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Hemodynamic forces like shear stress and cyclic strain act on the cells of the vessel wall. Reactive oxygen species (ROS) are important signaling molecules. However, an impaired balance of formation and scavenging of ROS can lead to proatherosclerotic oxidative stress. Main sources of ROS in the vessel wall are NADPH oxidase complexes. The impact of hemodynamic forces on endothelial NADPH oxidase complexes and the formation of ROS are not well understood. Using DNA microarray, real-time PCR and Western blot we were able to demonstrate that the NADPH oxidase subunit Nox4 is the major Nox isoform in human endothelial cells. Long-term application of arterial laminar shear stress using a cone-and-plate viscometer reduces superoxide anion formation and Nox4 expression. Cloning and functional analysis of human Nox4 promoter revealed a region responsible for flow-dependent down-regulation. Mutation of this transcription factor binding site eliminated shear stress-dependent Nox4 down-regulation. Furthermore, we analyzed the effect of cyclic strain on endothelial ROS, NO, Nox4 and eNOS expression. Long-term application of 5% to 12% cyclic strain using the Flexercell system down-regulated Nox4 expression, promoter activity and ROS formation. In contrast, endothelial NO formation and eNOS were increased by cyclic strain. Strain-dependent Nox4 down-regulation was abolished by eNOS inhibition with L-NAME. In conclusion, physiological levels of shear stress and cyclic strain down-regulate Nox4 and superoxide anions, but increase eNOS and NO formation. This might contribute to the balance between superoxide anions and NO and the development and progression of atherosclerosis in response to mechanical stimulation of the vessel wall.

