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The purpose of this study is to establish methods for evaluating the safety and efficacy of in vivo gene therapy using
adeno-associated virus (AAV) vectors using patient samples, and at the same time contribute to the setting of post-
marketing risk management plans (RMPs). Specifically, we focused on the analysis of immune responses to AAV
vectors, viral biodistribution after administration, and integration sites in infected cells, and developed standard operating
procedures (SOPs) for these methods. In addition, we worked with industry and regulatory authorities and developed
virus shedding guidelines.

Immune responses were evaluated using plasma from patients with spinal muscular atrophy who received AAV9-based
treatment (onasemnogene abeparvovec). In patients with severe liver dysfunction, elevated levels of innate immune-
related cytokines (MCP-1, IL-8, IL-10) were observed. However, vascular endothelial cell response markers (IL-1, TNF-
a, IFN-y) and T cell activation markers were unchanged. These adverse events persisted for 1-2 months after treatment,
suggesting the involvement of innate immune responses.

To solve the problem of low residual viral load in body fluids, we established 293 cells deficient in glycosyltransferase
genes capable of inhibiting AAV infection and developed a highly sensitive infection assay. These cells are highly
susceptible to infection even with trace amounts of AAV2 and AAVE, and we are currently developing a cell line that is
also susceptible to infection with AAV9.

To analyze vector insertion sites, we used AAV-infected Hpal6-1 mouse hepatoma cells and identified insertion sites by
next-generation sequencing using techniques such as capture bait design, molecular barcoding, and application of the
RAISING method. However, the observed insertion sites showed complex genomic structures, so we introduced long-
read sequencing, which allows low-cost sample preparation.

Regarding RMP development, we established a nationwide clinical network with ten institutions administering in vivo
gene therapy, enabling prompt patient sample collection. We also revised and published the second edition of the
“Manual for Cartagena Law Compliance for in vivo Gene Therapy Using AAV Vectors” through the Japanese Society of
Child Neurology.

As regulatory authorities around the world began to place greater emphasis on viral shedding, we began developing
national guidelines in consultation with the PMDA and industry. We prepared a reflection paper summarizing key
concepts, revised it through consultations with industry and regulatory authorities, and finally submitted it to the
Ministry of Health, Labor and Welfare.

In summary, this study revealed the potential role of innate immunity in AAV-associated hepatotoxicity, established
tools to evaluate viral shedding and biodistribution, and established advanced integration site analysis methods. These
collaborative studies will be useful in establishing a regulatory regime to support the safe implementation of in vivo gene
therapy in Japan.



