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Solid stress in brain tumours cause
neurological dysfunction
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Motivation

 How can we understand the mechanical response of the tissues and
cells?

* How is this response derived form the different components of the
tissue?

* What is mechanopathology?



Physical problem to be solved:

* The source of mechanical properties in biological systems?
* What happends with cells and tissues under mechanical stress ?
* How to simulate mechanical stress in vitro?



Forces in biological systems
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Tissues are active materials with particular

rheological properties
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Tissues are active materials with particular

rheological properties
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Tissue elasticity is well defined
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But elasticity of the single cells depeds on their
environment
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Environmental elasticity alters cell migration
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Cell migration is constricted in vivo
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Cell migration in constrictions depends on their
elasticity
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Viscoelasticity in biological systems
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How to incorporate viscosity into elastic materials ?

shear stress at 1rad/s with 2% strain
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How to incorporate viscosity into elastic materials ?
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Cell morphology can be controlled by substrates with
independently tunable elasticity and viscous dissipation
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Cell morphology can be controlled by substrates with
independently tunable elasticity and viscous dissipation
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How malignant cells respond to viscous dissipation?

elastic viscoelastic
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Cells under mechanical stress

Uniaxial compression of the single cell
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Compression stiffening of cells
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Compression stiffening of cells
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What are t
tissue mec

ne physical principles that define

nanics?

Single cells
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What are t
tissue mec

ne physical principles that define

nanics?
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What are the physical principles that define
tissue mechanics?
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What are t
tissue mec
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The consequence of compressive stress in tumors

Janmey, P. A., & Pogoda, K. Nature Biomedical Engineering (2019)



Conclusions

MECHANOPATHOLOGY
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Future directions

Nanomechanical and biomolecular signatures of the cells can be
correlated linearly and relate to their metastatic potential.
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