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Statement of Purpose: Tissue engineering is actively 

being developed as a potential regenerative therapy for 

damaged or diseased articular cartilage. A major 

challenge in cartilage engineering is producing a tissue 

that can adequately restore joint function. A number of 

different scaffolds have been explored for this application 

and poly (ethylene glycol) diacrylate (PEGDA) based 

hydrogels are attractive biomaterials since their physical 

properties can be easily tailored to optimize cellular 

biodynamics. In a recent publication we characterized 

PEGDA scaffold properties for improved matrix protein 

production
1
. Despite enhanced extracellular matrix the 

resultant neocartilage remained mechanically inferior. We 

hypothesized that this was due to constraint of type II 

collagen to the pericellular domain by the non-degradable 

PEGDA scaffold. To improve ultrastructure in 

engineered cartilage we have developed a cell-

mediated bioresponsive scaffold that degrades at a 

rate that corresponds to synthesis of matrix proteins.  
 

Methods: Human bone marrow MSCs were collected 

following patient consent, fractionated on a density 

gradient and expanded in vitro. Expanded cells were 

photoencapsulated in a non-degradable semi-inter-

penetrating network (16% w/v PEGDA + 32% w/v PEG) 

at a concentration of 20-25 x 10
6
 cells/ml as previously 

described
1
. Temporal gene and protein expression was 

characterized in these gels using quantitative RT-PCR and 

immunohistochemistry (IHC) respectively. Based on 

these results we chose to build a MMP-7 sensitive 

hydrogel (M7-PEGDA) by reacting a 3.4kDa acryloyl-

PEG-N-hydroxysuccinimide with a kinetically optimal 

MMP-7 substrate peptide. Degradation tests were done 

with recombinant MMP-7 and detection of tyrosine using 

spectrophotometery. MSCs were photoencapsulated in the 

M7-PEG using white light (2-5min) and a photoinitiator 

system of 0.75% triethanolamine, 10mM eosin Y, and 

37mM 1-vinyl-2 pyrrolidinone (NVP) and compared to 

the non-degradable system. DMMB assay for sulfated 

proteoglycans (sGAG), IHC, and dynamic modulus 

measurements were done to compare chondrogenesis in 

the bioresponsive M7-PEG with non-degradable 

PEGDA:PEG.  
 

Results: To develop a scaffold that was degraded by the 

encapsulated cells at a developmentally relevant rate we 

first characterized gene expression in a non-degradable 

PEGDA:PEG scaffold to find enzymes with a similar 

temporal expression profile to collagen II and aggrecan, 

the major matrix proteins of articular cartilage. Focusing 

on the metalloproteinase family of enzymes we found that 

only MMP-7 and MMP-13 have an appropriate temporal 

profile. (FIGURE 1A) Because MMP-13 productions is 

classically believed to be associated with hypertrophic 

maturation of the chondrocyte during endochondral bone 

formation and was expressed prior to differentiation by 

the MSC (1B), we chose to focus on MMP-7.  Gene (1C) 

and protein (1D) expression of MMP-7 correlates with 

collagen II and aggrecan productions.  

 
FIGURE 1: Gene and protein expression of MSCs in non-degradable 

PEGDA: PEG hydrogel. (1A-B) relative gene expression, ��CT by RT-

PCR; (1C) gene expression compared to 18S (100%) of MSCs at time 

zero; (1D) paraffin fixed hydrogels stained with toludine blue or 

monoclonal antibodies to collagen II & MMP-7 (scale = 100μm) 
 

Based on these preliminary results we proceeded with the 

synthesis of a MMP-7 degradable PEGDA scaffold as 

described in the methods. Recombinant MMP-7 produced 

50% degradation of a cell-free scaffold within 48hrs (data 

not shown). Following encapsulation of MSCs and in vitro 

culture for six weeks, the degradable gel had a higher 

dynamic modulus than the non-degradable gel (2A), 

histological evidence of improved collagen II distribution 

(2B), and 1.5 fold higher sGAG content (data not shown).    
 

 
FIGURE 2: Dynamic modulus (2A) and collagen II IHC of non-

degradable (2B) and MMP-7 sensitive hydrogels (2C, scale = 50μm) 
 

Conclusions: Initial data indicates that MMP-7 

expression corresponds to chondrogenesis of MSCs 

encapsulated in hydrogel culture for cartilage engineering. 

A MMP-7 peptide sequence was effectively incorporated 

into a PEGDA scaffold to generate a bioresponsive 

scaffold. Importantly, following six weeks of culture this 

MMP-7 degradable hydrogel had increased production of 

proteoglycans, a 200% higher dynamic modulus (1hz), 

and expansion of the collagen II extracellular matrix into 

the interteritorial domain. This novel bioresponsive 

hydrogel improves upon current degradable technology 

and may be useful in cartilage engineering applications.   
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