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Angiogenesis, the growth of new blood vessels as side branches from existing ones, is
a key process in many processes in health and disease. Angiogenesis is responsible for the
regeneration of new blood vessels during wound healing. In less fortunate circumstances,
growing tumors manage to hijack the growing vasculature such that it delivers nutrients
and oxygen to the tumor. A detailed mechanistic understanding of the cellular mechanisms
controlling angiogenesis will help us find the means to stimulate or inhibit blood vessel
formation with drugs.

The main building blocks of blood vessels are endothelial cells, which together with
a series of supporting cell types self-organize into blood-vessel like structures and blood
vessel sprouts. A series of previous simulation models by our group and others have used
extensions of the Cellular Potts model [1] to derive the rules that endothelial cells follow to
form a blood vessel network or side-branch. For example, we have shown that if cells attract
one another and have an elongated shape, then they will form network-like structures [2].
A range of alternative mechanisms have the same effect, including a contact-inhibited
attractive force [3], and an attractive force towards locally elongated structures [4, 5].

More recently it has become clear that local interactions between the endothelial cells
and its direct environment are key to a proper understanding of vascular patterning. Cells
are typically surrounded by the extracellular matrix, an umbrella term for the extracel-
lular jelly and fibrous (glyco)proteins that cells produce themselves. In cell cultures, the
properties of the substrate to a large extent control the morphology of blood vessel net-
works. In recent work we [6, 7] (Figure 1) and others [8, 9] have explored both mechanical
and chemical interactions between the cells and the extracellular matrix. Although these
models have yielded new insights, experiments suggest that via the matrix cells can obtain
a much finer control of the cell-cell signaling than in the signaling mechanisms we have
hitherto considered in our models. In this project you will explore, by extending our ex-
isting mathematical models [10], the types of signaling that cells can make use of in these
models and compare the results with published experimental data [11].
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Figure 1: Development of a vascular network via mechanical cell-matrix interaction (mod-
ified from Van Oers, Rens et al. [7])
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