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Abstract:

One of the newer approaches to the study of complex biological systems has been to model
tissues as a collection of agents representing individual cells. Here, we apply this approach to a
biological process that is important in diabetes, heart disease, and cancer: microvascular growth and
remodeling. These physiological processes involve a myriad of cell behaviors, including cell adhesion,
migration along gradients of diffusible factors, cell division and death. Cells integrate complex signals
that drive these behaviors and lead to formation of emergent tissue patterns, in this case new small
blood vessel (microvessel) networks. A previous model developed by this lab predicts the patterning
of blood vessel networks induced by different growth factors and was validated experimentally in vivo.
One of the limitations of this model was the lack of physiological blood and cell flow patterns, which
have been shown to influence many of the processes described above. There are many examples of
mathematical models that accurately describe fluid flow through a vascular network, but do not use this
information to influence individual cell behavior or overall microvascular network growth and
remodeling. Using Netlogo, we combined an agent based framework for a vascular network with a
traditional finite element model describing fluid flow through a network of pipes. The finite element
model calculates blood pressures, flow velocities, and shear stresses at different points of the
microvascular network with each change in the architecture. In turn, these outputs are incorporated
into a ruleset to determine cell disposition (updated at each time step) within the agent based model.
This novel approach to modeling of biological systems will allow the generation and investigation of
hypotheses related to inflammatory and progenitor cell adhesion and migration from the
microvasculature in different disease states.
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