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Introduction. Tunneling nanotubes (TNTs) are actin-based cellular structures that facilitate the intercellular transport of various cellular components, including vesicular cargoes and organelles, under homeostatic conditions. However, TNTs can be hijacked by pathogens like viruses and amyloid proteins associated with neurodegenerative diseases such as Parkinson’s disease (PD) and Alzheimer’s disease (AD), and have also been implicated in cancer progression.
Aims. We have undertaken a comprehensive, interdisciplinary approach to:

i) identify specific pathways involved in TNT formation;

ii) elucidate their role in diseases ranging from cancer to neurodegeneration;

iii) demonstrate their existence and function in vivo.
Methods. Our approach integrates micropatterning, biophysical measurements, cell and molecular biology, and advanced state-of-the-art imaging techniques, including immunofluorescence and electron microscopy (IF/EM).
Results. We have previously shown that both alpha-synuclein (α-Syn) and Tau aggregates—hallmarks of PD and AD, respectively—can spread from cell to cell via TNTs, supporting their role in disease propagation. In PD models, we further demonstrated that TNTs form between neurons and microglia. Our unpublished data suggest that this interaction is driven by differential organelle dysfunction (lysosomes and mitochondria) and inflammatory stimuli,  in these two cell types. In my presentation, I will discuss the commonalities and distinctions in TNT-mediated cargo exchange in models of neurodegenerative diseases and cancer. I will also present data assessing the presence of TNTs in vivo, using serial SEM connectomics in the mouse brain and live imaging in zebrafish embryos.
Discussion. Our findings indicate that TNT-like structures are present in the developing brain. We hypothesize that TNTs may precede synaptic formation and contribute to the establishment of mature neuronal networks. In adult tissues, TNTs appear to be induced by stress and inflammatory signals, and are upregulated in various pathological conditions, where they may exert either beneficial or detrimental effects depending on the nature of the transferred cargo.
