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Development of novel therapeutic drugs for amyotrophic lateral sclerosis

using a large-scale disease registry and iPS cell technology.
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The goals of this research and development are to identify novel therapeutic candidate compounds that
show efficacy in motor neurons derived from iPS cells of sporadic patients with amyotrophic lateral
sclerosis (ALS) and to design clinical trials according to the characteristics of the therapeutic candidates in
order to create novel therapeutic agents with efficacy for a variety of patients with ALS.

The patients were classified by progression pattern, disease type, and genetic polymorphisms, and iPS cell
panels were constructed for each classification.

We developed a new method for iPS cell establishment using an improved Sendai virus vector (SRV). This
method enabled rapid establishment of high-quality iPS cells in bulk culture.

Next, we induced differentiation into motor neurons using a highly efficient differentiation induction
method (Shimojo et al., 2015), which we have established so far, and performed phenotypic analysis. The
results showed suppression of neurite outgrowth and increased neuronal cell death in patient-derived
motor neurons, suggesting that the phenotype of sporadic ALS could be detected.

Using LCLs from patients with sporadic ALS registered in JaCALS and L.CLs from healthy individuals in
their 30s to 70s donated by RIKEN BRC, we established 67 iPS cell lines from patients and 20 lines from
healthy individuals. Phenotypic analysis was conducted by inducing differentiation into motor neurons
from the established iPS cell panel and culturing them to maturity. As indicators of pathogenesis, we
examined the efficiency of induction of differentiation into motor neurons (HB9, ISL-1), maturation (ChAT),
neurite length, neuronal cell death (Cl-Casp3), LDH release, protein aggregation (TDP-43), stress granules,
and mitochondrial function. We established a method to evaluate pathophysiology by combining some of
these assessment indices and quantifying them as composite markers.

Using motor neurons derived from patients with sporadic ALS, we conducted a therapeutic drug screening
of promising compounds obtained from the participating company that is potential candidates for the
treatment of sporadic ALS.

Three lead compounds were obtained from a library of approximately 100,000 compounds from
participating companies based on in silico analysis (chemical structure classification, drug-likeness index,
central transferability, etc.), evaluation of protein aggregation inhibition ability, and evaluation of motor
neuron phenotypes. From these, we narrowed down the lead compound A with a good balance of
pharmacodynamic, pharmacokinetic, and safety profiles, and used it as the starting point for synthetic
development.

Since Compound A was originally derived from a kinase inhibitor (a known compound), we conducted a
comprehensive analysis using kinase inhibition as the starting point, confirming that downregulation of
kinase X by siRNA causes neuroprotection and that the neuroprotective effect of this compound (inhibition
of cell death) was measured by pIC50. The results also showed a positive correlation between the
neuroprotective activity (pIC50) and kinase X inhibitory activity (pIC50), suggesting that kinase X is the
primary target of the neuroprotective activity of the compounds in this series. Compound A derivatives
showed neuroprotective activity in motoneurons from patients with sporadic ALS of all four clinical types,
and the protective effect was enhanced as the activity of kinase X increased.

Compound B was obtained as a new lead compound by screening for compounds of other systems using

kinase X inhibitory activity as an indicator. We further synthesized derivatives of Compound A and



Compound B, comprehensively brushed up their efficacy, pharmacokinetics, and safety, and obtained
Compound C and Compound D as promising compounds. Both compounds showed remarkable inhibition of
cell death in motor neurons derived from iPS cells of ALS patients. We also found that these compounds
inhibited the accumulation of TDP-43 aggregates.

To evaluate the safety of the compounds, we conducted a toxicity study in mice by repeated administration
of Compound C and D. The results showed that Compound C was effective in suppressing the accumulation
of TDP-43 aggregates. The results showed that compound C exhibited significant toxicity findings (e.g.,
polynucleated bone marrow cells, decreased leukocytes and reticulocytes in peripheral blood) at low doses,
suggesting stability concerns. On the other hand, the toxicity of compound D was relatively mild. Based on
these results, we have decided to suspend the study of Compound C and related compounds and focus on
Compound D and related compounds, and will continue to examine their safety. The kinase X inhibitor
compounds have shown efficacy in all four types of iPS cell-derived motor neurons from patients with
sporadic ALS with different patterns of progression, and may be involved in the pathogenesis of sporadic
ALS with different patterns of progression in common and show broad efficacy.

Molecule Y, which may be upregulated in patient motor neurons, was identified from mRNA array analysis
of motor neurons derived from ALS patients' iPS cells. Knockdown of molecule Y by antisense
oligonucleotide (ASO) improved neurite outgrowth and inhibited TDP-43 aggregation in motor neurons
derived from patient iPS cells with sporadic ALS. These results suggest that molecule Y may be a
promising drug target for the treatment of sporadic ALS. We intend to develop drug discovery with ASO,
which can directly control the expression level of molecule Y.

The kinase X inhibitor, which is being tested as a promising compound, has shown efficacy (high response
rate) in a wide range of motor neurons derived from iPS cells of patients with sporadic ALS, and a clinical
trial design for the entire population of patients with sporadic ALS was considered.

So far, attempts at drug discovery using patient iPS cells have been initiated by drug repositioning of
existing drugs. In this research and development, a company and academia have collaborated to create
breakthrough drugs optimized based on pathological conditions from new promising compounds. This
process usually takes a great deal of time, but by combining the patient registry information, cell resources,
and iPS cell technology accumulated by academia with the drug discovery technologies (compound efficacy
evaluation technology, compound design and synthesis technology, and target exploration and validation
technology) possessed by the company, we succeeded in achieving rapid results. This is a groundbreaking

project that will lead to a breakthrough in drug discovery for sporadic intractable neurological diseases.



