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Cellular capsules
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Role of confinement-induced mechanical stress ?
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Can we provide a comprehensive mathematical model for the CCT

experiment mimicking a tumor surrounded by host tissues?

Key issues:

• Link between parameters of the in silico and in vitro models

• Reduction of the complexity of the in silico model

• Assessment of parameters’ sensitivity

• Predictive model (extrapolation and not interpolation)



Porous medium analogy (reactive and deformable)
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Representative Elementary Volume (REV)

The behavior governed by :

➢ Conservation equations of mass

➢ Conservation equations of momentum

➢ Conservation equations of energy

+

Chemical reaction equations
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Digital-twinning of the CTT: the role of stress

Urcun S, et al. (2021) PLOS ONE
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Constitutive equations :

Digital-twinning of the CTT: the role of stress

• Generalized Darcy’s law for cell and 

interstitial fluid velocities;

• Capillary pressure-saturation relationship;

• Biot’s effective stress with a poroelastic

behavior of the ECM scaffold;

• Fick’s law for oxygen diffusion. 

Urcun S, et al. (2021) PLOS ONE
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Confocal images of free (D and E)

and confined (G and H) spheroids

after cryosection and immunolabeling

for DAPI (blue), KI67 (magenta), and

fibronectin (red).

Necrotic core and living rim

Digital-twinning of the CTT: the role of stress
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Utility of the achieved in vitro-in silico synergy 

Experimental model

• Virtual testing

Mathematical model

Identification of parameters

Computer assisted design

• Sensibility analyses to identify dominant phenomena in a specific experiment

• Better interpretation of experimental results

The cells deform the ECM and the 

capsule so the stress retrieved from 

the capsule deformation is not a direct 

representation of the TC pressure

Digital-twinning of the CTT



Can we provide comprehensive mathematical model for the CCT

experiment accounting for alginate deformability ?

The answer is YES

Opportunities:

• Obtain a digital twin of cellular capsules that can be used reliably for further experiment-

free testing of drugs.

• Extend this digital twinning approach to healthy tissues (or assemblies of organoids) for

engineered design of tissues (vascularized) at the centimeter scale (ANR MATISSe)



1818

MAthematical TISSues: an in vitro-in silico approach for engineering design and 

production of a new generation of vascularized organoid-based tissues

Project: Engineered design of vascularized tissues (MATISSe)
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