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Cells are dynamic machines that have the ability to perceive physical stimuli. 

Biophysical cells have reaction toward the given force, cells perceiving ability 

is mechanosensing. When a tension is generated externally to the cell the 

extracellular matrix, the adhesion sites and cytoskeleton are involved in 

reverse order to modify the mechanics of the cell and act in a 

mechanoprotective way to manage membrane integrity, cell shape and 

structural integrity. Cells are sensitive to stiffness, but this research is done in 

order to understand the sensitivity of the energy which is stored in 

extracellular matrix.

Cells respond to mechanical forces by activating specific genes and signaling

pathways that allow the cells to adapt to their physical environment and this 

study implies that cell mechanosensing is not mediated only by stiffness of 

the substrate but also by the deformation energy associated with the 

substrate.

Mechanobiology

Mechanobiology is A field at the interface of biology, physics, and 

bioengineering, which focuses on how cell/tissue mechanics and physical 

forces influence cell behavior, cell and tissue morphogenesis, and diseases 

related to these processes. As the structural and functional unit of life, cells 

actively sense and respond to mechanical stimuli in their surroundings. The 

mechanical properties of the extracellular matrix, such as stiffness, surface 

topology, and deformation, are transduced into biochemical signals through 

interactions between the cell and the matrix; these interactions then regulate 

various cellular processes, including morphology, differentiation, motility, 

fate, and gene expression

Methods

Conclusion

This evidence has suggested investigating if the process of 

mechanosensing could be mediated not only by the substrate stiffness but, 

in a more generalized way, also by the energy of deformation involved in 

the cell–material interplay

This study is done on cytoskeleton mechanics of Mc3t3 and Balb/3t3 

cells seeded on linearly elastic substrates under different levels of 

deformation bases. The deformation is caused by stretching 

chamber and the Particle tracking microrheology (PTM) was the 

technique used to investigate the heterogeneous spatial distribution 

and the time evolution of cell stiffness under culture condition

Fig. 2. (A) Stretching device preparation. The prepolymers of PDMS and PU 

were mixed and degassed under vacuum and cured at high temperature. 
Finally, the stretching device was removed from the master. (B) The deformation 

is applied by rolling an iron wire attached to the unconstrained side of the 
chamber around a stainless steel bar. (C) Cells are cultured on the devices and 

PTM experiments are performed.

Fig. 3. Schematic representations of the experimental setup of the stretching 

experiments. (A.1); the cells were cultured on the unstretched devices and 
successively subjected to 2 different levels of deformations

Fig.1. The structure, 

components, and function 
of extracellular. The 

extracellular matrix is a 
complex protein meshwork 

that  forms the scaffold to 
which cells adhere.

Do cells sense force or deformation of their 

substrates?

Fig. 4. Representative images of morphology and cell nuclei of BALB/3T3 (A and B) 

andMC3T3 (C and D) cells subjected to different levels of uniaxial PU deformation 
(0% and 9%) 2 h after the deformation. The effects of substrate deformation on cell 

spreading (E and H), cell shape factor (F and I), and nuclei area (G and J)
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Cells must sense physical aspects of their environment and respond appropriately 

over time for proper cell function. Recent studies indicate that the loading rate of 

the force onto the cell can be crucial, in addition to the possible matrix stiffening 

that is caused by the physical activity of cells Integration of different mechanical 

signals, at different locations and times, occurs through target proteins and 

signalling pathways that elicit a programmed response to properly shape cells and 

tissues. The debate on whether cells sense force or deformation on an elastic 

substrate is still open and here tried to

understand if cells are able to sense not only environmental stiffness, but, in 

particular, the energy stored in the ECM when prestreched.

Stress (σ, N/m2)         σ =F/A

Strain (ε, unitless!)      ε = ∆L/L0

Stiffness (Ε, stress over strain, N/m2 = Pa)     E = σ/ ε

Mechanics

When both cell lines investigated are cultured on PDMS

substrates with levels of deformation of 6% and 9%, the amplitude

of MSDs(The mean squared displacements (MSDs) of the

freely moving nanoparticles embedded in cells give information

about the resistance to motion posed by the cytoplasm) decreased


