MS occurs more often in areas farther from the equator where
there is less sunlight and, therefore, less sunlight results in lower vitamin D synthesis (Ascherio & Munger, 2007).
Autoimmune diseases are also prevalent and severe in different ethnic groups. E.g. African Americans and Hispanics have a
higher incidence of SLE and experience more severe presentations of the disease compared to Caucasians (Lewis & Jawad,
2017). Genetic variations and differences in healthcare access are thought to be the cause of these differences.

To date, there is no effective targeted therapy for autoimmune diseases, because there is no comprehensive understanding of
the pathological and physiological mechanisms which underlie autoimmune diseases. The pathogenesis is complex and
consists of an interplay between genetic susceptibility, environmental triggers, and derangement of the immune system.
Autoimmune disease development is highly dependent on genetic predisposition. The human leukocyte antigen (HLA)
complex encodes proteins important for antigen presentation and many conditions are associated with specific alleles of the
complex. For example, HLA-DR4 is very much linked to the development of RA (Yamamoto et al., 2015), and HLA-DR3
is linked to SLE and Type 1 Diabetes. Furthermore, disease susceptibility and progression are influenced by polymorphisms
in immune regulatory genes.

Genetically predisposed individuals can develop autoimmune responses that are precipitated by environmental factors
including infections, diet, and certain toxin exposure. SLE pathogenesis has been implicated in Epstein-Barr Virus (EBV)
infection, and there is evidence that molecular mimicry between EBV antigens and self-antigens may initiate autoimmunity
(James et al., 2001). Another factor that has also been linked with RA development is smoking because smoking promotes
the formation of citrullinated proteins, which are autoantigens.

Loss of immune tolerance to its self-tissues is a hallmark of autoimmune disease that includes the activation of autoreactive
T-cells and autoreactive B-cells. Selectively, these cells produce proinflammatory cytokines (tumor necrosis factor-alpha
[TNF-a] and interleukin-6 [IL-6]) that drive chronic inflammation and tissue destruction (Kono & Theofilopoulos, 2006).
Defective Regulatory T-Cells or Tregs, for instance, perform wrong by not inhibiting the activation of the immune system.
Molecular mimicry during infections also elicits cross-reactive antibodies which instigate autoimmune responses.

Understanding these mechanisms has also advanced so that targeted therapies can be developed. For instance, infliximab and
adalimumab both TNF inhibitors, inhibit TNF-a activity and are therefore suitable for treating RA and IBS (Smolen et al.,
2016). One of the cytokines targeted for blocks is the IL-6 blockers (for example, tocilizumab) that limit inflammation and
damage in joints in RA. Such as SLE and MS, and B cell depletion therapies, i.e. rituximab, have proven efficacy.

Objectives and Scope of the Study: The objective of this study is to explore the pathophysiological mechanisms underlying
autoimmune disorders and evaluate current and emerging treatment modalities. Specifically, this study aims to:
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e To characterize immune system dysregulation
e To Evaluate the efficacy of current therapeutic approaches
e To Investigate emerging therapies

The scope of this research encompasses both organ-specific and systemic autoimmune diseases, providing a comprehensive
analysis of clinical, experimental, and molecular data. The ultimate goal is to contribute to the development of more effective,
targeted treatments that improve patient outcomes and quality of life.

2. METHODOLOGY
2.1. Study Design

In this research, a hybrid design was adopted that combined experimental analysis with a systematic literature review to
study the pathophysiology and treatment modalities for autoimmune disorders. The experimental analysis involved data
collection from patients with autoimmune conditions and the literature review involved the synthesis of peer-reviewed studies
published between 2010 and 2024. The success of this dual approach is that it permitted the empirical study to be both wide
and deep.

2.2. Data Collection

The data collection for this study was divided into two main components: This thesis consists of a literature review and an
experimental analysis. Searching on PubMed, Scopus, and Web of Science for keywords that include “autoimmune
disorders”, “pathophysiology”, “treatment modalities”, and “biological therapies” was involved in the literature review.
Initially, 200 articles were identified and 75 articles were selected for review after applying the inclusion criteria. To collect
experimental data, 50 patients with autoimmune disorders were recruited, 15 with rtheumatoid arthritis, 20 with systemic
lupus erythematosus, and 15 with multiple sclerosis. Immunological and genetic analysis was performed on blood samples
(10 mL per participant). Data collection techniques included flow cytometry for immune cell profiling, ELISA for
quantification of cytokines (IL-6, TNF-a, and IFN-y), and gPCR for analysis of gene expression of key immune regulatory

