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Since the 2010s, it has become clear that many neurological diseases are caused by pathological
insertions or expansions of repeat sequences in non—coding regions. In these diseases, although
patients suffer significant impairment in their quality of life, there is no fundamental treatment

and there is a strong demand for the development of effective disease-modifying therapies. In this
study, we focused on three non—coding repeat diseases, cerebellar ataxia with neuropathy and
vestibular areflexia syndrome (CANVAS), neuronal intranuclear inclusion disease (NIID), and
spinocerebellar ataxia type 27B (SCA27B). Through this study, we aim to transfer iPSC culture and
analysis techniques from iPSC researchers to disease researchers, promote pathological analysis
using iPSCs of the target diseases (CANVAS_iPSC, NIID_iPSC, SCA27B_iPSC), and obtain results that
will lead to the development of treatments. At the start of the research, the evaluators advised
us not to simultaneously analyze the pathology of the three diseases, NIID, CANVAS, and SCA2T7B,

but to narrow down or prioritize the diseases. Therefore, we decided to proceed with the analysis
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in the order of CANVAS and NIID, and to limit our analysis of SCA27B to iPSC establishment. Based

on the above policy, three research projects were set for this research.

Research project 1: Establishment of iPSCs derived from patients with non—coding region repeat
diseases

We established iPSCs from 6 CANVAS cases, 6 NIID cases, and 3 SCA27B cases, and achieved our goal
by the end of fiscal year 2024. Furthermore, we confirmed that the number of repeats hardly changes
with cell passages or neuronal differentiation. In addition, regarding SCA27B, we published a paper

summarizing the clinical characteristics of cases accumulated during the sample collection process.

Research project 2: Transfer of 1iPSC culture and neuronal differentiation technologies

establishment of various neuronal differentiation methods

With the full support of iPSC researcher Satoru Morimoto, iPSC culture techniques were established
at Yokohama City University. For cortical neurons, differentiation techniques were reproduced using
a PiggyBac vector (provided by Dr. Michael E. Ward (NIH)) expressing NGN2 after administration of
doxycycline (DOX). For sensory neurons, a PiggyBac vector was designed and created at Yokohama
City University to simultaneously express NGN2 and BRN3A from a single vector after administration
of DOX, and differentiation techniques were established. For motor neurons, a motor neuron
differentiation system (provided by Keio University) was reproduced at Yokohama City University
using the Sendai virus vector SeV(PM)LNI/TSAF expressing NGN2-LHX3-ISL1. The Purkinje cell
differentiation system was established by isolating granular cells (GCs) from the rhombic lip (RL)
of mouse fetuses on day 35 after performing SFEBq (serum—free floating culture of embryoid body-
like aggregate with quick reaggregation) and co—culturing them. Because the process was technically
difficult, we received direct guidance from Prof. Keiko Muguruma of Kansai Medical University and
were able to reproduce the process at Yokohama City University. As a result of establishing the

above four neural differentiation methods

Research project 3: Phenotypic analysis of iPSC-derived neurons from patients with non—coding
repeat diseases

(a) Confirmation of intranuclear inclusions and/or RNA foci by immunocytochemistry and RNA-FISH
CANVAS analysis was performed using CANVAS_iPSC—derived sensory neurons (3 cases of AAGGG expansion,
3 cases of ACAGG expansion, 3 control cases). As a result, the formation of RNA foci was observed
in the 3 cases of ACAGG expansion, suggesting the possibility of the existence of a repeat—specific
phenotype. In NIID analysis, immunostaining and RNA-FISH using NIID_ iPSC-derived cortical neurons
did not reveal clear intranuclear inclusions or RNA foci.

(b) Identification of RNA expression/splicing abnormalities in disease iPSC-derived neurons

RNA sequencing analysis was performed using CANVAS_iPSC—derived sensory neurons (3 cases of AAGGG
expansion, 3 cases of ACAGG expansion, 3 control cases). As a result, it was confirmed that splicing
abnormalities occurred in both AAGGG and ACAGG cases, and that the pathways with splicing
abnormalities common to both repeat expansion groups were observed. RNA sequencing analysis was
performed using NIID_iPSC—derived cortical neurons (4 patients and 3 controls). As a result,
splicing abnormalities were confirmed in patient iPSC—derived cortical neurons, despite the absence

of intranuclear inclusion formation.



(c) Proteome analysis of intranuclear inclusions and RNA foci in iPSC-derived neurons

As mentioned above, intranuclear inclusions and RNA foci could not be confirmed in NIID_iPSC-
derived cortical neurons, so proteome analysis of NIID intranuclear inclusions was performed using
in situ biotinylated antibody method in cultured cell system, and many proteins related to nuclear
membrane transport, SUMO (Small ubiquitin like modifier) modification—related proteins, and RNA
binding proteins related to RNA splicing were identified. In cultured cells, SUMO modification—
related proteins, nuclear membrane transport-related proteins, and RNA splicing-related proteins
were observed to accumulate in intranuclear inclusions.

(d) Verification of 5 -UTR ATG translation using NIID_iPSC-derived neurons (verification of RAN
translation and RNA toxicity)

In NIID_iPSC—derived cortical neurons in which the 5 —-UTR was removed by genome editing, it was
confirmed that the splicing abnormalities confirmed in NIID patient iPSC—derived cortical neurons
were canceled, suggesting that splicing abnormalities may be a biomarker for the pathology of NIID.

As shown in the above analyses (a)—(d), it was found that splicing abnormalities are likely to be
involved as an early change in the pathology in CANVAS and NIID iPSCs. We will continue to examine
the verification of repeat—associated non—AUG translation.

In this collaborative research project, Morimoto, who has been promoting the development of
therapeutic agents using iPSC models, participated as an iPSC researcher, and iPSC technology was
transferred to disease researchers. It was found that the number of repeats changes slightly when
iPSCs are established, but after establishment, the number of repeats remains almost constant even
after passage and neuronal differentiation, proving that iPSC technology can be a strong analysis
tool for non—coding region repeat diseases

Neurodegenerative diseases are characterized by disease-specific site-selective degeneration.

Through this research, the differentiation techniques for cortical neurons, sensory neurons, motor
neurons, Purkinje cells, and astrocytes were reproduced and established in the disease researchers’
facility. In particular, there are very few facilities in Japan that can perform sensory neurons
and Purkinje cell differentiation techniques. By establishing the above techniques, it will be
possible to analyze pathology using neurons in areas where disease—specific degeneration occurs in
the future. This collaborative research has provided the principal investigators with a powerful
tool for analyzing the pathology of neurodegenerative diseases.

Until now, CANVAS iPSC research has been limited to the analysis of diseased iPSC—derived cortical
neurons. In this study, RNA foci were detected only in ACAGG expansion cases from sensory neurons
that showed predominant degeneration in CANVAS, indicating the possibility of repeat sequence—
specific pathology. In addition, analysis of CANVAS_iPSC—derived sensory neurons and NIID_iPSC-—
derived cortical neurons detected abnormalities in alternative splicing. Since alternative splicing
is a cell- and tissue—specific phenomenon, it may be involved in the mechanism of cell- and tissue—
specific neurodegeneration. Through detailed examination of the results currently obtained, future
research will be possible that will lead to the identification of disease biomarkers and the

creation of therapeutic targets.



