Injectable Composite Biomaterials for Cartilage Tissue Engineering

Articular cartilage lesions can result in excruciating pain, and in some severe cases can lead to disability. Despite a wide range of cartilage regeneration treatments being available, many are often unable to offer a comprehensive solution and in some cases can even be detrimental to the situation. Tissue engineering is set to become one of the rational approaches to overcome this issue. This approach, nonetheless, requires several absolutely indispensable elements that should be involved so as to achieve the requisite tissue recovery. To engineer cartilage tissue, injectable hydrogels have recently been given considerable attention, but their wide application is limited by their weak mechanical properties, slow or rapid degradation rates, long gelation time and low cell binding affinity. 
In this project, the aim was to develop injectable composite hydrogels by photopolymerisation from a polyethylene glycol diacrylate (PEGDA)-based hydrogel plus porous particles obtained by polymerisation of a high internal phase emulsion template (polyHIPE particles). Moreover, in order to provide degradability for this injectable system, dithiothreitol (DTT) was incorporated into the crosslinked polymer network. It was hypothesised that the fabricated composite materials may overcome the drawbacks of using hydrogels alone, peculiarly in terms of inferior mechanical properties. Furthermore, due to low cell affinity of PEGDA hydrogels, the presence of highly porous particles in this composite system was foreseen to markedly improve cell proliferation, migration and differentiation toward the chondrogenic lineage. The applicability of the system to be utilised for cartilage tissue engineering was examined through rheology, swelling and degradation experiments. Encapsulation of human bone marrowderived mesenchymal stem cells (hBMSCs) was also assessed using TMPTA and DVA polyHIPE materials that were either functionalised by RGD or not, and composite hydrogels as well.
Rheological measurements revealed that storage modulus enhanced with increasing polyHIPE particle mass fractions and could also be tuned by varying the ratio of DTT used, the particle type and size, and the UV intensity. While increasing DTT ratio and particle sizes reduced the storage modulus, it became greater at higher UV intensity. Incorporating DTT into this system tailored the degradation rate. High amounts of DTT resulted in a substantial rise in the swelling properties and a weight loss of PEGDA-based hydrogels that were measured in phosphate buffer saline, complete cell culture media and 0.1 M of sodium hydroxide. The hBMSCs attachment, viability, proliferation and chondrogenesis were positively confirmed on polyHIPE material scaffolds and PEGDA/DTT plus polyHIPE particles composite hydrogels. This was done by histology, MTT colorimetric assay, immunohistochemistry, scanning electron microscopy and real-time polymerase chain reaction. Cartilage-related extracellular matrix gene markers were illustrated to be highly upregulated when MSCs were cultured within RGD-functionalised polyHIPE materials in the chondrogenic induction media relative to those which were cultured in the growth media. Type II collagen and aggrecan were largely detected with these scaffolds during the course of the study up to 3 weeks when the chondrogenic medium was used in comparison with the growth medium.
[bookmark: _GoBack]This research has provided a composite system that could meet the key requirements and solve some problems related to tissue regeneration and cartilage tissue, in particular.
