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            Abstract
The predominantly hexagonal cell pattern of simple epithelia was noted in the earliest microscopic analyses of animal tissues1, a topology commonly thought to reflect cell sorting into optimally packed honeycomb arrays2. Here we use a discrete Markov model validated by time-lapse microscopy and clonal analysis to demonstrate that the distribution of polygonal cell types in epithelia is not a result of cell packing, but rather a direct mathematical consequence of cell proliferation. On the basis of in vivo analysis of mitotic cell junction dynamics in Drosophila imaginal discs, we mathematically predict the convergence of epithelial topology to a fixed equilibrium distribution of cellular polygons. This distribution is empirically confirmed in tissue samples from vertebrate, arthropod and cnidarian organisms, suggesting that a similar proliferation-dependent cell pattern underlies pattern formation and morphogenesis throughout the metazoa.
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                    Figure 1: 
                        Mitosis and the 
                        in vivo
                         dynamics of epithelial topology.
                      


Figure 2: 
                        A robust equilibrium topology in proliferating epithelial cell networks.
                      


Figure 3: 
                        An emergent topological order in proliferating epithelia.
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        Editorial Summary
Sent Packing
Throughout the multicellular eukaryotes, epithelial cell sheets resemble irregular polygonal arrays dominated by hexagonal cells. Precisely how this fundamental pattern forms remains poorly understood, although it was commonly assumed that cells sort into honeycomb arrays by the physics of optimal packing. A combination of time-lapse microscopy of proliferating epithelial cells with clonal analysis and mathematical modelling has been used to refute this idea. The default polygonal topology of metazoan epithelia is not random nor the product of minimal packing, but is a direct mathematical consequence of the cell division process. Cell division intrinsically restricts epithelial sheets to a specific equilibrium distribution of four- to nine-sided polygonal cells. This structure is found in the simple epithelia of organisms as diverse as Drosophila, the cnidarian Hydra, and the frog Xenopus.
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