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The Interplay Between Vitamin D Autoantibodies
and Vitamin D-Related Genes in Autoimmune
Pathology

Vitamin D plays a crucial role in immune regulation beyond its well-established functions in
calcium homeostasis and bone metabolism. The relationship between vitamin D and autoimmune
diseases has gained significant attention, with mounting evidence suggesting that vitamin D
deficiency contributes to autoimmune pathogenesis. This report explores the potential
mechanisms through which vitamin D autoantibodies might interact with key vitamin D-related
genes, including the Vitamin D Receptor (VDR), Vitamin D Binding Protein (DBP), and the
metabolic enzymes CYP27B1, CYP24A1, and CYP2R1.

Vitamin D Metabolism and Immune Function

Vitamin D metabolism involves several critical genes that collectively regulate the activation,
transport, and signaling of this essential hormone. After entering the circulation, vitamin D
undergoes hydroxylation by CYP2R1 (25-hydroxylase) in the liver to form 25-hydroxyvitamin D
(25(0OH)D). This intermediate metabolite is then converted to the biologically active form, 1,25-
dihydroxyvitamin D (1,25(0H)2D), by CYP27B1 (1a-hydroxylase) primarily in the kidneys. The
active 1,25(0OH)2D binds to the vitamin D receptor (VDR), forming a heterodimer with the retinoid
X receptor (RXR) that regulates gene expression. Finally, CYP24A1 (24-hydroxylase) inactivates
1,25(0OH)2D as part of the metabolic feedback loop. Throughout this process, vitamin D binding

protein (DBP) serves as the primary transport vehicle for vitamin D metabolites in circulationl
2,

The immunomodulatory effects of vitamin D are mediated through VDR expression in various
immune cells, including T cells, B cells, dendritic cells, and macrophages. Upon activation, these
immune cells can locally produce 1,25(0H)2D through CYP27B1 activity, creating an autocrine
and paracrine signaling system at inflammation sites! [31, This local production of active vitamin
D is crucial for immune regulation, as it modulates T cell differentiation, inhibits pro-inflammatory
cytokine production, and enhances regulatory T cell function 4l 3],

Genetic Polymorphisms in Vitamin D Pathway Genes and Autoimmunity

Genetic variations in vitamin D-related genes have been significantly associated with
susceptibility to autoimmune diseases, suggesting potential pathways through which vitamin D
autoantibodies might operate. Studies indicate that up to 65% of vitamin D serum level variance
may be explained by genetic background, with polymorphisms in vitamin D metabolism genes
linked to autoimmune disease risk &l



Vitamin D Receptor (VDR) Polymorphisms

The VDR gene contains several well-studied polymorphisms, including Fokl (rs2228570), Bsml
(rs1544410), Apal (rs7975232), and Taql (rs731236), which have been associated with various
autoimmune conditions Z 8l These genetic variants can affect VDR expression, stability, and
activity, thereby altering vitamin D signaling efficacy. For instance, the Tagl polymorphism
influences VDR mRNA stability, with the TT genotype conferring protection against multiple
sclerosis in specific genetic backgrounds[gl. Similarly, carriers of the Fokl FF genotype show
better response to vitamin D supplementation compared to those with variant alleles8l.

Research demonstrates that VDR gene polymorphisms not only influence autoimmune disease
susceptibility but also affect quality of life in patients with autoimmune liver diseases,
highlighting the broad impacts of altered vitamin D signalingm. Furthermore, experimental
studies have revealed that VDR agonists possess potent immunoregulatory properties and are
effective in treating several autoimmune disease modelsEl,

CYP27B1 and Autoimmune Risk

CYP27B1, encoding the Ta-hydroxylase enzyme responsible for converting 25(0OH)D to active
1,25(0H)2D, has emerged as a critical player in autoimmune pathogenesis. Polymorphisms in the
CYP27B1 gene, particularly rs10877012 and rs4646536, have been associated with various
autoimmune disordersM I8l A meta-analysis found that the minor alleles of these
polymorphisms (rs10877012 A and rs4646536 C) confer protection against organ-specific
autoimmune endocrine diseases, including autoimmune Addison's disease, Graves' disease,
Hashimoto thyroiditis, and type 1 diabetes mellitus[1.

Intriguingly, the CYP27B1 variant associated with increased autoimmune disease risk is
underexpressed in tolerizing dendritic cells, which are critical for maintaining immune
tolerancel’2l. This suggests that reduced local production of active vitamin D in these
specialized cells might contribute to autoimmune pathogenesis by impairing their tolerogenic
function.

CYP24A1, CYP2R1, and Vitamin D Binding Protein

Genetic variations in other vitamin D pathway genes also influence autoimmune disease risk.
CYP24A1, responsible for inactivating 1,25(0H)2D, exhibits alterations that can lead to
dysregulated vitamin D metabolism. Bi-allelic mutations in CYP24A1 cause elevated 1,25(0H)2D
levels, resulting in hypercalcemia and related complications 13l 141 While the direct impact of
these mutations on autoimmunity is less clear, altered vitamin D catabolism likely affects immune
regulation.

