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1. Introduction

At the ealy stages of its formation the tumor seaets some chemicd signds, cdled Tumor
Angiogenic Fadors, into the neighbouing extracdl ular matrix (ECM) to stimulate sprouting new
blood vessls from the existing vascular system. This processis an example of the phenomenon
cdled angogenesis. The TAF when read ablood vessel make the cdls forming the outer layer, the
endothdium, to move via chemotaxis into the diredion of the tumor. The travelling endothdial
cdls cause some tradion within the tisaue induwcing some deformations of it and changing its
dengty, what in tum influences the motion oftheendothdia cdls themselves..

2. Themodd

In the mathematicd model only four field vdoditi es are taken into acount They are:
o} u(t,x) - the displacement at time t of a point of ECM benginitially at the postionx,
o N(t,x) - thedensty of ECM a time t and podtion x,
o nft,x) - thedensty of theendoheial cdls & timet and postion x,
o r(t,x) - theconcentration of TAF a time t and podtion x.
The ECM is moddled as a visco-elastic continuum It is assumed that the Reynolds number is

small, conequently, the inertia terms are ignored. The body force bdances the elastic force the
viscousforce, and thecdl tradion within the ECM. The force bdance equdion reads

elastic force viscous force wradi body force
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s= s(n) isthetradion stress v is the congant Poison ratio, 14, i, are the condant shea and bulk
viscosties, 3,5, are postive condants, | is the unit matrix, and 7 is a postive paameter

charaderising the strength of thetradion s, and pis a postive condant , €= % (Du + DuT) isthe

strain tensor, where " denotes the trangpose, and 8 = O [u is thedilatation
Thecdls of ECM moveonly due to convedion. Hence this equation is of theform

conwvedion
?) N nnl =g
ot ot

The EC cdl densty changes due passve convedion, randomdiffuson, chemotaxis and haptotaxis.
Due to the deformations of the ECM the diffusve flux is biased. Simply, scdar coefficient of
diffusonis replaceal by a tensor depending on the strain in the ECM. In our modd we asaumed for
sake of some mathematicd simplicity that the chemotadic flux is also biased by the same tensor.
This assumption can beremoved at the expense of more complicaed formulae. The equation of the
EC densty reads
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where D, « are postive condants, and y(N) is the hgptotadic fundion describing the adhesion of

theendohdial cdlsto the ECM.
Findly, we assume tha the TAF concentration changes in time due to diffuson and
degradaion, i.e. “consumption” by EC. The equation reals

diffusion degraja[i on
or

4) a: do?r - F(n,r)

To close the system (1) — (4) we need to know the fundiond form of s(n), )(N),and F(n,r). We use
thefollowing modds

)= )=

1+ ken? 1+k,N’
and o modds of the degradaion fundion
(5) F| =knr and F” =kn y

where P ks,P,, k, , k are postive congants. The reason of considering two modds given by F,
and F, is tha the “equaions of state” like s(n), )(N), etc. are known only in a very rough
approximation. Frequently they are they chosen for simplicity. We show tha despite the small
differencebetween F; and F;; the corresponding travelling waves differ dgnificantly.

We look for solutionsof the system (1) — (4) in the form of travelling waves, i. e. the field
quantities u,N,n,r are asumed to be fundionsof one indgpendent variable ¢ =k [x - ot , where k

is agiven condant vedor, and gis apostive congant, interpreted as the wave spedl.

We prove tha the wave propagates only in the diredion of the vedor k. The main result of
the pger is
Theorem Theendohdial cdl dendty n and he TAF concentration r are well defined fundion on
thereal axis (-, ). They are postive, and br postivewavespeal g, r(£) it is mondonically
increasng in its donmain. Moreove, theysatisfy: for Modd |
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and for Modd I
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ole?¢) as & - +o r, +o(1) as & - +w,

Hence in the case of Modd | the EC densty has the form of a kink, whereas in the Modd I its
profile has the form of an impulse and vanishes at both ends Therefore, such a wave cannot be
acceted as a solution of the tumor angiogenesis problem; rather it correspondsto an in vitro
vasculogenesis
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