Tunneling Nanotube–Mediated Mitochondrial Transfer as a Protective Mechanism Against Hypoxia-Induced Endothelial Dysfunction 
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Introduction. Endothelial microenvironmental hypoxia disrupts mitochondrial function and impairs angiogenesis. While hypoxia-induced injury is well-documented, adaptive mechanisms preserving endothelial homeostasis remain unclear. Tunneling nanotubes (TNTs) facilitate intercellular transfer of functional organelles, notably mitochondria, to rescue damaged cells.

Aims. This study investigates whether hypoxic stress induces protective TNT formation and mitochondrial transfer in endothelial cells.

Methods. HUVECs were cultured under hypoxia-mimicking conditions. Confocal microscopy and live-cell imaging quantified TNT frequency. Healthy donor cells were labeled with Mito-Tracker and co-cultured with stressed recipients. Mitochondrial transfer, membrane potential, cell viability, and apoptosis were assessed via FACS, JC-1, CCK-8, and Annexin V/PI assays.

Results. Hypoxia significantly increased TNT frequency and complexity in HUVECs. Recipient cells receiving healthy mitochondria demonstrated restored membrane potential, enhanced viability, and reduced apoptosis, confirming the protective role of TNT-mediated mitochondrial transfer.
