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	Despite recent advances in surgical techniques, arterial occlusive disease continues to be a leading cause of mortality and morbidity. While bypass grafting provides immediate improvements in perfusion, the half-life of these interventions is relatively short, and continues to be measured in months.   In an effort to extent the longevity of these interventions, researchers have applied a wide variety of approaches to reduce neointimal hyperplasia and augment outward vascular remodeling.  Unfortunately, these investigations have provided limited durable improvements. 
	Using reductionist approaches, these strategies have focused largely on linear models to separately describe the physical or biologic components of vascular disease progression. In order to significantly advance our understanding of the function of such complex phenomena, it is necessary to integrate different types of data and use quantitative models to predict behavior and outcomes. We have assembled a multidisciplinary team to integrate both experimental data and computational models in the understanding of these dynamic phenomena, and most importantly to predict outcomes to specific perturbations. Such information is vital for translation to effective clinical strategies to enhance revascularization durability. Through use of these cutting edge technologies, we combine the physical and biologic microenvironments via multiscale mathematical modeling to predict dynamic stability or progression towards an occlusive vascular phenotype following vascular injury.
	We hypothesize that the complex interplay between monocyte biology, local vascular hemodynamics, and the intrinsic wall milieu determines the course of vascular adaptation, leading to success or failure following vein bypass grafting. Specifically, we propose that a gene regulatory network, modulated by the blood shearing forces, determines the global adaptive response of the vein graft wall following acute injury. Superimposed on this response is a driving inflammatory response, mediated by circulating monocytes that are targeted to this site of injury. Modulated by the local hemodynamic environment and their biologic phenotype, monocytes transmigrate at specific sites of injury leading to dynamic instability and aggressive focal lesion development within the vasculature.
The resulting model details a highly integrated system where local perturbations in a single component rapidly feedback to the other elements, leading to an updated but stable set point for the network; or a condition with dynamic instability, characterized by early failure of the system. Detailed examination of our model system demonstrates such a critical recursive loop between the local hemodynamics and the regional biologic response of the vascular wall (Figure).  Initial shear stress not only directs the primary set point for the gene network but also modulates monocyte infiltration, both of which influence the cell and matrix-based remodeling response and defines the local modifications in conduit geometry.  These morphologic changes induce perturbations in local shear resulting in new set points for the biologic response parameters.
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Predictive model of vascular adaptation is composed of a series of modules, each integrated with 
in vivo
 validation experiment
s.
 
A Bayesian network is used to estimate gene regulatory pathways as a function of time and shear. This network is interfaced with cell and matrix kinetic data estimates cell-based biologic events. These probability expressions are incorporated into a cellular automaton to predict global changes in graft morphology (Specific Aim 1).  A monocyte kinetic module is used to estimate the transition from rolling to firm adhesion to transmigration.  This module, interfaced with a cell kinetic data to estimate the biologic effect of the monocyte, is integrated into the existing model to create combined cellular automata (Specific Aim 2).  Final validation occurs through comparison against the complex, clinically relevant geometry of a focal stenosis.
)	Fundamental to this proposal is the use of a multiscale approach, where we use molecular-level genomic information to provide cellular-level predictions of proliferation and matrix synthesis that yield tissue-level estimations of remodeling, ultimately determining success or failure of the intervention. Upon compilation, the final model will utilize an iterative loop, employing a finite element computational technique (hemodynamic module) that drives a Bayesian network (gene regulatory module) and series of partial differential equations (monocyte kinetic module), with resulting outputs interfaced through an agent based model to predict changes in tissue architecture, which feeds back into the hemodynamic module to initiate a new cycle.
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