
Emerging research over the past decade has elucidated a sophisticated interplay between

probiotic supplementation, vitamin D metabolism, and the activation of the vitamin D receptor

�VDR) pathway. This report synthesizes evidence from cellular, animal, and human studies to

demonstrate that probiotics exert dual effects: they enhance systemic vitamin D levels by

improving intestinal absorption and directly upregulate VDR signaling, thereby amplifying the

biological activity of vitamin D. These mechanisms collectively contribute to the anti-

inflammatory and immunomodulatory benefits observed in conditions such as inflammatory

bowel disease �IBD) and metabolic disorders.

Probiotics, particularly strains of Lactobacillus and Bifidobacterium, strengthen gut barrier

function by modulating tight junction proteins and reducing intestinal permeability. A 2023

randomized controlled trial revealed that daily supplementation with Lactobacillus reuteri NCIMB

30242 increased serum vitamin D levels by 25% over nine weeks, even without concurrent

vitamin D supplementation . This effect is attributed to probiotic-induced production of lactic

acid, which lowers luminal pH and enhances the activity of enzymes responsible for vitamin D

absorption . Furthermore, probiotics mitigate "leaky gut" syndrome, a condition characterized

by chronic inflammation and impaired nutrient uptake, thereby creating a more favorable

environment for vitamin D assimilation .

Flux balance analysis models indicate that certain gut bacteria, such as Faecalibacterium

prausnitzii, metabolize prebiotics to produce short-chain fatty acids �SCFAs� like acetate and

butyrate . These metabolites upregulate hepatic enzymes involved in the conversion of

provitamin D3 �7-dehydrocholesterol) to vitamin D3, effectively increasing its bioavailability .

Notably, butyrate-producing Firmicutes species are enriched in individuals with higher serum

1,25-dihydroxyvitamin D �1,25�OH�2D] levels, suggesting a synergistic relationship between

microbial metabolism and host vitamin D status .
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In vitro studies using human colonic epithelial cells �HCT116) and mouse rectal epithelial cells

�CMT�93) demonstrate that Lactobacillus rhamnosus GG �LGG) and Lactobacillus plantarum

�LP) increase VDR protein expression by 2�3 fold within 24 hours . Probiotics achieve this

by activating the VDR luciferase reporter construct, which enhances transcriptional activity

within 1 hour of treatment . This rapid response suggests post-translational modifications or

ligand-independent VDR activation, potentially through bacterial cell wall components like

lipoteichoic acid interacting with membrane-bound receptors .

A hallmark of VDR activation is the upregulation of antimicrobial peptides �AMPs� such as

cathelicidin �LL�37) and β-defensins. Probiotic treatment increases cathelicidin mRNA

expression by 4�5 fold in intestinal epithelial cells, a response abolished in VDR knockout �VDR�/

−) models . This mechanism is critical for pathogen clearance, as shown by reduced

Salmonella invasion in probiotic-treated wild-type mice compared to VDR�/− counterparts .

Paneth cells, specialized epithelial cells that secrete AMPs, are also increased in number

following probiotic administration, further enhancing mucosal immunity .

In a murine Salmonella-induced colitis model, LGG and LP conferred histological protection �50%

reduction in crypt abscesses) and decreased pro-inflammatory cytokines �IL�6, TNF�α) by 60�

70% in VDR�/+ mice, with no benefit observed in VDR�/− mice . This VDR dependence

explains why IBD patients with genetic VDR polymorphisms or vitamin D deficiency exhibit

variable responses to probiotic therapy . Restoring VDR function through probiotic

supplementation may therefore represent a precision medicine approach for IBD subtypes

characterized by dysregulated innate immunity .

Prenatal probiotic supplementation (e.g., Lactobacillus brevis) increases colonic VDR expression

in offspring by 36.96% compared to controls, as demonstrated in a 2023 murine study . This

maternal microbiome programming effect persists postnatally, reducing susceptibility to enteric

infections and autoimmune disorders linked to vitamin D insufficiency . Clinically, these findings

support the use of maternal probiotics during pregnancy to optimize infant vitamin D signaling

and immune development.
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Current evidence highlights strain-specific variability in probiotic efficacy. For instance, L. reuteri

NCIMB 30242 enhances vitamin D absorption but does not directly modulate VDR , whereas

LGG and LP exert potent VDR-activating effects independent of serum vitamin D levels .

Future trials should standardize probiotic strains and dosing regimens to isolate their distinct

mechanisms on vitamin D pathways.

Approximately 30% of IBD patients exhibit reduced colonic VDR expression due to epigenetic

silencing or miRNA-mediated degradation . Fecal microbiota transplants �FMT) from VDR-high

donors could restore microbial communities that potentiate VDR signaling, as evidenced by

increased Faecalibacterium and Roseburia abundance post-FMT . Combining probiotics with

vitamin D3 supplementation may yield additive benefits, particularly in populations with genetic

or dietary vitamin D insufficiency .

Probiotics function as bifunctional modulators of vitamin D biology: they enhance systemic

vitamin D levels through improved intestinal absorption and microbial metabolism of precursors

while concurrently activating the VDR pathway to amplify anti-inflammatory and antimicrobial

responses. These dual mechanisms position probiotics as adjuvants to vitamin D

supplementation, particularly in inflammatory and autoimmune conditions where dysbiosis and

VDR dysfunction coexist. Future research must address strain-specific effects, dose

optimization, and personalized microbiota profiling to fully harness the therapeutic potential of

probiotics in vitamin D-related pathologies.
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