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Introduction: Vascular bypass grafts are designed to 

repair terminally occluded blood vessels by constructing a 

conduit that bypasses the diseased segment. Engineered 

scaffolds that act as a conduit aim to provide structural

support and recreate a natural environment where cells 

can adhere, proliferate and regenerated a new vessel. In 

these investigations the human umbilical vein (HUV) was 

evaluated as a 3D scaffolding material for blood vessel 

regeneration. Using a perfusion bioreactor and process-

flow, human myofibroblasts were dispersed within a 

collagen hydrogel and inoculated into the shell-side void 

of the bioreactor to deliver cells directly to the surface of 

the HUV scaffold. Comparative analysis between 

dynamically cultured and statically cultured assessed cell 

function, growth, and migration with the scaffold.

Methods: Mandrel-mounted cords were frozen to -86°C 

and machined produce a scaffold with a final thickness of 

650 μm. HUV segments were thawed gradually and 

removed from mandrel, then decellularized using an 

orbital shaker for 24h. Scaffolds were then placed in the 

perfusion bioreactors. Collagen Hydrogels (1.5 mg/ml) 

containing 1x10
6
 cells/ml was loaded into the bioreactor 

void space and after 5h of gelation, cell culture medium 

was circulated. Static controls were seeded identically and 

then the veins were removed from bioreactors and placed 

in T-75 flasks containing medium for the experimental 

duration. Vascular constructs were characterized at day 7 

and 21. 3�5mm ringlets from proximal, mid and distal 

positions were analyzed with histology and uniaxial 

tensile testing. AlamarBlue and DNA quantification were 

assessed on 10 mm ringlets. For compression testing, 

disks (diameter) were cut from the HUV and compressed 

to a maximum strain of 10%. The load was then 

progressively released at the same rate to 0% strain, for a 

total of 15 cycles.  

Results: All constructs exposed to dynamic culture at 

both 7 and 21 days demonstrated decreased wall thickness 

from the initial value, whereas static constructs’ wall 

thickness did not show a significant reduction. Dynamic 

conditioned constructs at day 7 had an average wall 

thickness of 1.08 ± 0.04 mm, whereas static cultures 

yielded 1.72 ± 0.3 mm.  At day 21, wall thickness was 

1.28 ± 0.15 mm and 1.6 ± 0.19 mm for dynamic and static 

respectively.  

Figure 1. Cell density and Metabolic Activity of constructs 

cultured under dynamic and static conditions  

After 7 days culture, no significant difference was 

detected in the cellularity between the dynamic and static 

constructs. However, longer periods of dynamic stimuli 

(21 days), displayed a significantly increase when 

compared to short-term dynamic culture (Fig.1). HUV 

constructs cultured under perfusion flow conditions 

presented significant increase in cell metabolic activity 

compared to static cultures at both 7 and 21 days (Fig.1), 

as well as higher densities at the periphery of the scaffold, 

with cells migrating up to 150 μm into the tissue matrix, 

see Figure 2. 

 
Figure 2.Dynamic cell seeding at A) day 7 and B) day 21  

The ultimate tensile strength and maximum load of the 

statically and dynamically cultured constructs were not 

significantly different over the culture period. However a 

a 66% increase in elasticity was noted with dynamic 

cultures (Fig.3). 

 
Figure 3. Young’s Modulus of constructs after 7 and 21 days 

in culture 

Conclusions: Dynamic culture enhanced cellular 

proliferation, migration, and metabolic activity compared 

to static culture. Mass transfer as well as the scaffold may 

act as a possible barrier to further cellular migration. In 

addition, dynamic conditioned constructs were 66% more 

elastic at day 21 than at day 7. These results may suggest 

that the collagen content, which imparts stiffness to the 

vessel wall, was reduced with prolonged conditioning.

These findings have shown the HUV to be a useful model 

system to better understand in-vitro processes of 

remodeling, and may ultimately lead to functional small 

diameter bypass grafts for vascular reconstruction. 
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