
Figure 1. VEGF releasing PEGDA hydrogels (B) elicit a 
moderate neovascular response toward the implanted
hydrogel as compared to PEGDA hydrogels (A). 
 

Figure 2. After 11 days in vivo,  a more stable and 
organized neovascular response is seen with the 
release of PDGF-BB and FGF-2 (A: top of gel, B: 
bottom of gel) compared to VEGF (C: top, D: 
bottom). 

Figure 3. Covalently linked VEGF 
causes vessels to encapsulate the 
hydrogel.  Hydrogel is approximately 
200 μm in diameter. 
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Statement of Purpose: The field of tissue engineering is 
severely limited by the lack of microvascularization in 
tissue engineered constructs.  Microvascularization is 
necessary for transport of nutrients, oxygen, and waste, 
but this transport is limited based on diffusion to a few 
hundred microns from the nearest capillary [1].  The 
mouse cornea micropocket provides a well-established, 
quantitative, and reproducible assessment of angiogenesis 
in vivo in an avascular tissue[2].  Poly (ethylene glycol) 
(PEG) is a biocompatible polymer, which resists protein 
absorption and subsequent nonspecific cell adhesion, thus 
providing a “blank slate” which can be modified with 
bioactive ligands to create desired characteristics, such as 
cell adhesion and possibly differentiation [3].  By 
releasing growth factors from hydrogels, a neovascular 
response can be imaged in the mouse cornea, which can 
be enhanced with the addition of covalently immobilized 
adhesive ligands and growth factors. 
 
Methods: PEG (MW = 6000 Da; Fluka, Milwaukee, WI) 
was acrylated as previously established [3]. PEG-RGDS 
was made by combining the dissolved cell-adhesive 
peptide with PEG-SMC in sodium bicarbonate buffer at a 
1.1:1 PEG-SMC:RGDS molar ratio [3]. Pegylated 
vascular endothelial growth factor (VEGF) was made in a 
similar manner at a 200:1 PEG-SMC:VEGF molar ratio. 
Hydrogels were formed by dissolving 6 kDa PEGDA in a 
10% solution with HBS.  A photoinitiator, 2,2-dimethoxy-
2-phenylacetophenone, was combined with N-
vinylpyrrolidone (NVP) (300 mg/mL) and added to the 
polymer solution at a concentration of 10 µL/mL.  
Growth factors were mixed into the polymer solution at 
concentrations of 320 ng VEGF per gel, 160 mg platelet-
derived growth factor-BB (PDGF-BB) per gel, and 40 ng 
fibroblast growth factor -2 (FGF-2) per gel.  PEGDA 
hydrogels were polymerized between two glass sides 
separated by a 0.005 inch thick poly(tetra fluoroethylene) 
(PTFE) spacer.  0.15 µL polymer solution was inserted in 
between glass slides using a Hamilton syringe and 
exposed to UV light (B-200SP UV lamp, UVP, 365 nm, 
10 mW/cm2) for 2 minutes.  Following exposure, 
crosslinked hydrogels were inserted into the cornea 
micropocket of Flk1-myr::mCherry transgenic mice. 
 
Results: Six days after gel implantation into the mouse 
cornea, a considerable response was seen in PEGDA gels 
releasing VEGF as opposed to control PEGDA gels (Fig 
1). The neovascular response can be enhanced by 
releasing both PDGF-BB and FGF-2 (Fig 2), which is a 
previously established synergistic combination [4]. 
  Incorporation of PEG-VEGF to the hydrogel, in addition 
to the releasable growth factor, created a qualitatively 
more robust response with vessels surrounding the entire 
hydrogel disc 6 days after implantation (Fig 3). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Red dextran (70,000 MW, 
Invitrogen) was injected into the 
blood stream via a tail vein 
injection to visualize only 
perfused vessels.  
 
Conclusions:  Bioactive 

hydrogels can be designed to induce and support the 
formation of functional microvasculature.  The use of this 
labeled transgenic mouse line facilitated vascular 
imaging, providing a test bed for facile optimization of 
the pro-angiogenic hydrogel formulation.   
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