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<Objectives>

The lung has limited self-regenerative capacity, and lung transplantation is the final treatment option in
patients with severe respiratory failure. However, the shortage of donors and the need for
immunosuppression remain significant challenges. To overcome these limitations, regenerative therapies
using pluripotent stem cells (PSCs) have garnered significant attention. We have established methods for
differentiating PSCs into lung progenitor cells, alveolar type Il (AT2) epithelial cells, and alveolar
mesenchymal cells, while it is essential to evaluate the efficacy of these cells in xenotransplantation models
using mice and larger animals such as pigs. This project aimed to integrate knowledge across human, mouse,
and pig models to establish a robust foundation for lung regenerative medicine.

<Background>

Dr. Gotoh’s team previously reported a model in which human PSC-derived lung progenitor cells were
transplanted into immunodeficient mice with chemically and radiation-induced lung injury, achieving
engraftment for up to two months. However, the engraftment was limited to replacing only 1% of the mouse
lung epithelium with human cells. Therefore, more efficient engraftiment was demanded to analyze the human
PSC-derived lung cell maturation and functions. Furthermore, to facilitate future clinical applications, it was
necessary to establish xenotransplantation models using pigs as a large animal species.

<Research outcome>

This collaborative project was conducted from FY2022 to FY2024 in collaboration of Kyoto University (Dr.
Gotoh), CIEM (Dr. Takahashi), Meiji University (Dr. Nagashima), and the University of Tokyo (Dr. Kobayashi).
Dr. Gotoh's team developed a method to generate alveolar mesenchymal cells from human iPSCs that
support alveolar organoid formation and maintenance, and evaluated their antifibrotic effects in a mouse
model of pulmonary fibrosis via xenotransplantation. For transplantation of iPSC-derived lung progenitors
into mouse lungs, Dr. Takahashi's team developed genetically engineered NOG mice. This allowed long-term
engraftment of the transplanted cells, with human cell replacement rates exceeding 40%. Human immune
cell co-transplantation was also achieved. For the pig model, Dr. Kobayashi's team established multi-reporter
pig epiblast stem cell lines and contributed to optimization of the derivation of lung lineages. Dr. Nagashima’s
team generated cloned pigs harboring gene mutations responsible for a childhood interstitial lung disease
using pig epiblast stem cells. In collaboration with Dr. Gotoh’s team, they conducted xenotransplantation
experiments with human iPSC-derived alveolar mesenchymal cells. Through this tight collaboration among
four teams, a technical foundation was established that spans from small to large animal models for lung
regenerative medicine.

<Conclusion and perspectives>

This research achieved several milestones in lung regenerative medicine. It established concepts of alveolar
mesenchymal cell therapy, lung progenitor-based alveolar reconstruction, and a swine disease model
suitable for human disease recapitulation. These results provide a strong foundation for future preclinical PoC
studies and clinical translation. The findings pave the way for “smart cell transplantation” strategies that
enhance lung regeneration through cell engineering. Moving forward, academia—industry partnerships will be
promoted to facilitate clinical applications and develop novel treatments for intractable lung diseases.



