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Abstract: One of the main problems with current vascular stents is a lack of endothelial cell 

interactions, which if suffi cient, would create a uniform healthy endothelium masking the 

underlying foreign metal from infl ammatory cell interference. Moreover, if endothelial cells 

from the arterial wall do not adhere to the stent, the stent can become loose and dislodge. 

Therefore, the objective of this in vitro study was to design a novel biomimetic nanostructured 

coating (that does not contain drugs) on conventional vascular stent materials (specifi cally, 

titanium) for improving vascular stent applications. Rosette nanotubes (RNTs) are a new class 

of biomimetic nanotubes that self-assemble from DNA base analogs and have been shown in 

previous studies to suffi ciently coat titanium and enhance osteoblast cell functions. RNTs have 

many desirable properties for use as vascular stent coatings including spontaneous self-assembly 

in body fl uids, tailorable surface chemistry for specifi c implant applications, and nanoscale 

dimensions similar to those of the natural vascular extracellular matrix. Importantly, the results 

of this study provided the fi rst evidence that RNTs functionalized with lysine (RNT–K), even 

at low concentrations, signifi cantly increase endothelial cell density over uncoated titanium. 

Specifi cally, 0.01 mg/mL RNT–K coated titanium increased endothelial cell density by 37% 

and 52% compared to uncoated titanium after 4 h and three days, respectively. The excellent 

cytocompatibility properties of RNTs (as demonstrated here for the fi rst time for endothelial 

cells) suggest the need for the further exploration of these novel nanostructured materials for 

vascular stent applications.

Keywords: stents, nanotechnology, self-assembly, rosette nanotubes, endothelial cells, 

titanium

Introduction
Vascular stents are predominantly metal structures inserted into partially clogged 

arteries to promote normal blood fl ow and prevent myocardial infarctions. There is 

an enormous market for vascular stents with $918 million in US sales in 2005 alone.1 

The constant contact of vascular stents with blood has been the source of several unre-

solved effi cacy issues.2,3 For example, conventional bare metal stents often trigger an 

infl ammatory response leading to scar tissue formation, known as restenosis, which 

constricts blood fl ow defeating the original purpose of the stent.2 Drug-eluting stents 

counteract such events by releasing immunosuppressants, however, these immuno-

suppressants can also suppress desirable endothelial cell growth and sometimes lead 

to late-stage thrombosis.3 For the above reasons, this study focused on the design, 

synthesis, and investigation of a new non-drug containing material called rosette 

nanotubes (RNTs) to coat titanium stent surfaces in order to enhance endothelial cell 

adhesion and proliferation.

RNTs are novel materials composed of DNA base analogs featuring the hydrogen 

bonding arrays of both guanine and cytosine, the G^C motif. This module self-

assembles spontaneously in aqueous solutions fi rst into a rosette supermacrocycle 
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maintained by 18 hydrogen bonds (Figures 1A–B). Then 

the rosettes undergo self-organization via noncovalent 

stacking interactions to form helical nanotubes with an inner 

diameter of 11 Å and lengths ranging from a few nanome-

ters to several micrometers (Figure 1C). Such nanometer 

dimensions of RNTs mimic the dimensions of the natural 

components of tissues, such as collagen fi brils. Furthermore, 

the outside of the tubes can be functionalized to possess 

various peptides and amino acid side chains (eg, K, RGD 

[arginine–glycine–aspartic acid]) to interact with cells and 

stimulate specifi c tissue growth.

For orthopedic applications, previous studies have 

shown that various functionalized RNTs have attractive 

properties including remarkably improved osteoblast 

(bone-forming cell) functions when coated on traditional 

implant materials (such as titanium) or embedded in 

hydrogels.4–8 Promoted osteoblast functions have been 

attributed to the nanoscale biologically-inspired features 

and the rich lysine or peptide moieties of RNTs. In addition, 

RNTs have been investigated as novel injectable materials 

which solidify when heated to body temperatures.4–7 Of 

course as with any new nanotechnology-derived material, 

toxicity could be a concern. However, in a recent in vivo 

study, Journeay and colleagues reported that RNTs did 

not trigger severe infl ammatory responses and had low 

pulmonary toxicity in vivo at mg/mL concentrations (toxic 

concentrations above which RNTs have been shown to 

promote cell functions).9

For all of the above reasons, especially due to the promise 

of coating titanium with RNTs for orthopedic applications, 

this report focuses on endothelial cell functions on RNT-

coated titanium with the aim of improving vascular stent 

performance.

