Available online at www.sciencedirect.com

ScienceDirect
Cell adhesion and mechanics as drivers of tissue
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Introduction

Biological patterns emerge through specialization of
genetically identical cells to take up distinct fates according to
their position within the organism. How initial symmetry is
broken to give rise to these patterns remains an intriguing open
question. Several theories of patterning have been proposed,
most prominently Turings reactiondiffusion model of a slowly
diffusing activator and a fast diffusing inhibitor generating
periodic patterns. Although these reactiondiffusion systems
can generate diverse patterns, it is becoming increasingly
evident that cell shape and tension anisotropies, mediated via
cellcell and/or cellmatrix contacts, also facilitate symmetry
breaking and subsequent self-organized tissue patterning. This
review will highlight recent studies that implicate local changes
in adhesion and/or tension as key drivers of cell
rearrangements. We will also discuss recent studies on the role
of cadherin and integrin adhesive receptors in mediating and
responding to local tissue tension asymmetries to coordinate
cell fate, position and behavior essential for tissue selforganization and maintenance.
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Cellcell and cellmatrix adhesions are linked to the contractile actomyosin cytoskeleton. Classical cadherin receptors mediate adhesive binding
to cadherins presented on the surfaces of neighboring cells to promote cellcell adhesion. Integrins bind to extracellular matrix proteins to mediate
cellmatrix adhesion. Both adhesive systems mechanically couple to the actomyosin cytoskeleton through cytoplasmic multi-adaptor complexes
and regulate its organization and contractility.
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Figure 2

Adhesion and cell mechanics-dependent
mechanisms of symmetry breaking and patterning. Cell shape and tension anisotropies can be
generated both locally or on the tissue scale to break symmetries and generate tissue patterns. (a) Cell sorting can occur on the basis of
differential cell adhesion, cortical tension or repulsive signaling. A common denominator is that all these mechanisms locally maximize differences
in interfacial energies to generate tissue internal boundaries. (b) Cell division is capable of generating tension asymmetries to promote cell
intercalation, to generate interphases with reduced tension or to specifically position daughter cells based on their differential cortical tension. (c)
Cell repositioning through delamination has been shown to be triggered by tissue-scale stresses such as strain anisotropy, crowding and
topological defects.
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Figure 3

Model of how adhesion rearrangements trigger mechanosignaling through cell shape changes. In light of recent data we propose a simple model
on how force anisotropy - triggered adhesion rearrangements result in cell fate regulation. As both cellcell adhesions (in green) and cellmatrix
adhesions (in orange) couple to the actomyosin (in red) and intermediate filament (in green) cytoskeletons, they balance the contractile forces of
the cytoskeleton. Force anisotropies within a tissue represent a symmetry breaking event leading to dynamic adhesion rearrangements, distorting
the adhesion force and actomyosin contractility equilibrium. Changes in adhesion forces, ligand-bound adhesion molecules and available adhesive
surfaces lead to changes in cell shape and contractility, directly impacting also the shape of the nucleus. All of these factors individually, but
possibly also as an integrated signal, impinge on (a) activity of mechanosensitive signaling molecules, (b) nuclear import through regulation of the
nuclear pore, and (c) direct effect of mechanical signals on chromatin accessibility and gene expression resulting in changes in cell fate/state.
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