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    Abstract
Mutations activating the KRAS GTPase or the BRAF kinase are frequent in colorectal cancer. Here, we use inducible transgenic expression of KRASG12V or BRAFV600E in intestinal organoids of mice to investigate oncogenic signal transduction in the mitogen-activated protein kinase (MAPK) cascade with cellular resolution. Using phospho-protein, reporter, and single cell transcriptome analyses, we found that BRAFV600E triggered high ERK activity and downstream gene expression in all intestinal cell types. Induction of BRAFV600E resulted in rapid epithelial disorganisation followed by organoid disintegration, providing evidence for an upper limit of tolerable MAPK activity in the intestinal epithelium. In contrast, transgenic expression of KRASG12V activated ERK to a lesser extent and in a cell type-specific pattern. Single cell RNA sequencing defined three intestinal cell types capable of activating ERK: undifferentiated crypt cells, Paneth cells and a minority population of late-stage enterocytes. Yet, in most enterocytes ERK was not activated by EGF in the medium or induction of oncogenic KRASG12V. Colorectal cancer cell lines also differed in their abilities to activate ERK in response to KRASG12V. Furthermore, we found that Wnt/β-Catenin amplified ERK phosphorylation in the normal intestine and KRASG12V could maintain proliferation only in adenomatous cells forming after β-Catenin activation. These findings may explain why activation of Wnt signalling precedes KRAS mutations in the classical CRC progression pathway. Our experiments highlight key differences between MAPK activity elicited by the BRAF or KRAS oncogenes in colorectal cancer and find unexpected functional heterogeneity in a signalling pathway with fundamental relevance for cancer therapy.
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