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The objective of this study is to develop novel therapeutic strategies of amyotrophic lateral
sclerosis (ALS), which is a devastating neurodegenerative disease characterized by progressive
and systemic loss of motor neurons. We focused fundamental issues, as follows: (a) newly-
developed animal/cellular models, (b) ALS-related molecular pathogenesis, (c) propagation of
ALS-linked pathogenic proteins, (d) posiible diagnostic/surrogate biomarkers, (e)
neuroregeneration, (f) preclinical testing, and (g) promotion and management of the study group.

(a) and (b): Using patients-derived induced pluripotent stem GPS) cells carrying familial ALS-
linked mutant #US or mutant TARDBP, we developed high-throughput drug-screening platforms,
leading to several candidate compounds. As novel animal/cellular models of ALS, we also
developed OPTN-knock out mice crossed with ALS-linked mutant Cu/Zn superoxide dismutase
gene (SODI) mice, mutant human TRK-fused gene (7FG) transgenic (Tg) mice, Drosophila
expressing mutant TAR-DNA binding protein-43 (TDP-43). In addition, as an
ALS/frontotemporal dementia model, hippocampus-specific FUSknock down mice clearly
showed the functional loss of FUS and splicing factor, proline- and glutamine-rich (SFPQ) leads
to the hippocampal neuronal loss through an increased 4-repeat/3-repeat tau ratio.

Moreover, we found decreased volume of intranuclear Cajal bodies, which is colocalized with
TDP-43, in spinal motor neurons of patients with ALS. In silico analysis resulted in a trade-off
hypothesis on the TDP-43 quantity control. On neuroinflammation, which is another key
mechanism in ALS, astrocyte-derived TGF-81 was found to accelerate desease progression in Tg
mice with mutant ALS-linked SODI. Furthermore, disruption of the mitochondria-associated
membrane (MAM) has been revealed as a common pathomechanism in mutant sigma 1 receptor
gene-linked ALS16 and mutant SODI-linked ALS1.

(c): We identified the amino acid sequence required for aggregation of TDP-43, and the
aggregation-responsible residues could convert the TDP-43 to amyloid-like fibrils. Transduction
of the fibrils induced seed-dependent aggregation of TDP-43 in cultured cells. Additionally, ALS-
linke profilin 1 mutants induced seed-dependent accumulation of TDP-43. Moreover,
transduction of C-terminal fragments of TDP-43 in exosomes was demonstrated in mice. The
seed-dependent propagation of TDP-43 pathology may be a novel biomarker and also a effective
therapeutic target in ALS.

(d): Copy number variations in the isopentenyl diphosphate isomerase 1 and 2 gene (/DI1-2)
and proprotein convertase subtilism/kinesin type 6 (PCSK6) were found to be a possible
diagnostic marker of sporadic ALS. Comprehensive analysis of microRNA extracted from plasma
or cerebrospinal fluid of patients with ALS revealed candidate microRNAs for surrogate
biomarker in the disease.

(e): Bone marrow transplantation combined with administration of granulocyte clony
stimulating factor (G-CSF) showed neuro- and angio-protection in a mouse model of ALS.
Aberrant and progressive astrocytic expression of chondroitin sulfate proteoglycan receptors in
ALS Tg rats provided insights into how the receptors become targets for constructing a

regeneration-permissive microenvironment. In addition, overexpression of hepatocyte growth
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factor, which is a potent neuroprotectant, in a mouse model of spinal and bulbar muscular atrophy
showed an additive neuroprotective effect in combination with castration.

(f): To establish novel treatments for ALS, we conducted preclinical testing. A nonpurine-
analogue inhibitor clearly showed a neuroprotective effect in ALS-linked mutant SODI-Tg mice,
resulting in delayed onset, prolonged survival and duration of the disease. Using AR2 mice, in
which an RNA editing enzyme adenosine deaminase acting on RNA2 (ADAR2) is conditionally
knocked out specifically in motor neurons, a selective and non-competitivea-amino-3-hydroxy-5-
methyl-4-isoxazolepropionic acid (AMPA) receptor antagonist significantly attenuated the ALS-
like phenotype, leading to a Phase II clinical trial for sporadic ALS. Furthermore, by employing
invitro transcription/translation system and Drosophila model expressing ALS-linked mutant
TDP-43, we screened and identified inhibitory nucleic acids for TDP-43 aggregation.

Taken together, the present study has uncovered novel underlying mechanisms and

therapeutic targets, providing promising strategies for the treatment of ALS.
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