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Intestinal transplantation, the only curative treatment for short bowel syndrome and intestinal
failure, is limited (less than 50 cases nationwide) due to the strength of rejection, even as
transplantation of other organs is on the rise. Even if treatment is successful, lifetime risks
remain, including chronic rejection and the development of infections and malighancies associated

with the use of immune suppressants. Innovative treatment development is urgently needed, and in
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the field of transplantation, regenerative medicine using iPS cells and xenotransplantation of
porcine organs to reduce rejection are being vigorously studied. However, in small bowel
transplantation, where rejection is a problem even with a donor, it is unlikely that successful
generation of small bowel grafts based on immunosuppression of the recipient will improve the
patient’ s prognosis. In addition, even if tissue regeneration from cells could be achieved at the
small animal level, it would be impractical to anastomose it into the large lumen of the human
intestinal tract and make it function.

Previously, the Principal Investigators have developed a method to create a small
intestinalized colon that functions as a small intestine by removing the colonic epithelium and
replacing it with small intestinal epithelium in an experimental setting using small animals.
Epithelial cells have unique properties that differ depending on their organ of origin, and
transplanted cells with different properties can be engrafted into the colon and construct a
tissue that reflects these properties. To apply the concept of epithelium replacement, namely

“intestinal redesign” , which has been established in small animals, to experimental systems
including large animals, this project has tried to overcome the challenges with an approach
focusing on epithelial cells. By taking advantage of the intestinal remodeling ability of
epithelial cells and by promoting this research to better understand both the colon, the site of
transplantation, and transplanted epithelial cells, we aim to fill the large gap that exists
between current in vitro stem cell research and the translation of this research into the treatment
of lethal small bowel diseases, including short bowel syndrome.

In small animals, when the colonic epithelium is removed from a continuous area with the
squamous epithelium of the anus, the adjacent squamous epithelium repairs the area where the
colonic epithelium was originally located, and the squamous epithelium incidentally extends toward
the colon (Sugimoto et al. Gastroenterology 2022). This is important in setting the extent of
colonic cell removal in large animals, as it provides supportive data that epithelium replacement
can occur when epithelial cells of different types are removed, and also suggests that care should
be taken with surrounding cells. In human clinical practice, endoscopic and clinicopathologic
findings demonstrate that such a phenomenon can occur in diseases that injure the colonic
epithelium. In addition, it is extremely important to know the characteristics of human colonic
epithelium in tissue repair for transplantation into the colon, and it was confirmed that human
colon contains a large number of p27-positive quiescent stem cells, which have a different tissue
repair mechanism upon epithelial injury than in mice (Ishikawa et al. Gastroenterology 2022). It
was also confirmed that the transplanted human intestinal epithelial cells did not acquire driver
mutations and were not tumorigenic. We continued the verification in epithelium removal with
reference to such pathological findings of colonic epithelial injury regeneration, and promoted
the study by feeding back information to each other in vitro and in vivo (mice, rats, and pigs).

For cell transplantation, epithelial cells derived from the ileum of a miniature pig were
selected as transplantation cells, and after fluorescent labeling and large-scale culture,
transplantation experiments were conducted into the colon tissue of the same individual from
which the epithelial cells were removed. For other transplantation techniques, we confirmed the
applicability of fundamental techniques established for small animals, and conducted experiments

using techniques optimized for large animals



Having gained a better understanding of the colonic epithelium through multidimensional
studies, we performed removal of the colonic epithelium in large animals and performed
transplantation experiments to achieve epithelium replacement. Fluorescence microscopic
observation and histopathologic evaluation confirmed for the first time that the transplanted
fluorescently labeled small intestinal epithelial cells were viable in the colon of a large
animal. Furthermore, it was confirmed that the epithelial cells retained the characteristics of
the small intestine, demonstrating that the concept of epithelium replacement by different cells
is feasible in large animals. This is a significant research result that will lead to the creation

of innovations in regenerative medicine for the small intestine



