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Hematopoietic stem cell (HSC) transplantation is a bone marrow regenerative medicine that
is a curative therapy for hematopoietic tumors. There are concerns about various difficulties in
securing donors and expanding cord blood banks in the future due to the declining birthrate and
super—aging society. On the other hand, there is a growing need for hematopoietic stem cell
culture and transplantation technology for gene and cell therapy, which has been developing
rapidly due to technological innovation. In response, technologies have been developed for
amplification of isolated HSCs by in vitro culture and induction of differentiation of HSCs from
pluripotent stem cells. Amplification is becoming possible by in vitro culture utilizing various
compounds, polymers, and hydrogels. However, after amplification, the number of stem cells on the
surface marker has not been sufficient for the number of viable cells, and there is much room for
improvement in HSC culture. On the other hand, fetal-type hematopoietic stem progenitors have yet
to be generated from pluripotent stem cells. This situation simply limits the potential of
regenerative medicine utilizing HSCs. It is also difficult, for example, to model hematological
and immunological pathologies by highly amplifying patient—derived HSCs or generating adult-type
HSCs from diseased iPS cells, or to search for new diagnostic methods or therapeutic agents

In this project, we have analyzed the phenomenon of HSC maturation, especially the
acquisition of quiescence in the cell cycle, to understand the elementary process of stem cell
maturation to elucidate the molecular mechanism, and to develop an artificial maturation induction
technique. In addition, we have been developing a technology to artificially induce maturation.
In collaboration with other core scientists, we also analyzed the mechanisms of cytokinesis and
conducted omics analysis to obtain integrated knowledge. During the course of these studies, we
were also able to compile and report details of quiescent culture protocols for mouse and human
HSCs, respectively (Kobayashi et al., STAR Protocols 2020, Kobayashi et al., J Vis Exp 2021). We
also examined whether the quiescence of HSCs observed during maturation can be induced
artificially using a model in which HSCs in living bone marrow are stimulated with cytokines, and
confirmed that this is indeed possible. By combining this method with the CRISPR-Cas9 genome
editing system optimized for HSCs, we identified an experimental method that can also analyze the
quiescence maintenance mechanism of HSCs. We believe this is a useful approach because there are
few reliable platforms for studying the quiescent phase of the cell cycle of HSCs other than
genetically engineered mice. In addition, we have demonstrated that pre—culturing HSCs enhances
the nuclear trafficking of ribonucleoprotein complexes and improves editing efficiency, providing
an edge for further improving gene editing efficiency. Post—gene editing cultures also confirmed
that mouse and human HSCs edited on the basis of non—homologous end joining and cultured under
low cytokine, hypoxia, and high albumin conditions retain their phenotype and quiescence better
than those cultured under proliferative conditions. These results indicate that low cytokine
culture conditions of gene—edited HSCs are a useful approach to examine the quiescent state of
HSCs in vitro, and were reported in the original paper (Shiroshita and Kobayashi et al., Cell

4



Reports Methods 2022) and the details of the protocol were also reported (Shiroshita et al., STAR
Protocols 2023).

These results have clarified the molecular basis of HSC maturation and interspecies
heterogeneity, and have demonstrated that maturation can be artificially induced starting from
culture. Furthermore, based on the knowledge gained from the cell cycle quiescence induced by
maturation, we have succeeded in developing a culture platform that can induce adult HSCs to
reenter cell cycle quiescence once induced to proliferate during gene editing. Further improvement
of the maturation induction culture and clarification of the factors and intracellular mechanisms
involved will enable us to further advance the maturation induction technology of HSCs. It is
also expected that highly accurate genetic modification and editing of HSCs will enable biological
analysis of their characteristics and the development of multifunctional HSCs as artificial cells

for the treatment of various diseases



