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Investigating the effects of various physical stimuli on cells is important for improving the efficiency of tissue repair and regeneration.

In this research, we developed a dynamic well plate system by integrating the advantages of conventional well plates and a bioreactor
to provide simultaneous physical stimuli of shear stress and a static magnetic field. The dynamic well plate involving perfusion of
culture medium can control hydrodynamic shear while retaining the inherent simplicity of conventional well plates. The specific well
plate cover was designed to load shear stress on cells during cultivation and was built to fit over a standard six-well plate. Additionally,

to investigate the effects of a magnetic field on cell proliferation, a static neodymium magnet was placed beneath each well. To assess

the system developed, calf pulmonary artery endothelial (CPAE) cells were cultured using the developed system. CPAE cells under

hydrodynamic shear stress conditions were elongated and aligned in the direction of the flow and the magnetic field enhanced CPAE
cell proliferation. Simultaneous application of a magnetic field and shear flow in CPAE cell cultivation allowed the development of
optimized culture conditions, initially for cell proliferation and then for functional expression, such as cell shape changes.

NOMENCLATURE

EI = elongation index value

A =area of cell

P = perimeter of cell

7= wall shear stress

Qoue = volume flux of media

= viscosity of media

r = radial position from center of a well of a well plate

h = distance between bottom surface of a plunger and top surface
of a well

1. Introduction

Physical stimuli that mimic those to which a tissue is exposed in
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vivo play important roles in repair and regeneration of the tissue.
Various responses to physical stimuli can be expected and the effects of
the mechanical properties of developing tissue and cell division or
differentiation rate have been addressed to date 1. The mechanical
properties of developing tissues can be altered with or without proper
physical stimuli, such as shear stress,” stretch force,® and compression.z8
Among these, shear stress resulting from blood flow on vascular
endothelial cells has been shown to be an important regulator of vascular
structure and function, such as elongation, proliferation, migration, and
permeability. The effect of shear stress has been investigated using both
macroscale** and microscale®> systems. A macroscale system usually
uses two plates (one moving and one fixed plate) to generate a constant
shear stress. However, the set-up is complex and large and requires large
amounts of culture medium and cells. Recently, microfluidic devices
have been used. Due to laminar flow, characterized by low Reynolds
numbers, constant and controlled shear flow can easily be generated in
a microfluidic system. However, cell seeding and culturing inside a
microchannel is delicate process that requires practice.

@ Springer
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A static magnetic field is another important physical stimulus for
tissue regeneration. A magnetic field can be classified by its intensity
of magnetic flux density as weak (< 1 mT), moderate (1 mT to 1 T),
strong (1~5 T), and ultrastrong (> 5 T). Moderate-intensity magnetic
fields can result in increased proliferation and they have been studied
as an important physical stimulus.”' It is known that the static magnetic
field can modulate signaling network'® and biophysical properties of
membranes'* of the cell, and interact with moving charges'® inside and
outside the cell. Although there are several speculations on the mechanism
and the effect of static magnetic field, it has remained unclear.

In this paper, a dynamic well plate system that can provide
simultaneous stimuli of shear stress and a static magnetic field was
developed to investigate the effects of those stimuli. One important
characteristic and advantage of the developed system is the use of a
conventional six-well plate. Conventional well plate culture systems
are in widespread use because of their simplicity and well-established
experimental protocols. However, the well plate is not ideal for
controlling physical stimuli, such as shear stress, during cell culture.
The use of bioreactors involving convective mixing and perfusion of
culture medium enables precise control of the cellular microenvironment,
which can enhance the effectiveness of cell and tissue cultures and mass
transfer. However, such bioreactors are, in most cases, of much larger
volume than well plates and their use requires extra technical skills,
reagents, and equipment. Thus, in this study, we developed a dynamic
well plate system, combining the advantages of the two culture systems,
the well plate and the bioreactor. The cover of the dynamic well plate
system was specifically designed to apply medium flow to cells and fit
over a standard six-well culture plate. The cover contains plungers that
extend into each well and are machined precisely to provide a defined
shear stress to the cells. By simply replacing the well plate cover with
the cover of the dynamic well plate, medium flow can be applied to the

cells and hydrodynamic shear can be controlled.

2. Dynamic Well Plate System

2.1 System set-up

The dynamic well plate system consists of a multichannel peristaltic
pump (520U, Watson Marlow Pump Ltd.), six-well plate, plunger, and
neodymium magnet and magnet jig (Figs. 1(a), (b)). We replaced the
existing six-well plate cover with the designed device, which consists
of a plunger and micrometer head, as shown in Fig. 1(b). A narrow gap
was created between the bottom surface of the plunger and the well
plate. The medium, circulated by a peristaltic pump, flowed radially,
from the edge to the center of plunger through the gap and the shear
stress was controlled by changing the height of the gap or the flow rate
of the medium. The gap was controlled by the micrometer head and the
cover, which is assembled with the six-well plate. Using a multichannel
peristaltic pump and six-well plate, a maximum of six different flow
rates can be tested in one experiment.

