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The intestinal epithelium maintains tissue homeostasis through a highly dynamic balance between stem cell renewal and lineage specification. In response to injury, intestinal epithelial cells can transiently acquire stem cell-like properties to restore tissue integrity; however, the molecular mechanisms governing this plasticity, and how they are uncoupled from tumorigenesis, remain incompletely understood. Likewise, the epigenetic mechanisms that regulate epithelial lineage commitment and specialized sensory cell differentiation during mucosal immune responses are poorly defined. In this dissertation, we investigate how nutrient-derived and epigenetic signaling pathways coordinate epithelial regenerative plasticity, and lineage specification in the adult intestine. First, we demonstrate that the dietary fatty acid arachidonic acid is sufficient to induce epithelial plasticity under homeostatic conditions and enhance intestinal regeneration following diverse injuries without increasing cancer risk. Mechanistically, dietary AA activates a conserved epithelial PGE2-PTGER4-cAMP-PKA signaling axis that converges on the transcription factor CREB1 and the co-activator YAP1 to promote a regenerative transcriptional program. This response is accompanied by widespread chromatin remodeling and induction of a distinct regenerative cell state marked by S100A6, which is required for epithelial repair after damage. These findings identify a nutrient-driven epigenetic mechanism that enhances tissue resilience independently of tumorigenesis. Second, I define a previously unrecognized epigenetic pathway governing lineage specification of tuft cells, the chemosensory epithelial cells that influence mucosal type 2 immunity. Using inducible genetic models, I show that the transcriptional co-activator P300, but not its paralog CBP, functions as a suppressor of secretory lineage differentiation in the adult intestinal epithelium by facilitating the expression of negative regulators of Ca+2/cAMP-associated signaling pathways that activate CREB1-dependent transcriptional programs. Consistently, epithelial-specific deletion of Creb1 reveals that CREB1 is essential for tuft cell specification at homeostasis and during type 2 immune responses induced by succinate, IL-25, and helminth infection. Collectively, these studies establish CREB1-centered transcriptional and epigenetic networks as fundamental regulators of epithelial regenerative plasticity and lineage commitment in the intestine.
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