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The objective of this research project was to establish the world's first innovative system that enables simultaneous
analysis of differentiation dynamics, single-cell enhancer analysis, and single-cell gene expression analysis of
single-cell HSCs in vivo by a cell lineage tracing system using RNA barcodes. This will allow us to identify
transcription factors and signaling molecules that are important for the regulation of human HSC maintenance,
amplification, and differentiation of human HSCs in human hematopoietic stem/progenitor cells.

First, we aimed to establish this experimental system. We analyzed single-cell gene and eRNA expression in human
hematopoietic stem/progenitor cells derived from human cord blood and bone marrow cells using methods
optimized for the analysis of human hematopoietic stem/progenitor cells by devising wet experiments and cell
conditioning and collection methods. This enabled the identification of molecules and eRNAs specific to each

cluster of human hematopoietic stem/progenitor cells.

Next, we established a novel cell lineage tracking system (RNA barcode system) that enables simultaneous analysis
of eRNA. This is a lentivirus-based infection system, and we have identified the infection conditions under which

one barcode does not enter more than one cell.

With the establishment of the experimental system achieved, the first step was to identify the HSC fraction using
human cord blood and bone marrow cells. Previously, human HSCs were thought to reside in the
CD45+CD34+CD45RA-CD38-CD90+ fraction, but the question remained as to whether CD90 was useful.
Therefore, we first conducted experiments to confirm the presence of HSCs in the CD90- fraction by transplantation
into immunodeficient mice, and found that HSCs were also present in the CD90- fraction. Furthermore, two papers
have recently reported that HSCs are present in the CD201+ fraction, but not in the CD201- fraction. Indeed, we
found that there were no HSCs in the CD201- fraction.

Based on this information, we performed single-cell gene expression analysis of human cord blood and bone
marrow cells. The single-cell gene expression data of a large number of human hematopoietic stem cells were
clustered using UMAP, which allowed us to divide the data into more than 20 clusterings. However, at that time, it
was not clear which fractions contained true HSCs, so CD201 and other molecules previously reported to be specific
to HSCs (e.g., HLF, HOPX) and RNA velocity, which allows estimation of differentiation direction, were used to
identify several fractions that were likely HSCs. We then identified several fractions that were likely to be
hematopoietic stem cells. We then obtained candidate genes specific to those fractions. These could be considered
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true HSCs, but to confirm this, we needed to look at the surface proteins within the genes. We extracted the surface

proteins from the gene candidates and also selected three genes for which flow cytometric antibodies were available.

First, we examined whether flow cytometric antibodies against these three genes could actually stain human
hematopoietic stem cell fractions. Next, the fractions were divided according to their staining expression patterns
and transplanted into immunodeficient mice. Gene candidate No. 1 was found to contain HSCs regardless of
whether it was positive or negative, indicating that this gene is not useful for enrichment of HSCs, and
reproducibility was confirmed. On the other hand, gene candidate No. 2 was suggested to be useful for enrichment
of HSCs, and transplantation experiments are underway to confirm reproducibility. Gene candidate No. 3 is

currently undergoing transplantation experiments to confirm its reproducibility.

The ability to further enrich HSCs through this research project would be a very significant advance for HSC
research. It could aid in the identification and amplification studies of functional molecules in HSCs. It will provide
a complete picture of the HSC lineage landscape and allow identification of transcription factors and signaling
molecules that are important in regulating the maintenance, amplification, and differentiation of human HSCs. The
elucidation of the differentiation mechanisms of HSC maintenance, amplification, and differentiation will enable
screening of small molecule compounds and drugs that target the molecular mechanisms of HSC maintenance,
amplification, and differentiation. If small molecule compounds that amplify HSCs can be obtained, the shortage
of HSCs can be solved, and this will help to improve the therapeutic outcome of transplantation medicine. It is also
expected to identify small molecular compounds that induce red blood cells and platelets from hematopoietic stem
cells, thereby solving the problem of insufficient blood transfusion sources. Thus, the elucidation of molecular
mechanisms can solve problems in hematopoietic stem cell transplantation medicine. It will take another 3-5 years
to screen drugs and small molecule compounds that can be used in actual clinical practice. Although the induction
of HSCs from ES/iPS cells has not been achieved at present, in the long term, the "master regulator" of HSCs will
be clarified through the results of this study and the database created in this study, and the induction of HSCs from
ES/iPS cells will be possible. In the long term, the results of this research and the database created in this study are
expected to reveal the "master regulator” of hematopoietic stem cells and induce hematopoietic stem cells from
ES/iPS cells. As described above, the elucidation of the molecular mechanism of enhancers is expected to make a

significant contribution to the medical treatment of hematopoietic stem cell transplantation.



