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Angiogenesis, the new blood vessel formation from preexisting ones, plays a pivotal role in tumor
growth. In this context the Vascular Endothelial Growth Factors Receptor (VEGFR-2), the main
pro-angiogenic receptor expressed by endothelial cells (ECs), works as leading player. Diffusion
of VEGFR-2 along EC membrane is driven by chemical interactions with specific ligands, such
as VEGF-A or Gremlin, expressed by tumor cells. Although VEGF ligands are soluble factors,
they accumulate in the extracellular matrix (ECM) and induce polarization of ECs and relocation
of VEGFR-2 on the cell membrane. It follows the activation of intracellular signaling pathways,
which need to be triggered for governing fundamental cellular functions and to determine the cells
behavior. Upon ligand stimulation, a quiescent EC, lining pre-existing blood vessel, enters in the G1
phase of the cell cycle, invades the surrounding ECM, migrates and reorganizes in novel vascular
structures. Furthermore, during the angiogenic process, ligand-stimulated ECs shall be subjected to
large mechanical deformations.

A bio-chemo-mechanical and multi-scale coupled-model among the above-mentioned biological
processes will be developed and refined on the basis of the model designed by Salvadori and co-
workers in previous years [1, 2]. The model focuses on an EC on an enriched ligands substrate and
couples receptor dynamics with cell mechanics at finite strains. The weak form of the governing
equations is written and discretized making use of the open-source high performance computing li-
brary deal.ii (dealii.org). Biological in-vitro experimental investigations validate the model revealing
simulations predictive capabilities.

Modeling of further significant biological aspects in angiogenic processes will broaden the model,
i.e., relocation and recruitment of integrins (receptors) on EC membrane, which interact with fi-
bronectin (ligands) and are involved in focal adhesions formation and dissociation; the dynamics of
cytoskeleton and the polymerization of actin filaments in filopodia, that work as sensorimotor in the
cell motility process; the migratory cell selection from pre-existing vessels and the ECs migration
and re-arrangements in novel vessel structures.
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