Computer modeling of normal and pathological tissue growth using cellular automata conception

E. M. Arkushina and V. V. Kotin
Abstract. Cellular automata are considered to be a perspective bio-adequate concept for modeling biological processes of normal and pathological tissue growth. In this paper results of the computer modeling of normal and pathological tissue growth using cellular automata conception are reviewed. The results of the modeling are qualitatively in a good agreement with verbal biomedical descriptions of tumor growth.
1. Biological background 
Cancer - the malignant tumor is formed from epithelial cells of a leather, mucous membranes and parenchyma bodies. In most cases in the tissue adjoining with an environment and covered multilayered flat epithelia flat cells cancer arises. It can also appear in bronchial tubes. Cancer is one of the most widespread reasons of death. 
The main problem is to describe and make prognosis for such tumors to make the treatment more effective. 
2. Model formulation
As the tool of modeling the cellular automata conception is used. 
The basic advantages of this method is that
· The model describes geometrical distribution of a tumor;

· The model includes algorithmic reaction of tumor cells and allows considering process of influence on tumor growth of various external factors and process of chemotherapy;
· The model allows visualizing tumor growth process.
Cellular automata feature is that they possess characteristics of imitating and dynamic model. It allows approaching behavior of automata to behavior of real biological objects, but thus complicates analysis of the received results.
According the conception of cellular automata tissue consist of 3 types of cells

· Normal cells 

{NC};
· Pathological cells 
{CC};
· Empty cells 

{EC};
Each cell is characterized by number of parameters 
· Type of cell;


· Time of live 
{Tl};
· Mitosis period (in the simplification of the model the mitosis period is constant and independent on growth time) {Tm};
· Needing resource (the minimum amount of the resource which is required cells for survival) {ri};
· Getting resource (the amount of the resource which cell get in current cycle) (Ri);
· Factors of dependence on the resource (the parameters which characterize the influence of getting resource on cell life time, in the model we consider the logistic type of dependence life time on the resource) {Ri/ri}.
There are some rules of transitions for each type of cells:
1. NC and CC transformed to EC when life time > Tlife;
2. EC transformed to NC or CC when mitosis time of NC or CC in Moure area is equal to Tm
3. If the is no EC in the Moure area of the CC, NC with minimum life time from CC Moure area transformed to CC when CC mitosis time is equal to Tm;

4. The amount of the resource is limited;

5. CC in which Moure area there are at list one NC and NC in which Moure area there are no CC get the needing resource amount.  All another cells get the leaving resource part proportional to the required resource.

6. Model Chemotherapy course influences for the CC life time according the equation:


Tl(t+1)=Tl(t)-cht(t)/ch0(t)*Tl(t)*chlim, where


Tl-life time;



cht – chemotherapy agent amount in the current moment; 


chlim – effectiveness of chemotherapy.
7. Chemotherapy agent amount is decrease in time according the equation:


cht(t)=exp(-kch*cht(t))*cht(t), where


cht – chemotherapy agent amount in the current moment;





kch – decreasing coefficient of concentration chemotherapy agent.
8. Model Immune reaction influences for the CC life time according the equation:



Tl(t+1)=Tl(t)-In/I0*Tl(t)*lim, where


Tl-life time;



In – number of NC in the Moure area of CC;



I0 – total number of signal from NC; 


ILim – efficiency of immune system. 
9. The total effect of the immune reaction is equal the sum of NC signals, each signal is the number of CC in the Moure area of NC. 

According the medical description the lager tumor provides the less immune reaction. In our model according algorithm of immune reaction such dependence has a place. 
3. Results
According the result tumor morphology depends on the resource.

When resource is not enough the increase of tumor cells number is very fast and the tumor is heterogeneous, contain necrotic parts. Such solid tumor according with Emmanuel researches have logistic increase of number of tumor cells.   In the result we also get Logistical function.   

The larger amount of the resource we take the slower growth of tumor we get, but the tumor in the case of less amount of the resource is homogeneous. Such tumor grows step by step with stationary periods. It is also according with scientific resource.

Threshold value of the resource amount is equal to stock factor 1.6.  The immune reaction is slowing tumor growth in the first stage (stage of local tumor), using chemotherapy with immune reaction lead to slow tumor growth in the fast growth stage (solid tumor growth stage).
4. Conclusions

The results of the modeling are qualitatively in a good agreement with verbal biomedical descriptions of tumor growth and allows one to develop and test hypotheses which can lead to a better understanding of biological process;

Modeling cancer growth and tumor reaction on different influence can help doctors to make more effective complicated individual treatment plan for the patient that accounts for the disease and the patients’ health. 
