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There is a worldwide shortage of organs for transplantation, and it is especially difficult for patients to receive organ
transplants in Japan, where the number of organ donors remains at a low level. Although regenerative medicine approaches
are expected to solve this unmet medical need, producing human organs of the size used for transplantation in culture using
current cell culture technology is impossible. Based on this background, we have been engaged in research on the
production of human organs in animals. In this project, we aimed to create a functional human pancreas in the animal body
by generating human-to-animal chimeras. Firstly, we worked on the birth of human to mouse chimeras. It is known that a
certain degree of matching of developmental stages is required for chimera formation. Conventional human ES cells/iPS
cells have differentiated to the postimplantation epiblast stage, and even if transferred to mouse preimplantation embryos,
they induce apoptosis and disappear by E6.5. Therefore, we forced the expression of BCL2, a cell death inhibitor, and
succeeded in prolonging the survival of donor human iPS cells to E10.5. We further coexpressed various factors with BCL2
to extend the survival of donor human iPS cells and achieved the birth of human to mouse chimeras by introducing “gene
X” (BCL2;X-hiPSC) . However, the surviving BCL2,; X-hiPSC formed aggregates that were completely separated from the
host tissue (Fig. 1). We coexpressed various candidate genes with BCL2 in hiPSCs and analyzed their distribution in
human-to-mouse chimeric fetus, and found that “gene Y’-coexpressing hiPSC (BCL2,Y-hiPSC) line-derived chimeras
showed cooperative tissue formation in the cardiovascular system (Fig. 2). Human progeny in the heart pulsed and
expressed cardiac-specific functional molecules, and the progeny in the vessels indicated integration into vascular network
and vascular maker expression. Gene expression profiles of donor human cells in the vascular network and cardiac muscle
showed that human cells from the vascular network expressed vascular endothelial cell-specific marker genes, but not
cardiac muscle marker genes, while cells from the heart expressed only cardiac muscle marker genes. Thus, BCL2, Y-hiPSCs
can cooperatively form tissues with mouse cells of the same lineage (cardiac muscle or vascular endothelium) in the same
distribution region. In addition, BCL2, Y-hiPSCs showed chimra formation with pig embryos at E15, suggesting that the
same method is applicable to human to pig
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In summary, although the final goal of pancreas Fig.2 Coordinated Cardiovascular Tissue Formation in BCLZ;Y-hiPSC — Mouse Chimera

formation in human-to-animal chimeras was not Vascular Cardio

achieved, the birth of human-to-mouse chimeras
was achieved, and it was demonstrated that
human cells and mouse cells can cooperatively
form tissues in human-to-mouse chimeras,
showing the path to human pancreas formation
in animals. Based on the findings through the

project, we expect to be able to form a human

pancreas in animals in the next 2-3 years.




