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Effects of Kv7 channel activators in experimental models of amyotrophic lateral sclerosis
Rossella Vitale1,2, Camilla Celentano1, Flavia Borghese1, Lidia Carotenuto1, Luana Messuri1, Natascia Guida1, Carmine Ostacolo3, Francesco Miceli1, Maurizio Taglialatela1, Vincenzo Barrese1
1 Department of Neuroscience, Reproductive Sciences and Dentistry, University of Naples Federico II, Naples, Italy
2 International School of Advanced Studies, University of Camerino, Camerino, Italy
3 Department of Pharmacy, University of Salerno, Salerno, Italy

Introduction  Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease characterized by the progressive degeneration of motor neurons (MNs), leading to muscle weakness and eventual respiratory failure. Multiple pathological mechanisms, including excitotoxicity, oxidative stress, protein aggregation, and disruption of ionic homeostasis have been identified in ALS. A reduction in potassium current mediated by voltage-gated Kv7 channels have been found in ALS-MNs, contributing to neuronal hyperexcitability, a hallmark and early event in ALS pathogenesis. Moreover, recent evidence indicates that mutant forms of TDP-43 (TARDBP), identified in ALS patients, can alter KCNQ2 splicing, leading to loss function of the channel. Furthermore, the Kv7 activator retigabine exerted neuroprotective effects in ALS-MNs. Unfortunately, retigabine is no longer available for clinical use, due to toxicity unrelated to its mechanism of action. Therefore, the aim of this study was to evaluate the possible neuroprotective effects of two novel Kv7 activators identified by our research group, namely compound 60 (C60) and JNJ-37822681 (JNJ), in cellular models of ALS.
Methods We generated stable NSC-34 motor neuron-like cell lines overexpressing either C9orf72 sequence or a mutated form of the superoxide dismutase-1 (SOD1-G93A), two gene-variants associated to ALS. Cell proliferation and viability were evaluated using Water Soluble Tetrazole (WST) assays; reactive oxygen species (ROS) were measured with fluorometric intracellular ROS detection kit; endoplasmic reticulum (ER) stress was assessed by measuring the levels of C/EBP-homologous protein (CHOP) by quantitative PCR. 




Results C9orf72 overexpression reduced NSC-34 cell viability by approximately 40%, whereas SOD1-G93A clones exhibited a reduction in proliferation rate by 40%. In both cell lines, C60, JNJ, or retigabine (1-10 µM) did not increase cell survival of proliferation. However, Kv7 activators (10 µM) markedly prevented the increase in intracellular ROS levels induced by acute exposure (30 min) to H₂O₂ (0.1 mM) in both C9orf72 and SOD1-G93A models. Furthermore, C60, JNJ, and retigabine attenuated CHOP upregulation in NSC-34-C9orf72 cells, indicating a reduction in ER stress.
Conclusions Overall, these findings suggest that the Kv7 channel openers C60 and JNJ, by reducing ER stress and oxidative damage, may represent new potential therapeutic tools in ALS. Experiments on human iPSC-derived motor neurons carrying ALS-causing mutation (TARDBP) and in vivo models of ALS (SOD1-G93A mice) are ongoing to further support our findings and validate the therapeutic potential of these Kv7 channel activators.
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