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            Abstract
Intestinal organoids are fundamental in vitro tools that have enabled new research opportunities in intestinal stem cell research. Organoids can also be transplanted in vivo, which enables them to probe stem cell potential and be used for disease modeling and as a preclinical tool in regenerative medicine. Here we describe in detail how to orthotopically transplant epithelial organoids into the colon of recipient mice. In this assay, epithelial injury is initiated at the distal part of colon by the administration of dextran sulfate sodium, and organoids are infused into the luminal space via the anus. The infused organoids subsequently attach to the injured region and rebuild a donor-derived epithelium. The steps for cell infusion can be completed in 10 min. The assay has been applied successfully to organoids derived from both wild-type and genetically altered epithelial cells from adult colonic and small intestinal epithelium, as well as fetal small intestine. This is a versatile protocol, providing the technical basis for transplantation following alternative colonic injury models. It has been used previously for functional assays to probe cellular potential, and formed the basis for the first in-human clinical trial using colonic organoid transplantation therapy for intractable cases of ulcerative colitis.
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                    Fig. 1: Outline of the DSS-grafting assay.[image: ]


Fig. 2: Preparation of donor organoids.[image: ]


Fig. 3: Step-by-step procedure for the organoid infusion.[image: ]


Fig. 4: Tissue sampling, storage and sectioning.[image: ]


Fig. 5: Images showing how to detect and process engraftments.[image: ]


Fig. 6: Typical macroscopic results obtained using the protocol.[image: ]


Fig. 7: Integration of organoids.[image: ]


Fig. 8: Typical microscopic results obtained using the protocol.[image: ]
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Extended data

Extended Data Fig. 1 Detailed assessment of past cohorts that have undergone the protocol.
a, Comparison of engrafted areas (Âµm2) divided on tissue origin of organoid (colon or SI) and recipient model (RAG2-/- or C57BL/6J). Red line indicates mean of measurements in each sample set. b, Assessment of the impact of Wnt3a as a supplement in the medium used to culture small intestinal organoids on the engrafted area (Âµm2). Red lines indicate mean of measurements in each sample set. c, Impact of extracellular matrix used for culturing colonic organoids on the engraftment using RAG2-/- or C57BL/6J recipient animals. Red lines indicate mean of measurements in each sample set. d, Engraftment rates (%) of transplantation experiments conducted in RAG2-/- mice shown over time divided into early, middle and late. This illustrates the gradual increase in success rate as the assay becomes optimized. e, Transplantation efficiency (% positive engraftment) is independent of whether female and male are used as recipient animals (RAG2-/- or C57BL/6J). Red lines indicate mean of measurements in each sample set. f, Across operators the success rate (%) is very similar among 8 cohorts of recipients (C57BL/6J) mice. Red lines indicate mean of measurements in each sample set. The analysis represents additional analysis of the cohorts analyzed in Figs. 1c and 6e.


Extended Data Fig. 2 Additional examples of results obtained using the protocol.
a, Images represents colonic organoids derived from a GFP transgenic mice transplanted into a RAG2-/- mouse. A part is magnified in aâ€™ with arrow heads indicating epithelial injury. Scale bar, 1 mm in a and 500 Âµm in aâ€². b, An example showing a RAG2-/- mouse without any engraftment and in the magnification in bâ€² it is evident that there is no obvious epithelial injury. Scale bar, 1 mm in b and 500 Âµm in bâ€². The samples presented in a) and b) are analyzed at 2 weeks after transplantation, and are obtained in cohorts that were not published previously. c, Schematic illustration of competition assay where the same number of tdTomato positive control organoids derived from Rosa26mT/mG reporter mice and GFP positive organoids derived from VillinCreER; YAP/TAZ dKO mice were combined and transplanted to the colon of a RAG2-/- mouse. Successful attachment of both organoids is shown in câ€². Scale bar, 500 Âµm. câ€² is an enlarged view of Fig. 6D from ref. 14.
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