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Recent advances in stem cell biology have enabled researchers to culture in vitro 3D tissues called organoids, which
capture some of key features of organs. Organoid systems have enormous potentials in medical applications such as
transplantation therapy for tissue regeneration. However, it is challenging to regenerate tissue in lesion sites where the
tissue microenvironment or niche has collapsed by disease and inflammation. In addition, it is not practical to administer
strong anti-inflammatory factors and growth factors to promote tissue regeneration, due to the risk of side effects on
healthy tissues. Therefore, we aim to develop "designer niche cells", which can recognize diseased tissue and locally
produce niche factors to reconstruct a niche specific to lesion sites.

In this study, we targeted inflammatory bowel disease, which is known as one of the intractable diseases. Although
anti-inflammatory drugs and biologics have recently had some success in treating inflammation, some patients fail to
regenerate epithelial tissues due to the formation of intractable ulcers. In this case, there is no treatment other than colon
resection at present. Therefore, we propose a cell therapy strategy for inflammatory bowel disease by creating designer
niche cells that produce therapeutic factors specifically at the ulcer site. To generate designer niche cells, we used a
synthetic receptor platform called synthetic Notch receptor (synNotch), which allows us to freely design both what
molecules cells recognize and what gene expression cells induce after the recognition. Using synNotch system, we have
created designer niche cells that recognize the ulcer site and then produce anti-inflammatory factors and growth factors
in response.

First, we tested whether epithelial tissues can be regenerated by the designer niche cells in vitro. To construct an in
vitro model system, we used green fluorescent protein (GFP) as an inflammation-related factor and created GFP-
secreting intestinal organoids as an inflammatory intestinal tissue. We previously developed diffusible synNotch system
that can recognize secreted GFP and induce customized target genes (Toda et al., Science 370, 327-331, 2020). We
engineered designer niche cells that recognize secreted GFP to produce niche factors for intestine organoids. When we
co-cultured them with GFP-secreting intestinal organoids, we observed that the designer niche cells recognized GFP
derived from intestine organoids and became activated to produce niche factors, resulting in the organoid growth in a
culture condition without niche factors. In summary, we successfully induced the growth of intestine organoids in a cell-
cell communication-dependent manner between organoids and designer niche cells.

We next tested whether designer niche cells can promote epithelial tissue regeneration at the ulcer site in vivo, using
a mouse colitis model induced by dextran sulfate sodium (DSS). To generate designer niche cells that recognize the ulcer
site, we first engineered an artificial receptor that recognizes cells specifically localized at the ulcer site by modifying
the synNotch system. When we transplanted cell lines expressing this artificial receptor into colon lumen of colitis model
mice, they were efficiently engrafted at the ulcer site and also activated to induce a fluorescent reporter, indicating that
the artificial receptor also functions in vivo. We also engineered primary cells to create designer niche cells, and showed
that the engrafted cells were activated at the ulcer site and survived there for more than 5 days. We then tested the
transplantation of designer niche cells inducing anti-inflammatory factors to improve inflammatory environment in the
colon of colitis model mice. As a result, the expression level of inflammatory cytokines at the colon tended to decrease,
but the rate of weight recovery did not change by the transplantation compared to spontaneous healing, indicating that

the effect of the designer niche cells was limited.



Here, we established the basic technology for designer niche cells that recognize inflammatory environment and
induce niche factors in response in vivo. In the future, it will be interesting to engineer designer niche cells that can
induce biologics and other artificial agents in addition to natural anti-inflammatory factors and growth factors to develop
more effective designer niche cells. The strength of designer niche cells is that both "molecules to be recognized" and
"genes to be induced" can be designed. The designer cells that produce therapeutic factors in response to changes in

tissue environment could be applied to various difficult-to-treat diseases in addition to inflammatory bowel disease.



