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Statement of Purpose: Atherosclerosis is considered to 
be a chronic inflammatory disease in which the  immune 
system is greatly involved, for example, via 
monocyte/lymphocyte adhesion. Bio-inspired 
nanostructured-materials might provide a promising 
alternative for current drug-eluting vascular stents. There 
are three important factors to be considered to fabricate 
such improved stents: topography, roughness and surface 
energy. In the case of topography, it has shown that 
highly controllable nanostructured and random 
nanostructured surface features could greatly enhance 
vascular endothelial cell functions [1]. Previous studies 
also indicated that nanometer (feature sizes less than 
50nm in the lateral and vertical scales) surface features on 
titanium vascular stents increased vascular endothelial 
cell density and surface energy compared with sub-
micron surface features [2]. However, it has been unclear 
to date the influence of nano surface features on inhibiting 
immune cell responses and cytokine production, which 
are important mediators of atherosclerosis. Therefore, the 
objective of this in vitro study was to investigate the 
mechanism of nano and submicron surface features on 
titanium stents towards activating macrophage cell 
adhesion and cytokine secretion. Finally, macrophage 
migration under flow condition was determined.  
 
Materials and Methods: Three different titanium 
roughness values (flat, nano and sub-micron) were created 
by depositing a layer of titanium on glass coverslips using 
E-beam evaporation. Macrophage (TIB-186, population 
No. 19-20; RPMI-1640 Medium, ATCC) adhesion 
activated by Lipopolysaccharide (LPS) was examined. 
The production of cytokines (TNF-α, IL-1β and IL-6) 
important for mediating inflammation was also examined 
by commercially available ELISA kits (Invitrogen). 
Lastly, macrophage migration was observed with the help 
of a flow system which mimicked real blood flow. 
 
Results: Nano and sub-micron rough titanium were 
characterized as shown in Figure 1. Macrophage adhesion 
results increased on flat titanium compared with nano and 
sub-micron rough titanium surfaces after 12 hours 
(p<0.05) and this difference was even greater after 24 
hours (p<0.01). Cell density on sub-micron rough surface 
was the lowest. In addition, nano and sub-micron rough 
titanium surfaces significantly decreased TNF-α, IL-1β 
and IL-6 production by macrophages, suggesting a further 
decrease in the intiation of atherosclerosis. In-situ 
macrophage migration under flow of 10-20 dynes/cm2 
indicated that migration was accelerated on sub-micron 
roughness surface compared with flat surfaces.  
 

 

 
 
Figure 1. Greater surface roughness, area and energy 

on nano and sub-micron rough titanium surfaces. 
Increased hydrophilicity on (b) nano and (c) sub-micron 

surfaces compared with (a) flat surfaces. 
 
Conclusions: All these results showed that nano and sub-
micron titanium structured surfaces on titanium have 
great potential in replacing conventional smooth vascular 
stents.   
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