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Statement of Purpose: We have previously described a 
system in which adenovirus-transduced BMP-2 
expressing fibroblasts were encapsulated within PEG-DA 
hydrogels, which allowed the diffusion of sufficient 
amounts of BMP-2 protein from the cell-seeded hydrogels 
to induce bone formation in vivo in a murine model.1 
These poly(ethylene) glycol diacrylate (PEG-DA) 
hydrogels were not degradable and resulted in a hydrogel 
core surrounded by a bony formation. In order to achieve 
localization of the BMP-2 expressing fibroblasts long 
enough to form bone, yet degrade the hydrogel to permit 
bone to grow in its place, these hydrogels were redesigned 
to be remodeled in response to bone formation.  We have 
synthesized GPSG, a fragment of type I collagen (α-
1)(160-164) found to be highly cleavable by the 
proteinase cathepsin K, the enzyme utilized by osteoclasts 
during bone resorption.2  The cathepsin K-sensitive 
peptide was incorporated into the PEG polymer backbone, 
and degradation in enzyme solutions and by osteoclasts 
was assessed. 
Methods: The cathepsin K degradable peptide sequence 
GGGMGPSGPWGGK was synthesized using an Apex 
396 431A solid-phase peptide synthesizer then reacted 
with acrylate-PEG-N-hydroxysuccinimide, dialyzed, and 
lyophilized, yielding PEG-GGGMGPSGPWGGK-PEG, 
in which the PEG chains are acrylate-terminated. For 
osteoclast studies, the adhesive peptide RGDS was 
reacted with acrylate-PEG-NHS to give acrylate-PEG-
RGDS. Hydrogel beads (3 µL) were photopolymerized by 
combining 0.1 g/ml PEG-GGGMGPSGPWGGK-PEG  
with 1.5% (v/v) triethanolamine/HEPES buffered saline 
(HBS, pH 7.4), 37 mM 1-vinyl-2-pyrrolidinone, 10 mM 
eosin Y.  Flat hydrogel sheets for osteoclast studies were 
formed by adding 5 mM PEG-RGD to the pre-polymer 
mixture and polymerizing between glass slides separated 
by a teflon spacer.  Following equilibrium swelling in 
HBS, hydrogel beads were incubated with 300 µL HBS 
(0.2 mg/mL) (negative control), proteinase K or  
nonspecific collagenase, both at 0.2 mg/mL, (nonspecific 
proteolytic activity; positive controls) or  cathepsin K (0.1 
mg/mL).  The release of tryptophan was assessed by 
measuring the absorbance at 280 nm every 30 minutes 
with UV/VIS until completely degraded.  Osteoclasts 
were differentiated from murine RAW 264.7 cells  with 
RANKL and seeded on hydrogel sheets3.  
Results: Hydrogels incubated with proteinase K and 
cathepsin K all degraded completely in under an hour, 
whereas other enzymes had no effect (Figure 1.) Both 
negative controls show no hydrogel degradation and the 
experimental and positive control do show hydrogel 
degradation.  In all cases data is shown as a percentage of 
tryptophan release.  
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Figure 1. Release of tryptophan vs time. 

RAW 264.7 murine cells were successfully differentiated 
into osteoclasts on hydrogel sheets and were observed 
both as multinucleated cells and migrating towards one 
another in order to fuse (Figure 2). 

 
Figure 2. Osteoclasts on the degradable hydrogel. 

Conclusions:  The results indicate that the cathepsin K 
sensitive sequence GGGMGPSGPWGGK was 
successfully incorporated into a PEG backbone.  
Furthermore, the resulting hydrogel is capable of being 
degraded by cathepsin K.  When formulated with RGD, 
the hydrogel supports osteoclast adhesion and migration.  
Ongoing studies are being conducted to visualize 
osteoclast resorption lacunae.         
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