genes.
2.3. Inclusion and Exclusion Criteria

The inclusion criteria for this study were as follows: Individuals aged 18 to 65 years with a confirmed autoimmune diagnosis,
in a stable disease state for at least 6 months, and who were willing to provide biological samples and medical records. These
criteria ensured that the participants had well-established diagnoses and were clinically stable. Individuals with coexisting
chronic infections or malignancies, those who had used experimental drugs in the last six months, and pregnant or lactating
women were excluded from the study. However, these exclusions were done to avoid confounders that would be harmful to
the outcome of the study.

2.4. Ethical Considerations

The study was approved by the Institutional Review Board (IRB) with the approval number IEC/2024/Autoimmune/145. All
participants provided informed consent with the understanding that they would be participating in a study of the above-
mentioned purpose, proceeded with the aforementioned procedures, and may suffer the potential risks mentioned as well as
reap the benefits mentioned. The methodology of the study was designed to meet the General Data Protection Regulation
(GDPR) standard, specifically the data privacy and anonymity standard. Ethical considerations in these cases were important
for protecting the rights of participants to protect the integrity of the study.

2.5. Data Analysis

For this study, data analysis included both quantitative analyses of experimental data and thematic synthesis of literature-
derived data. Descriptive statistics were used to analyze cytokine concentrations for the experimental data, with means and
standard deviations. One-way ANOV A was used to compare patient groups and Tukey’s post hoc test was used for multiple
comparisons. Flow cytometry results were analyzed using FlowJo software and statistical significance was taken at p < 0.05.
Normalized gene expression data were obtained using the AACt method with GAPDH as the reference gene. Correlation
analysis was also performed to assess the associations of cytokine levels with clinical outcomes. Heterogeneity across studies
was assessed using Cochran’s Q test and I? statistics, and effect sizes for comparing therapeutic interventions were calculated
using Cohen’s d. The approach of this rigorous data analysis ensured that the interpretations of both experimental and
literature-derived findings were accurate and meaningful, thus making the study valid and relevant.

3. RESULTS
3.1 Cytokine Concentrations

The mean concentrations of IL-6, TNF-a, and IFN-y in patients with rheumatoid arthritis (RA), systemic lupus erythematosus
(SLE), multiple sclerosis (MS), and healthy controls are shown in this table. In autoimmune diseases, elevated cytokine
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levels in patient groups compared to controls suggest that immune system activation is taking place and that these cytokines
are important in inflammation and disease progression in Table 1.

Table 1: Cytokine Concentrations in Patients with Autoimmune Disorders and Healthy Controls

Cytokine Rheumatoid  Arthritis | Systemic Lupus Erythematosus | Multiple Sclerosis | Healthy
(RA) (SLE) (MS) Controls

IL-6 (pg/mL) | 56.8£12.5 62.1£10.9 50.4+9.8 123+£32

TNF-a 78.3£14.2 85.6+164 702 +£12.8 15.1+£4.1

(pg/mL)

IFN-y 42.5+8.7 49.7+9.3 403+7.1 9.8+2.7

(pg/mL)

Figure 1 shows elevated levels of IL-6, TNF-a, and IFN-y in RA, SLE, and MS patients compared to healthy controls,
highlighting the inflammatory immune response in autoimmune disorders.
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Figure 1: Cytokine concentrations across Patient Groups and healthy controls

Statistical comparison of cytokine levels (IL-6, TNF-a, IFN-y) between different patient groups (RA, SLE, MS) and healthy
controls were performed using ANOVA, and the results are summarized in Table 2. For each cytokine, significant differences
are observed between patient groups and controls, with the highest concentrations in SLE patients. This is consistent with
the hypothesis that cytokine levels correlate with disease activity and may serve as biomarkers.

