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Summary: Cells mechanically interact with their extracellular matrix by adhering and applying
force to it. These cellular forces play an important role in the dynamics of cell adhesion and migration
as part of single cell or multicellular, collective behaviour and more in general can modulate cell
signaling in a process called mechanotransduction. We have worked on microscopy-based methods
of quantifying these cellular forces during single endothelial cell migration and vascular invasion.
In vitro models compatible with live cell fluorescence microscopy imaging were established and
time lapses of cell and matrix movements were recorded. The extracellular matrix was mimicked
by the use of deformable natural and synthetic hydrogels. Cell-induced hydrogel deformations
were calculated by registering positional information, coming either from hydrogel-embedded
fluorescent beads or hydrogel fibers that were imaged label-free.
2D endothelial cell migration assays on polyacrylamide gels suggested that cell traction magnitude
was affected by gel stiffness and adhesion proteins (collagen versus fibronectin), while force polarity
was only affected by adhesion proteins and not by stiffness. When analyzing traction exertion at a
subcellular scale, adhesion proteins were found to affect the distribution and dynamics of traction
focal areas. These results are further analysed by computational models of single cell mechanics
that deal with the discrete, spatially non-uniform nature of focal adhesion turnover, protrusion and
stress fiber formation.
3D vascular invasion assays demonstrated complex, spatially non-uniform hydrogel deformation
patterns around angiogenic sprouts into collagen. Highest deformations were found at the base and
the tip of the sprouts and suggested that sprouts were mechanically interacting with the hydrogel
as a force dipole along the sprout principal direction. Computational models of sprout-hydrogel
mechanics and dynamics are created in order to further quantify force patterns. The models are based
on smoothed particle hydrodynamics (SPH), resulting in a discretization of hydrogel viscoelasticity
and degradation, cell cortex viscoelasticity and contractility, protrusion and adhesion dynamics.
By model fitting the measured deformation fields, the model is able to estimate the location and
magnitude of cellular tractions. Simulation results also suggest that the observed long-range
deformations require strain stiffening of the collagen hydrogels.
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