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Short summary: 

 Endothelial cells form the innermost layer of blood vessels and are therefore exposed 

to the haemodynamic forces of the blood flow. This ‘strategic position’ enables the 

vascular endothelium to control vascular functions. Endothelial cells change their 

mechanical properties and thus react flexibly to different shear forces. The ability to 

switch between soft and stiff endothelial cell surfaces is of great physiological importance 

and regulates the release and bioavailability of vasodilatory substances, such as the 

vasodilatory nitric oxide: soft endothelial cells are more strongly deformed by the blood 

flow and release more NO than stiff cells. The ‘stiffness’ is therefore a mechanical 

property that reflects the physiological state of (endothelial) cells. We have shown that a 

chronically stiffened endothelium leads to endothelial dysfunction and contributes to the 

development of cardiovascular diseases such as atherosclerosis and hypertension. We have 

identified mechanosensitive structures, ion channels, vasoactive factors and signaling 

pathways which are mediators for the mechanical surface properties of endothelial cells. 

Major focus is hereby the endothelial glycocalyx on top of endothelial cells. This 

negatively charged, brush-like structure is known as the uppermost surface layer of the 
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endothelial cells. It consists mainly of glycoproteins and proteoglycans and covers the 

luminal surface of the endothelium along the entire vascular tree. Together with the 

underlying actin-rich endothelial cortex, 50-150 nm below the plasma membrane, the 

endothelial glycocalyx is recognized as a vasoprotective nanobarrier and reactive hub. 

Importantly, both eGC and cortex are highly dynamic and can adapt their nanomechanical 

properties (i.e. stiffness and height) to changes in the environment. 

By using the atomic force microscope (AFM.) as a nanoindentation tool and for single cell 

force spectroscopy, we are interested in both the basic mechanical properties of the 

endothelial surface and the dysfunction associated with inflammatory diseases of the 

vasculature. The main goal of our work is therefore to build a translational bridge between 

cell mechanics and clinical aspects. (1-6) 
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