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Among the possible complications associated with total joint replacement surgery, infection of the synthetic implant surface is one of the most common and most serious.   Infection occurs in approximately 0.5 – 5% of the hip and knee replacements 


[1-3] ADDIN EN.CITE  and is substantially higher in cases of trauma 


[4-6] ADDIN EN.CITE .  Infection of an implanted device is a catastrophic problem, because there is currently no effective therapy to fully resolve an infected implant short of removing the implant altogether and pursuing a subsequent revision surgery. 


At its core, the infection of an implant surface is a biomaterials problem.  A number of materials modifications have been made to render such surfaces repulsive to bacteria – e.g. PEGylation 


[7-11] ADDIN EN.CITE  – but these bacteria-repulsive surfaces also repel eukaryotic cells 


[12-15] ADDIN EN.CITE .  Instead, a surface is needed that is differentially adhesive such that it promotes osteoblast adhesion and proliferation while simultaneously inhibiting bacterial adhesion and proliferation.  This is a fundamental biomaterials problem that remains unsolved.     

[image: image1.bmp]
Nanoscale science and engineering offers a compelling possible solution to the problem of creating a surface that is differentially adhesive to osteoblasts and bacteria.  This solution uses nanoscale hetero-features organized on surfaces in two dimensions at submicron length scales.  Modulations of cell adhesiveness at 1-100 m length scales have been extensively studied for the purposes of eukaryotic cell patterning.  However, the idea of modulating nanoscale adhesiveness to achieve differential cell adhesion to repel bacteria yet attract eukaryotic cells based on fundamental differences in the length-scale properties of these cells is new.  Significantly, osteoblasts are typically on the order of 5-10 m in diameter, they have flexible cell walls that can conform to a substrate, and they adhere to surfaces by integrin-mediated focal contacts 


[16-19] ADDIN EN.CITE .  Bacteria involved in many implant infections such as Staphylococcus epidermidis (S. epi) and Staphylococcus aureus (S. aureus) tend to be quite spherically shaped and do not easily conform to a substrate.  In contrast to osteoblasts, staphyloccoci are only about 0.6-0.9 m in diameter, and their surface adhesion is mediated by both specific and non-specific binding mechanisms.  These differences open a very important window with which to explore creating a differentially adhesive surface.  We thus hypothesize that a laterally heterogeneous surface patterned with pseudo-alternating nanoscale cell-repulsive and nanoscale cell-adhesive features will repel bacteria but preserve osteoblast adhesion (figure 1).  
[image: image2.wmf]
Specific Aim 1:  Create a family of novel nanogels with variable size, charge state and cell-interactive properties.  We are synthesizing nanohydrogels by the emulsion polymerization of PEG diacrylate and acrylic acid.  The acid groups provide negative charges at physiological pH with which to control the electrostatic interactions between the nanohydrogels and the substrate.  In the as-synthesized form, we expect these nanohydrogels to be cell repulsive.  We will use a subset of these particles to make a second family of cell-adhesive particles (blue in fig. 2) by linking adhesion-signaling oligopeptides (e.g. RGD) or proteins (e.g. fibronectin) to acid groups on the nanohydrogels surface.  
Specific Aim 2: Produce structured films with variable interparticle distances through 2D self-assembly of cell-repulsive and cell-adhesive nanohydrogels.  The key point in this aspect of our work is to design a polyelectrolyte primer layer to control the structure, heterogeneity, and stability of the self-assembled nanohydrogel monolayer.  We are using polycation primer layers based on poly(L-lysine) (PL), poly(allylamine hydrochloride) (PAH), and linear/branched polyethyleneimine (PEI) and their copolymers.   We can control their charge and conformation by copolymer composition, pH, and ionic strength, and we are optimizing these properties to control the surface organization of heterogeneous nanohydrogels.  In addition, we plan to incorporate into these primer layers mechanisms to bind nanohydrogels through covalent and/or specific interactions to fix the 2-D organization of the nanohydrogels after their deposition.  

Specific Aim 3: Determine the effects of nanohydrogel size, cell-interactive properties, and lateral organization on the differential adhesion of osteoblasts and S. epi bacterial cells.  Building on established methods for osteoblast culture and bacterial culture in model media, we are developing assays to identify those sets of nanostructured surfaces resulting from Aims 1 and 2, that maintain osteoblast adhesion and proliferation comparable to controls yet repel S. epi adhesion.  We hope to reduce the probability of bacterial adhesion by at least two orders of magnitude.  For those surfaces that satisfy these criteria, we will then determine their differential adhesion behavior using co-culture environments that closely mimic possible infection scenarios of orthopedic implants.  We are developing microfluidic-based evaluation platforms for the Despite the fact that culture methods for eukaryotic cells and for bacterial cells are well established, co-culture methods in media relevant to a wound site have not yet been developed, and these will provide a rational basis for unequivocally determining the differential adhesion character of nanohydrogel surfaces in the presence of interaction/competition between S. epi. and osteoblasts. 
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Figure 1 - Repulsive (red) and adhesive (blue) nanohydrogels self assembled on a surface via a multifunctional polycation primer layer.  The spatial distribution and relative spacing of nanohydrogels can create a differentially adhesive surface because of the significant differences in size and surface-binding properties of eukaryotic and bacterial cells.  
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Figure 2 - Cell repulsive (red) and cell adhesive (blue) nanohydrogels deposited onto cationically charged surfaces by electrostatic self assembly.
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