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Summary

Amyotrophic lateral sclerosis (ALS) is a neurodegenerative disease affecting motor neurons,
resulting in progressive muscle weakness and death by respiratory failure. Protein
aggregation and neuroinflammation are central to the pathology of ALS. Due to its functions
in autophagy (the main cellular process for removal of protein aggregates) and the innate
immune response, the TANK-binding kinase 1 (TBK1), is a protein with key roles in ALS
pathological processes. Exome sequencing studies identified loss of function mutations in
the TBK1 gene in sporadic and familial ALS patients. Interestingly, some ALS patients carry
mutations in both TBK7 and other known ALS-associated genes (such as TARDBP and
CI90RF72), suggesting that TBK7 might act as a disease modulating gene in these cases.
We have previously pioneered an oligogenic approach to study mechanisms of TBK1-
dependent neurodegeneration. By combining Thk7 mutations with Sod7 mutations in mice,
we have demonstrated that loss of TBK1 function in motor neurons of the well-studied
SOD1G93A mouse model of ALS impairs autophagy, increases SOD1 protein aggregates,
and accelerates motor neuron death and muscle denervation. This results in early disease
onset and decreased motor performance of SOD1 mice. These data suggest the hypothesis
that loss of TBK1 function specifically in motor neurons may be responsible for the ALS
phenotype in patients through disruption of autophagy and increased protein aggregation.
We aim here to test this hypothesis by generating TBK7-CRISPR knock-out iPSCs and
differentiating them into motor neurons. We will also test the hypothesis that TBK1 loss
exacerbates neurodegeneration and protein aggregation in patients with TDP-43 and
C90RF72 mutations. We will use a multidisciplinary approach combining transcriptomics,
phosphoproteomics, biochemistry and immunohistochemistry, to evaluate the effects of
TBK1 loss on cell viability and protein aggregation in human motor neurons. The multi-omic
data generated by the proposed project will unveil (/) intracellular pathways affected by loss
of TBK1 in motor neurons; (i) common and divergent mechanisms of motor neuron
degeneration caused by TBK1 loss of function mutations in patients bearing other ALS-
associated variants (i.e., TDP-43 and C9ORF72). This project will provide the rationale for
a novel multigenic approach to disease modelling in human cells and reveal new therapeutic
targets to halt neurodegenerative processes caused by TBK1 loss.
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