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H with several autoimmune diseases. For example, HLA-DRB1 alleles are
|ntr0duct|0n commonly linked to rheumatoid arthritis (RA), while HLA-DQ2/DQS8 alleles
are associated with celiac disease. NGS technologies, especially WGS and
targeted sequencing, allow researchers to identify previously undetected rare
alleles and variants within the HLA region. Moreover, NGS can be used to
assess how these genetic variations interact with environmental factors, such
as infections or diet, to trigger autoimmune responses. The ability to sequence
HLA genes in detail has not only enhanced our understanding of autoimmune
disease susceptibility but also provides potential avenues for developing
genetic screening tests that could predict disease risk in individuals. This
can lead to earlier interventions, improving patient outcomes by enabling
preventive measures or tailored therapies [3].

Autoimmune disorders, including diseases such as rheumatoid arthritis,
lupus, multiple sclerosis, and type 1 diabetes, occur when the body’s immune
system mistakenly targets and attacks its own tissues. These disorders are
highly complex and often involve a combination of genetic predisposition,
environmental factors, and immune dysregulation. Despite significant
advances in the understanding of autoimmune diseases, their exact
pathogenesis remains unclear, and reliable biomarkers for early diagnosis,
disease activity monitoring, and treatment response are still lacking. This
gap in diagnostic and therapeutic capabilities has led to a growing interest
in Next-Generation Sequencing (NGS) as a powerful tool for identifying novel
biomarkers associated with autoimmune diseases. NGS technologies enable Beyond genetic variations, gene expression profiling through RNA
the high-throughput sequencing of DNA, RNA, and other genomic material, ~ sequencing (RNA-seq) is another key application of NGS in autoimmune
offering unprecedented insights into the genetic and molecular landscape  disease research. RNA-seq allows researchers to measure the expression
of autoimmune diseases. By sequencing the genomes of patients with levels of thousands of genes simultaneously, providing insights into the
autoimmune disorders and comparing them to healthy controls, researchers ~ molecular pathways that are dysregulated in autoimmune conditions. In
can uncover new genetic variants, mutations, and epigenetic changes that  diseases such as systemic lupus erythematosus (SLE), multiple sclerosis
may play a role in disease onset and progression [1]. (MS), and psoriasis, NGS-based transcriptomic analyses have revealed
significant alterations in immune-related genes, including those involved in
cytokine signaling, T-cell activation, and B-cell differentiation. For instance,
in SLE, increased expression of type | interferons (IFN-a) has been identified
as a hallmark of disease activity, and this biomarker has been used to guide
treatment decisions. By identifying specific biomarkers that correlate with
disease severity or therapeutic response, RNA-seq offers the potential to
develop more effective personalized therapies. Furthermore, the ability to
track changes in gene expression over time allows for disease monitoring
and the identification of relapse or flare-ups, which is particularly important in
autoimmune diseases with variable courses [4].

NGS has already proven to be a transformative tool in identifying genetic
variations that contribute to autoimmune diseases. Through whole-genome
sequencing (WGS), exome sequencing, and RNA sequencing (RNA-seq),
NGS can reveal a wide range of genetic alterations, including single-
nucleotide polymorphisms (SNPs), copy number variations (CNVs), gene
expression changes, and alternative splicing events. These insights can help
identify potential disease-associated genes, autoimmune-related pathways,
and biomarkers that could be used for diagnosis or treatment. For example,
certain HLA alleles have been strongly associated with autoimmune diseases
such as rheumatoid arthritis and type 1 diabetes, and NGS has enabled the
identification of rare variants in these regions that may contribute to disease Another significant application of NGS in autoimmune disease research
susceptibility. Furthermore, NGS allows for the study of gene-environment s the exploration of epigenetic modifications, which can affect gene
interactions and the identification of potential novel therapeutic targets. The ~ expression without altering the underlying DNA sequence. Environmental
integration of NGS into autoimmune disease research has the potential to  factors such as infections, stress, and diet can lead to epigenetic changes,
improve our understanding of the underlying molecular mechanisms, facilitate ~ including DNA methylation, histone modification, and the regulation of non-
early diagnosis, and guide the development of more effective and personalized ~ coding RNAs, which can influence immune responses and contribute to
treatment strategies [2]. autoimmune disease development. For example, DNA methylation of immune-

related genes has been observed in various autoimmune disorders, including

. . rheumatoid arthritis and multiple sclerosis. These epigenetic changes can
Descrlptlﬂn alter the activation of immune cells and cytokine production, driving the
inflammatory processes characteristic of autoimmune diseases. By using

One of the most significant contributions of NGS to autoimmune disease NGS-based epigenome-wide association studies (EWAS), researchers can
research is the identification of genetic variations that predispose individuals identify specific epigenetic marks associated with disease susceptibility,
to specific disorders. The HLA (human leukocyte antigen) region, located  progression, and treatment response. This could lead to the development of
on chromosome 6, plays a crucial role in the immune system by presenting  gpigenetic biomarkers for autoimmune diseases, offering a novel approach
foreign antigens to T cells, and variations in this region are strongly associated for early diagnosis and more precise therapeutic interventions. Additionally,
because epigenetic changes are reversible, they present an opportunity for
developing epigenetic therapies that could modulate immune function and
potentially prevent or reverse autoimmune conditions [5].
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NGS offers a comprehensive view of the complex factors that contribute to
autoimmune disorders. The ability to uncover previously unknown genetic
variants, rare alleles, and dysregulated immune pathways provides exciting
opportunities for discovering novel biomarkers that can be used for early
diagnosis, disease monitoring, and treatment response prediction. Moreover,
the dynamic nature of epigenetic modifications presents the potential for new
therapeutic approaches that could modify disease pathways and improve
patient outcomes. As the field of autoimmune disease genomics continues to
evolve, NGS technologies are likely to play a pivotal role in the development
of personalized and precision medicine strategies, offering hope for more
effective treatments with fewer side effects. Ultimately, the integration of NGS
into clinical practice could lead to earlier detection, better risk stratification,
and more individualized management of autoimmune diseases, significantly
improving patient care and quality of life.
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