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Epithelial tissues are often curved into three dimensional shapes that
enclose a pressurized lumen. Furthermore, during development and adult
life these tissues can be highly stretched. However, the mechanics of
epithelial monolayers under these conditions has not been quantitatively
examined. Using soft micropatterned substrates we produce epithelial
domes with controlled size and basal shape. By measuring 3D
deformations of the substrate we obtain a direct measurement of
epithelial tractions and luminal pressure. Tension in the freestanding
epithelium is then mapped by combining measured luminal pressure and
tissue curvature. Over time-scales of hours, we track tissue tension while
epithelial domes reach nominal strains of 300%. Remarkably, we find that
tissue tension reaches a plateau. Furthermore, despite the fact that the
dome is subjected to uniform tension, the areal strain of individual cells
can differ by more than one order of magnitude, with some
superstretched cells reaching areal strains close to 1000%. To
understand these observations, we develop a 3D vertex model [1,2]. We
first note that a conventional 3D vertex model with constant junctional
tension captures the tensional plateau under large stretches. However,
when implemented computationally, this model does not replicate the
cellular strain heterogeneity. We hypothesize that, as stretched cells
increase their surface area by several fold, shortage of cytoskeletal
components may lead to cell softening. We develop a model observing the
limited amount of cortical material, which captures the tensional plateau
and the cellular strain heterogeneity. According to this model, cells
exhibit a non-convex multi-well energy landscape, and tissues
accommodate stretch at constant tension by developing a mixture of cells
in high- and low-strain phases, all of which are landmark features of
superelasticity [3].
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