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Hematopoietic stem cell (HSC) transplantation is the only curative therapy for refractory hematologic

disorders, but securing donors remains a challenge. Umbilical cord blood, while an optimal stem cell source

with minimal donor burden, often results in delayed or failed engraftment in adult recipients due to low stem

cell numbers.

The proposal outlines a pioneering approach to address the challenges in HSC transplantation, focusing

on expanding HSCs using immortalized hematopoietic support cells derived from human induced pluripotent

stem cells GPSCs). Current methods face limitations due to variability in donor-derived hematopoietic

support cells and their limited proliferative capacity. By utilizing iPSC technology and cellular rejuvenation

techniques, we aims to establish an artificial bone marrow system capable of expanding HSCs from various

sources.

Key Achievements:

1.

3.

Establishment of mulit-lineage immortalized cells by progenitor reprogrammin: We successfully
rejuvenated various hematopoietic support cells, including mesenchymal stem cells (MSCs),
megakaryocytes, endothelial cells, and macrophages, using progenitor cell reprogramming technology.
These rejuvenated cells exhibited aging resistance and robust proliferation, crucial for supporting
hematopoiesis.

HSC ex-vivo expansion with immortalized MSC (imMSC): Co-culturing imMSCs with CB-derived
HSCs led to significant expansion. This approach resulted in a several-fold increase in CD34+
hematopoietic progenitor cells and CD45+34+90+45RA- hematopoietic stem cells compared to
conventional condition with basic cytokines. Synergistic effects with small compounds further
enhanced expansion.

Mechanism Elucidation: RNA sequencing revealed that co-culture with imMSCs maintained the
expression of critical genes involved in stemness, particularly the type I interferon signaling pathway.
Suppression experiments confirmed the IFN signaling pathway's role in maintaining stem cell
capabilities.

Optimized Co-Culture Ratios: By determining the optimal mixture ratio of immortalized
hematopoietic support cells, including MSCs, endothelial cells, megakaryocytes, and macrophages,
successful expansion of HSCs from various sources was achieved. This approach holds promise for

stable and efficient expansion of hematopoietic stem cells.

Impact and Future Plans:

Medical Field Advancement: The technology addresses the need for reliable sources of HSCs for
transplantation, particularly in hematopoietic malignancies. It is expected to increase the utilization
of matched stem cell transplantation, benefiting thousands of patients in Japan annually.

New Technologies Creation: Beyond transplantation, the multi-lineage immortalized cells has

broader applications in drug discovery and regenerative medicine.

In summary, the proposal represents a groundbreaking advancement in hematopoietic stem cell

transplantation, offering a promising solution to current challenges and paving the way for improved

treatment outcomes and patient care.



