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Tissue homeostasis and cancerous transformations are a consequence of reciprocal interactions 
between the epithelial tissue and lineages arising from cells with stem cell properties. This view 
has important consequences for the way we investigate complex multilevel systems. Motivated 
by experimental evidence for the dominance of individual stem cells in tissue organization, we 
developed a conceptual framework to analyze cross-level principles. Our analysis of cell-tissue 
relationships then led us to the formulation and proof of a dominance theorem, which states that 
the only logically feasible relationship between the stemness of cell lineages and the emergent 
fate of their tissue is one of dominance from a particular lineage. Our analysis is important to the 
discussion of stem cells as the cells-of-origin for cancer and provides a new perspective on the 
notion of stemness. We develop and discuss our mathematical analysis within the context of 
colorectoral cancer. Our analysis provides support for the concepts of niche succession and 
monoclonal conversion in intestinal crypts as bottom-up relations, while crypt fission is 
postulated to be a top-down principle. The dominance theorem is an adaptation of Arrow’s (im) 
possibility theorem from collective choice theory. The present work is the first formulation and 
proof of a theorem related to cross-level principles tissue organization and possible cancerous 
transformations.  
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