Surface modification with novel peptide to improve tissue integration
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Background
Conventional dental implants are anchored in the alveolar bone through osseointegration.  Whereas conventional dental implants are highly successful for patients with sufficient alveolar bone support, osseointegration in children and adolescents is counter-indicated because titanium will submerge in the growing alveolar bone.  Our preliminary data demonstrate a novel approach for tissue regeneration by homing the endogenous stem/progenitor cells and then differentiating the cells into the proper cell types to regenerate the functional periodontal tissues.
Aim/Hypothesis
The aim is to induce the formation of cementum on titanium dental implant surface with embedded PDL that anchor between cementum and alveolar bone. Our hypothesis is that upon delivering amelogenin as a migration cue and differentiation factor, the host cells can be recruited and form cementum and periodontal ligament on the surface of titanium implant.  
Material and Methods
Human periodontal ligament cells were harvested from dental clinic at the Beijing Stomatology Hospital, followed by the IRB approval and patient consent.  The cells were cultured at DNEM containing 10% serum and antibiotics. All chemical reagents were purchased from Sigma. Gene expression probes were purchased from Thermo Scientific. All plasmids were synthesized by Genescript. Titanium disc surface modification were conducted as following: In order to absorb amelogenin on the titanium surface, we developed an efficient method of surface modification that introduces the nanonetwork structures with titania nanosheet. We used NaOH solutions with concentrations of 2.5, 5.0, 7.5, 10.0, and 12.5 M. To improve the amelogenin coating, we further coated the etched titanium disc with PEI that carrying postive charge as described15, and then immerged the impant into the 1mg/ml Amelogenin solution with pH=4. At the low pH, Amelogenin carries negative charge. Histological analysis, Scanning Electron Microscope (SEM) and Atomic Force Microscope (AFM) were conducted following standard protocols as described in the previous publications. 
Results
Our results demonstrated that amelogenin promotes the mesenchymal stem/progenitor cells migration and differentiation into cemento/osteoblast with a significant increase of the expression of cementum marker genes, including Osteocalcin, Runx2, CEMP-1, and type I collagen.  Our results are consistent with the clinical observations that cementum, periodontal ligament and alveolar bone can be regenerated by treatment with enamel matrix derivative (EMD), in which amelogenin and its alternative splicing products are the major component (>95%).  Our data also showed that, in vivo, amelogenin can act as a signaling molecule that induces the mineralized matrix deposition and formation of cementum PDL-like interface structure with vertical Sharpey’s fibers inserting into the cementum-like tissues. With the state of the art layer by layer technology, we have optimized the modification condition and successfully coated the titanium surface with the recombinant amelogenin. The modified surface showed an increased cell adhesion, differentiation and matrix deposition.
Conclusion and clinical indication
Because the dental implant integrates into the jaw bone without interposed periodontal ligament between bone and implant fixture, it doesn’t erupt. Implant and implant crown placed in the child with ongoing skeletal growth are likely to end up having lower occlusal surface and lower gingival margin. Implant with periodontal ligament and cementum also minimizes alveolar bone or soft tissue resorption. Therefore, regeneration of periodontal ligament and cementum on the surface of titanium implant will have a significant impact on the success rate and application of dental implant.
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