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Using a novel bioreactor to sneak a peek at the odd 
behavior of Endothelial Progenitor Cells (EPCs) - Are 
they the right cell source for tissue engineering? 
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Objectives:  

 
Recent findings indicate that Endothelial Progenitor Cells 
(EPCs) differentiate towards an endothelial like cell type 
and accelerate re-endothelialization of blood vessels. 
Healthy veins and arteries are usually lined by a single 
layer of endothelial cells. This cellular coating, called 
endothelium, has to be intact for hemocompatibility and 
prevention of thrombi formation. In order to create intact 
endothelium within autologous tissue engineered vessels 
patient's own healthy veins have to be sacrificed to harvest 
endothelial cells (ECs). Hence EPCs could become an 
important substitute for ECs in tissue engineering of grafts. 
Anyhow there is still an ongoing discussion about 
endothelial progenitor cells and their phenotypes. On the 
other hand it has already been shown that late outgrowths 
EPCs are very similar to ECs. Thus we exposed late 
outgrowth EPCs from human peripheral blood to defined 
shear stress within our bioreactor and examined them. 
 
Methods:  

 
We developed a novel bioreactor system that provides 
defined levels of shear stress. Basically the device consists 
of two coaxial cylinders with different sizes. The inner one 
rotates and impels medium in the gap between both 
cylinders. This results in shear stress for the cells that are 
seeded on the inner wall of the outer cylinder. EPCs were 
exposed to laminar shear stress of 0.45 Pa for 24h. Then 
expression of endothelial specific proteins PECAM-1 and 
VEGF-R2 was estimated by immunocytochemistry and  

quantitative real-time PCR. Also we monitored the shape of 
the cells with the systems own bright field microscope.  
 
Results:  

 
EPCs were influenced by the shear stress treatment. To our 
surprise bright field microscopy images revealed that late 
outgrowth EPCs being exposed to shear stress did not 
orientate in direction of flow within 24h. Interestingly, they 
rather flattened themselves. PECAM-1 and VEGF-R2 
expression of EPCs was lower after shear stress. In addition 
these results were underscored by comparative real-time 
PCR data.  
 
Conclusions:  

Our new bioreactor system is a suitable device for 
investigation of cells under defined shear stress conditions. 
Observation of EPCs revealed that they flatten under the 
influence of shear stress instead of aligning in direction of 
flow. However taking the drop of PECAM-1 and VEGF-R2 
expression into consideration that was noticeable at both 
translation and transcription levels, doubts arouse about the 
endothelial character of used EPCs. Therefore undeniably 
more investigation will be necessary in order to judge the 
future role of human peripheral blood EPCs in tissue 
engineering.Without doubt our system can match all needs of 
future experiments as shear stress can be adjusted to any 
desired level. Moreover the device permits long time 
cultivation as medium exchange can be done via 
incorporated ports very easily. To be brief we proved the 
feasibility of our bioreactor and demonstrated an odd 
behavior of heatedly discussed EPCs under shear stress. 
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