The wall shear stress generated under current experimental conditions

is calculated by'?
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Fig. 1 Schematic illustration of the system (a) and dynamic well plate

(b

where Q,, is the volume flux of the medium, y is the viscosity of the
medium, 7 is the radial position, and / is the gap distance between the
two plates. As indicated in Eq. (1), the shear stress is a function of » and
h, and if the bottom surface of the plunger is parallel to the well plate,
the shear stress decreases with an increase in r. To prevent this problem
and generate a constant shear stress over a wide range of different
radial positions, we designed the plunger to have a slope of 6, as
indicated in Fig. 1(a). To determine the angle of plunger, we performed
theoretical calculation of shear stress using Eq. (1) and 0.35~0.45 was
the best angle to minimize shear stress variation over the wide range of
r. We manufactured the angle of plunger to have that range and the slope
angle of the manufactured plungers, as measured by a coordinated
measuring instrument (Victor 101208, Duckin Co., Ltd., Korea), was
0.39+0.05°. The plunger and cover are made of stainless steel (SUS-
316) and Teflon, respectively. Also, we added a damping chamber
between a well and the channel of the peristaltic pump to reduce or
remove pulsations generated by the peristaltic pump in the medium
flow.

In addition, to stimulate the cultured cell with a magnetic field, a
disk-shaped neodymium magnet fixed with a magnet jig was placed
under each well of the plate. Test cells were cultured on the surface of
the well plate. The distance between the upper surface of the neodymium

magnet and the cell culture well plate surface was 1 mm.

2.2 Evaluation of the physical stimuli

Fig. 2 shows the physical stimuli generated by the dynamic well
plate system. The theoretically calculated shear stress (using Eq. (1)) is
shown as a solid line in Fig. 2(a) as a function of » when the flow rate
was 64 mL/min and the gap between the plunger and the well plate at
the edge of the plunger (h) was 180 um. A numerical simulation was
also performed using Comsol Multiphysics 4.2 (Comsol, Burlington,
MA) to confirm the result of theoretical calculation. As shown in Fig.
2(a), there was no significant different between the theoretically and
numerically calculated shear stress, and the shear stress was 1.0+0.2 Pa
between r=8~14. In the human vascular system, typical shear stress on
endothelial cells ranges widely, from 0.1 to 7 Pa.' The shear stress
generated by the dynamic well plate system can cover that wide range
by adjusting the gap distance and flow rate.

The magnetic flux density was measured on the bottom surface of
the six-well plate with a gauss meter (TM-701PRB, Kanetec), as shown
in Fig. 2(b). The measured magnetic flux density was 38~125 mT over

the each well; thus, the magnetic flux density generated by system was
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Fig. 2 Shear stress (a) and magnetic flux density (b) profile in the
dynamic well plate with Qu, = 64 mL/min and h, = 180 pm

classified as ‘moderate’ density. Also, we saw no sign of significant
interference among the magnets.

3. Cell Culture using the Dynamic Well Plate System

3.1 Experimental procedure

Calf pulmonary artery endothelial (CPAE) cells were purchased
from the Korea Cell Line Bank. Dulbecco’s modified Eagle’s medium
(DMEM) supplemented with 20% fetal bovine serum (FBS) and 1%
penicillin/streptomycin was used as the culture medium. All equipment
was sterilized using an autoclave or cleaning with 70% ethyl alcohol
followed by 12 h of UV exposure. In total, 120,000 CPAE cells were
seeded in each well of a six-well plate and stabilized by incubating in
the humidified incubator at 37°C with 5% CO, without physical stimuli
for 6 h after seeding. After stabilization, the cells were exposed to shear
stress and static magnetic fields by flowing culture medium at a
constant flow rate and placing the neodymium magnets under the well
plate, respectively. The whole dynamic well plate system, including the
peristaltic pump, was placed inside the incubator to maintain culture
conditions.

After 12 and 24 h of culture, CPAE cells were fixed using 3.7%
formaldehyde and stained with Alexa Fluor 488 phalloidin to observe

F-actin filaments and capture the morphology of the cells. In addition,
at 0 h (after stabilization) cells were also fixed and stained using the

same method.