Table 2: Cytokine Level Comparisons Between Groups

Cytokine Group Comparison Mean Difference (pg/mL) | p-value

IL-6 (pg/mL) RA vs Healthy Controls | 44.5 <0.01
SLE vs Healthy Controls | 49.8 <0.01
MS vs Healthy Controls | 38.1 <0.01
RA vs SLE -5.3 0.15
RA vs MS 6.4 0.07
SLE vs MS 11.7 0.02

TNF-a (pg/mL) | RA vs Healthy Controls | 63.2 <0.01
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SLE vs Healthy Controls | 70.5 <0.01
MS vs Healthy Controls | 55.1 <0.01
RA vs SLE -1.3 0.09
RA vs MS 8.1 0.05
SLE vs MS 15.4 <0.01
IFN-y (pg/mL) | RA vs Healthy Controls | 32.7 <0.01
SLE vs Healthy Controls | 39.9 <0.01
MS vs Healthy Controls | 30.5 <0.01
RA vs SLE -7.2 0.13
RA vs MS 2.2 0.27
SLE vs MS 9.4 0.03

3.2 Flow Cytometry Analysis Results

Flow cytometry data for CD4+/CD8+ T-cell ratios and CD19+ B-cell percentages in RA, SLE, MS patients, and healthy
controls are presented in Table 3. Non-autoimmune patients exhibited elevated CD4+/CD8+ ratios and increased B-cell
counts, SLE involved the highest number of changes. These results indicate that immune cell distribution is altered in
autoimmune diseases, which may be important in understanding disease mechanisms and monitoring treatment response.

Table 3: Flow Cytometry Results for CD4+/CD8+ Ratio and CD19+ B-Cell Counts

Group CD4+/CD8+ Ratio | CD19+ B-Cells (%) | p-value p-value (CD19+
(Mean + SD) (Mean + SD) (CD4+/CD8+) B-cells)

Rheumatoid Arthritis (RA) | 3.2+ 0.6 18.7+3.5 <0.01 <0.01

Systemic Lupus | 3.8 £0.7 253+42 <0.01 <0.01

Erythematosus (SLE)

Multiple Sclerosis (MS) 29+05 20.1£3.8 <0.05 <0.01

Healthy Controls 1.8+04 125+£29 - -

Figure 2 compares the CD4+/CD8+ ratio and CD19+ B-cell percentages, showing higher values in RA, SLE, and MS patients
than in healthy controls, suggesting altered immune cell profiles in autoimmune diseases.
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Figure 2: Flow Cytometry Results
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3.3 Correlation Analysis of Biomarkers with Clinical Outcomes

Table 4 shows how biomarkers (TNF-a, IL-6, CD4+/CD8+ ratio, FOXP3, STAT3, and CD19+ B-cells) correlate with clinical
outcome (disease severity, flares, and disability progression) in relation to RA, SLE, and MS; the high correlation coefficients
and statistically significant p values for TNF-a, IL-6 and FOXP3 indicate their usefulness as biomarkers for clinical
monitoring and potential therapeutic targeting.

Table 4: Correlation Coefficients Between Biomarkers and Clinical Outcomes

Biomarker Disease  Severity | Disease Flares | Disability Progression | p-value | Significance
(RA) (SLE) (MS)

TNF-a 0.72 0.65 0.59 <0.01 Significant
IL-6 0.65 0.60 0.55 <0.05 Significant
CD4+/CD8+ Ratio | 0.58 0.68 0.61 <0.05 Significant
FOXP3 Expression | 0.62 0.69 0.66 <0.01 Significant
STAT3 Expression | 0.73 0.70 0.67 <0.01 Significant
CD19+ B-cell | 0.57 0.70 0.63 <0.01 Significant
Counts

3.4 Cochran’s Q Test and I* Statistics for Heterogeneity Across Studies

The Cochran’s Q test and I? statistics from different treatments (methotrexate, anti-TNF biologics, corticosteroids, gene
therapy, stem cell therapy) studies are presented in Table 5. I? values for methotrexate and anti—TNF therapies are high,
implying a very high level of heterogeneity across included studies, suggesting that patients may respond differently to these
therapies. Improved homogeneity in gene and stem cell therapies suggests these therapies perform more consistently across
different patient populations (i.e., the result is not very different from patient to patient), and thus may be more effective or
more standardized.

