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We developed methods to differentiate human iPS cells into various types of neurons, including highly mature
excitatory neurons (Ishikawa et al., Cells, 2020), parvalbumin-positive inhibitory neurons, and glial cells
such as astrocytes and microglia (Nicolas, Cells, 2020; Sonn et al, Inflamm Regen., 2022). We also introduced
new techniques for Ca imaging with a high signal-to-noise ratio and time resolution. In studies related to
Alzheimer's disease (AD), analysis of iPS-neurons with tau mutations revealed that tau abnormalities cause
neurite and mitochondrial abnormalities, possibly mediated by tau hypo-phosphorylation (Nakamura et al,
Stem Cell Rep, 2019). Live imaging of a single molecule in human iPS-derived neurons using a brilliant
fluorophore, Q-dot, showed that tau reduction affects the diffusion of GABA receptors on the cell membrane
surface. We also found that neurite length and complexity were reduced in iPS-derived neurons with PS1
gene exon9 deletion mutation. Newly generated conditional knockout iPS cells of the PS1/2 genes
demonstrated that PS2 is important for AB42 production in human neurons (Watanabe et al, eNeuro, 2021).
For Parkinson's disease, we aimed to establish iPS cell lines for familial cases with unclear pathology to
promote a comprehensive understanding of the disease. We successfully detected abnormal a-synuclein
accumulation in iPS cells from patients with PARK22 (Ikeda Hum Mol Genet. 2019) and identified abnormal
lysosomal function in iPS cells from patients with PARK24, a new familial Parkinson's disease with a
mutation in the prosaposin gene (Oji et al. Brain. 2020). We also developed a method to induce maturation
and senescence of iPS cell-derived neurons, which significantly shortened the time to phenotype detection in
multiple familial Parkinson's disease and Alzheimer's disease iPS cell models. These studies contribute to a
better understanding of the pathogenesis of neurodegenerative diseases and the development of new drug
discovery systems.

Amyotrophic lateral sclerosis (ALS) is an incurable disease that systematically affects motor neurons. Using
1PSCs with the FUS mutation, a causative gene for familial ALS, we found that abnormal axonal branching
in mutant iPS cell-derived motor neurons is mediated by Fos-B and can be rescued by knockdown or
inhibition of Fos-B (Akiyama T, et al. EBioMedicine 2019, Patent Application 2019- 60876).

Analysis of abnormal RNA metabolism in axonal regions caused by TARDBP mutations revealed PHOX2B
as a novel candidate therapeutic target, and suppression of its expression reproduced the inhibition of neurite
outgrowth in healthy motor neurons. PHOX2B is highly expressed in oculomotor and autonomic neurons,
that persist long after the onset of ALS, suggesting that it may be involved in the selective degeneration of
mutant motor neurons (Mitsuzawa S, et al. Stem Cell Reports 2021).

Review articles on the axonal pathology of ALS were also published (Suzuki N, et al. Front Neurosci 2020;
Suzuki N, et al. J Hum Genet 2023). For the field of ALS research, iPS cells from 29 sporadic ALS patients
were established and deposited at RIKEN BRC.

To reveal the crosstalk of the three diseases described above (AD, PD, ALS), we also studied Kii amyotrophic
lateral sclerosis/Parkinsonian dementia complex (Kii ALS/PDC), in which the three pathologies are observed
in the same pedigrees. Some pathological phenotypes of Kii ALS/PDC patients were recapitulated using iPS
cell-derived astrocytes, including reduced ability to uptake glutamate, reduced mitochondrial function, and
altered gene expression (Nicolas, Cells, 2020). This was the first model of Kii ALC/PDC that was not caused
by a single gene mutation, making it impossible to model in experimental animals.

The newly established iPSC lines, differentiation methods, culture methods, analysis methods, and insights
into the pathogenesis of neurodegenerative diseases will certainly improve drug development. In fact, we
have translated one of our findings into a clinical trial (Morimoto et al, Cell Stem Cell, 2023).
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