Abstract

We have devel oped a cellular model to study mechanisms
behind the early stage of tumor development. Most of the
relevant experimental data came from in vitro tumor models
such as multicel lular tumor spheroids that exhibit most of the
properties of avascular spherical tumors. An avascular spherical
tumor growsinto alayered structure consisting of a necrotic
core, aquiescent layer, which consists of living cells arrested
mainly in G1 phase due to stressful environment, and the
outermost proliferating layer of cells.

Model

Extended large-Q Potts model in 3D

L attice Monte Carlo model coupled with
continuous reaction-diffusion chemical
dynamics

Includes all important processesin a tumor
cell growth ((cell-environment interactions,
intercellular adhesion, mitosisand cell growth,
mutations, nutrient and waste chemical dynamics,
geometry and structure of cells)

Total Energy

Total energy of the cell aggregate:

H= Z Jrsr(s)(1— ) + /\v;[vs AR

S - cell identification number

1(S) - cell type (proliferating, quiescent, or necrotic)
Jsnesy - coupling energy between cell types 1(S) and1(S’)
A, - elasticity

v, - cell Volume

V, - target Volume

Modeling Avascular Tumor Growth

T

Jelena Pjesivacl?, Yi Jiang!

1. Theoretical Division 7, Los Alamos National Lab
2 - Ramapo College of New Jersey

Results:

Early Tumor Growth
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Cross section of the spheroid
MTS after 610 Monte Carlo Steps
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3D represertation

Metabolic Waste Distribution

Chemical
Reaction-Diffusion Dynamics
-
a;"l = D, [°C,, -a(x,¥,2)  (Co, = Cg, at boundary)
'3;" = DiPCn-b(x,y,2)  (Cn=C® & bouay)
% = D,FC, + c(x,y,2)  (C, =0a bouday)

Dyy D, D,— diffusion constants for oxygen, nutrients,
and waste, respectively

a, b, c— consumption/production rate of oxygen, nutrients
and waste, respectively, of cell occupying site (x,y,z)
c=F(a b
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Chemical Profiles

Number of Cells versus Time |

Cell Cycle Fraction

Summary

At early stage of MTS development, exponential
growth of the aggregate was obtained. Thisis
consistent with experiments.

Nutrient deficit/waste production could cause
quiescence

Metabolic waste production has larger influence on
cell cycle dynamics at early stage of tumor growth
Plateau phase, that startswith onset of necrosis wil |
occur in near future
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Multicellular Tumor Spheroid

MTSisan in vitro tumor model
Used to assay tumor growth, reaction to the
treatments, cell signaling, etc.

Distinct phases in the growth of MTS:
initial phase (exponential growth)

layering phase
plateau phase
MTS experiments
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V-79 Chinese hamster lung cancer
cross section

Mean diameter and standard deviation of
70 isolated MTS

Future work

Detailed comparison to the exi sting spheroid

experimental data

Extending model to describe vascular tumors by

introducing angiogenesis

Chemotaxis

Development of continuous cellular model?
combining continuous and discrete model ina
unique integrated cellular model
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