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Regenerative medicine research has made significant progress in recent years, using induced pluripotent
stem cells (iPSCs) to generate numerous organ-constituting cell types and tissues with simple structures, such
as cellular aggregates and cell sheets. However, the size of such tissues or mini-organs, organoids, remains
small, at several millimeters in diameter. The technology to generate transplantable and human-sized organs
from human iPSCs with functional vasculature and neural connections has yet to be established.

To overcome these issues, research focused on generating organs from iPSCs by leveraging the in vivo
environment of xenogenic animals offers an alternative solution. Specifically, an experimental approach called
blastocyst complementation - a process in which animal blastocysts with disrupted target organ formation,
through genetic manipulation, are injected with undifferentiated iPSCs to generate donor cell-derived target
organs - has attracted attention. Indeed, blastocyst complementation between genetically close animals, such
as mice and rats, has successfully generated mouse iPSC-derived pancreata in rats and vice versa (Kobayashi
et al., Cell 2010; Yamaguchi et al., Nature 2017). However, organ regeneration using blastocyst
complementation between genetically distant animals, such as humans and mice or pigs, has not been achieved.

Cell competition, crucial for normal development and maintaining tissue homeostasis, is believed to
contribute to the challenges of forming chimeras between humans and xenogenic animals. A recent study

demonstrated that deleting cell competition-related molecules, such as NF-kB, p65, and MYD8S, increases
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chimera formation between mouse and human pluripotent stem cells (Zheng et al., Nature 2021). However,
the detailed mechanisms of cell competition and its regulation remain to be elucidated.

In this study, we aimed to develop the technology necessary for transplanting human iPSC-derived
embryonic pancreatic and kidney progenitor cells into mouse embryos genetically manipulated to disrupt
endogenous pancreas or kidney morphogenesis for generating donor cell-derived organs in mice. In addition,
we also aimed to identify factors facilitating chimeric tissue formation between human iPSC-derived
pancreatic and kidney progenitors and mouse embryonic pancreatic and kidney progenitors by CRISPRa
screening using human iPSC lines transduced with CRISPR/dCas9 and gRNA pools targeting approximately
2,000 human cell surface molecules and secreted factors, as well as about 2,000 human transcriptional factors.
By transplanting human iPSC-derived pancreatic and kidney progenitors overexpressing newly identified
factors into target organ morphogenesis-disabled mouse embryos in utero, we aimed to generate human iPSC-
derived pancreata and kidneys in vivo in mice.

Through this study, we gained technical insights while establishing a method for in utero cell transplantation
into embryonic mice using highly sensitive ultrasonography to enhance both dam and embryo survival to birth.
We also developed a CRISPRa screening platform by co-culturing human iPSC line-derived pancreatic
progenitors with mouse embryonic progenitors. By screening approximately 2,000 human cell surface
molecules and secreted proteins, we identified about 10 candidate factors that may facilitate the formation of
chimeric pancreatic tissue. In addition, we identified a suitable genetically manipulated mouse line for chimera
formation with human iPSC-derived kidney progenitors. By transcriptomic analysis of these co-cultured
kidney progenitors, we identified a factor that modulates chimeric kidney tissue formation and confirmed that
activating the related signaling pathway increases the ratio of human cells in the in vitro co-cultures.

Our findings contribute to overcoming a significant hurdle in advancing regenerative medicine - the
generation of transplantable organs from human iPSCs. As our next step, we will apply the same strategy to
pigs, which have organs similar in size to humans, to generate full-size human pancreata and kidneys.
Ultimately, we aim to prevent QOL declines in patients with type 1 diabetes or end-stage renal failure by
transplanting human iPSC-derived pancreata or kidneys and help revitalize the Japanese medical industry and

economy by developing innovative medical technologies and novel therapeutic products.



