Microbial TCDCA promotes BBB impairment by activating VSMC apoptosis in Parkinson’s disease
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Introduction. Parkinson’s disease (PD) is a prevalent neurodegenerative disorder involving gut microbiota dysbiosis and blood–brain barrier (BBB) dysfunction, but the responsible microbial metabolites remain unclear. 
Aims. This study aims to delineate the pathogenic roles and underlying mechanisms of taurochenodeoxycholic acid (TCDCA) in the PD progression. Furthermore, we investigate the translational potential of leveraging high-BSH Lactobacillus reuteri (L. reuteri) to specifically target and deplete TCDCA, thereby alleviating PD-like phenotypes.
Methods. Clinical PD cohorts and both in vivo and in vitro PD models were established to evaluate the effects of TCDCA. Mechanistically, BBB integrity, VSMC apoptosis assays and several molecular experiments including multi-omics analyses and molecular docking were conducted.
Results. TCDCA was markedly elevated in PD patients and positively correlated with clinical severity. Fecal bsh gene abundance was significantly reduced and inversely associated with circulating TCDCA. In mice, TCDCA administration exacerbated motor and gastrointestinal dysfunction, increased BBB permeability, and accelerated dopaminergic neuronal loss. Mechanistically, TCDCA activated TGR5–PKCα signaling in VSMCs, triggered mitochondrial apoptosis, and reduced VSMC abundance in the substantia nigra. VSMC-specific deletion of TGR5 conferred neurovascular protection. Supplementation with BSH-high L. reuteri reduced TCDCA levels in feces, serum, and midbrain, restored gut and BBB integrity, suppressed inflammation, and improved PD-like phenotypes in a BSH-dependent manner. 
Discussion. We identify microbial TCDCA as a pathogenic bile acid linking gut microbiota dysbiosis to BBB disruption and dopaminergic neurodegeneration through VSMC TGR5–PKCα pathway. By defining the gut-BBB-brain axis, our study positions microbiome-targeted bile acid modulation as a clinically actionable, disease-modifying strategy for PD.
