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Introduction & Biological Mechanism

Interferon-gamma (IFN-y) is the sole member of the Type II interferon family, encoded by the
IFNG gene located on chromosome 12q14. Produced predominantly by CD4+ T helper 1 (Thl)
lymphocytes, CD8+ cytotoxic T cells, Natural Killer (NK) cells, and innate lymphoid cells
(ILC1s), IFN-y serves as a master immunomodulatory cytokine. It regulates macrophage
activation (M1 polarization), enhances antigen presentation via Major Histocompatibility
Complex (MHC) class I and II upregulation, promotes B-cell activation, and coordinates cellular
host defense against intracellular pathogens.

The single nucleotide polymorphism (SNP) designated rs2069705 is a functional genetic variant
situated within the promoter region of the /FNG gene (specifically at position -1616 relative to
the transcription start site). Molecular functional analyses demonstrate that the rs2069705
variant directly alters the binding affinity of key transcription factors to the IFNG
promoter—most notably Signal Transducer and Activator of Transcription 4 (STAT4) and
Nuclear Factor-kappa B (NF-xB). The risk allele significantly increases the recruitment and
binding affinity of STAT4 to the promoter region, leading to markedly elevated /FNG gene
transcription, increased mRNA stability, and continuous cellular secretion of IFN-y protein.

Upon secretion, IFN-y binds to its high-affinity cell-surface receptor complex, comprised of
IFNGR1 and IFNGR?2 subunits. Receptor dimerization initiates autophosphorylation of
receptor-associated Janus Kinases 1 and 2 (JAK1 and JAK2), which subsequently phosphorylate
STAT1. Phosphorylated STAT1 homodimerizes to form Gamma-Activated Factor (GAF), which
translocates to the nucleus to induce transcription of primary target genes. In immune and
stromal cells, this pathway upregulates inducible nitric oxide synthase (iNOS), stimulates B-Cell
Activating Factor (BAFF) expression, and drives the release of potent neuroinflammatory
chemokines, including CXCL9 (MIG), CXCL10 (IP-10), and CXCL11 (I-TAC).

Signs, Symptoms, and Associated Diseases

Because the rs2069705 promoter variant enhances transcription factor binding and drives
elevated baseline and inducible IFN-y expression, carrying this risk polymorphism significantly
increases susceptibility to systemic autoinflammation, exocrine gland destruction, and chronic
neuroinflammatory conditions.

Associated Clinical Diseases



e Primary Sjogren's Syndrome (pSS): Genetic association studies identify rs2069705 as
a major susceptibility marker for pSS. Enhanced STAT4 binding at the rs2069705 locus
drives continuous IFN-y expression within exocrine gland tissues (salivary and lacrimal
glands), inducing excessive BAFF secretion, massive CD20+ B-cell infiltration, local
tissue necrosis, and secretory gland dysfunction.

e Systemic Lupus Erythematosus (SLE) & Rheumatoid Arthritis (RA): The
rs2069705 risk allele is significantly associated with increased risk and clinical severity
of SLE. Overproduced IFN-y drives systemic B-cell hyperreactivity, autoantibody
generation (ANA, anti-SSA/Ro, anti-SSB/La), immune complex deposition, and severe
end-organ damage.

e Infectious Susceptibility & Cutaneous Lesions: Polymorphic variations at rs2069705
modulate host immune responses to intracellular pathogens. The variant is strongly
associated with altered susceptibility and disease severity in Mycobacterium tuberculosis
(Tuberculosis), Mycobacterium ulcerans (Buruli ulcer), and Leishmania species
(Cutaneous Leishmaniasis).

e Neuroinflammation, Central Sensitization & Fatigue: Central nervous system
microglia and astrocytes express abundant IFNGR complex subunits. Sustained central
IFN-y activity alters monoamine metabolism by inducing indoleamine 2,3-dioxygenase
(IDO)—which depletes tryptophan and yields neurotoxic quinolinic acid—and
compromises blood-brain barrier integrity. This drives central sensitization in
Fibromyalgia, ME/CFS, Long COVID, and neurodegenerative decline.

