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Abstract of Thesis

The work presented here is separated into two topics. The first involves the application of a
mathematical method for solving a system of nonlinear ordinary differential equations (ODEs) relating
to kinetic reaction systems on extracellular matrix degradation associated with cancer invasion. This
method is based on the concept of grouping kinetic reactions based on reaction rate constants. The
mass conservation law is used to obtain relationships on dependent variables that are involved in
these kinetic reactions. Because these relationships are valid at all times during a reaction, they
can be used to solve the ODEs explicitly. This method has been successfully applied to kinetic
reaction systems on extracellular matrix degradation. The system consists of 12 ODEs that are
generated by kinetic reactions of three basic molecules with specific binding rules. Using the
presented model, we showed that the difference between initial concentrations of connected molecules
controls the behavior of group solutions. The second topic involves a study on the pattern formation
of blood vessel networks in angiogenesis. Angiogenesis is a process by which new blood vessels form.
The formation of blood vessel networks is driven by chemotactic and haptotactic responses to
environmental gradients of vascular endothelial growth factor (VEGF) and fibronectin, respectively. In
the absence of haptotaxis, the sprouts grow directly toward the source of the tumor with little
lateral movement. By incorporating both chemotaxis and haptotaxis, some of the sprouts grow backward
to the parent vessel upon reaching a certain distance from it, so that their growth toward the source
of the tumor progresses slowly. This means that the growth of blood vessel networks in tumor
angiogenesis is mostly driven by chemotactic responses to the VEGF gradient. The hybrid discrete—
continuous technique is used to simulate vessel network formation by tracking the movement of tip
cells in response to the environmental gradient.
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ARSI 2 B L HE A2 B L TET T ARABMLD A T = R 5%, HERMICERT 5 KRR O T
HY ., RIS~ RY 72 (ECM) 2L MEFEEZR T HDOTHD.
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