3.2 Image processing

Morphological and numerical changes in the cells under dynamic
culture conditions were evaluated by image processing. The images of
cells at nine different positions between » = 8 and 14 with varied r were
taken. An inverted microscope (Olympus, IX71) with a x10 objective
lens and SCMOS CCD camera (2400x1600, Andor) were used to
capture images. The field of view of the image was approximately
1600x1300 mm?.

For quantitative evaluation of degree of elongation of CPAE cells,
elongation index (EI), a dimensionless parameter of cell roundness with
value ‘0’ for a perfect circle and ‘1’ for a straight line, is defined as''

4rA
El=1-—- )
P

where A is the area and P is the perimeter of the cell. The cell area, 4,
and perimeter, P, were measured with the ImageJ software using the
images taken. The number of cells was also counted from each image.

3.3 Effects of physical stimuli of shear stress and a static magnetic
field

To investigate the effects of shear stress and a magnetic field on cell
culture, we divided the experimental group into single stimulus and
multiple stimuli groups. Fig. 3 shows images of CPAE cells cultured
under different conditions, including: (a) static culture (control group
without physical stimulus), (b) single stimulus of shear stress (1.5 Pa),
(c) single stimulus of moderate static magnetic field (38~125 mT), and
(d) simultaneous stimuli of shear stress and moderate static magnetic
field (1.5 Pa, 38~125 mT), for 0 (left panels), 12 (middle panels) and
24 (right panels) h. For quantitative evaluations of cell elongation and
proliferation, the numbers of cell and elongation indexes, measured
using images taken, are plotted in Figs. 4(a) and (b). As shown in Figs.
3(b) and 4(b), cell alignment and elongation along the flow direction
increased with shear stress and these results are in accordance with
many previous studies.” However, the number of cells decreased
significantly. The number of cells decreased further after 24 h under
shear stress (Fig. 3(b) right panel) whereas that in the static culture
conditions increased (Fig. 3(a) right panel, Fig. 4(a)). This result seems
reasonable because cells become detached when the adhesion force of
the cells is not strong enough to withstand the forces generated by the
shear stress.

Fig. 3(c) shows the effects of the magnetic field on cell proliferation.
When the CPAE cells were exposed to the static magnetic field,
proliferation was enhanced, compared with the control group, but there
was no change in cell shape. These results can be confirmed by the
elongation index, as shown in Fig. 4(b). The different cells show
different responses to the static magnetic field"” and it has been
reported that the moderate static magnetic field can promotes
proliferation and osteoblastic differentiation of human bone marrow-
derived mesenchymal stem cells (MSCs).'®

There was no significant change between the elongation index of
the control cells and those exposed to the single stimulus of a static
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Fig. 3 Photographs of actin filaments of CPAE cells under static (a),
single stimulus of shear stress (b), single stimulus of moderate magnetic
flux (c¢) and simultaneous stimuli of shear stress and moderate magnetic
flux (d)
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Fig. 4 Effects of physical stimuli on CPAE cell culture. (a) Number of
cells. (b) Elongation index

magnetic field. Next, we examined the effects of both stimuli when
applied simultaneously. After 24 h of culture, the number of cells in the

multiple stimuli sample was less than that of the single stimulus of the

static magnetic field. However, the number of cells was similar to that
of the sample without physical stimulus and higher than with the single
stimulus of shear stress. The elongation index of the multiple stimuli
samples was the lowest of all samples. The elongation index of the
multiple stimuli cells was smaller than that with the single stimulus of
shear stress, indicating that CPAE cells in the multiple stimuli
experiments were more elongated than with the single stimulus of shear

stress.

4. Conclusion

We developed a dynamic well plate system that can be used for
culturing cells with the stimuli of shear stress and a moderate magnetic
field simultaneously in a standard six-well plate. We applied the
individual and simultaneous stimuli of shear stress and a moderate
magnetic field to CPAE cells using the dynamic well plate system
developed. The simultaneous stimuli of shear stress and moderate
magnetic field could change the cytoskeleton and elongate the CPAE
cells without decreasing the cell number. The well plate system
developed was easy to handle and user friendly. In addition, by
investigating the effects of the simultaneous stimuli of shear stress and
a magnetic field on CPAE cells, it was shown that the stimuli can affect

growth of cells in the dynamic well plate system.

ACKNOWLEDGEMENT

This work was supported by the R&D program of MSIP/COMPA
[2014K000161] and Basic Science Research Program through the
National Research Foundation of Korea (NRF) funded by the Ministry
of Education (2013R1A1A2061227).

REFERENCES

1. Polacheck, W. ], Li, R., Uzel, S. G, and Kamm, R. D., “Microfluidic
Platforms for Mechanobiology,” Lab on a Chip, Vol. 13, No. 12, pp.
2252-2267, 2013.