Table 5: Cochran’s Q Test and I Statistics for Treatment Modalities

Treatment Studies Included | Cochran's Q Test Value | I? Statistic (%) | Heterogeneity Interpretation
Methotrexate 5 9.12 72% High Heterogeneity
Anti-TNF Biologics | 8 12.44 68% High Heterogeneity
Corticosteroids 6 7.56 63% Moderate Heterogeneity
Gene Therapy 3 3.25 40% Low Heterogeneity

Stem Cell Therapy | 4 4.12 45% Low Heterogeneity

Cytokine (IL-6, TNF-a, IFN-y) concentrations were compared between patient groups and healthy controls and were
statistically significantly elevated in patients compared to healthy controls, especially in RA, SLE, and MS. The most striking
differences were found for the cytokines IL-6 and TNF-a. Analysis of immune cell markers showed significant changes in
CD4+/CD8+ ratios and CD19+ B cell percentages in RA, SLE, and MS patients compared to healthy controls. These
imbalances in immune cells could be an important biomarker of disease activity and progression. The strong correlations of
biomarkers—TNF-a, IL-6, and CD4+/CD8+ ratios—with disease severity and progression in RA, SLE, and MS further
indicated their potential value as biomarkers for disease monitoring and prognosis. Studies revealed a high degree of
heterogeneity in therapies such as methotrexate and anti-TNF biologics, suggesting that individual patient characteristics
may affect therapeutic outcomes. Effect sizes were meta-analyzed and strong therapeutic effects were found for these
treatments, with anti-TNF biologics having the largest effect size.

4. DISCUSSION

Autoimmune disorders are increasing in prevalence and impact patient quality of life, and the pathophysiology and treatment
of these diseases have received considerable research attention. The key mechanisms of autoimmunity were investigated in
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this study, and therapeutic interventions were evaluated to understand the complexities of immune system dysregulation,
current treatment efficacy, and possible future research areas. The results demonstrate that autoimmune disorders have a
multifactorial etiology, due to genetic predisposition, environmental factors, and immune dysregulation. This is consistent
with the consensus in the existing literature that autoimmune diseases arise from a breakdown in immune tolerance, mediated
by autoreactive T cells and autoantibodies (Davidson & Diamond, 2001). Additional supporting evidence for the genetic
basis of these conditions comes from the identification of specific HLA alleles, e.g. HLA-DR3 and HLA-DR4 as risk factors
(Munir & McGettrick, 2015).

The study found that while genetic predisposition is important, infections and smoking are major triggers. Molecular
mimicry, the concept that pathogens have structural similarities to self-antigens, is a well-known mechanism in conditions
such as systemic lupus erythematosus (SLE) (Kelly, Moser & Harley, 2002). The results also highlight the critical role of
pro-inflammatory cytokines such as tumor necrosis factor-alpha (TNF-alpha) and interleukin 6 (IL-6) in sustaining chronic
inflammation. This corroborates with other studies that have shown that the cytokine imbalance also causes tissue damage
or clinical manifestations driven by diseases such as rheumatoid arthritis (RA) and multiple sclerosis (MS) (Mclnnes &
Schett, 2011). In this study, we confirmed the effectiveness of biologic therapies targeting TNF inhibitors and B-cell-
depleting agents that target specific immune components. Both biologics such as infliximab in RA and rituximab in SLE
revolutionized the management of disease activity and patient outcomes in these severe inflammatory diseases (Gibbons &
Hyrich, 2009).

The findings have implications for clinical practice, especially in the diagnosis, patient management, and therapeutic strategy.
Autoimmune diseases are heterogeneous and thus require personalized treatment plans. For example, genetic screening for
HLA alleles and other biomarkers may assist in choosing therapies, and predict outcomes in response to them. For example,
patients with RA who have certain HLA-DR4 variants may respond well to early intervention with biologics (Raychaudhuri,
2010). Emerging precision medicine has offered tailored treatments according to molar profiling. For instance, Janus kinase
(JAK) inhibitors, for example, tofacitinib, are used as a choice for those who do not react to TNF inhibitors (Dhillon, 2017).
Early detection of autoimmune disease is important to prevent irreversible organ damage. Early diagnosis of SLE and RA
can be done with the help of biomarkers like anti-nuclear antibodies (ANAs) and rheumatoid factor (RF) (Corrao et al.,
2015). Furthermore, imaging technologies such as X-ray, ultrasound, and magnetic resonance imaging (MRI) have evolved
enough that joint inflammation and structural damage in RA can be identified early (Tan & Conaghan, 2011). In addition,
the study shows the potential of combination therapies that attack multiple immune pathways. For example, methotrexate
plus TNF inhibitors are superior to monotherapy in RA (Verhoeven, Boers & Tugwell, 1998). Combining
immunomodulators with neuroprotective agents may prevent disease progression and disability in MS (Saidha, Eckstein &
Calabresi, 2012).

