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A Delayed Tumor Macrophage Interaction
Model and Hopf Bifurcation Analysis
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Abstract: Tumors are a major disease that endangers human life and health,often triggering the
death of the patient. The microenvironment plays a key role in the development of tumor tissues.
Tumor-associated macrophages (TAM) are important components of the tumor microenvironment
that can differentiate into killing (M1) and healing (M2) types. However, the dynamic behavior of
tumor cells interacting with TAM is lacking in studies. Therefore, a relevant dynamic model is
developed in this paper. The model contains tumor cells and 3 types of TAM cells and takes into
account the time delay during TAM activation. Firstly,the existence and stability of disease-free and
disease-equilibrium points are proved; then the existence of Hopf bifurcation at the disease-equilib-
rium point is analyzed using the time delay as the bifurcation parameter,and the direction and stabil-
ity of the Hopf bifurcation are discussed by using the normalization and central manifold theories;
finally,numerical simulations are performed to verify the theoretically derived results.

Key words: tumor; macrophage; time delay; Hopf bifurcation



