Glutathione Modulates the TRPM2 Cation Channel to Mitigate Parkinsonism-Induced Ferroptosis Neurodegeneration
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Introduction. Parkinson’s disease (PD) is the most prevalent neurodegenerative disorder, with aberrant iron metabolism leading to ferroptosis through glutathione (GSH) depletion and excessive calcium influx contributing to disease pathogenesis. The TRPM2 cation channel is implicated in neurodegenerative signalling, yet its role in parkinsonism-induced ferroptosis remains poorly defined.
Aims. This study investigated the function of TRPM2 and the potential neuroprotective efficacy of exogenous GSH in mediating ferroptosis within a parkinsonism model.
Methods. Human SH-SY5Y dopaminergic cells were exposed to the toxin 1-methyl-4-phenylpyridinium (MPP) and the ferroptosis inducer erastin (Erst). Experimental groups were treated with GSH, the TRPM2 blocker ACA, or the anti-ferroptotic agent Ferrostatin-1 (Ferr1). Whole-cell patch-clamp electrophysiology was utilized to measure TRPM2 current densities, while laser scan confocal microscopy visualized fluctuations in cytosolic calcium (c[Ca]c), iron (c[Fe]c), and zinc (c[Zn]c). Biochemical assays quantified mitochondrial dysfunction, ROS, lipid peroxidation (LPO), and glutathione peroxidase (GSH-Px) activity.
Results. Exposure to MPP and Erst significantly upregulated TRPM2 current densities and triggered a pathological intracellular overload of Ca, Fe, and Zn. This ion imbalance exacerbated mitochondrial dysfunction, elevated ROS generation, and increased LPO, while concurrently depleting endogenous GSH and GSH-Px. Crucially, administration of GSH, ACA, or Ferr1 effectively suppressed TRPM2 activation and ion accumulation, restored the oxidant/antioxidant balance, and prevented neuronal death.
Discussion. These findings establish TRPM2 activation as a critical signalling nexus linking parkinsonism-induced oxidative stress to ferroptosis. Consequently, targeting the TRPM2 pathway via GSH modulation represents a promising therapeutic paradigm for preserving neuronal integrity in PD.
