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HLA-DRB1%*15:01 Gene Variant and Its Association with Low Sun Exposure and
Vitamin D

The HLA-DRB1%*15:01 gene variant is indeed significantly associated with both low sun exposure
and low vitamin D levels, with important implications for multiple sclerosis (MS) risk. This
association operates through multiple interconnected mechanisms involving gene-environment
interactions.

Direct Association with Low Sun Exposure

Multiple large-scale studies have demonstrated a strong interaction between HLA-DRB1¥15:01
and low sun exposure regarding MS risk. In Swedish population studies involving over 2,000
participants, individuals carrying the HLA-DRB1%15:01 allele who had low sun exposure showed
dramatically increased MS risk compared to those with high sun exposure. The interaction was
particularly pronounced, with attributable proportions due to interaction of 0.2-0.3, indicating
that nearly 20-30% of MS risk in exposed individuals resulted from the synergistic effect
between the genetic variant and low sun exposure. 1 21 [3]

This interaction remained significant when analyzing different seasonal exposures separately,
including both summer and winter sun exposure patterns. The effect was consistent across
multiple independent cohorts, demonstrating the robustness of this gene-environment
interaction. 131

Association with Low Vitamin D Levels

The HLA-DRB1%15:01 variant shows a significant interaction with vitamin D deficiency in MS
development. Studies found that individuals carrying this genetic variant who also had vitamin D
deficiency (25-hydroxyvitamin D levels <50 nmol/L) had substantially increased MS risk
compared to those with adequate vitamin D levels. 2l

Importantly, research has shown that low serum 25-hydroxyvitamin D concentration is
causally associated with MS risk, independent of established risk factors. Mendelian
randomization studies provide strong evidence that low vitamin D levels directly contribute to
MS susceptibility rather than being merely correlative. 4l

Molecular Mechanisms

The association between HLA-DRB1%15:01 and vitamin D operates through specific molecular
mechanisms:



Vitamin D Response Elements (VDREs)

The promoter region of HLA-DRB1#15:01 contains a highly conserved vitamin D response
element (VDRE). This VDRE is functional and allows vitamin D to directly regulate the expression
of the HLA-DRB1#15:01 gene. Under conditions of low vitamin D availability, the VDRE cannot
effectively induce HLA-DRB1*15:01 expression, potentially allowing autoreactive T-cells to
escape central thymic deletion during early life development.@@lﬂl

Gene Expression Regulation

Studies using in vitro transactivation assays demonstrate that vitamin D metabolites can
significantly increase the transcriptional activity of HLA-DRB1%¥15:01 alleles carrying the
functional VDRE sequence. Electrophoretic mobility shift assays (EMSA) confirm that the vitamin
l{)élreceptor (VDR) efficiently binds to the VDRE sequence found in the HLA-DRB1¥15:01 allele. 18]

DNA Methylation Effects

Recent research shows that HLA-DRB1%15:01 is hypomethylated and predominantly
expressed in monocytes among carriers of this variant. The gene displays significantly higher
expression in carriers compared to non-carriers, with expression levels showing a strong
negative correlation with DNA methylation levels. 2

Clinical Implications

The interaction between HLA-DRB1%15:01 and low vitamin D/sun exposure has important clinical
implications:

1. Risk Stratification: Individuals carrying HLA-DRB1%15:01 may be at particularly high risk for
MS when exposed to low sun or low vitamin D conditions. 3l

2. Prevention Strategies: These findings suggest that vitamin D supplementation might be
especially beneficial for individuals carrying the HLA-DRB1%*15:01 variant. 181 [41

3. Personalized Medicine: The gene-environment interaction highlights the importance of
considering both genetic background and environmental exposures in MS risk assessment
and prevention strategies. 218l

Independence from Other Factors

Importantly, studies demonstrate that ultraviolet radiation and vitamin D affect MS risk
independently of HLA-DRB1%15:01 status. This suggests that while there are significant
interactions, both environmental factors maintain independent protective effects regardless of
genetic background. (2

The evidence strongly supports that the HLA-DRB1¥15:01 gene variant is associated with
increased susceptibility to the effects of low sun exposure and low vitamin D levels, operating
through direct molecular mechanisms involving vitamin D-responsive gene regulation and
contributing significantly to MS risk through gene-environment interactions.
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