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INTRODUCTION: Biomaterial-associated 
infections (BAI) often arise from contaminating 
bacteria introduced during surgical implantation 
that are not effectively eradicated by antibiotic 
treatment due to increasing antibiotic-resistant. 
Whether or not infection develops from 
contaminating bacteria, depends on an interplay 
between contaminating bacteria and tissue cells 
trying to integrate the biomaterial surface with the 
aid of immune cells. The biomaterial surface plays 
a crucial role in defining the outcome of this race 
for the surface and tissue integration is considered 
the best protection of a biomaterials implant 
against infectious bacteria. Our research aims to 
determine whether and how macrophages 
stimulate osteoblasts and human mesenchymal 
stem cells to integrate gold-nanoparticle (GNP-) 
coatings with different hydrophilicity and 
roughness in absence or presence of adhering, 
contaminating bacteria. 

METHODS: The GNP-coated surfaces were 
obtained by the deposition and aggregation of gold 
nanoparticles on surfaces to form 3D nano-size or 
microscales structures. The influence of roughness 
on biofilm growing, osteoblast cells (U2OS) and 
human mesenchymal stem cells (hMS) response 
and race for the surface in the presence of 
Staphylococcus epidermidis, Staphylococcus 
aureus or Escherichia coli, respectively, were 
investigated on GNP-coated surfaces with 
different roughness. The macrophage polarization 
and their effect on tissue cell integration were 
investigated on contaminated surfaces. 

RESULTS: GNP-coatings reduced the biofilm 
growing and demonstrated better tissue integration 
in presence of S. epidermidis in bi-culture with 
tissue cells than smoother and rougher coatings, 
due to low biofilm growth and good spreading of 
tissue cells. S. aureus fully impeded cell surface 
coverage on smooth gold- or GNP-coatings, while 
E. coli allowed minor tissue integration. 
Macrophages in mono-culture adapted their 

inflammatory “fighting” M1-phenotype on all 
coatings to combat the biomaterial, but in bi-
cultures with contaminating bacteria, presented 
themselves in their tissue stimulating “fix-and-
repair” M2-phenotype. Damage repair of cells by 
macrophages, improved tissue integration on 
nanoscale GNP-coated surfaces in presence of 
adhering, contaminating staphylococci, but 
provided little aid in improving tissue integration 
in presence of Escherichia coli. 

Fig. 1: Macrophage adhesion and M1/M2 
polarization on smooth, gold- (G-) and GNP-
coated surfaces in absence and presence of 
bacterial contamination with S. aureus, S. 
epidermidis and E. coli, respectively.  

DISCUSSION & CONCLUSIONS: Thus, the 
merits on GNP-coatings to prevent BAI critically 
depend on the hydrophilicity/roughness of the 
coatings and the contaminating bacterial strain. 
The ease of fabricating these randomly structured, 
GNP-coatings provides a clear benefit for their use 
as a more infection-resistant biomaterial coating. 
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