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1.   Will small cancer continue to grow, or will the immune response shrink it ? 

2.  Competition between two types of breast cancer cells

4.   Competition  between Inflammatory T cells and anti-inflammatory T cells   

3.  Competition between two  populations of cells during development

Introduction

5.  Other general models of competition among bacteria, 



Competition is pervasive at every level of life, in particular, in 
biological processes.

At the cellular level, competition occurs between different 
populations of cells during development, between different types 
of immune cells during disease,  between  normal healthy  cells 
and cancer cells, and between different types of cancer cells. 

Here we give some examples, including  
mathematical models, and associated 
open problems in  PDE

1,  Introduction
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2.  Two types of breast cancer cells are in 
competition



Lotka-Volterra equation: the parameters are determined 
to fit the data



It will be interesting to add diffusion and 
advection as we did in the previous model with  

C  =  N1  and N  =  N2 but without T cell (i.e. eta=0)

The RHS of each equation is, of course, 
different than in the previous system

Problem

The above  paper has lots of clinical data



3.  Two populations of cells in competition;
example taken for Drosophila during 
development





Cells with different metabolic rates





Model equations



Q cells eat dying P cells, so we model it in one of two 
ways:
1. P  +  Q  =  1 and  e  =  0 and  then we get a free  

boundary problem as in the case of cancer
and normal cells, part of the boundary is fixed,  or

2. Taking  e  >  0 and theta =  0 in fixed domain

Open problem

Study the asymptotic solution 
as 



4.  Competition between effective T cells and 
regulatory T cells, mediated by Interleukin IL-2

Animals who do not have IL-2, suffer from 
many autoimmune diseases

Effective T cells (T1) kill pathogen, but cause 
toxicity;  T regulatory cells  (Tr) control T1 in 
order to reduce toxicity







Model equations



Open problems



6. Other competitions












