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Electrospun biomaterial scaffolds show promise for clinical 

utility. Additionally, biomaterial scaffolds offer unique 

surface characteristics and architectural benefits for cellular 

adhesion and delivery strategies. Stem cells have been 

demonstrated to assist in tissue damage and repair.  In the 

current study, human, adult derived stem cells (hADSC) 

were seeded onto electrospun tropoelastin (TE) and 

collagen biomaterials to serve as cellular delivery agents.  

A full-thickness dermal wound model was used to evaluate 

the regenerative potential of hADSC-seeded scaffolds. Post-

wound healing comparisons using TE and collagen 

biomaterials seeded with hADSC showed improvements in 

wound closure compared to controls.

TE is a soluble precursor to mature elastin synthesized by a 
single tropoelastin gene on chromosome 7. Several 
progenitor and somatic cell lines synthesize and secrete TE, 
including fibroblasts, smooth muscle cells, endothelial cells, 
and chondrocytes. Due to the inherent resiliency of mature 
elastin, TE is highly expressed in organs subjected to regular 
or rhythmic strain/rebound cycles including the skin. 

Collagen is another protein found throughout the body, 
including the skin. It is highly expressed in fibroblasts which 
are extensively involved in the healing process of 
integumentary wounds. To date collagen has been used in a 
wide variety of medical uses including dermal wound care.

1) Two different scaffolds were electrospun, each using (100 mg protein in 1 mL 1,1,1,3,3,3-hexafluoroisopropanol).
a. 100% TE scaffold
b. 100% Collagen

2) All scaffolds were crosslinked for 24 hours using glutaraldehyde vapor, saturated with 25% glutaraldehyde aqueous solution,
rinsed with 70% ethanol, under 254 nm UV-light for sterilization, then denucleated over night in incubation (37°C, 5% CO2) with 
cellular growth media. 

3)  A single cell suspension of hADSC were seeded onto the scaffolds and grown in an incubator for 6 days with complete media 
change every 2 days.

4) 6 mm full thickness dermal wounds were isolated and treatment applied (IACUC: protocol # 12-006) 

5)  Full thickness treated wounds were allowed a healing phase of 6 days (post-op). Measurements were made of wound closure, 
epithelial thickness, and micro-vessel density (angiogenesis).

Percent wound closure was based on 6 days post-op dermal 
wound creation. TE and collagen scaffolds seeded with 
hADSC yielded positive closure results (over 90% closure) 
demonstrating cellularized TE and collagens scaffolds deliver 
hADSC and thereby increase percent wound closure rates 
compared to standard control therapy without hADSC.

Epithelial thickness of cellularized TE scaffolds after 6 days 
yielded the greatest epithelialization thickness with evidence of 
new stratum corneum. 

Interestingly, cellularized TE scaffolds exhibited the lowest 
micro-vessel density compared to cellularized collagen 
scaffolds and control therapy (data not shown).  This suggests 
that wound healing is progressing at different rates with the 
three treatment groups; cellularized TE treated wounds are 
healing faster than cellularized collagen or control therapy.  
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Cellularized electrospun tropoelastin scaffolds will 
outperform collagen equivalent scaffolds and standard 
control therapy (without cells) in the healing of full thickness 
dermal wounds.  

Outcome measures included: 

1) Wound closure 
2) Epithelial thickness
3) Micro-vessel density (angiogenesis)

Figure 1: Intracellular and extracellular pathway of TE and elastin 

formation. TE is an intracellular precursor to elastin.

Figure 2: Electrospinning of scaffolds showing 
target and protein

Figure 3: Full thickness dermal wounds created 
In murine model

Figure 6: TE and hADSC therapy   
demonstrating 100% and 95.6% closure

Figure 5: Collagen and hADSC therapy 
demonstrating 100% and 91.6% closure

Figure 4: Control therapy  demonstrating 
75.9% and 62.8% wound closure

Figure 11: Average epithelial thickness – collagen and 
TE yielded the highest average epithelial thickness 
results. p<0.05 

Figure 12: Adopted from Enoch and Price, 2004 
Wound healing stages. Our recent data suggests that 
TE seeded with hADSC accelerates the migration 
through the normal phases of wound healing with 
evidence of re-epithelialization (new stratum 
corneum present after 6 days of healing.  

Wound margins were traced using image analysis software (Image J, NIH) at day 0 and day 6.  Wound areas were compared 
between treatment groups. Control n=4; Tropoelastin n=6; Collagen n=6
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Figure 9: TE and hADSC. IHC treated with von 
Willebrand factor. Notice new stratum corneum
and epithelium 

Figure 8: Collagen and hADSC. IHC treated 
with von Willebrand factor. 
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Figure 7: Control. IHC treated with von 
Willebrand factor. 
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Percent wound closure was calculated as:

Initial Wound Area-Final Wound Area x 100% 
Initial Wound Area

Figure 10: Average percent wound closure - collagen 
and TE yielded the highest percent wound  closure. 
p<0.05 
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