●This study is the first to systematically confirm that the mechanosensitive ion channel Piezo1 acts as a core mediator linking chronic mechanical compression to neurogenic pain in lumbar spinal stenosis (LSS), filling the knowledge gap in the molecular mechanism of LSS-related intractable pain.

Mechanistically, activated Piezo1 mediates calcium influx to trigger two key pathological pathways: it disrupts the integrity of the blood-spinal cord barrier (BSCB) via the FAK/RhoA/ROCK pathway (by downregulating tight junction proteins ZO-1 and Occludin) and exacerbates neuroinflammation via the CaMKII/NF-κB axis (by promoting M1 macrophage polarization and upregulating pro-inflammatory factors TNF-α and IL-1β).
●Pharmacological inhibition of Piezo1 using GsMTx4 significantly reverses BSCB disruption, neuroinflammation, and neuronal apoptosis in LSS rat models, and effectively alleviates pain behaviors (e.g., reduced mechanical allodynia and spontaneous licking), verifying Piezo1’s potential as a therapeutic target.
●The findings establish a novel "mechanical stress-Piezo1-pathological cascade-pain" regulatory axis, providing a promising translational strategy for treating neurogenic pain associated with degenerative spinal diseases like LSS.
