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I1. Overview of the Research and Development
Adeno-associated virus (AAV) vectors, which are representative in vivo gene therapy products, have attracted considerable
attention as a novel therapeutic modality for inherited diseases lacking effective treatment options. As of May 2026, 11
AAV vector products have been approved in Japan, Europe, and the United States, including four in Japan, such as
Zolgensma for spinal muscular atrophy, while multiple additional products remain under clinical development. However,
despite their traditionally favorable safety profile, serious adverse events, including fatal cases associated with high-dose
intravenous administration, have raised significant concerns regarding AAV vector-associated hepatotoxicity. Although
developers are attempting to mitigate such risks through vector engineering, including capsid and transgene modifications,
no reliable nonclinical method currently exists to predict hepatotoxicity in humans, creating an urgent need for improved
evaluation strategies.
Against this background, this study aimed to establish predictive and evaluative methods for AAV vector-associated
hepatotoxicity and to develop guidance for the nonclinical safety evaluation of AAV vectors.
The study focused on four major objectives:

1. establishment of an in vitro evaluation system capable of sensitive detection of innate immune and inflammatory

responses to AAV vectors;
2. validation of the correlation between this in vitro system and in vivo hepatotoxicity;
identification of biomarkers predictive of hepatotoxicity; and

4. investigative research and preparation of a guidance document for AAV safety evaluation.
For Objective 1, a screening study was conducted to identify human cell lines exhibiting high immunological
responsiveness to AAV vectors. This led to the identification of a cell line suitable for highly sensitive detection of innate
immune and inflammatory responses. In addition, systematic analyses using deficiencies in immune-related genes
provided mechanistic insights into host immune recognition pathways and the AAV vector components involved in these
responses. These findings may also contribute to the rational design of safer AAV vectors with reduced immunostimulatory
properties.
For Objective 2, model AAV vectors with differing immunostimulatory characteristics were administered to both wild-
type mice and humanized liver chimeric mice to evaluate their relationship with hepatotoxicity. The results demonstrated
that vectors inducing stronger immune responses in vitro were associated with increased hepatotoxicity markers in vivo,
supporting the utility of the in vitro evaluation platform as a predictive nonclinical tool.
For Objective 3, omics analyses were performed on liver tissues and cultured cells to comprehensively characterize
molecular events associated with AAV-induced hepatotoxicity. Candidate genes exhibiting altered expression following
AAV administration were identified, providing a foundation for both mechanistic understanding of toxicity and the
identification of novel predictive biomarkers.
For Objective 4, findings from experimental studies and investigative analyses were integrated to develop guidance on the
nonclinical safety evaluation of AAV vectors. Regulatory review reports for approved AAV gene therapy products in Japan,
Europe, and the United States were analyzed to assess currently applied safety evaluation approaches. In parallel,
discussions involving academia, industry, PMDA, and the Japan Pharmaceutical Manufacturers Association contributed to
consensus building. These efforts culminated in a symposium and a six-article review series addressing key issues
including species selection, toxicity study design, immune response assessment, genomic integration, germline

transmission risk, carcinogenicity, and impurity evaluation.



Collectively, these activities are expected to facilitate greater consensus among developers and regulators regarding
practical safety evaluation strategies for AAV vector products, thereby contributing to more efficient product development

and regulatory review.



