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We have successfully achieved long-term culture and expansion of human hematopoietic stem and progenitor cells without
the use of cytokines. Furthermore, by identifying a new polymer distinct from PVA, we have enabled over 50-fold expansion
of human hematopoietic stem and progenitor cells. Our goal was to integrate this expansion technique with genome editing
technology to establish the next generation of gene therapy called "Functional and Safe Genome-Edited Hematopoietic Stem
Cell Therapy,”" with a focus on predicting functionality and ensuring safety. The developed technology in this study is
undoubtedly a unique Japanese contribution to the field of genome-edited hematopoietic stem cell therapy, distinguishing
itself from the ongoing genome editing techniques worldwide. The potential to treat human hematopoietic stem cells as
pluripotent stem cells equivalent is highly promising.

The achievements obtained in this research project include:

Establishment of genome editing technology targeting human HSPCs:

We conducted genome editing using the CRISPR-Cas9 system and single-stranded oligodeoxynucleotide (ssODN) base
editing method on human umbilical cord blood-derived CD34-positive cells. We experimentally demonstrated that human
hematopoietic stem and progenitor cells can maintain functionality and undergo expansion after genome editing. As a specific
example, we focused on a single nucleotide polymorphism (SNP) determining the human blood type and clarified the
fundamental technical accuracy by applying genome editing to the genes expressing A and B transferases that determine the
ABO blood group. We transplanted ABO genome-edited human hematopoietic stem cells into NOG mice with severe
immunodeficiency and demonstrated the presence of genome-edited functional hematopoietic capacity within the human
CD34-positive cells. Through these experiments, we established optimal conditions for gRNA design in the CRISPR-Cas9
system, electroporation method, and ssODN.

Prediction of high-functioning hematopoietic stem cells through expansion from a single cell:

By analyzing cell surface markers expanded from single mouse hematopoietic stem cells, we developed the ability to predict
high-functioning hematopoietic stem cells. We applied this technique to humans, establishing a foundation for safe and
functional gene therapy after genome editing. As a specific research outcome, we performed genome editing, expansion,
single-cell prediction of functionality, and transplantation into NOG mice using human CD34-positive cells. This established
a system for expansion from a single cell of genome-edited hematopoietic stem cells and functional prediction.

Functional and safety evaluation of genome-edited hematopoietic stem cells and environmental preparations:

It is crucial to evaluate the safety of genome-edited CD34-positive cells, ensuring genome stability, absence of
chromosomal abnormalities, and prevention of leukemogenesis. Therefore, we performed sequential sampling of cells at
multiple time points during a 30-day culture after genome editing, followed by whole-genome sequencing of extracted
genomes to analyze off-target effects and the presence of genomic mutations. Additionally, we conducted chromosome
analysis using the G-band method and focused on the analysis of gene groups associated with leukemogenesis. Furthermore,
we performed long-term observation and analysis for six months to one year after transplantation into NOG mice to clearly
demonstrate the absence of leukemogenesis through blood and pathological examinations.

Using this established system, we hope that establishing and disseminating the results technology ahead of the rest of the

world is one of Japan's strengths in the fields of regenerative medicine, gene therapy, and cell therapy.