Associated Physical Signs and Symptoms

Patients harboring the rs2069705 risk allele who experience chronic IFN-y overproduction
routinely present with sicca complex symptoms (severe keratoconjunctivitis sicca/dry eyes and
xerostomia/dry mouth), painful parotid or submandibular gland enlargement, widespread
arthralgia, severe morning joint stiftness, profound physical fatigue, cognitive impairment
("brain fog"), unrefreshing sleep, low-grade fevers, and significant elevations in biomarkers,
including high-sensitivity C-reactive protein (hs-CRP), erythrocyte sedimentation rate (ESR),
serum neopterin, BAFF, and specific autoantibodies (anti-SSA/Ro and anti-SSB/La).

Targeted Pharmacological Interventions & Biological
Therapeutics

Pharmacological interventions targeting the IFN-y signaling cascade focus either on direct
extracellular monoclonal antibody neutralization of circulating IFN-y or intracellular inhibition
of downstream JAK/STAT kinases.

1. Direct Monoclonal Antibodies
e Emapalumab-lzsg (Gamifant): A fully human IgG1 monoclonal antibody designed to

selectively bind both soluble and receptor-bound human IFN-y, neutralizing its biological
activity. It is FDA-approved for primary Hemophagocytic Lymphohistiocytosis (HLH)



and Macrophage Activation Syndrome (MAS), effectively arresting hyper-inflammatory
cytokine storms.

2. Janus Kinase (JAK1/JAK2/JAK3) Inhibitors

e Baricitinib, Ruxolitinib, & Tofacitinib: Oral small-molecule kinase inhibitors that
selectively target JAK 1, JAK2, or JAK3 enzymatic activity. By blocking kinase-mediated
phosphorylation of STAT1 and STAT4 downstream of the I[FN-y receptor complex, these
agents potently inhibit IFN-y gene expression, BAFF production, and microglial
activation.

3. Off-Label Microglial & Immunomodulatory Agents
e Low-Dose Naltrexone (LDN): Administered at low nightly doses (0.5 mg to 4.5 mg),
naltrexone acts as a non-competitive antagonist at microglial TLR4 and opioid receptors.

LDN suppresses central NF-kB and STAT transcription, blunting neuroinflammatory
cytokine output without inducing systemic immunosuppression.

Comparative Effectiveness, Costs, and Potential Side Effects
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The VARS Triad as Adjuvant or Stand-Alone Therapy

For patients carrying the high-producing rs2069705 risk variant who seek natural,
non-immunosuppressive options, controlling IFN-y activity requires disrupting the intracellular
reactive oxygen species (ROS) and reactive nitrogen species (RNS) feedback loops that maintain
STAT4 and NF-kB transcriptional drive. When IFN-y binds its receptor, STAT1/STAT4
activation upregulates inducible nitric oxide synthase (iNOS) and NADPH oxidase (NOX)

enzymes, generating massive bursts of superoxide (0'2_) and nitric oxide (NO). These molecules

rapidly combine to form peroxynitrite (ONOO )—a destructive oxidant that damages
mitochondrial membranes, induces cell death, and reinforces NF-kB nuclear translocation.
Because NF-kB and STAT4 directly bind the rs2069705 promoter site, this oxidative surge
creates a vicious feed-forward cycle that continuously drives /FNG gene expression.

The VARS Triad—comprising VARS Glutathione, VARS Superoxide Dismutase (SOD), and
VARS Catalase (fortified with super active Nrf2 enhancers)—delivers a multi-targeted
enzymatic and genomic strategy to break this self-sustaining inflammatory loop.
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Advanced Biochemical & Genomic Mechanisms Against IFNG Pathophysiology

VARS Superoxide Dismutase (SOD): Catalyzes the dismutation of the superoxide
radical (0'2_)—the primary ROS generated downstream of IFN-y receptor ligation—into

hydrogen peroxide (H 20 2). Clearing superoxide eliminates the indispensable substrate

required for peroxynitrite (ONOO ) synthesis, preserving microvascular endothelial
function, protecting glandular epithelial cells, and blunting central neuroinflammatory
pain cascades.
VARS Catalase (with Super Active Nrf2 Enhancers): Operates through a dual-action
pathway targeting both direct oxidative stress and transcriptional gene regulation:

1. Direct Enzymatic Catalysis: Rapidly degrades hydrogen peroxide (H 202) into

water (H 20) and molecular oxygen (02), preventing Fenton-reaction-driven

hydroxyl radical (OH") generation and lipid peroxidation.