CYP2R1, the principal 25-hydroxylase in humans, contains polymorphisms that affect vitamin D
status and autoimmune susceptibility. Notably, mutations in CYP2R1 cause genetic vitamin D
deficiency with semidominant inheritance, demonstrating the gene's critical role in vitamin D
metabolism{3l. The rs10741657 polymorphism in CYP2R1 has been associated with vitamin D
levels and autoimmune disease risk 61 [161



The vitamin D binding protein (DBP), encoded by the GC gene, exhibits polymorphic variations
that influence vitamin D transport and bioavailability. Originally identified as the Group-specific
Component (GC), DBP creates a large circulating pool of 25(0OH)D that prevents rapid vitamin D
deficiency 2. Polymorphisms in the GC gene (rs2282679) affect DBP levels and function,
potentially influencing vitamin D status and autoimmune susceptibility 11 [161,

Potential Mechanisms of Vitamin D Autoantibodies

While direct evidence for autoantibodies targeting vitamin D-related proteins is limited in the
current literature, several potential mechanisms can be proposed based on our understanding of
vitamin D metabolism and autoimmune processes. Autoantibodies could theoretically target any
component of the vitamin D pathway, with varying consequences for vitamin D signaling and
immune regulation.

Autoantibodies directed against the VDR might interfere with 1,25(0OH)2D binding, disrupt VDR-
RXR heterodimer formation, or prevent interaction with vitamin D response elements in DNA.
Such interference would impair vitamin D's ability to regulate gene expression in immune cells,
potentially contributing to dysregulated immune responses characteristic of autoimmune
diseases. The identification of VDR-binding variants enriched in genomic regions associated with
autoimmune diseases supports the importance of proper VDR function in preventing
autoimmunitym.

Autoantibodies targeting DBP could reduce vitamin D transport in circulation, potentially
accelerating vitamin D clearance and contributing to vitamin D deficiency despite adequate
intake. Given DBP's role in maintaining the large circulating pool of 25(0H)D, such autoantibodies
could significantly impact vitamin D availability to tissues and immune cells throughout the
bodym.

For metabolic enzymes like CYP27B1, CYP24A1, and CYP2R1, autoantibodies could inhibit

enzymatic activity, disrupting the balance of vitamin D activation and inactivation. Particularly in
immune cells that rely on local CYP27B1 activity for autocrine and paracrine vitamin D signaling,
enzyme inhibition by autoantibodies could impair immune regulation at inflammation sites[ 1121

Evidence Linking Vitamin D Status and Autoantibody Production

While specific autoantibodies against vitamin D pathway components require further
investigation, substantial evidence links vitamin D deficiency with general autoantibody
production. A notable study found that antinuclear antibody (ANA)-positive healthy individuals
were significantly more likely to be vitamin D deficient compared to ANA-negative controls,
suggesting that vitamin D influences autoantibody production even before clinical disease
manifestation 181

Vitamin D deficiency has been associated with increased B cell hyperactivity and autoantibody
production in patients with systemic lupus erythematosus (SLE) 181, Mechanistically, the study
proposed that vitamin D deficiency contributes to enhanced B cell activation in genetically
susceptible individuals, leading to increased production of autoantibodies, particularly those
directed against nucleic acids. These autoantibody-containing immune complexes can then



activate toll-like receptors, promoting interferon-a production from plasmacytoid dendritic cells
- a key pathological mechanism in SLEL8I,

Further supporting the relationship between vitamin D and autoantibody production, a genetic
risk score composed of variants in vitamin D metabolism genes was inversely associated with
rheumatoid arthritis-related autoantibodies in first-degree relatives of rheumatoid arthritis
patients161 191 Thjs suggests that genetic determinants of vitamin D status influence
autoantibody development in at-risk individuals, potentially through lifelong effects on vitamin D
metabolism.

Implications for Diagnosis and Treatment of Autoimmune Diseases

The complex interactions between vitamin D, its related genes, and autoimmunity have
important implications for diagnosing and treating autoimmune diseases. Screening for vitamin D
deficiency and genetic polymorphisms in vitamin D pathway genes could help identify
individuals at increased risk for autoimmune diseases or poor treatment response. Additionally,
personalized vitamin D supplementation strategies based on genetic profiles might improve
treatment outcomes.

The therapeutic potential of vitamin D in autoimmune diseases has been investigated in several
clinical trials 129 vitamin D receptor agonists, in particular, have shown promise in treating
autoimmune conditions due to their pronounced protolerogenic activities!2l. These agents can
induce tolerogenic dendritic cells that enhance regulatory T cell function, thereby suppressing
effector T cell responses and dampening autoimmune inflammation 8L

Recent evidence suggests potential gene-environment interactions between vitamin D and
autoimmune susceptibility genes. For instance, the association between vitamin D deficiency and
B cell hyperactivity was observed in SLE patients but not in healthy controls, indicating that
vitamin D deficiency particularly affects B cell activation in genetically predisposed
individuals 28l This supports the concept that vitamin D deficiency alone may not be sufficient
to trigger autoimmunity but contributes alongside genetic and other environmental factors.

Conclusion

The relationship between vitamin D autoantibodies and vitamin D-related genes represents a
fascinating frontier in autoimmune disease research. While direct evidence for autoantibodies
targeting specific vitamin D pathway components remains limited, the extensive connections
between vitamin D metabolism genes, vitamin D status, and autoimmune susceptibility suggest
plausible mechanisms through which such autoantibodies could operate. Genetic polymorphisms
in VDR, CYP27B1, CYP24A1, CYP2R1, and DBP influence vitamin D signaling and autoimmune
disease risk, providing potential targets for autoantibody interference.

The observed associations between vitamin D deficiency and autoantibody production,
particularly in genetically susceptible individuals, highlight the importance of maintaining
adequate vitamin D status for immune homeostasis. Further research exploring the existence
and effects of specific autoantibodies against vitamin D pathway components may uncover
novel therapeutic targets and diagnostic markers for autoimmune diseases. As our
understanding of these complex interactions deepens, personalized approaches to vitamin D



supplementation based on genetic profiles and autoantibody status may significantly improve
management of autoimmune conditions.
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