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Introduction 
Single cell migration constitutes a fundamental 
phenomenon that is involved in many 
biological events such as wound healing, 
cancer development and tissue regeneration [1-
4]. This phenomenon can be regulated by 
mechanotaxis [1], chemotaxis [2], thermotaxis 
[3] and/or electrotaxis [4].  
  
MATERIALS AND METHODS 
The cellular elements with a relevant function 
on the cell motility mechanism can be devided 
to active contractile and passive mechanical 
strength elements. We suppose that the cell 
exerts sensing forces at each finite element 
node of the cell membrane towards its 
centroid. The cell subjected to these sensing 
forces gets strained. Therefore traction forces, 
which are proportional to transmitted stress by 
the cell to ECM, at each finite element node 
can be obtained. On the other hand, the drag 
force is calculated from the viscous resistance 
of the ECM to cell motility. It is reported that 
each signal regulates independently the cell 
motility [4]. Chemotaxis and Thermotaxis only 
affect the cell polarization direction by 
modulating direction of pseudopods. 
Electrotaxis affects the cell direction and cell 
local velocity due to electrostatic magnetic 
forces. Consequently, by equilibrium of forces 
that act on the cell  
 

𝐅𝑑𝑟𝑎𝑔 + 𝐅𝑒𝑓𝑓 + 𝐅𝑝𝑟𝑜𝑡 + 𝐅𝐸𝐹 = 0                   (1) 
 
the cell velocity and the cell polarization 
direction can be calculated by 

𝑣 = ‖𝐅𝑑𝑟𝑎𝑔‖

6𝜋𝑟𝜂
                                 (2) 

𝐞𝑝𝑜𝑙 = − 𝐅𝑑𝑟𝑎𝑔
‖𝐅𝑑𝑟𝑎𝑔‖

                             (3) 
The model presented above has been 
implemented into the commercial FE software 
ABAQUS using a user defined subroutine. 
 
RESULTS  
Our findings indicate that a cell, located in a 
substrate with stiffness gradient in the absence 

of other cues, tends to migrate in the direction 
of stiffness gradient towards an imaginary 
equilibrium plane (IEP) located at stiffer 
regions and far from free boundary surfaces. 
On the contrary, adding another activating 
signal in the substrate causes the overall cell 
behavior to change. For instance, in the 
presence of chemotaxis and/or thermotaxis the 
location of the IEP is sensitive to their 
efficiency. In existence of temperature 
gradient, the IEP displaces towards higher 
temperature while in the presence of 
chemoattractant source the IEP approaches the 
end of the substrate and disappears for higher 
efficient chemotactic sources. Moreover, as 
seen in Fig. 1-a, a typical cell migrates towards 
the cathode pole in the presence of exogenous 
Electrical Field (EF). We observed that 
amplification of the EF can accelerate this 
phenomenon. The existence of the electrostatic 
force also drives the cell to track a straight line 
towards the electrostatic cue. This notably 
reduces the cell random movement and 
increases the cell global velocity. The cell 
local velocity as well as net traction force 
decrease during the cell migration towards 
stiffer regions. However electrotaxis affect 
significantly the cell local velocity (Fig. 1-b), 
effect of chemotactic and thermotactic cues on 
cell local velocity are negligible. 
 

 
 
Figure 1: Cell migration in presence of electrotaxis 
(E=100 mV/mm). 
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