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Type | Interferon Signaling Pathways
in Autoimmune Diseases: Mechanisms
and Therapeutic Implications

Introduction

Type 1 interferons (IFNs), including IFN-a
and IFN-B, are cytokines critical for antiviral
defense and immune regulation. Dysregulation
of Type I interferon signaling pathways is
increasingly recognized as a central driver in
autoimmune diseases such as systemic lupus
erythematosus (SLE), rheumatoid arthritis
(RA), and dermatomyositis. Understanding
these pathways provides insight into disease
pathogenesis and offers opportunities for
targeted therapies.

Mechanisms of Type | Interferon Signaling

Type 1 IFNs bind to the heterodimeric
interferon-alpha/beta  receptor  (IFNAR),
activating the JAK-STAT signaling cascade.
Phosphorylation of STAT1 and STAT2,
along with formation of the ISGF3 complex,
induces transcription of interferon-stimulated
genes (ISGs) that regulate immune cell
activation, cytokine production, and antigen
presentation. While essential for antiviral
immunity, chronic or excessive activation of
this pathway promotes autoreactive immune
responses.

Role in Autoimmune Pathogenesis
In SLE, elevated Type 1 IFN levels correlate

with disease activity and organ involvement,
particularly lupus nephritis. IFN signaling
enhances dendritic cell activation,
autoantibody production, and T and B cell
dysregulation. In RA and dermatomyositis,
aberrant IFN signatures contribute to synovial
inflammation tissue

and muscle injury.

Persistent pathway activation disrupts immune

tolerance, fueling chronic inflammation and
tissue damage.

Clinical
Targeting

Implications and  Therapeutic

The central role of Type I IFNs in autoimmunity
has motivated therapeutic development.
Monoclonal antibodies targeting IFN-o or
IFENAR, as well as JAK inhibitors that block
downstream  signaling, have demonstrated
efficacy in reducing disease activity in clinical
using
IFN-inducible gene expression profiles enables

trials. Biomarker-guided treatment
patient stratification and personalized therapy,
maximizing efficacy while minimizing side
effects.

Future Directions

Advances in single-cell transcriptomics and
proteomics are refining our understanding
of cell-specific IFN signaling. Combination
therapies that modulate IFN activity alongside
hold

promise for improved outcomes. Continued

conventional  immunosuppressants
research into regulatory mechanisms and
crosstalk with other cytokine pathways will
further inform precision medicine strategies in
autoimmune diseases.

Conclusion

Type I interferon signaling pathways are
pivotal in the pathogenesis of autoimmune
diseases. Dysregulated signaling drives chronic
inflammation and autoimmunity, making the
pathway a key therapeutic target. Integrating
mechanistic insights with biomarker-driven
approaches promises to enhance patient-
specific management and improve long-term
outcomes in autoimmune disease care.
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