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In Japan, some patients with Crohn’s disease and congenital pediatric intestinal disorders require
extensive small intestine resection, leading to short bowel syndrome and intestinal failure. These
conditions necessitate lifelong parenteral nutrition and severely diminish quality of life. Although small
intestine transplantation is the only curative treatment, its use remains extremely limited due to donor
shortages, surgical complexity, and low graft survival rates, with only a few cases performed annually. To
overcome these barriers, regenerative medicine approaches have focused on the ex vivo construction of
intestinal grafts replicating the native intestine’s functional and structural properties. Among these,
human induced pluripotent stem cells (PSCs) offer great promise. However, the creation of functional,
tubular intestinal grafts from iPSCs has yet to be achieved. Successful development of such technology
could provide a novel therapeutic option, offering hope to patients who currently have few alternatives
beyond conventional transplantation.

Our group previously established a method for large-scale, uniform production of human iPSC-derived
intestinal spheroids in suspension culture. We discovered that these spheroids exhibit a high tendency to

fuse. Utilizing this property, we developed a protocol to create tubular intestinal organoids resembling
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intestinal structure. Additionally, we established a technique for integrating mesenchymal cells into
intestinal spheroids, aiming to form assembled spheroids with multiple germ layer derivatives.

To construct assembled intestinal spheroids, we optimized protocols for directed differentiation of iPSCs
into endodermal hindgut cells and mesodermal mesenchymal cells. Then, mixing mesodermal and
endodermal derivatives under static suspension was found to be optimal for autonomous fusion of different
germ layer cells. This method consistently produced assembled spheroids across multiple iPSC lines,
containing both epithelial and mesenchymal components. We termed these fused organoids "assembled
suspension-Human Intestinal Organoids (as-HIOs)."

We next aimed to develop protocol to assemble spheroids into tubular intestinal grafts. The “modular
method,” where assembled spheroids are aligned and fused into tubular structures using custom-designed
trench plate led to longitudinal fusion of spheroids into tube-like structures with organized self-patterning,
where endodermal cells formed the luminal center and mesenchymal cells surrounded them. To culture and
mature these tubular constructs, we employed rotating bioreactor optimized for size maintenance and
cellular organization. Transplantation of the matured constructs into immunodeficient mice resulted in
multicavity structures. After optimization of culture condition for improving epithelial-mesenchymal
balance, we identified an optimized "Assembled medium condition" that enhanced Wnt signaling and
promoted balanced growth of both cell types. Using this condition, transplanted grafts retained a single
central lumen. Thus, we successfully established a protocol to create tubular intestinal organoids from as-
HIOs, maintaining a single lumen without septation. We termed these structures “assembled Human
Intestinal Tubules (a-HITs).”

We next evaluated transplantation techniques and functional maturation of a-HITs. Using our established
mesenteric transplantation model, we observed that as-HIOs incorporating mesenchymal cells exhibited
higher engraftment rates. Furthermore, we established a protocol for transplanting a-HITs, confirming
their capacity to develop into mature intestinal tissue. Although we were unable to evaluate enteric
neuronal activity due to incomplete fusion of neural cells, we successfully demonstrated that grafts
retained luminal architecture and epithelial/mesenchymal composition post-transplantation. Technical
hurdles related to anastomosis with host intestine were partially addressed.

In conclusion, this study established protocols for producing large, functional, and transplantable human
intestinal tubular organoid constructs. These constructs demonstrated potential to serve as regenerative
alternatives to intestinal transplantation by maintaining a single lumen and achieving tissue maturation

1n vivo.



