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Development of gene therapy target creation system based on loss of function variant evaluation for rare

diseases
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Summary of the Research Project

This project aimed to develop an integrated platform for identifying and validating loss-of-function (LOF) genetic variants
associated with hereditary cardiomyopathies, ultimately supporting drug discovery and gene therapy target identification.
Using a large-scale cardiovascular disease biobank, the study combined genomic, multi-omics, and clinical data with newly

developed computational and experimental approaches to enable systematic evaluation of variant function.

The research consisted of four main components. First, an informatics framework was established to identify candidate LOF
variants. Existing LOF scoring algorithms were applied but showed limited precision for drug target discovery. Therefore, a
new scoring model was developed incorporating variant position, functional annotation, and protein stability metrics.
Expression-level validation using eQTL analyses and public datasets further refined the predictions. Machine learning—based
pathogenicity prediction models were also constructed, achieving high accuracy, and enabling prioritization of candidate

variants.

Second, a novel experimental platform combining mutagenesis and single-cell RNA sequencing (scRNA-seq) was developed.
Induced pluripotent stem cell (iPSC)-derived cardiomyocytes carrying specific gene variants were generated, and optimal
stress conditions were identified to reveal phenotypic differences. A barcode-based system enabled simultaneous analysis of
multiple variants at single-cell resolution. Genome editing libraries were used to introduce random mutations, allowing
classification of variants based on transcriptional profiles. This system demonstrated proof-of-concept for linking genetic

variation to functional outcomes.

Third, cell-based validation of selected variants was conducted. Candidate LOF variants were introduced into iPSC-derived
cardiomyocytes and evaluated using phenotypic and molecular analyses. Although clear differences were not always observed
under baseline conditions, adeno-associated virus (AAV)-mediated gene delivery was developed to assess functional rescue.
Cardiac-specific gene expression and delivery protocols were successfully established, supporting further evaluation of

variant effects under optimized conditions.

Fourth, in vivo validation was performed using knock-in mouse models. Among the tested variants, one (Variant X) showed
clear cardiomyopathy phenotypes, including cardiac dysfunction, fibrosis, and reduced survival. Transcriptomic analysis
revealed activation of inflammatory pathways. Importantly, gene therapy using AAV vectors significantly improved cardiac
function, demonstrating that this variant represents a true LOF mutation and validating the computational prediction

framework.

Overall, the project successfully established a comprehensive pipeline integrating computational prediction and multi-level
validation. This platform enables systematic identification of disease-relevant LOF variants and provides a foundation for
precision medicine and gene therapy development. Future work will focus on expanding the platform to other genes and

diseases, improving genome editing accuracy, and enhancing phenotype detection systems.



