
Vitamin A and vitamin D are essential nutrients that play critical roles in numerous physiological

processes, from immune function to cellular differentiation. While each has distinct biological

activities, emerging research suggests a fascinating relationship between these two vitamins,

particularly regarding how vitamin A influences vitamin D receptor activity. This report explores

the molecular mechanisms behind this relationship and its implications for human health.

Vitamin D and vitamin A exert their biological effects through nuclear receptors that function as

transcription factors regulating gene expression. The vitamin D receptor (VDR) mediates the

actions of its active metabolite, 1,25-dihydroxyvitamin D3 (calcitriol), while vitamin A acts

through retinoic acid receptors (RARs) and retinoid X receptors (RXRs). The molecular

interaction between these pathways creates the foundation for their synergistic relationship.

The most direct relationship between vitamin A and vitamin D signaling occurs at the level of

receptor heterodimerization. Upon ligand binding, VDR undergoes a conformational change that

results in interaction with the retinoid X receptor (RXR) and exchange of cofactor complexes .

This VDR-RXR heterodimer then binds to vitamin D response elements (VDREs) in the regulatory

regions of target genes to control their expression.

The retinoid X receptor serves as the common heterodimeric partner for both vitamin D receptor

and retinoic acid receptors. Critically, RXR is activated by 9-cis-retinoic acid (9-cis-RA), a

metabolite of vitamin A . This creates a direct molecular link where vitamin A metabolites can

potentially influence vitamin D signaling through activation of the RXR component of VDR-RXR

heterodimers.

Research has demonstrated that specific retinoids, including 9-cis-retinal, 9-cis-retinoic acid,

and all-trans-retinoic acid, effectively transactivate RXRα/VDR heterodimers and induce

expression of target genes . These vitamin A metabolites show preferential transactivation of

RXR/VDR heterodimers and RXR homodimers, providing a mechanism by which vitamin A can

enhance vitamin D receptor-mediated signaling pathways.
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Beyond the direct activation of RXR in heterodimers, vitamin A appears to influence VDR

expression and activity through additional mechanisms.

Studies have demonstrated that combined treatment with vitamin D (1,25(OH)2D3) and retinoic

acid receptor ligands effectively increases nuclear VDR expression . This upregulation of the

vitamin D receptor itself represents another mechanism by which vitamin A derivatives can

enhance vitamin D signaling. Interestingly, this effect appears to be specific to RAR ligands

rather than RXR ligands, suggesting multiple distinct pathways through which vitamin A

metabolites influence vitamin D signaling.

Vitamin D and retinoic acid receptors can regulate common genes through shared response

elements. Research has identified specific everted repeat elements (ER8) that function as both

vitamin D response elements and retinoic acid response elements . Through these shared

genomic binding sites, vitamin A and vitamin D can cooperatively regulate gene expression.

In some cases, retinoic acid and vitamin D cooperate to stimulate transcription through the same

hormone response elements (HREs) . This molecular convergence creates opportunities for

synergistic regulation of target genes involved in critical processes like cell cycle control,

differentiation, and immune function.

The molecular interplay between vitamin A and vitamin D signaling pathways has significant

implications for multiple physiological processes.

Both vitamin A and vitamin D are powerful modulators of immune function, with vitamin A

metabolites influencing the balance between Th1 and Th2 immunity . The interaction between

these signaling pathways appears particularly important for B cell function. Research indicates

that vitamin A and vitamin D metabolites individually or in conjunction signal through their

nuclear receptors and thereby impact B cell differentiation, immunoglobulin class switching, and

B cell migration and homing .

The conjunctional effect of these nuclear receptor ligands on B cell functionality may be

important for understanding B cell-dependent clinical outcomes in allergic and autoimmune

conditions. A balance between both vitamins appears critical for providing a robust humoral

immune response .
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The cooperative actions of vitamin A and vitamin D have been observed in cellular differentiation

processes. For example, in pancreatic progenitor cells, both vitamin A (through atRA) and

vitamin D (through calcitriol) promote cell viability and proliferation . When added together,

they increase expression of neurogenin-3 (ngn3), a transcription factor necessary for islet-cell

lineage development.

Similarly, in monocytic leukemia cells, combined treatment with vitamin D and retinoic acid

effectively enhances differentiation. This effect appears to be mediated by increased nuclear

VDR expression and selective induction of VDR target genes .

The molecular interactions between vitamin A and vitamin D signaling pathways have potential

implications for various clinical conditions.

Research examining the relationship between serum vitamin A and vitamin D levels in acute

phase ischemic stroke found that both vitamins correlated strongly with clinical outcomes.

Higher serum levels of both vitamins were associated with better outcomes as measured by the

National Institutes of Health Stroke Scale . The authors note that vitamin A receptors can

interact with other nuclear receptors that have neuroprotective effects, such as vitamin D,

against stroke .

The balance between vitamin A and vitamin D appears important for proper immune function.

Both vitamins influence B cell differentiation and immunoglobulin production, with potential

implications for allergic conditions and autoimmune disorders. Research suggests that vitamin A

and vitamin D together can induce naïve B cell differentiation into IgA plasmablasts, potentially

affecting clinical outcomes in allergy and autoimmunity .

While there is no direct evidence that vitamin A increases vitamin D levels in the body,

substantial research indicates that vitamin A metabolites can enhance vitamin D receptor

activation and signaling through multiple mechanisms. These include activation of RXR (the

heterodimeric partner of VDR), upregulation of nuclear VDR expression, and cooperative

regulation of target genes through shared response elements.

This molecular cross-talk between vitamin A and vitamin D signaling pathways creates

opportunities for synergistic effects on multiple physiological processes, including immune

function, cellular differentiation, and neuroprotection. Understanding these interactions may

have important implications for the management of various conditions, from immune disorders to

cerebrovascular disease, and suggests that optimal health may depend on appropriate balance

and sufficiency of both vitamins.
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Further research is needed to fully elucidate the complex interplay between these essential

nutrients and to determine how this knowledge might be leveraged for therapeutic benefit in

various clinical contexts.
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