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(Z=  ZE) Development of novel viral vector for gene therapy and genome editing
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Many clinical protocols for gene therapy and genome editing therapies use adeno-associated viral vectors (AAV).
However, the upper size limit of exogenous DNA in AAVSs is 4.5 kb. In this project, we developed a novel vector to
overcome this limitation. We verified the usefulness of the new vector as a vector for prime editing, a new genome
editing technology, and as a donor vector that can carry large DNA for precise DNA repair. Furthermore, the potential
application for ex vivo genome editing therapy in the X-linked severe combined immunodeficiency disease (SCID-X1)
marmoset model marmoset was examined.

(1) Analysis of novel vectors as gene expression vectors

e prime editor (PE2) cDNA and a vector encoding a repair pegRNA for a mutant VVenus gene, a vector encoding a
gRNA to knock out exon 6 at the human HPRT locus and SpCas9, a vector simultaneously expressing Spike, M,
and E genes of SARS-CoV-2, vectors expressing the large cDNAs of the causative genes of human genetic diseases
were constructed and propagated as vital vectors.

e The efficiency of PE targeting the mutant VVenus reporter gene was examined in A549 cells using the PE2 vector
produced. We achieved a repair efficiency of 50.2%, the highest efficiency reported to date. PE was also
successfully achieved with very high efficiency of 23.5% in the human leukemia cell line K562 and 25.7% in
human iPS cells.

(2) Analysis of new vectors as donor vectors

¢ A novel vector encoding the human IL2RG locus with a neomycin resistance gene (neo) inserted into intron 4 and
an AAV encoding the same IL2RG homologous sequence were created. The frequency of homology-directed repair
(HDR) were measured in the human leukemia K562 cell line with these vectors after electroporating the CRISPR
complex for the target sequence. The precise HDR in which only one copy is inserted was 18% of all cells for
AAV, and was 10% with the new vector.

e For HDR in genome editing, there has been little detailed analysis of the donor DNA incorporated into the
chromosome. Through detailed PCR analysis, we found that more than half of seemingly successful HDRs involve
multiple donor DNA. Therefore, we created a vector designed to become a monomer in the cell. The K562 cell line
was infected with these donor vectors after electroporating the CRISPR complex, and further treated with DNA
repair inhibitors. This resulted in a dramatic improvement in the efficiency of HDR from 35% to 86% for AAV and
from 10% to 60% for the novel vector.

(3) Gene repair therapy using SCID-X1 marmoset model

¢ In an examination of conditions for transplantation of marmoset hematopoietic stem progenitor cells into cellular
hyper-immunodeficient NOG-W41 (c-Kit KO) mice, CD117 positive cells were transplanted into two mice, which
died around 4 weeks after transplantation, probably due to graft-versus-host disease (GVHD) caused by T cells not
fully removed by MACS. To solve the problem of GVHD, pretreatment by busulfan at 12.5 mg/ kg was determined
to be optimal.

e We developed a bone marrow collection method via the knee joint and a vascularization technique using an
indwelling vein needle in the tail vein. It was also found that peripheral blood collection should be performed in the

femoral vein.

As for the SCID-X1 marmoset breeding experiment, two individuals were obtained in August 2020. Genetic testing
showed that one of the males was a SCID-X1 marmoset, but he died in June 2021 at the age of 11 months. Two more

pregnant marmosets were obtained, and an individual was born in September of 2021.



