Gut-brain interactions drive subtype-specific alpha-synuclein pathology in Parkinson`s disease
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Introduction. Parkinson’s disease (PD) and related synucleinopathies are progressive neurodegenerative disorders characterized by the aggregation of alpha-synuclein (aSYN). Increasing evidence implicates gut microbiota (GMB) in modulating disease onset and progression through microbial metabolites, immune activation, and barrier dysfunction. However, the precise microbial drivers and host mechanisms, particularly in human-relevant systems, remain poorly understood.
Aims: This study aims to (i) assess the causal impact of gut-derived microbial products on aSYN aggregation, propagation, and neuronal-immune responses, and (ii) define subtype-specific effects on epithelial-neuronal signaling in body-first versus brain-first PD.

Methods: We employed two fully human experimental platforms: (i) a dual-compartment gut-brain-on-chip model, and (ii) 3D intestinal organoids co-cultured with enteric neurons (ENCs). Models were exposed to endotoxin-free aSYN pre-formed fibrils (PFFs) and patient-derived fecal supernatants under optimized conditions. aSYN pathology, neuronal propagation, and epithelial-neuronal signaling were assessed using immunostaining and functional assays. Multi-electrode array recordings will monitor neuronal activity, and samples will be collected for transcriptomic and metabolomic profiling.
Results: In the gut-brain-on-chip model, PFFs induced progressive aSYN aggregation in ENCs and propagated to dopaminergic neurons, resulting in pSer129-positive inclusions. Axonally mediated human-to-human aSYN transmission between hiPSC-derived neuronal populations was demonstrated for the first time. Fecal supernatants from body-first PD and iRBD patients enhanced aSYN aggregation compared to those from healthy individuals and brain-first PD. In organoids, aPFFs triggered aggregation near the CHGA+ enteroendocrine cells, highlighting subtype-specific susceptibility of epithelial and neuronal cells. 
Discussion: These human models provide a translational platform to dissect gut-brain mechanisms in synucleinopathies. Integrating MEA recordings and multi-omics analyses will uncover functional and molecular signatures of subtype-specific aSYN pathology, offering avenues to identify targeted therapeutic strategies for PD.

