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            Abstract
For an epithelium to provide a protective barrier, it must maintain homeostatic cell numbers by matching the number of dividing cells with the number of dying cells. Although compensatory cell division can be triggered by dying cells1,2,3, it is unknown how cell death might relieve overcrowding due to proliferation. When we trigger apoptosis in epithelia, dying cells are extruded to preserve a functional barrier4. Extrusion occurs by cells destined to die signalling to surrounding epithelial cells to contract an actomyosin ring that squeezes the dying cell out4,5,6. However, it is not clear what drives cell death during normal homeostasis. Here we show in human, canine and zebrafish cells that overcrowding due to proliferation and migration induces extrusion of live cells to control epithelial cell numbers. Extrusion of live cells occurs at sites where the highest crowding occurs in vivo and can be induced by experimentally overcrowding monolayers in vitro. Like apoptotic cell extrusion, live cell extrusion resulting from overcrowding also requires sphingosine 1-phosphate signalling and Rho-kinase-dependent myosin contraction, but is distinguished by signalling through stretch-activated channels. Moreover, disruption of a stretch-activated channel, Piezo1, in zebrafish prevents extrusion and leads to the formation of epithelial cell masses. Our findings reveal that during homeostatic turnover, growth and division of epithelial cells on a confined substratum cause overcrowding that leads to their extrusion and consequent death owing to the loss of survival factors. These results suggest that live cell extrusion could be a tumour-suppressive mechanism that prevents the accumulation of excess epithelial cells.
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                    Figure 1: Both apoptotic and non-apoptotic epithelial cells extrude at locations of high crowding during homeostasis and development.
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Figure 2: Characterization of experimental overcrowding.
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Figure 3: Overcrowding MDCK monolayers promotes extrusion of non-apoptotic cells.
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Figure 4: Disrupting the stretch-activated channel Piezo1 in vivo blocks live cell extrusion and causes epithelial mass formation.
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        Editorial Summary
Crowd control in epithelia
For an epithelial-cell layer to retain its structure and provide a protective barrier, it needs to maintain a balance between the number of cells dividing and the number dying. Buzz Baum and colleagues study this process in Drosophila tissues and demonstrate a direct link between physical forces in a tissue and the rates of cell loss. In regions of tissue that are overcrowded, some of the cells undergo a loss of cell-adhesive junctions and are squeezed out by neighbouring cells. This process of live-cell delamination buffers epithelial cells against variations in growth and contributes to normal tissue homeostasis. As a link between epithelial hyperplasia and cell invasion, it may have relevance to the early stages of cancer development. In a second paper, Jody Rosenblatt and colleagues study epithelial-cell monolayers and find that epithelia extrude live but not dying cells at sites of high strain. The extruded cells undergo cell death owing to loss of survival factors. Hence, extrusion could provide a tumour-suppressive mechanism that could be used to eliminate excess cells. In carcinomas with high levels of survival signalling pathways, extrusion may promote tumour-cell invasion.
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