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In this project, we developed a sophisticated long—term culture system for hematopoietic stem
cells, with a particular focus on the quiescent nature of the cell cycle, to prevent cell cycle
overactivation and surface marker changes as much as possible. We also optimized this culture
technique for humans. Through the implementation of the plan described above, we have carried out a
research plan aimed at preventing the decline in stem cell activity during in vitro culture, which
is a problem in regenerative medicine and gene therapy using hematopoietic stem cells for two years
and five months. Specifically, we established an innovative culture system for hematopoietic stem
cells that contributes to regenerative medicine and gene therapy using hematopoietic stem cells, in
particular, a culture system that can maintain the quiescence of the cell cycle in vitro, which has
been impossible until now. We have achieved all of these goals through three fiscal years of

research. The following is a summary of the results of our research.

(1) Refinement of the in vitro maintenance culture method of HSCs and optimization of the method
for humans

The PI’ s group previously found that metabolic regulation of HSCs is essential for
maintaining stem cell properties. Each metabolic pathway and metabolite was considered to be
essential for the maintenance and regulation of HSC function under steady state and stress
conditions. Therefore, we have been investigating the maintenance culture of HSCs based on the
obtained metabolic understanding of HSCs. As a result, prior to the present study, we had devised a
chemically defined medium composition that mimics the metabolite environment of bone marrow, and
found that mouse HSCs can be maintained in vitro for one month in a cell cycle quiescent phase
while maintaining their surface markers. Using this finding as a clue, we refined the in vitro
maintenance culture method and optimized it for the quiescent maintenance culture of human
hematopoietic stem cells

In this R&D period, we first confirmed that high—quality mouse HSCs with serial
transplantation capacity were maintained under the culture conditions we had found. This novel HSC
culture system can prevent the overgrowth of HSCs in vitro and maintain the same number and
activity of stem cells as fresh HSCs. The essential requirements for this culture were “high
concentration of fatty acid-bound albumin”, “combination of low concentration of cytokines SCF and
TPO”, and “low oxygen partial pressure”. In particular, in the absence of a high concentration of
fatty acid-bound albumin, apoptosis was induced and HSCs were lost under low—cytokine and low—
cytokine conditions

Next, we applied and optimized the findings obtained in mice to human HSCs to develop a
quiescent maintenance culture method. First, we examined the combination of SCF and TPO, two
cytokines essential for HSCs, and performed cytokine mapping. The results showed that human HSCs,
unlike mouse HSCs, could not survive in the low TPO concentration. Based on the cytokine mapping,
we set the concentration of cytokines at which the HSC fraction did not proliferate but was
maintained in number, and the number of cells was maintained for 4 weeks in vitro. As in mice, high
concentrations of albumin are essential, and the most undifferentiated fraction of human
hematopoietic stem cells (CD34+CD38-CD90+CD45RA— fraction) was maintained in the presence of high
concentrations of albumin. In contrast, the CD34+CD38-CD90+CD45RA- fraction, which is the most
undifferentiated fraction of human HSCs, was not maintained in the presence of 0.1% albumin, a
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commonly used culture condition. Notably, cholesterol was found to be an intrinsic factor required
by human HSCs but not by mouse HSCs. The number of human HSCs was maintained by cholesterol,
especially in high-fatty acid cultures. In order to further analyze the necessity of high albumin,
we examined albumin without fatty acids and found that the expression of fatty acid biosynthetic
enzymes was increased, indicating that high concentrations of fatty acid-bound albumin are required
for human HSCs as well as for mice. Insulin was found to increase the expression of the mouse HSCs.
Insulin is thought to be a factor that depletes HSCs through activation of Akt signaling in mouse
HSCs. Therefore, we examined the effect of insulin on human HSCs and suggested that insulin is
necessary for the maintenance and culture of human HSCs. In other words, the high requirement of
the cytokine TPO, cholesterol, and insulin requirement were suggested to be important interspecies
differences in the quiescent culture of human HSCs. In addition, we investigated whether recently
reported small molecule compounds that amplify human HSCs, SR1 and UM171, are useful for quiescent
maintenance culture of our human HSCs. The results showed that these small molecule compounds
tended to increase the frequency of human HSCs under proliferative conditions (high cytokine
conditions), but no such effect was observed under quiescent maintenance culture conditions.

These results were summarized in a paper on a culture method to maintain quiescence of
mouse and human HSCs and prevent surface marker changes as much as possible, which was jointly

released in press by NCGM and AMED (Kobayashi et al., Cell Rep 2019).

(2) Development of gene editing technology for human hematopoietic stem cells using a novel
hematopoietic stem cell culture
In the development of gene editing technology for hematopoietic stem cells, four steps

”

are necessary: ~‘pre—editing culture,” “gene editing,” “post—editing culture,” and “confirmation of
editing efficiency”. Therefore, we first examined whether it is possible to maintain stem cells by
using the above quiescent culture for “pre—editing culture” and “post—editing culture”. As a
result, the use of quiescent culture in “post—editing culture” (as opposed to proliferating culture
with high cytokines) was more effective in maintaining hematopoietic stem cells after gene editing.
However, the cytokine concentration was slightly different from that of the quiescent culture
reported in the study without gene editing, and the culture conditions needed to be optimized. For
“pre—editing culture”, cell cycle activation was required, but it was necessary to supply
sufficient metabolites such as fatty acids as in the quiescent culture without gene editing.
Although a pre—editing culture time of only 3 hours was reportedly the most efficient for gene
editing of hematopoietic stem/progenitor cells, this condition was not necessarily optimized for
gene editing of highly—purified hematopoietic stem cells, and optimization was also necessary. We
also confirmed that gene editing was possible even if the number of cells was several hundred cells
without reducing the efficiency. In the “confirmation of editing efficiency”, it was possible to
estimate the editing efficiency from a few hundred cells. Based on these experiments, we confirmed

that highly efficient editing was possible



