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Methods
A geometric model of endothelial cells and extracellular matrix was created in Ansys. 

Analysis of numerous papers about endothelial cells was completed to determine the 

proper ratios of cell components. The model was created first of one cell and then copies 

were made and connected to create a model of an endothelial cell monolayer. Mechanical 

properties of the cells, cellular components, and ECM were determined and set. The 

geometry was then uploaded to COMSOL to allow for flow analysis. Here, the model had 

to be simplified to reduce the computational power required to obtain a solution.

Introduction
Atherosclerosis is an accumulation of plaques in blood vessels and may be connected to 

about 50% of all deaths in modernized societies (1). This can begin after a disruption of 

the confluent layer of endothelial cells (ECs) lining the blood vessels. To maintain 

confluence, the cells react to mechanical signals. These signals can come from the blood 

flow over the apical side of the cells, or from the differing stiffness of extracellular matrix 

(ECM).  A growing body of evidence links EC layer disruptions to ECM and intima 

stiffening, but so far, provides very little information about the mechanisms involved (2-5). 

Many studies have also investigated the effects of blood flow patterns on 

mechanotransduction in ECs and identified certain patterns, namely oscillating patterns, 

that are commonly linked to atherogenesis (6,7). To learn more about the signaling 

mechanisms inside ECs, a 3D, multiscale, multi-component model of an EC monolayer 

was created using Ansys and COMSOL software. 

Figure 1: Images of endothelial cell monolayer composed of 7 cells with adherens junctions and nuclei, sitting atop an extracellular 

matrix (a) and zoomed image of  the central cell (b). 
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Case 1: 500Pa ECM, 1Pa shear 

Case 2: 4500Pa ECM, 1Pa shear

Results and Discussion
So far, 6 different combinations of ECM stiffness and shear stress application have been 

run and results have been obtained. The shear stress application mimics laminar flow 

closely enough that they serve as a valid representation of stresses applied by blood flow. 

Three of the most dramatic results are pictured. Case 1 has the lowest ECM stiffness of all 

cases and uses the higher of the two shear stress values included in our cases. Here, the 

high displacement values (a) and higher stresses on the cells (b) are very evident. The next 

two cases both have the same significantly higher ECM stiffness, though different shear 

stresses. Comparing case 2 and case 3, we can see that the maximum stresses over the 

cells are much higher in the higher shear stress condition, but the displacement between 

the two cases aren’t very different. When comparing case 1 to case 2, one can see the 

difference in displacement of the cells. The only difference in the conditions between these 

cases is the increased stiffness of the ECM, indicating that the ECM stiffness may be more 

influential to cell displacements than the magnitude of shear stresses over them. These 

findings will be further investigated with more cellular components present to learn more 

about possible mechanotransmission routes. 
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Case 3: 4500Pa ECM, 0.5Pa shear

Case 2: 4500Pa ECM, 1 shear
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