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Learning tissue stress
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Dynamical behaviors of multicellular assemblies play a crucial role during tissue development and in
the maintenance of adult tissues. In vitro epithelial cell monolayers have been extensively studied to
model in vivo tissue functions [1]. Mechanical forces in cell assemblies deform and propel the tissue,
rearrange cells, orient cell polarity, and influence cell differentiation. A number of important biological
questions, such as the determination of the molecular mechanisms that underlie the transmission of
force within a tissue, necessitate a measurement of internal stresses.
We have recently demonstrated that Bayesian inversion allows to estimate the stress field of an epithelial
cell monolayer given the traction force field that it exerts on a deformable substrate [2]. These two
fields are related to each other through the force balance equation. This partial differential equation,
once discretized on a finite grid, yields an underdetermined system of linear equations whose unknowns
are the stress values. Bayesian inversion gives a probabilistic solution to the inversion problem: the
stress estimate is the most likely value of the posterior distribution.
Deep learning has recently made major strides in numerous areas of physics [3]. In the context of
hydrodynamics, deep neural networks allow to infer the pressure and velocity fields of a flow, given
the concentration field of a passive scalar advected by the flow [4].
The goal of the internship is to build a deep neural network capable of inferring tissue stress from
traction force data. One challenge of the project will be to successfully train and feed the network
with experimental data [5], in addition to standard validation using numerical data.
The intern will determine whether or not deep learning can do better than Bayesian inversion at
learning tissue stress.
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Expected skills: The project is primarily computational, at the interface between biophysics,
mechanobiology, and machine learning. Prior experience with Python and TensorFlow is a plus.
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