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ABSTRACT 

 
Lung cancer is one of the leading causes of cancer-related deaths worldwide and is 
characterized by hijacking immune system for active growth and aggressive metastasis. 
Neutrophils, which require establishing immune activity against tumors as the first line of 
defense, are damaged by tumor cells, which in many ways promote tumor invasion. The 
mutual interaction between a tumor and neutrophils from bone marrow or in blood induces 
the critical transition of the naive form, called the N1 type, to the more aggressive phenotype, 
called the N2 tumor-associated neutrophils (TANs), which then promotes tumor invasion. In 
this study, we investigate the mutual interactions between the tumor cells and the neutrophils 
that facilitate tumor invasion by developing a mathematical model that involves taxis-
reaction-diffusion equations for the critical components in the interaction. These include the 
densities of tumor and neutrophils, and the concentrations of signaling molecules (TGFbeta-
CXCL8-MMP) and structure such as neutrophil extracellular traps (NETs). We apply the 
mathematical model to a Boyden invasion assay used in the experiments to demonstrate that 
the N2 TANs can enhance tumor cell invasion by secreting the neutrophil elastase. We show 
(i) that the model can reproduce the major experimental observation on NET-mediated cancer 
invasion, (ii) how stimulated neutrophils with different N1 and N2 landscapes shape the 
metastatic potential of the lung cancers and (iii) that the efficacy of anti-tumor and anti-
invasion drugs depend on N1 à N2 landscapes of stimulated neutrophils. The mathematical 
model tests several hypotheses to guide future experiments with the goal of the development 
of new anti-tumor strategies.  
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