Modified Fiirth equation describes cell crawling experiments and simulations
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ABSTRACT

Cell crawling plays important roles in development, wound healing and the inflammatory
response, and is a key process in tissue engineering. While we know many of the biochemical
components which lead to crawling cells, we lack both a proper mathematical description of
cells’ large-scale movements and a 3D simulation approach which reproduces these movements
at low computational cost. We develop a modified Fiirth equation to quantify cell center-of-
mass motion and a computationally tractable 3D simulation of cells crawling on a flat stiff
substrate. The modified Flrth equation generates three temporal regimes: short-range and long-
range diffusion and mid-range ballistic motion. Rescaling time and length scales by fits of two of
the modified Flrth equation parameters collapses both experimental and simulated mean-
squared displacements of cells onto a single-parameter family of curves. These fitting
parameters provide a direct translation between simulation and experimental length and time
units. Our 3D simulation of migrating cells also replicate the spontaneous symmetry breaking
that initiates cell migration, spontaneous changes in cells’ directions of motion due to the loss
and reformation of the cells’ leading edges, and the velocity auto correlation functions seen in
experiments. The speed of the simulations should allow their use in multi-scale virtual-tissue
simulations of tissue and organ formation.