Materials and methods
Substrate preparation and characterization
Titanium squares (Ti, 10 × 10 × 0.5 mm, Alfa Aesar titanium 

foil, 99% metal basis) and glass coverslips (Fisher Scien-

tifi c, Pittsburgh, PA) were cleaned in acetone for 15 min, 

sonicated for 15 min, and rinsed three times with Millipore 

distilled/deionized water (ddH
2
O; Millipore, Billerica, MA). 

They were then soaked, sonicated, and rinsed in 70% ethanol 

then in ddH
2
O. The glass was etched (1 M NaOH, 1 h) and 

thoroughly rinsed in ddH
2
O. The substrates were then placed 

in a drying oven overnight and autoclaved before the cell 

adhesion experiments.

The RNT–K (RNTs functionalized with lysine) were 

synthesized as previously reported,10 and the corresponding 

solutions were sterilized by fi ltration via a 0.22 μm syringe 

fi lter.4 To confi rm the formation of the RNTs, a sample 

(0.01 mg/mL) was imaged on a Philips, EM410 PW6008 

transmission electron microscope (Philips, Amsterdam, The 

Netherlands). One day prior to seeding cells, the titanium 

substrate samples were placed in solutions of either 0.01 mg/

mL or 0.001 mg/mL RNT–K for 45 min, then removed and 

left to dry overnight.

Endothelial cell culture
Rat aortic endothelial cells (RAEC; VEC Technologies, 

Rensselaer, NY) were cultured in MCDB–131 Complete 

medium (VEC Technologies) under standard cell culture 

conditions (37 °C, humidifi ed, 5% CO
2
/95% air). Medium 

was replaced every other day.

Endothelial cell adhesion experiment
For the 4 h cell adhesion studies, a 12-well plate was 

prepared with three samples consisting of 0.01 mg/mL 
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Figure 1 Schematic illustration of the self–assembly process of RNTs with a lysine (K) side chain (RNT–K) when placed in body fl uids.  A) The guanine–cytosine (G^C) motif 
with a lysine side chain; B) a rosette supermacrocycle self–assembled from six G^C motifs maintained by 18 H-bonds; and C) the rosettes stack up to form a stable nanotube 
with a ∼3.5 nm outer and a 11 Å inner tube diameter.
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RNT-coated titanium, 0.001 mg/mL RNT-coated titanium, 

uncoated titanium, and a glass reference. Cells were seeded 

onto the substrates at a density of 3500 cells/cm2 in 2 mL of 

MCDB-131 Complete Medium (Sigma-Aldrich, St. Louis, 

MO) and were incubated for 4 h. The medium was then 

removed and the substrates were rinsed with phosphate-

buffered saline (PBS; 3×) to remove non-adherent cells. 

The adherent cells were then fi xed with 10% formalin 

(Fisher Scientifi c) for 10 min and then rinsed with PBS 

(3×). The cells were then fi xed with 0.1% Triton X–100 

(Sigma-Aldrich) for 5 min. After sequential PBS rinsing, 

endothelial cells were stained with rhodamine–phalliodin 

(Molecular Probes, Carlsbad, CA) for 20 min, rinsed with 

PBS (2 ×), stained with DAPI (Invitrogen, Carlsbad, CA) for 

5 min and rinsed with PBS. 4',6-Diamidino-2-phenylindole 

(DAPI) was chosen as a fl uorescent dye since it stains the cell 

nucleus and can be used to count the number of cells pres-

ent on opaque substrates. Rhodamine phalliodin was also 

chosen because it stains the F-actin fi laments of endothelial 

cells and, thus, highlights cell morphology. After staining, 

endothelial cells were observed using a Zeiss Axiovert 

200 M fl uorescence microscope (Carl Zeiss Microimaging 

Inc., Thornwood, NY) and fi ve different areas of each sample 

were imaged. The cell density was determined by counting 

cells using Image Pro Analyzer (Media Cybernetics, Inc., 

Bethesda, MD).

Endothelial cell proliferation experiment
For the proliferation studies, three sets of substrates were 

seeded with endothelial cells at a density of 1000 cells/cm2 

and were placed in an incubator for 1, 3, and 5 days. The 

medium was changed every other day. After each time period, 

cells were stained and counted as described above.

Statistical analysis
All cellular experiments were run in triplicate and repeated 

at least three different times for each substrate. Numerical 

data were analyzed with a Student’s t–test to make pair-

wise comparisons. Statistical signifi cance was considered 

at p � 0.1.

Results and discussion
RNT–K morphology
Transmission electron microscopy images showed that the 

RNT–K used in the present study formed a dense network 

of long nanotubes each ∼3.5 nm in diameter and several 

hundred nanometers in length (Figure 2), consistent with 

earlier reports.4

Enhanced endothelial cell adhesion
The 4 h adhesion study provided the fi rst evidence that 

endothelial cells adhered at a higher density to RNT-coated 

titanium compared to uncoated titanium substrates. Spe-

cifi cally, the 0.01 mg/mL and 0.001 mg/mL RNT–K-coated 

titanium increased endothelial cell density by 37% and 22%, 

respectively, over uncoated titanium (Figures 3 and 4).

