
Noncooperative cell behavior

Under certain conditions cells interact 
with the biomaterial surface each 
individually



A brief review or relevant structures: 
cell membrane, transmembrane 

proteins, cell receptors (integrins), 
cytoplasm, matrix
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Control volume dV

Unit cell process confined conceptually in a control volume dV
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Another 
model 
of a 
specific 
cell-matrix 
interaction

Diagram of fibronectin attaching cell to surface of collagen fiber 
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View of cytoplasm
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A biologically active ECM analog



Cells pull matrix
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Modified cell force monitor used to study 
cell-matrix interactions quantitatively
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Use to study unit cell processes quantitatively

Freyman et al., 2001
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Conclusions on Linearity vs. 
Cooperativity of Fibroblast 

Contraction of Matrix
• The contractile force increases linearly 

with cell density.
• The average contractile force is calculated 

at 1 nN per cell.
• The time constant for development of 

force is also independent of cell density. 
• In this model cells must develop 

contractile forces individually, not 
cooperatively.
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Slides with images removed due to copyright restrictions.

See Fig 2 (schematic of imaging setup), Fig. 4 and Fig. 5 (graphs of results).
In Freyman et al. “Micromechanics of Fibroblast Contraction of a Collagen–
GAG Matrix.” Exp Cell Res 269, no. 1 (2001): 140-153.
http://dx.doi.org/10.1006/excr.2001.5302

http://dx.doi.org/10.1006/excr.2001.5302


Sequence 
showing a cell 
(arrow A)
simultaneously
elongating and 
deforming a 
matrix strut 
(arrow B)

Courtesy Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Another 
sequence 
showing a cell 
(A) elongating 
and deforming 
matrix struts (B)

Photos removed due to copyright restrictions.

See Fig. 7 in Freyman et al. “Micromechanics of Fibroblast Contraction of 
a Collagen–GAG Matrix.” Exp Cell Res 269, no. 1 (2001): 140-153.
http://dx.doi.org/10.1006/excr.2001.5302
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Sequence shows
cell (A) 
elongating on 
matrix strut (B). 
Later, adhesion 
sites near cell 
center are 
released (C); 
eventually one 
end of cell fails 
to attach and the 
cell retracts 
rapidly (D). 
Later, the cell 
elongates once 
more (E) and the 
process is 
repeated.

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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Live Cell 
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Freyman et al., 2001

Courtesy Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
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struts for a given displacement imposed by the cell. Note that following the onsetof buckling, resistive force does not increase significantly
for increase in deformation.

Courtesy of Elsevier, Inc.,
http://www.sciencedirect.com.
Used with permission.
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Conclusions on Micromechanics of 
Fibroblast Contraction

• The aspect ratio of cells increases with 
time and eventually saturates, just as the 
force does. 

• Initiation of cell elongation occurs 
stochastically. 

• The force plateau most simply results 
from buckling or bending of individual 
struts in the matrix by cells.  

• Matrix deformation (contraction) occurs as 
a result of cell elongation, not cell 
contraction. 
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Tables 1 and 2, Figures 2, 3 and 4 in Freyman, T. M., et al. "Fibroblast 
Contractile Force Is Independent of the Stiffness Which Resists the 
Contraction." Exp Cell Res 272 (2002): 153-162.
http://dx.doi.org/10.1006/excr.2001.5408
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Conclusions on the Effect of Matrix 
Stiffness on Cell Contraction

• The contractile force generated by fibroblasts 
was independent of matrix stiffness in the range 
0.7 – 10.7 N/m.

• Contractile forces generated by cells are force-
limited, not displacement-limited. 

• As cells elongate, cell-matrix adhesion sites 
hypothetically form at the cell periphery, 
increasing length of matrix strut under 
compressive load and decreasing load required 
to buckle the strut.  
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