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Haematopoietic stem cell (HSC) transplantation (HSCT) is now routinely performed to save the life of patients
with haematological, genetic or metabolic disorders. Regenerating normal blood cell production after
chemotherapy/irradiation relies upon 3 key steps: 1) harvesting sufficient donor HSCs, 2) optimal HSC homing to
the BM and 3) expansion and differentiation of donor HSCs in the recipient. However, efficacy of HSC engraftment
significantly decreases during ageing and in certain haematological diseases, hampering the use of HSC
transplantation as a therapeutic option. Improving the outcome of HSCT is an area of priority in the UK, Japan and
many other countries, since the demand for HSCT will continue at the existing rate over the next 5-10 years, despite
the fact that HSC gene therapies are entering the clinic. Increasing the success of HSCT requires a more detailed
understanding of the factors which affect HSC engraftment, maintenance, proliferation and differentiation.
However, despite the fact that the HSC is perhaps the best characterised adult stem cell, this knowledge concerns
mostly the mouse HSC, whilst the human HSC has been much less characterised. Among different HSC sources
for transplantation, umbilical cord blood (CB) is an ideal source that can be non-invasively harvested,
cryopreserved and is associated with reduced risk of disease transmission or acute graft-versus-host disease.
However, several CB units are necessary for transplantation and engraftment is delayed. Due to these limitations
and the improvements in allogeneic HSCT, the use of CB has declined over the past few years in countries such as
USA, but not in Japan or the UK, where it remains as an important HSC source for Minority Ethnic groups, and
particularly for those individuals affected by Sickle Cell Disease or thalassemia. This proposal aims at
understanding and modelling the regeneration process following HSCT. The main goal is to identify cell-intrinsic
and -extrinsic mechanisms that regulate HSC proliferation and lineage commitment during bone marrow (BM)
regeneration. Our translational aim is instructing HSC to more efficiently/rapidly/long-lastingly regenerate the
haematopoietic and immune systems. This joint project will enable a unique synergy between the 4 applicants with
expertise in the cellular and molecular heterogeneity of human blood stem cells (E. Laurenti, Univ. of Cambridge),
their regulation through inflammatory factors (H. Takizawa, Kumamoto Univ.), cellular metabolism (T. Suda,
Kumamoto Univ./Nat’l Univ. Singapore), and microenvironmental cues (Mendez-Ferrer, Univ. of Cambridge). The
complementary expertise of the four teams could facilitate overcoming current limitations in HSCT.

On the way to prepare the planned experiment, we noticed there was a large variation in chondrogenic
differentiation capacity in the artificial BM reconstruction process, which is one of the indicators. Therefore,
chondrogenic differentiation formation tests were conducted for over 50 BM donors, and BM donors with high
chondrogenic differentiation were screened to narrow down those with high chondrogenic formation ability. In
addition, the chondrogenic formation ability was correlated with the proportion of CD45-CD31-GPA-
CD271+CD51+ mesenchymal stem cells (MSCs) contained in the BM, and this cell group had high colony
formation such as CFU-F and Mesensphere. Furthermore, the results of RNA sequencing analysis revealed that a
cell group with high colony formation ability could be concentrated by the presence or absence of expression of an
actin anchoring protein called PALLADIN, and it was revealed that these cells had a high expression of niche genes
such as AGPT1 and CXCL12 (Sezaki M et al, Stem Cell&Dev. 2022). In the following experiments, humanized
BM was created using BM donors with high chondrogenic formation ability or purified cell groups, and the
engraftment kinetics of HSCs were analyzed.

Human umbilical CB-derived HSCs were transplanted into the human BM-like tissue induced through
chondrogenic tissue from MSCs, and engraftment and cell division kinetics were analyzed at 5, 9, and 14 days after
transplantation. As a result, the division frequency of hematopoietic stem cells was slower in human BM-like tissue
than in mouse BM, and it was determined that single-cell analysis of HSCs and MSCs at 5 and 14 days after
transplantation was appropriate. This year, using the next-generation humanized mouse reconstructed from the
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artificial human BM that has been developed so far, the functional analysis of HSCs and mesenchymal stem cells
after HSCT was conducted. As a result, at 5 and 13 days after transplantation, more hematopoietic stem cells
engrafted in the artificial human BM than in the mouse BM, and when their function was evaluated by colony
formation ability in test tubes, there was no difference between them. It was found that the engrafted HSCs in the
artificial human BM had lower mitochondrial activity and divided relatively slowly compared to those in the mouse
BM. In addition, the proportion of apoptosis was significantly lower. These results suggest that it was considered
that oxidative stress was suppressed and metabolic activity was low in the artificial human BM environment. In the
future, single-cell RNA sequencing analysis will be performed, and functional analysis will be further conducted
focusing on cell metabolic signals.

The results obtained from the research suggest that the BM microenvironment, including MSCs, plays an
important role in determining the dynamics of HSCs after transplantation, such as proliferation and apoptosis. In
future studies, detailed analysis will be conducted on the cellular and molecular mechanisms of this
microenvironment. Furthermore, we aim to apply these research results to the development of techniques that can
improve the engraftment rate and BM regeneration after transplantation.
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