Developmental studies in humans and other vertebrates suggest the involvement of heparan sulfate proteoglycan (HSPG) core proteins and heparan sulfate (HS) chains in cartilage formation (Nicole et al, 2000; Esko and Selleck, 2002). Various studies have demonstrated that bioactive growth factors and extracellular matrix surrounding cell regulate cartilage cell differentiation (Wallis, 1996; Ohta et al, 1999; Murakami et al, 2000; Pizette and Niswander, 2000; Gritli-Linde et al, 2001).  HS chains bind various growth factors such as FGF-2 and BMP-2, which enhance growth factor delivery and allow bones to grow to their normal length. The cleavage of HS chains containing heparin binding growth factors (HBGFs) delivers growth factors and induces signal transduction. In this regard, heparanase, an enzyme that cleaves HS chains, releases HS chains and their bound HBGFs.   Perlecan is a large multi-domain HSPG that supports early chondrogenic differentiation.  When absent or mutated, cartilage fails to develop properly and defective bones form.  Previous studies demonstrated the essential role of perlecan domain I, decorated with three HS chains, in early chondrogenesis, and growth factor delivery (Powell et al, 2002).  However, the importance of heparanase in the chondrogenic pathway and bone growth has not yet been determined. 

        My dissertation research has shown that heparanase is expressed by the mouse chondrogenic cell line, ATDC5, which is an accepted model of cartilage formation. Under appropriate culture conditions, ATDC5 cells express both early and late stage markers of cartilage differentiation and provide a convenient in vitro model to study bone formation. My dissertation is based on the hypothesis that heparanase is an important mediator of growth factor delivery during chondrogenic differentiation. This hypothesis is being tested by using a form of gene therapy that reduces heparanase messenger RNA expression in differentiating ATDC5 cells by infecting ATDC5 cells with a non-replicate lentivirus containing a “scissor” molecule.  Clones expressing a greater than 70% knockdown in heparanase expression are selected for in vitro chondrogenic assays.  I have also stably overexpressed human heparanase in ATDC5 cells.  The ability of these cells to differentiate through the endochondral ossification process is currently being investigated.  Through these studies we will gain insight in the role of a metastatic molecule, heparanase, in endochondral ossification. Perturbing normal patterns of heparanase expression is expected to impact HS-dependent processes during cartilage differentiation. 
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