One hypothesis concerning why increased endothelial 

cell adhesion was observed on RNT-coated compared to 

uncoated titanium is that the biomimetic features of the nano-

structured RNTs favored endothelial adhesion whereas the 

uncoated titanium did not possess such biologically-inspired 

surface roughness. In addition, another study reported that 

poly-L-lysine-coated vascular stents signifi cantly improved 

endothelial cell adhesion compared to uncoated controls 

perhaps due to the electrostatic or optimal initial protein 

interactions between poly-L-lysine and endothelial cells.11 

Considering the rich lysine side chains and well controlled 

nanometer spatial distributions of such lysine side chains on 

RNTs, the surface chemistry of titanium was altered through 

RNT coatings to possibly promote greater endothelial cell 

attachment and spreading as shown in Figure 5.

Endothelial cell proliferation
Endothelial cell density increased on all substrates after 

5 days of culture (Figure 6). More importantly, results of this 

Figure 2 Transmission electron micrograph of RNT–K (0.01 mg/mL in water).   Arrows 
point to the RNTs.
Abbreviation: RNT–K, rosette nanotube–lysine side chain.
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Figure 3 Enhanced endothelial cell adhesion on 0.01 and 0.001 mg/mL RNT–K coated on titanium after 4 h compared to uncoated titanium.
Notes: Data are mean values ± SEM; N = 3. *p � 0.05; **p � 0.1 when compared to uncoated titanium; and #p � 0.005 when compared to all other substrates.
Abbreviations: RNT–K, rosette nanotube–lysine side chain; SEM, standard error of mean.
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Figure 4 Fluorescence microscopy images of increased endothelial cell densities after 4 h on A) 0.01 mg/mL RNT–K coated on titanium and B) 0.001 mg/mL RNT–K coated on 
titanium compared to C) uncoated titanium. Dots in the images represent DAPI-stained endothelial cell nuclei. Scale bars = 50 μm (left), 40 μm (middle), and 50 μm (right).
Abbreviations: DAPI, 4´,6-diamidino-2-phenylindole; RNT–K, rosette nanotube–lysine side chain.

B)A) C)

study provided the fi rst evidence that RNT–K-coated tita-

nium greatly improved endothelial cell functions compared 

to uncoated titanium (Figure 6). Specifi cally, the 0.01 mg/

mL and 0.001 mg/mL RNT-coated titanium increased endo-

thelial cell density 52% and 21%, respectively, compared 

to uncoated titanium after three days of culture. In addi-

tion, endothelial cell densities were signifi cantly higher on 

0.01 mg/mL RNT–K coated titanium than on 0.001 mg/mL 

RNT–K-coated titanium after three days of culture. Such 

data supports the positive role that higher concentrations of 

RNTs can play in promoting endothelial cell coverage of 

vascular stents by (a) presenting more lysine side chains per 

unit of surface area, and/or by (b) more closely resembling 

the natural nanostructure of vascular tissue when coated 

on titanium.

By day 5, the RNT-coated titanium still had a higher 

average endothelial cell density, but the differences were 

no longer statistically signifi cant (Figure 6). However, 

when analyzing endothelial cell numbers from day 1 to 5, 

it was clear that endothelial cells reached confl uency faster 

on the RNT-coated titanium than on the uncoated titanium. 

Furthermore, Figures 7 and 8 illustrate the difference 

in endothelial cell confl uency on titanium when coated 

with RNTs.

In short, this study demonstrated for the first time 

improved endothelial cell density on RNT-coated titanium 
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Figure 5 Fluorescence microscopy images of endothelial cells spreading on 0.01 mg/mL and 0.001 mg/mL RNT–K coated on titanium and uncoated titanium after 4 h. F-actin 
fi laments were stained with rhodamine phalliodin.
Abbreviation: RNT–K, rosette nanotube–lysine side chain.

0.01 mg/mL RNT–K 0.001 mg/mL RNT–K Uncoated titanium

50 μm 50 μm50 μm

Figure 6 Enhanced endothelial cell density on RNT–K coated on titanium after 3 and 5 days. 
Notes: Data are mean values ± SEM; N = 3; #p � 0.01 and ##p � 0.05 compared to uncoated titanium on day 3; *p � 0.05 compared to 0.001 mg/mL RNT–K coated on 
titanium on day 3; **p � 0.001 compared to respective substrates on day 1; and ***p � 0.001 compared to respective substrates on day 3.
Abbreviations: RNT–K, rosette nanotube–lysine side chain; SEM, standard error of mean.
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compared to uncoated titanium controls. Importantly, this 

was achieved without embedding or coating drugs on the 

titanium stent surface, rather, such positive data was obtained 

after simply soaking titanium in RNT-containing solutions 

for 45 min. This study, thus, suggests the potential of using 

biomimetic RNTs as a quickly applied, effi cient coating on 

titanium to improve cytocompatibility properties for vascular 

stent applications.

