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1. Mechanical interaction. Interaction of two neighboring cells is determined by the
interaction potential. The sum of forces acting on each cell from other cells determines the
cell motion according to Newton's law with a possible damping because of the friction with
other cells. Thus we use an approach similar to molecular dynamics simulations even though
the potential is different. We have

where x; 1s the coordinate of the center of the i-th cell, m is its mass, € 1s the damping
coefficient, f;; is the force acting between the cells ¢ and 7. We put

%

fj = —@l|z; — z4|),

where the function ¢(r, t) equals zero for » = r; + r; and it goes to infinity as r decreases.
Here r; and r; are the radii of the cells 2 and j, respectively (which can depend on time).
Thus, two cells push each other when the distance between their centers is less than the sum
of their radii.




2. Chemical interaction. Cells can produce bio-chemical compounds called growth fac-
tors. They can influence behavior of other cells: apoptosis [23] and possibly differentiation
though this is not yet quite clear from the biological point of view. We will carry out cell
modeling taking chemical interaction into account. Their interaction will be discussed in
more detail below.

3. Cell properties. There are different cell types in the model. For each cell type we pre-
scribe their behavior, namely, their lifetime and their descendants in the case of proliferation
or differentiation.

We denote cell types by A, B, (', and so on. For each of them we prescribe the lifetime
Ta,Tg,Te, of cells of this type. In fact, the lifetime is not prescribed exactly but with a
random interval around its average value. For example, for cells of the type A itis [Ty —

T4, 14 + 74] with an equal probability inside this interval.

When the lifetime of a given cell 1s over, there are three possibilities:
1. it dies, that is the corresponding circle 1s removed from the computational domain
(gradually in time),

2. 1t differentiates, that 1s the cell type 1s changed to another one without changing cell
position,

3. 1t proliferates, that 1s the cell 1s replaced by two other cells. The types of new cells
are prescribed. The mother cell grows before dividing, the area of the corresponding circle
equals the sum of areas of new circles after the division.
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FIG. 3.8. Second pari: the malignant (black) cells keep on spreading but finally they get washed out by the
healthy cells. The disease free steady state is then stable in this example.
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