Cell culture facilitated by elastic interaction
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A classic experimental model of tissue morphogenesis is the self-organization of fibroblast cells
in a collagen gel [1]. Traction forces exerted by the cells induce reorientation of collagen fibers in
the extracellular matrix (ECM), which facilitates cooperative motion and growth of fibroblasts.
Here I present a minimal model of fibroblast culture, focusing on long-range elastic interaction
between anisotropic force dipoles [2], anisotropic diffusion along the tensile direction [3] and
migration induced by strain gradients [4]. The model is formulated in two dimensions, with
both discrete and coarse-grained pictures for cell distribution.

In the model, the deformation of ECM is determined by minimizing the harmonic elastic
energy F = [d?r [%Eﬁ +p (Eij - %Ekkgij)Q _ (aiﬂj)u]-] , where Ej; = 7(0;u; + 0ju;) is the
strain tensor and f; = 9; F;; is the force field created by the cell, with P;; the force dipole tensor.
In the discrete picture, P;; is given as Pj;(r) = 3., Qs5(r*)d(r — (@), where r(®) is the position
of the a-th cell and Q;; = Qodi; + Q1Ei; + Q2Exd;; represents the orientation of cells. Each
cell moves by anisotropic diffusion with a diffusion coefficient proportional to @;;. In the coarse-
grained picture, P;; is the product of @Q;; and the cell concentration ¢ = ¢(r), which is convected
by velocity v; = V10;E;; + V20,E;;. We compare simulation results with the two pictures and
experimentally observed patterns of cell aggregation. The role of the coupling between strain

and orientational order of collagen fibers is also discussed.
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