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Generating definitive and engraftable human hematopoietic stem cells (HSCs) from pluripotent
stem cells (PSCs) has been a major challenge in hematology. We have tried to generate such cells
from human 1PSCs. To this end, we tried to differentiate human iPSCs to HSCs on murine
stromal OP9 cells with multiple cytokine milieu. The hematopoietic transcriptional factors
Brachyury, Etv2 and Runx1, and the surface markers PDGFRa and CD34 expressed during the
differentiation as time went on, recapitulating the mouse in vivo hematopoietic development.
However, the hematopoietic essential marker CD45 failed to express over even further extended
culture period. Therefore, we hypothesized some key environmental factors are missing in vitro,
thus limiting hematopoietic differentiation from iPSCs. To test this hypothesis, we transplanted
human iPSC-derived intermediates at day 6 of the in vitro differentiation into the liver of
busulfan-conditioned fetal ovine (day 47 - 63, full term 147 days). On day 6, the expression of
Etv2 was just about to decline, Scl expresses at the highest level, and Runx1 was just about to
express. At 1 - 2 months post-transplantation, the transplanted cells expressed CD45 in the fetal

liver. Notably, human CD45+ cells were also observed in the bone marrow of the fetuses,
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suggesting that the transplanted cells were homing from the fetal liver to the bone marrow,
which occurs during normal development. At 3 months post-transplantation, when the
transplanted ovine was born, human CFUs were detected in the bone marrow of the lambs at
levels of 2.3% to 6.3% (2 = 4) and they were still detectable at 2 years post-transplantation.
Considering that many researchers have long failed to generate human iPSC-derived
engraftable HSCs in vitro, the data here imply that the in vivo microenvironment such as in the
fetal ovine liver is required for the acquisition of long-term hematopoietic engraftment ability of
human iPSC-derived HSCs. Molecules responsible for the hematopoietic engraftment remain to
be elucidated.
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