2. Potent Nrf2 Genomic Induction: Active Nrf2 enhancers incorporated within
VARS Catalase promote Nrf2 nuclear translocation and binding to Antioxidant
Response Elements (ARE). Active Nrf2 directly represses STAT4 and NF-xB
transcription factor activity. By lowering intracellular pools of active STAT4 and
NF-kB, Nrf2 activation specifically neutralizes the heightened promoter binding
propensity associated with the rs2069705 risk allele, suppressing /FNG and
BAFF gene transcription at the genomic level.

VARS Glutathione (GSH): Serves as the cell's master intracellular thiol antioxidant and
electron donor. Sustained IFN-y signaling and peroxynitrite exposure exhaust
intracellular reduced GSH pools. Replenishing GSH protects mitochondrial inner
membrane potential, prevents STAT protein hyperreactivity, and blocks IDO-mediated
tryptophan degradation in central neural tissues.

Clinical Application: Adjuvant vs. Stand-Alone Protocols

As an Adjuvant Therapy: When combined with targeted pharmaceuticals (such as JAK
inhibitors or biological agents), the Nrf2-enhanced VARS Triad works synergistically.
While pharmacological kinase blockers inhibit intracellular signaling pathways, the
VARS Triad quenches peroxynitrite, protects exocrine gland microvasculature, and
downregulates genomic /FNG transcription via Nrf2 pathways.

As a Stand-Alone Therapy for "Natural Option'" Patients: For patients harboring the
rs2069705 risk allele who decline synthetic pharmaceuticals or biological agents due to
cost, boxed warnings, or infection risks, the VARS Triad provides an effective
non-pharmaceutical approach. By combining direct ROS/RNS clearance with
Nrf2-mediated repression of STAT4 and NF-«kB, the triad systematically dampens the
IFN-y/BAFF axis without inducing systemic immune suppression.

Tolerability and Safety: Unlike biological agents or JAK inhibitors, the VARS Triad
does not increase susceptibility to serious bacterial/opportunistic infections, herpes zoster,
or thromboembolic events. It is highly bioavailable, cost-effective, well-tolerated, and
maintains an excellent clinical safety profile.



Conclusion

The IFNG rs2069705 single nucleotide polymorphism is a pivotal genetic regulator of Type II
interferon transcription. The risk allele increases promoter binding affinity for STAT4, driving
elevated IFN-y and BAFF expression, which directly predisposes individuals to primary
Sjogren's syndrome, systemic lupus erythematosus, and chronic microglial-mediated
neuroinflammation. While targeted biologicals (such as Emapalumab) and oral JAK inhibitors
provide potent pathway blockade, high annual financial costs, boxed warnings, and infection
risks restrict their routine usage. The Nrf2-enhanced VARS Triad (Glutathione, SOD, and
Nrf2-fortified Catalase) provides a targeted biochemical and genomic intervention that quenches
peroxynitrite surges, represses STAT4 transcriptional drive at the rs2069705 locus, and restores
cellular redox balance, serving as an effective adjuvant or stand-alone therapy.

Diagrams
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HOW IFN-a DRIVEN
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TREATMENT OPTIONS: BIOLOGICS / JAK INHIBITORS vs VARS TRIAD

Emapalumab & JAK Inhibitors VARS TRIAD - Downstream

(Gamifant, Baricitinib, Redox & Genomic Circuit Breaker
Ruxolitinib, Tofacitinib)
Upstream IFN-f Neutralization
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OF JAK/STAT Blockade + Represses STAT4 / NF-BB / IFNG

VARS Glutathione = Restores Redox Balance
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SIDE EFFECTS

« Serious infections (TB, fungal),
« Thrombosis / MACE, Cytopenias,
* Herpes zoster, Inmunosuppression

VARS Triad restores redox balance, represses IFN-B at the genomic level,

and protects tissues without the massive cost or risks of biologics
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