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Objectives: Fluid wall shear stress (WSS) and WSS gradients have been reported to alter endothelial phenotype which may lead to atherosclerosis. In this study we investigate the effect laminar shear stress on endothelial dysfunction in physiologically-significant geometries, such as areas of moderate arterial occlusion or curvature. 
Background: Local variations in hemodynamic forces have been hypothesized to cause focal endothelial cell (EC) dysfunction leading to a pro-inflammatory environment prone to atherosclerotic lesion development.  In vivo and in vitro, it has been demonstrated that WSS can cause a cascade of biochemical interactions which activate inflammatory transcription factors, such as Nuclear Factor kappaB (NF-kappaB). The resultant changes include altered expression of inter- and vascular- cellular adhesion molecules (ICAM and VCAM, respectively) on the luminal surface of the endothelium. This change in phenotype may indicate the early stages of lesion development by facilitating the adhesion of circulating leukocytes.  
Methods: WSS within our models is measured by flow visualization (photochromic dye tracer) and computationally modeled to ensure the stimuli are well defined. ECs cultured within the models are subjected to a variety of flow dynamics and changes in EC phenotype are evaluated using morphology (shape index), protein, gene expression and leukocyte attachment.
Results and Conclusions: Results suggest that EC phenotype does not depend on WSS magnitude alone. Appreciable WSS gradients can cause increased adhesion molecule expression and altered morphology. Early experiments suggest that suspended neutrophils preferentially adhere to the model walls at sites of low WSS and in regions of WSS gradients. 