2. Davies, P. F,, Remuzzi, A., Gordon, E. J., Dewey, C. F., and
Gimbrone, M. A., “Turbulent Fluid Shear Stress Induces Vascular
Endothelial Cell Turnover in Vitro,” Proceedings of the National
Academy of Sciences, Vol. 83, No. 7, pp. 2114-2117, 1986.

3. Leclerc, E., David, B., Griscom, L., Lepioufle, B., Fujii, T., et al.,
“Study of Osteoblastic Cells in a Microfluidic Environment,”
Biomaterials, Vol. 27, No. 4, pp. 586-595, 2006.

4. Malek, A. M., Gibbons, G. H., Dzau, V. J.,, and Izumo, S., “Fluid
Shear Stress Differentially Modulates Expression of Genes Encoding
Basic Fibroblast Growth Factor and Platelet-Derived Growth Factor
B Chain in Vascular Endothelium,” Journal of Clinical Investigation,
Vol. 92, No. 4, pp. 2013-2021, 1993.

5. Song, J. W.,, Gu, W., Futai, N., Warner, K. A., Nor, J. E., and
Takayama, S., “Computer-Controlled Microcirculatory Support



INTERNATIONAL JOURNAL OF PRECISION ENGINEERING AND MANUFACTURING Vol. 16, No. 10

SEPTEMBER 2015 /2239

10.

11.

12.

14.

15.

16.

System for Endothelial Cell Culture and Shearing,” Analytical
Chemistry, Vol. 77, No. 13, pp. 3993-3999, 2005.

Zheng, W., Jiang, B., Wang, D., Zhang, W., Wang, Z., and Jiang, X.,
“A Microfluidic Flow-Stretch Chip for Investigating Blood Vessel
Biomechanics,” Lab on a Chip, Vol. 12, No. 18, pp. 3441-3450,
2012.

Magdesian, M. H., Sanchez, F. S., Lopez, M., Thostrup, P., Durisic,
N., et al., “Atomic Force Microscopy Reveals Important Differences
in Axonal Resistance to Injury,” Biophysical Journal, Vol. 103, No.
3, pp- 405-414, 2012.

Janet, M. T., Cheng, G, Tyrrell, J. A., Wilcox-Adelman, S. A,
Boucher, Y., et al., “Mechanical Compression Drives Cancer Cells
Toward Invasive Phenotype,” Proceedings of the National Academy
of Sciences, Vol. 109, No. 3, pp. 911-916, 2012.

Ba, X., Hadjiargyrou, M., DiMasi, E., Meng, Y., Simon, M., et al.,
“The Role of Moderate Static Magnetic Fields on Biomineralization
of Osteoblasts on Sulfonated Polystyrene Films,” Biomaterials, Vol.
32, No. 31, pp. 7831-7838, 2011.

Dini, L. and Abbro, L., “Bioeffects of Moderate-Intensity Static
Magnetic Fields on Cell Cultures,” Micron, Vol. 36, No. 3, pp. 195-
217, 2005.

Levesque, M. J., Liepsch, D., Moravec, S., and Nerem, R. M.,
“Correlation of Endothelial Cell Shape and Wall Shear Stress in a
Stenosed Dog Aorta,” Arteriosclerosis, Thrombosis, and Vascular
Biology, Vol. 6, No. 2, pp. 220-229, 1986.

Frank, M. W., “Fluid Mechanics,” Mcgraw-Hill College, 6th Ed.,
pp. 264-268, 2008.

. Wang, Z., Sarje, A., Che, P-L., and Yarema, K. J., “Moderate

Strength (0.23-0.28 T) Static Magnetic Fields (SMF) Modulate
Signaling and Differentiation in Human Embryonic Cells,” BMC
genomics, Vol. 10, No. 1, Paper No. 356, 2009.

Rosen, A. D., “Mechanism of Action of Moderate-Intensity Static
Magnetic Fields on Biological Systems,” Cell Biochemistry and
Biophysics, Vol. 39, No. 2, pp. 163-173, 2003.

Ghodbane, S., Lahbib, A., Sakly, M., and Abdelmelek, H., “Bioeffects
of Static Magnetic Fields: Oxidative Stress, Genotoxic Effects, and
Cancer Studies,” Biomed Research International, Vol. 2013, Article
ID: 602987, 2013.

Kim, E. C., Leesungbok, R., Lee, S. W., Lee, H. W,, Park, S. H., et
al., “Effects of Moderate Intensity Static Magnetic Fields on Human
Bone Marrow-Derived Mesenchymal Stem Cells,”
Bioelectromagnetics, Vol. 36, No. 4, pp. 267-276, 2015.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


