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Biodegradable polymers with suitable and controllable physicochemical properties are promising in diverse tissue engineering applications such as bone, nerve, and cardiovascular repair and regeneration. Regulating cell functions on these polymeric substrates/scaffolds can offer a better understanding on the determining surface characteristics in cell/tissue-material interactions. We have synthesized photo-crosslinkable and biodegradable poly(-caprolactone) acrylate (PCLA), poly(ethylene glycol) diacrylate (PEGDA), and photo-polymerizable poly(L-lysine) (PLL) and poly(ethylene glycol) (PEG) monoacrylate using facile methods. These polymers can be photo-crosslinked into networks with tunable characteristics for regulating cell fate. For example, the mechanical properties of PCLA networks can be controlled efficiently by varying the molecular weight of the poly(-caprolactone) (PCL) precursor for synthesizing PCLA because it decides both crosslinking density and crystallinity. We have also modified PCLDA networks and PEGDA-based hydrogels by tethering PEG or PLL chains to improve their biocompatibility. Bulk and surface characteristics such as stiffness, morphology, hydrophilicity, and the capability of adsorbing serum proteins have been examined and correlated with cell attachment, spreading, proliferation, differentiation, and integrin/gene/protein expression. Cell types studied here include mouse pre-osteoblastic MC3T3-E1 cells, rat primary smooth muscle cells (SMCs), rat Schwann cell precursor line (SpL201) cells, rat pheochromocytoma (PC12) cells, and mouse neural progenitor cells. Using these polymers, concentric and parallel microgrooved substrates and conduits with compositional gradient along the conduit wall have been fabricated to explore contact guidance of cell motility/migration, alignment, differentiation, and gene expression. This research not only supplies a new series of photo-crosslinkable polymers and medical strategies for tissue engineering applications, but also offers excellent model systems for investigating fundamental correlation between biomaterial characteristics and cell functions.
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