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Abstract: Organ-on-chip technologies are advanced experimental platforms that recreate
selected structural, biochemical, and mechanical features of human tissues within
controlled microfluidic environments. By integrating human cells, compartmentalized
culture, dynamic flow, extracellular matrices, and functional readouts, these systems bridge
the gap between conventional two-dimensional cultures and animal models. Their
advantages include improved physiological relevance, precise control of intercellular
communication, reproducibility, and the possibility of modeling patient-specific disease
mechanisms. These features are particularly important in neuroscience, where access to
living human neural tissue is limited and many disorders involve interactions between the
nervous system and peripheral organs.

The gut-brain axis is one such complex communication network. Intestinal barrier
dysfunction, microbial metabolites, and chronic inflammation are increasingly associated
with neurological and neurodegenerative diseases. To investigate these mechanisms, we
developed complementary human gut—brain-axis-on-chip platforms that reproduce
controlled epithelial-neural interactions.

The first platform is a compartmentalized PDMS—glass device containing separate intestinal
and neural chambers connected by shallow microgrooves. The intestinal module is formed
by a Caco-2/HT29-MTX co-culture, while human neural progenitor cells are differentiated
directly in the neural compartment. The microgrooves maintain spatial separation while
enabling molecular exchange and guiding BllI-tubulin-positive neurite-like extensions. A
second platform incorporates a central hydrogel region separated by micropillars, allowing
evaluation of extracellular-matrix-dependent neural growth. Matrigel supported neural
penetration and extension, whereas fibrin was less permissive.

Intestinal stimulation with lipopolysaccharide induced epithelial remodeling, including
reduced ZO-1 continuity and cytoskeletal reorganization, together with shortening and
reorganization of neuronal extensions. These observations indicate that the platforms can
capture indirect gut-to-neural effects of inflammatory stimulation.

The systems provide a modular basis for incorporating microglia, patient-derived neural
cells, microbiota-associated metabolites, electrophysiological measurements, and
biomarker analysis. They may support mechanistic studies of neurodegeneration and
preclinical evaluation of therapies targeting the gut—brain axis.
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