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Until now, cell therapy to replenish lost cells and gene therapy to replenish or repair
genetic mutations have been studied separately. Cell therapy can replenish lost cells, but
it cannot repair the gene mutation that is the root cause. On the other hand, gene therapy
by genome editing can repair mutated genes but cannot replace lost cells, and there are still
issues in the method of delivery to the living body. In this project, we aim to develop a new
therapeutic approach by combining cell transplantation using iPS cell-derived mesenchymal

stem cells (iMSCs) and engineered extracellular nano-vesicles (EEVs) containing CRISPR—Cas9.

We have optimized EEV-producing vectors and verified their production conditions, utilized
iPS cells with reduced immune rejection by HLA genome editing, investigated gene transfer
conditions wusing various methods to 1iMSCs derived from iPS cells, and conducted
transplantation experiments in mice. At the cellular level, we measured the efficiency of
genome editing and nanoparticle production. As a first step, we analyzed the activity of EEV
carrying luciferase protein to confirm its functionality and found that it can deliver

luciferase from transplanted mouse cells to surrounding tissues

In addition, we improved the production vector of EEV with CRISPR-Cas9 and examined and
optimized the expression levels of individual components of EEV. After differentiating iPS
cells derived from muscular dystrophy patients into skeletal muscle cells by forced expression
of MYOD1 and co—culturing them with EEV-producing cells, immunostaining for dystrophin protein
was performed, and a number of dystrophin protein—positive myofibers were detected by inducing
genome editing targeting the dystrophin gene. The immunostaining for dystrophin protein was

performed in EEV cells

Furthermore, by conducting in vivo administration tests on mouse models of muscular dystrophy,
we were able to confirm exon—skipping induction activity in the area surrounding the
administration site. We had planned to construct at least five types of EEV-producing vectors
and three types of EEV-producing cell lines, and to verify their efficacy and safety for cell
transplantation in a mouse model. Based on these results, we believe that we have successfully
achieved our initial goal of demonstrating the potential of a treatment concept based on the

combination of cell transplantation and EEV delivery.

Cell therapy using iPS cell-derived cells has been applied clinically to a variety of
diseases, but there are limits to the extent to which cells can be treated using only their
own abilities. We expect that the results of this research project, which enables the
combination of gene modification technology and nanoparticle-mediated delivery technology,

would enable us to expand future therapeutic targets and propose next—generation methodologies



