Modulators of TDP-43 aggregation for drug repurposing approaches to neurodegenerative disease treatment
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Introduction. In several neurodegenerative diseases, including amyotrophic lateral sclerosis (ALS)/motor neuron disease (MND) and frontotemporal dementia (FTD), the protein TAR DNA binding protein 43 (TDP-43) aberrantly mislocates from the nucleus to the cytoplasm, where it aggregates and becomes extensive post-translationally modified. This pathological TDP-43 protein represents the key hallmark of disease. Strategies to remove pathological TDP-43 represent opportunities for effective treatments for ALS/MND and FTD, which are currently lacking.
Aims. We aimed to identify previously reported small molecules that may act via stimulation of protein clearance pathways to decrease formation of TDP-43 pathology in models of ALS/MND and FTD.
Methods. We employed cell models, and wildtype C57BL/6J and transgenic rNLS8 mouse model of TDP-43 pathology, to test a series of small molecules, analysing protein solubility and cell viability over time, and in mice analysing brain penetration following administration via 5 different routes and in rNLS8 mice for disease phenotypes (motor deficits including hindlimb clasping and rotarod) and time to reach humane disease end-stage.
Results. A series of small molecules was tested in human SH-SY5Y cells expressing cytoplasmic human TDP-43, identifying a lead molecule dubbed #5 that decreased TDP-43 inclusion formation over time and decreased insoluble levels of TDP-43. Pharmacokinetics analysis demonstrated brain and spinal cord levels of #5 above the IC50 following peripheral (oral and intranasal) delivery in wildtype mice. #5 administration from time of induction of human TDP-43 expression in rNLS8 mice delayed motor decline, reverted biochemical pathological signatures, and extended time to reach human disease end-stage.
Discussion. These studies demonstrate that the blood-brain permeable small molecule #5 is a promising candidate for further development as a small molecule therapeutic repurposed from oncology for neurodegenerative disease.
