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Abstract 小腸は栄養吸収を担う主要な臓器であり，小腸が大量に切除されると十分な消化吸収が行われず

，短腸症候群と呼ばれる栄養不良状態に至る．重症の短腸症候群患者では小腸移植が唯一の根治
的な治療法となりうるが，他臓器に比べて著しく高い拒絶率のため普及しておらず，短腸症候群
に対する新規治療法の開発が求められている．小腸の構造や機能の複雑さゆえに，腸管上皮オル
ガノイドを用いた再生医療の小腸疾患への応用はこれまで現実的なものではなかった．最近，我
々は免疫不全マウスの大腸上皮を剥離し，ヒト上皮に置換することで、マウスにヒト正常大腸上
皮を構築する技術の開発に成功した（Sugimoto et al. Cell Stem Cell 2018）。さらに，大腸構造を
利用して上皮のみをドナー細胞と置き換えるこの移植技術を小腸疾患に応用し，機能的な小腸化
大腸の作製に小動物において成功している（Sugimoto et al. Nature 2021）．
本研究では小動物において確立した小腸オルガノイドの培養，移植をスケールアップする手法を
確立し，大動物へと展開する基盤を構築することを目的とする．今年度は，前年度に選定した手
法を用いてブタ小腸の陰窩から小腸オルガノイドを樹立し，GFP標識した上でオルガノイドの大
量培養を行った．多数の検討を重ねた結果，同一のブタに対し，大腸上皮の剥離を行い，小腸オ
ルガノイドを移植することでブタ大腸にブタ小腸の上皮細胞が生着することを確認できた．
The small intestine is the primary site for nutrient absorption. Extensive small intestinal resection
leads to inadequate digestion and malabsorption, a condition known as short bowel syndrome
(SBS). Intestinal transplantation is currently the only potentially-curative treatment option for severe
SBS patients, but severe allogenic reaction reduces the graft survival rate and has prevented the
widespread use this treatment. Therefore, development of a novel therapeutic strategy for SBS is
warranted. The structural and functional complexity of the small intestine has precluded the
application of organoid-based regenerative medicine to small intestinal diseases. Recently, we
have successfully developed a technique to construct normal human colonic epithelium in mice by
removing the colonic epithelium from immunodeficient mice and replacing it with human epithelium
(Sugimoto et al. Cell Stem Cell 2018). Furthermore, this transplantation technique, in which only
the epithelium is replaced by donor cells using the colonic structure, has been applied to small
intestinal diseases, and we have successfully generated a functional small intestinalized colon in
small animals (Sugimoto et al. Nature 2021).
The aim of this study is to establish a method to scale up the culture and transplantation of small
intestinal organoids, which has been established in small animals, and to establish the platform to
expand the method to large animals. This year, we established small intestinal organoids from the
crypts of porcine small intestine using the method selected in the previous year, and cultured a
large number of organoids after labeling with GFP. After exhaustive efforts, we have confirmed that
the epithelial cells of the small intestine of the minipig were successfully transplanted into the large
intestine of the same minipig after the colonic epithelium was removed.
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１．研究成果実績の概要
小腸は栄養吸収を担う主要な臓器であり，小腸が大量に切除されると十分な消化吸収が行われず，短腸症候群と呼ば
れる栄養不良状態に至る．重症の短腸症候群患者では小腸移植が唯一の根治的な治療法となりうるが，他臓器に比べ
て著しく高い拒絶率のため普及しておらず，短腸症候群に対する新規治療法の開発が求められている．小腸の構造や
機能の複雑さゆえに，腸管上皮オルガノイドを用いた再生医療の小腸疾患への応用はこれまで現実的なものではなかっ
た．最近，我々は免疫不全マウスの大腸上皮を剥離し，ヒト上皮に置換することで、マウスにヒト正常大腸上皮を構
築する技術の開発に成功した（Sugimoto et al. Cell Stem Cell 2018）。さらに，大腸構造を利用して上皮のみをド
ナー細胞と置き換えるこの移植技術を小腸疾患に応用し，機能的な小腸化大腸の作製に小動物において成功している
（Sugimoto et al. Nature 2021）．
本研究では小動物において確立した小腸オルガノイドの培養，移植をスケールアップする手法を確立し，大動物へと
展開する基盤を構築することを目的とする．今年度は，前年度に選定した手法を用いてブタ小腸の陰窩から小腸オル
ガノイドを樹立し，GFP 標識した上でオルガノイドの大量培養を行った．多数の検討を重ねた結果，同一のブタに
対し，大腸上皮の剥離を行い，小腸オルガノイドを移植することでブタ大腸にブタ小腸の上皮細胞が生着することを
確認できた．

２．研究成果実績の概要（英訳）
The small intestine is the primary site for nutrient absorption. Extensive small intestinal resection leads to
inadequate digestion and malabsorption, a condition known as short bowel syndrome (SBS). Intestinal
transplantation is currently the only potentially-curative treatment option for severe SBS patients, but severe
allogenic reaction reduces the graft survival rate and has prevented the widespread use this treatment.
Therefore, development of a novel therapeutic strategy for SBS is warranted. The structural and functional
complexity of the small intestine has precluded the application of organoid-based regenerative medicine to
small intestinal diseases. Recently, we have successfully developed a technique to construct normal human
colonic epithelium in mice by removing the colonic epithelium from immunodeficient mice and replacing it
with human epithelium (Sugimoto et al. Cell Stem Cell 2018). Furthermore, this transplantation technique, in
which only the epithelium is replaced by donor cells using the colonic structure, has been applied to small
intestinal diseases, and we have successfully generated a functional small intestinalized colon in small animals
(Sugimoto et al. Nature 2021).
The aim of this study is to establish a method to scale up the culture and transplantation of small intestinal
organoids, which has been established in small animals, and to establish the platform to expand the method to
large animals. This year, we established small intestinal organoids from the crypts of porcine small intestine
using the method selected in the previous year, and cultured a large number of organoids after labeling with
GFP. After exhaustive efforts, we have confirmed that the epithelial cells of the small intestine of the minipig
were successfully transplanted into the large intestine of the same minipig after the colonic epithelium was
removed.
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