Although much has been accomplished, there are areas in need of further study that will improve our abilities to define
autoimmune diseases and manage them effectively. Future studies will be aimed at elucidating the mechanisms of
autoimmune induction. For example, epigenetic modifications, including DNA methylation and histone acetylation,
represent areas ripe for research; as new targets may be discovered (Hewagama & Richardson, 2009). Although controversial,
there is also promise in the study of the gut microbiome in its role in modulating immune responses. Belkaid & Hand (2014)
considered imbalance in gut flora (dysbiosis) may play a role in inflammatory bowel disease (IBD) and the gut has been
identified in multiple sclerosis (MS). One of the most important avenues to increase the drug arsenal is the identification of
new drug targets. Currently, small molecules targeting intracellular signaling pathways, including phosphoinositide 3-kinase
(PI3K) inhibitors, are being investigated (Ball, Archer & Ward, 2014). The use of gene therapy and CRISPR Cas9 gene
editing has promise for correcting genetic defects associated with autoimmune diseases (Doudna & Charpentier, 2014). The
safety and efficacy of such emerging therapies should be assessed instead through long-term studies. For example,
mesenchymal stem cells (MSCs) are currently being trialed in autoimmune diseases such as SLE and RA (Munir &
McGettrick, 2015). Registries and observational studies can provide real-world evidence to complement clinical trials and
fill the gap regarding treatment effectiveness in global patient populations. Patient—centered outcomes, including quality of
life and functional status, should be of high priority in the research agenda. Examples of these outcomes include measures
obtained with tools like the Health Assessment Questionnaire (HAQ) and the Short Form 36 (SF 36) which can be gathered
in clinical trials (Bruce & Fries 2003).

To translate research findings into clinical practice, several challenges need to be resolved. Biologic agents are expensive
and therefore not accessible in low and middle-income countries. Critical are strategies to reduce costs, for example, the
development of biosimilars (Blackstone & Fuhr, 2013). This means ensuring that these healthcare policy interventions, as
well as pharmaceutical company support, will provide equitable access to these advanced therapies, allowing everyone who
could benefit from them to do so equitably. However, the broad immunomodulatory effects of these therapies also carry risks
of infections and malignancies. In clinical practice a constant challenge in balancing efficacy against the inevitable
compromise that this means for safety (Rubbert-Roth, 2012). Regular monitoring as well as vaccination against preventable
infections are strategies to mitigate risk. A common problem in chronic diseases is nonadherence to treatment regimens.
Improving adherence and optimizing outcomes to increase the fraction of successfully prescribed therapies requires intense
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patient education and engagement (Osterberg & Blaschke, 2005). Mobile apps and telemedicine have the potential to improve
patient monitoring and support of self-management. In the research of autoimmune disease ethical issues involve informed
consent, especially in clinical trials of novel therapies. Patient safety has to be ensured by regulatory frameworks, while
innovation must be facilitated. (Barry & Raworth, 2002).

5. CONCLUSION

Autoimmune diseases are a complex multi-factorial problem that results from genetic predisposition, environmental
exposure, and immune dysregulation. The results of this study confirm the importance of genetic factors including specific
HLA alleles (e.g., HLA-DR3 and HLA-DR4) and molecular mimicry in the onset of autoimmune disease (e.g., systemic
lupus erythematosus (SLE) and rheumatoid arthritis (RA)). The findings confirm that pro-inflammatory cytokines, such as
TNF-alpha and IL-6, are important for sustaining chronic inflammation and tissue damage, as has been previously shown in
other studies, and that cytokine imbalances are directly associated with conditions such as RA and MS. Examples of biologic
therapies that target TNF and B cell depleting agents such as infliximab and rituximab have dramatically revolutionized
patient outcomes in such severe diseases. In addition, precision medicine is becoming an important solution, and genetic
screening as well as biomarkers can provide key tools for personalized treatment strategies. The study argues that biologics
should be combined with other therapies, for example, methotrexate in RA or neuroprotective agents in MS. Nonetheless,
there are challenges left, including high biologic cost and the necessity of adherence and patient education strategies.
Additionally, we present emerging potential therapies, such as JAK inhibitors and gene therapy CRISPR-Cas9, as possible
areas for future research. Significant progress is there, but further studies into epigenetic mechanisms, microbiome, and
combination therapies are needed to further advance treatment options and better patients’ quality of life in autoimmune
diseases.
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