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 Introduction 
Repairing damaged vascular structures, such as in end-stage renal failure 

patients, requires autologous harvesting or foreign graft replacement of the 

diseased vessel.  However, being able to closely replicate the mechanical and 

functional properties of native blood vessels remains a significant challenge 

due to the fact that native arteries contain 30-50% elastin as a structural 

component (Figure 1).  Current commercial solutions using expanded 

polytetrafluorethylene (ePTFE) have demonstrated favorable clinical results 

despite compliance mismatch to the native vessel and poor cellularization.  

Human tropoelastin, as a pure membrane and in blended compositions with 

collagen, has been explored as a novel vascular scaffold due to its unique 

biocompatibility and biomechanical properties.   

Figure 1.  Hematoxylin & Eosin (H&E) stained porcine aorta (left).  Threshold image using the Scanscope 
system (Flagship Biosciences) with digital morphometry analysis.  Orange elastic fibers compose 39.1% of the 
vessel area (right). 
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Figure  2.  Freshly synthesized human tropoelastin secreted from the cell as a liquid precursor (A) where the 
leader sequence is cleaved  in the extracellular matrix (B).  Enzymes link newly formed strands of elastin (C) 
to form strong, flexible sheets within the extracellular matrix (D).  

Figure 3. Novel physical forms of tropoelastin: lyophilized powder (left), electro-spun and UV-cross-linked 
sheet (middle), tubular scaffold with 1mm scale bar (right). 

Biocompability Evaluation Results 
Electro-spun pure tropoelastin supports HDFn and PEC growth, 

demonstrating normal cellular morphology and cell growth patterns.  

Additionally, cell attachment was observed on the tropoelastin membrane 

punches with both fibroblast and endothelial cell lines.  Electro-spun 

50:50 tropoelastin and collagen blend supports similar results with HDFns. 

Figure 7.  Day 6 (left) and Day 10 (left-middle) tropoelastin scaffold cellularized with HDFns (10x).  Day 16 
(right-middle) and day 25 (right) tropoelastin-collagen scaffold cellularized with HDFns (4x). 

Figure 8.  Light micrographs of H&E stained sections of tropoelastin scaffolds on day 12 of culture with 
HDFns (left) and day 20 of culture with PECs (middle), Scale bars = 50µm.  Right image illustrates digital 
image capture with 3D deconvolution on Keyence VHX 1000 microscope system on day 25 of culture with 
HDFns on a tropoelastin-collagen scaffold, Scale bar = 10µm. 

Figure 9.  SEM analysis of bare electro-spun pure tropoelastin membrane (left) and cultured with PECs, 
day 28 (middle).  SEM analysis of tropoelastin-collagen scaffold with HDFns, day 25 (right). 

 

Mechanical Testing Results 
The mechanical characteristics of the pure tropoelastin membrane were 

anisotropic, with one direction corresponding to the response of native 

coronary artery. Unlike ePTFE, the 0.3 mm thick tropoelastin sheets 

demonstrated elastic characteristics withstanding 50 grams of stress. 

Conclusion 
Tropoelastin is an elastic, biocompatible material with unique mechanical properties that also supports endothelial and fibroblast cellularization.  In 

comparison, ePTFE, a leading biomaterial for vascular grafts, is stiff with a minimal cellular growth response. To date, attempts to mimic native vasculature 

lacked a critical structural component of the vasculature - elastin.  Now, tropoelastin can be used as a biomaterial in multiple physical forms with the ability 

to blend with other native constructs like collagen.  The development of a novel vascular scaffold with the ability to promote endothelial cell growth and 

mechanical properties similar to native vessel will provide dramatic improvements for the greater than 600,000 peripheral artery disease patients annually. 

Figure 6.  Stress-strain data 
for pure tropoelastin 
demonstrates compliance 
values similar to porcine 
coronary left anterior 
descending (PCLAD) at low 
loads.  ePTFE demonstrates 
a stiff modulus of elasticity 
and compliance mismatch 
with PCLAD. 
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Materials and Methods (continued) 
This process was completed on a pure tropoelastin membrane as well as a 

50:50 blended membrane of tropoelastin and collagen.   

In-vivo biocompatibility testing was completed.  Four millimeter (4mm) 

punches of various  biomaterials, including pure tropoelastin and 

tropoelastin-collagen blended scaffolds, were evaluated after 14 days at 

subcutaneous and adipose tissue sites (Figure 5). 

Figure 10.  Subcutaneous (left) and adipose tissue (left-middle) implantation sites.  Subcutaneous explants 
at day 14 (right-middle).  Light micrograph of H&E  staining of pure tropoelastin from adipose explant 
site, day 14, scale bar = 100 µm. 

Materials and Methods 
Mechanical testing of electro-spun pure tropoelastin was performed on 

~0.75cm x 0.75cm sheets in a planar biaxial tensile testing device.  The 

anisotropic characteristics of ePTFE, and native porcine coronary vessels 

were analyzed along side electro-spun tropoelastin to compare stress/strain 

biomechanical properties. 

For in-vitro biocompatibility testing of electro-spun tropoelastin, human 

dermal fibroblasts (HDFns) and porcine endothelial cells (PECs) were 

cultured (Figure 4) and grown on 2mm and 4mm scaffold punches.  Samples 

were processed and stained with H&E and subsequent SEM analysis.  

Figure 4.  HDFns (left) and  PECs (right) in 
standard  tissue culture conditions (10x). 

Figure 5.  4mm punches of pure 
tropoelastin (left) and 50:50 tropoelastin-
collagen blended scaffolds (right) pre-
implantation. 




