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1. Overview of the Research and Development Project
Amyotrophic lateral sclerosis (ALS) is a progressive and fatal neurodegenerative disease characterized by
degeneration of upper and lower motor neurons, for which no curative treatment has yet been established.
Although therapeutic development targeting SODI mutations has progressed, including antisense
oligonucleotide therapies, sufficient clinical efficacy has not yet been achieved. Therefore, development of a
therapy capable of correcting the causative mutation itself is strongly needed.
In this study, we aimed to obtain non-clinical proof of concept (POC) for gene therapy targeting familial ALS
caused by SOD1 mutations using CRISPR-Cas9-based gene editing technologies, including prime editing and
base editing. We focused on the SOD1 G93S and L126S mutations, which are relatively enriched in Japanese
patients, as well as the G93 A mutation, for which established animal models are available. Disease-specific
induced pluripotent stem cells (iPSCs), ALS model mice, and ALS model pigs were utilized to evaluate
therapeutic efficacy and delivery methods.
The project included optimization of gene editing constructs, establishment of delivery systems using AAV9
and related technologies, generation of novel ALS model mice, efficacy evaluation in ALS model animals,
and regulatory consultation with the Pharmaceuticals and Medical Devices Agency (PMDA).
2. Research and Development Outcomes
Prime editing was applied to the SOD1 G93A and G93S mutations, while base editing was applied to the
SOD1 L126S mutation. Disease-specific iPSCs harboring each mutation were generated and utilized to
optimize mutation correction efficiency. Candidate constructs capable of editing each mutation were
successfully identified, establishing a platform suitable for subsequent in vivo evaluation (manuscript under
submission).
To achieve efficient delivery to the central nervous system, gene delivery methods using AAV9 vectors and
the NanoMEDIC system were investigated. Spinal subpial injection enabled widespread vector distribution
throughout the spinal cord and demonstrated the potential for efficient gene delivery with lower vector doses
compared with conventional administration methods.
In addition, novel transgenic mouse models carrying the SOD1 G93S or L126S mutation were generated.

Successful gene insertion was confirmed by PCR, sequencing, ddPCR, and FISH analyses. AAV vectors
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carrying gene editing constructs were administered to ALS model mice and pigs using spinal subpial injection,
and editing efficiency and safety were evaluated by next-generation sequencing (NGS), ddPCR, and
pathological analyses. These studies established a translational platform for future clinical application.
Furthermore, discussions regarding collaboration with industry partners and preliminary consultations with
the PMDA were conducted to support future clinical development and investigator-initiated clinical trials.

3. Significance and Future Perspectives

This study is significant because it aimed to establish a fundamental therapy for ALS by directly correcting
disease-causing mutations using gene editing technologies. Unlike conventional antisense oligonucleotide
therapies, which may reduce both mutant and normal SOD1 expression, this approach aims to preserve normal
gene function while correcting pathogenic mutations. In addition, this study specifically targeted the G93S
and L126S mutations enriched in Japanese patients and established a translational research platform
integrating patient-derived iPSCs, mouse models, and large-animal models. Although several challenges
remain, including improvement of editing efficiency, off-target evaluation, and long-term safety assessment,
the outcomes of this project represent an important step toward the realization of curative gene therapy for

ALS and may contribute broadly to future treatments for neurodegenerative diseases.



