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Introduction: The discovery of the pathological mechanisms leading to Amyotrophic Lateral Sclerosis (ALS) is essential for 
therapeutic development. Skeletal muscle is severely compromised and the expression of muscular factors that affect axonal 
growth, motor neuron activity and survival is impaired. Thus, to understand the molecular mechanisms leading to the pathology 
we studied different familial ALS mouse models which recapitulates several clinical feature of human disease, in particular 
those overexpressing the mutated superoxide dismutase-1protein (SOD1G93A) and the SOD1G93A knock-in model in which 
the endogenous SOD1has been substituted with the mutated one, and also the model overexpressing the transactive response 
DNA-binding protein (TDP43). To better evaluate the role of skeletal muscle in the pathogenesis of the disease we created new 
rodent models expressing the mutant form of SOD1and of TDP43in skeletal muscle: the MLC/SOD1G93A model expressing 
the mutated SOD-1selectively in skeletal muscle and not in the neurons, the MLC/TDP43WT and the MLC/TDP43A315T 
mouse models in which the WT protein and the mutated protein are overexpressed in skeletal muscle (Dobrowolny et al. J Cell 
Bio. 168, 193, 2005). In some of these models ion channels function and expression was studied as an important trait of the 
pathology (Camerino et al. Sci Rep. 9, 3185, 2019).

Materials and methods: Electrophysiological analysis in current clamp mode was applied to evaluate ion channel function 
and in parallel qRT-PCR and WB analysis for gene and protein involvement. A multivariate statistical analysis, using machine 
learning algorithms, allowed the identification of the discriminant genes in skeletal muscle of ALS mice. 

Results: Surprisingly, the expression of ClC-1, the major skeletal muscle chloride channel, was reduced due to SOD1mutation 
either expressed ubiquitously or selectively in the muscle. Also, the expression of Protein Kinase-C able to control ClC-1activity 
was increased, contributing to channel inhibition. The functional characterization showed the modification of the membrane-
stabilizing chloride conductance (gCl) sustained by ClC-1, leading to hyperexcitability and impaired relaxation. Also, a 
decreased expression of irisin, a muscle-secreted peptide able to protect brain function, alters muscle-nerve connection. A 
strong involvement of gCl (40% reduction) was also found in the SOD1G93A knock-in model. Moreover, a 25% and 30% 
decrease of gCl was found in MLC/TDP43WT and MLC/TDP43A315T mice, respectively, showing an involvement of ClC-
1channel also in this genetic condition. The excitability parameters were accordingly modified. Thus, the ClC-1seems to be a 
common biomarker and suggests a new interest in ALS pathogenesis. Based on these studies we evaluated the therapeutic 
potential of acetazolamide, a carbonic anhydrase inhibitor, already used for membrane excitability disorders. The mechanism 
of action of this drug may include the activation of the skeletal muscle ClC-1(Desaphy et al. Exp Neurol. 248, 530, 2013) or 
of the Ca2+-activated-K+ (BK) channels (Tricarico et al. Proc Natl Acad Sci. USA 103, 1118, 2006). Interestingly, the in-vitro 
application of acetazolamide, restored the ClC-1activity and sarcolemma hyperexcitability in MLC/SOD1G93A mice. The in vivo 
treatment with acetazolamide in MLC/SOD1G93A mice is ongoing. 

Discussion and conclusion: This preclinical study allow to better understand the molecular mechanisms involved in ALS 
pathogenesis. The results show that ClC-1channel activity is modified in all the models of ALS examined. Thus, it seems an 
important determinant of ALS pathogenesis and a common biomarker, target of drugs. At this aim, acetazolamide deserves to 
be better investigated as a promising, prompt-to-use drug, to possibly ameliorate muscle function and nerve trophism in ALS.


