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Agent based models represent single cells as individual “agents” that can exhibit realistic biological behaviors, including proliferation, migration, differentiation, and apoptosis, according to a set of rules. Space and time are treated discretely, and emergent tissue-level responses arise from collective interactions of hundreds or thousands of agents with one another and with their environment. Such models have been used, for example, to simulate a variety of adaptive responses in the vasculature, including angiogenesis and vasculogenesis. Continuum mixture models of biological growth and remodeling simulate evolving changes in geometry, material properties, and function at the tissue level using mechanobiologically inspired constitutive relations for the individual behaviors and turnover of the primary structurally significant constituents that comprise a tissue. Such models build on longstanding strengths of continuum mechanics and have been used to simulate arterial adaptations to sustained alterations in blood pressure and flow as well as the enlargement of aneurysms.
Agent based and constrained mixture models thus represent different but complementary approaches to modeling the complexity of cell-mediated, tissue-level adaptations. We propose a new method herein to integrate these models in a way that capitalizes on their individual strengths and compensates for their individual weaknesses, including inherent errors in the experimental data at each scale on which the individual models are built. Briefly, algorithmic agent based models are typically founded on in vitro data from cell cultures or isolated cells wherein responses resulting from natural in vivo cell-cell or cell-matrix interactions are lost; continuum based mixture models are typically founded on in vivo or in vitro data from intact vessels wherein information relating to individual cells or structural proteins is averaged over representative volumes and thus ignores potential spatial and temporal differences. By ensuring self-consistency between models formulated for different spatial and temporal scales, based on inherently different types of data, each model may in turn be expected to reflect more faithfully the salient behaviors of the actual biological system and together offer more reliable predictive capability. That is, because information at one scale can inform the other (and vice versa), our unified two-tiered simulation is able to integrate multiscale phenomena, cross-validate model parameters by ensuring self-consistency between models, and yield emergent behaviors based on the best available data at multiple (cell and tissue) scales.
