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Cancer cell invasion of tissue is a multistep process
that involves, in general:

e Over-expression of proteolytic enzyme activ-
ity, leading to matrix degradation

e Alterations in adhesive interactions between
cell-cell and cell-matrix

The aim here is to develop a model that couples the
processes. A mathematical model for the first part
has been developed [1] and analysed [2]. For the
latter we use cell-cell adhesion model [4], [3].

uPA Model

The uPA model [1}], [2] describes interactions be-
tween cancer cells, host tissue, urokinase-type Plas-
minogen Activator (uPA), uPA inhibitors (PAI-1),

and plasmin. The migratory properties of can-
cer cells are modelled through random motility,
chemotaxis and haptotaxis.
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Key processes in cancer invasion

To incorporate adhesion, the local haptotaxis term
is replaced with a non-local term describing adhe-
sive interactions between cells S.. and cell-matrix
S..,. Invasion occurs when S.. < S, otherwise the
cancer remains localised.

Key adhesive process between cells and matrix. Figure from
"Molecular Biology of The Cell", Alberts et.al.
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Global steady states give one point, taking from
1 ¢ - 0 thatis at (¢’ . v . u',.p". m' ) =
(1, 0, 0.205, 1, 0.307) by using parameters given in
[1]. Linear stability analysis confirms that this equi-
librium is stable. Two qualitative terms for radial

dependency Q(r) [3], for 1D

o for constant
Ql D (7“ ) -
+ (1 — %) for linearly decay,
and for 2D
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- (1— %) for linearly decay .

Dispersal curves from linear stability analysis,

showing that real part of eigenvalues are negative.

Dispersal Curves Numerical Simulations

Simulations are performed using Plasmin Code im-
plemented in a Fortran subroutine and called from
Matlab®). For g we use

g(S(367 cha C, U) o (SCCC + chv)(l e ey U)

where S.. and S, are for now set constants. Below
are results for €)(r) is constant and r—dependent.

DUNDEE

To make our model more realistic, we will consider
S.. and S., to be functions of other variables and
not just constants. This is to be our future work.
The cadherin pathway for individual cells has been
modelled [5] in a system of ODEs. The model con-
siders interactions between E-cadherin, —catenin,
complex E-cadherin-(3—catenin, and proteasome.

2

Concentrations

-
n—'—r_ 1L —iN NN e T NN NE KK NN

0 02 04 06 08 1
Time (minutes)

Figure [5] shows loss of cell bonds with the neighbour, that is

when Sc. is down-regulated, and hence potential invasion.

Future Work

The complex interactions of cells with extracellular
matrix involve transmembrane integrin receptors.
It will be our future work to model integrin path-
way and combine it with cadherin to develop our
model.
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