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Background

Tissues are living materials that adapt their mechanical
and rheological properties to the physical environment,
which in turn alter the biological fate of its constituent
cells. This needs to be taken into account in the devel-
opment of new biofabrication processes, where engi-
neers require quantitative material models that predict
the rheological behavior of living cellular products and
relate the physical micro-environment to cell fate.

The last years have seen great improvements in active
matter models of cell and tissue biophysics. Continuum
approaches include active hydrodynamic models, which
consider a tissue at long timescales as a contractile, ac-
tive fluid with nematic and turbulent properties [1]. Pre-
vailing cell-based mechanical models of tissues are the
vertex model and its derivatives, which have been par-
ticularly successful in examining tissue rigidity transi-
tions [2] and tissue rheology [3]. A recent development
of vertex model is the active foam model [4], which con-
siders tissues as foam-like structures, with individual
cells behaving as active ‘bubbles’ or droplets, a para-
digm that is also reflected in the active shell model for
single cell mechanics [5]. However, despite their suc-
cess in biological applications such as cancer and devel-
opment, these models have not yet been widely adopted
in the context of biofabrication.

Recent Advances

This perspective presents our latest developments in
computational modelling of active tissues. We first re-
visit a theoretical hydrodynamic description of tissues as
polar active fluids to explain the observation of collec-
tive contact guidance of epithelial cells following topo-
logical substrate cues, and demonstrate the close anal-
ogy between hydrodynamic theory and simulations of
polar, self-propelled particles. Next, we introduce a
novel active foam model of 3D tissues based on an ac-
tive shell description of cells [6]. We demonstrate that
the introduction of bond lifetime in this model through
cell-cell friction qualitatively effects the jamming phase
diagram. As such, this parameter represents a novel
physical mechanism for tissue jamming with direct bio-
logical analogues in processes such as the epithelial-to-
mesenchymal transition and tumor progression. Applied
to the phenomenon of tissue spheroid fusion [7], this
model predicts that a wide variety of micro-mechanical
and material properties can be obtained by varying cell
activity and cell-cell interfacial tension (contractility),
including complete and arrested fusion and arrested ver-
sus fluidized tissue rheology, Fig. 1. Finally, we demon-
strate how these structures can be harnessed in bioprint-
ing different geometries of artificial tissue constructs.
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Future directions

In the context of biofabrication, the active foam behav-
ior of self-assembled tissues interacts with the encapsu-
lating material, such as the bio-ink, to establish the bio-
mechanical properties of engineered tissue constructs.
Going forward, integrated multi-scale and multi-physics
models that take into account this integration will be
needed in order to become an integrative part of the en-
gineering pipeline for biofabrication.
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Figure 1. Phase diagram of spheroid fusion based on
active foams
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