Conclusions
In summary, this initial investigation concerning endothe-

lial cell functions on RNT-coated titanium stents yielded 
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0.01 mg/mL RNT–K 0.001 mg/mL RNT–K Uncoated titanium
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Figure 7 Fluorescence microscopy images of increased endothelial cell densities (DAPI stain) on 0.01 mg/mL and 0.001 mg/mL RNT–K coated on titanium compared to 
uncoated titanium after 1, 3, and 5 days of culture.
Abbreviations: DAPI, 4´,6-diamidino-2-phenylindole; RNT–K, rosette nanotube-lysine side chain.

0.01 mg/mL RNT–K 0.001 mg/mL RNT–K Uncoated titanium

Day 1
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Figure 8 Fluorescence microscopy images of double-stained endothelial cells on 0.01 mg/mL and 0.001 mg/mL RNT–K coated on titanium and uncoated titanium after 1, 3, 
and 5 days of culture. F-actin fi laments were stained by rhodamine phalliodin and cell nuclei were stained by DAPI.
Abbreviations: DAPI, 4´,6-diamidino-2-phenylindole; RNT–K, rosette nanotube–lysine side chain.
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very positive results. Titanium coated with RNTs showed a 

signifi cant concentration effect of increased endothelial cell 

density compared to uncoated titanium after 4 h and after 

three days. While further investigation is clearly needed, such 

as using dynamic fl ow rather than the static tests conducted 

here, the results of this study provided promise for the use 

of RNTs to improve vascular stent applications.

Acknowledgments
This work was supported by NIH Grant no. 1R21AG027521, 

Canada’s National Research Council, NSERC, and the 

University of Alberta. The authors report no confl icts of 

interest in this work.

References
 1. Medtechinsight.com. US Markets for Peripheral Vascular Stents, Irvine: 

Medtech Insight. Accessed Oct 23, 20 08. Available from: http://www.
medtechinsight.com/ReportA250.html.

 2. Hoffman GS, Weyand CM, editors. Infl ammatory diseases of blood 
vessels. New York, NY: Marcel Dekker; 2002.

 3. White CJ, editors. Drug-eluting stents: advanced applications for the man-
agement of coronary disease. New York: Taylor and Francis; 2005.

 4. Chun AL, Moralez JG, Fenniri H, Webster TJ. Helical rosette nanotubes: 
a more effective orthopaedic implant material. Nanotechnology. 
2004;15:S234–S239.

 5. Chun AL, Moralez JG, Webster TJ, Fenniri H. Helical rosette nanotubes: a 
biomimetic coating for orthopedics. Biomaterials. 2005;26:7304–7309.

 6. Zhang L, Ramsaywack S, Fenniri H, Webster TJ. Enhanced osteoblast 
adhesion on self–assembled nanostructured hydrogel scaffolds. Tissue 
Eng Part A. 2008;14(8):1353–1364.

 7. Zhang L, Rakotondradany F, Myles AJ, Fenniri H, Webster TJ. Arginine–
glycine–aspartic acid modifi ed rosette nanotube–hydrogel composites for 
bone tissue engineering. Biomaterials. 2009;30(7):1309–1320.

 8. Zhang L, Rodriguez J, Myles AJ, Fenniri H, Webster TJ. Biologically 
inspired rosette nanotubes and nanocrystalline hydroxyapatite hydrogel 
nanocomposites as improved bone substitutes. Nanotechnology. 2009; 
In press.

 9. Journeay WS, Suri SS, Moralez JG, Fenniri H, Singh B. Rosette nanotubes 
show low acute pulmonary toxicity in vivo. Int J Nanomedicine. 
2008;3(3):373–383.

10. Fenniri H, Mathiavanan P, Vidale KL, et al. Helical Rosette Nanotubes: 
Design, Self–Assembly, and Characterization. J Am Chem Soc. 
2001;123(16):3854–3855.

11. Wang GX, Deng XY, Tang CJ, et al. The adhesive properties of endo-
thelial cells on endovascular stent coated by substrates of poly-L-lysine 
and fi bronectin. Artif Cells Blood Substit Immobil Biotechnol. 2006;
34(1):11–25.

Powered by TCPDF (www.tcpdf.org)



Powered by TCPDF (www.tcpdf.org)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


