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Osteoinduction using by Human BMP-2-physio-functional
Bioactive Ceramics

Hyang Kim, M.S., Seong-Hwan Moon, M.D., Jeong-Wook Lee, M.S.,
Hyun-Min Kim, Ph.D.*, Min Park, M.S.*, and Hwan-Mo Lee, M.D.

Department of Orthopaedic Surgery, Brain Korea 21, Yonsei University College of Medicine,
Department of Advanced Material Engineering, Yonsei Universityx, Seoul, Korea

Purpose: To assess the properties and the osteogenic potency of the calcium phosphate-recom-
binant human morphogenetic protein-2 (CaP-rhBMP-2 composite) on glass-ceramics.

Materials and Methods: Bioactive glass-ceramics,as a scaffold, and a calcium phosphate (CaP)
solution (pH7.4) were prepared. Recombinant human bone morphogenetic protein-2 (rhBMP-2) was
purified from CHO-K1 cells by transfecting the cells with BMP-2 cDNA. The glass-ceramics were
soaked for 3 days at room temperature in saline, a CaP only solution, and a CaP solution containing
rhBMP-2. Scanning electron microscopy (SEM), Fourier transform infrared reflection spectroscopy
(FT-IR), thin film X-ray diffraction (TF-XRD) and immunofluorescent staining (IF) of the anti-human
BMP-2 to composite-coated scaffold were performed to verify the characterization of the scaffold
surface. In addition, RT-PCR of osteogenic marker gene and SEM photography were performed after
adhering the mouse preosteoblast MC3T3-E1 cells in order to assess the osteoinductivity.

Results: CaP-rhBMP-2 composite was coated on the surface of glass-ceramics, as confirmed by
SEM, FT-IR, TF-XRD spectrum, and IF. The CaP-rhBMP-2 composite on the glass-ceramic showed
a globular shape covered with fine spikes while the CaP on the glass-ceramic showed a fine spike
structure on the flat glass surface. The expression of collagen type | and alkaline phosphatase
mRNAs had increased 4 hours after cell seeding. In addition, the level of osteocalcih mRNA ex-
pression had increased significantly by 3 days in the CaP-rhBMP-2 composite compared with the
control and CaP group. The SEM photographs showed more active filopodia formation in the
CaP-rhBMP-2 composite than the other groups. There was extensive newly synthesized extracellular
matrix around the osteoblasts and CaP-rhBMP-2 composite nodule.

Conclusion: The application of CaP-rhBMP-2 composite-surface coating technique on bioactive

glass-ceramic is a powerful tool for osteoinduction.

Key Words: Calcium phosphate-rhBMP-2 composite, Surface coating technique, Osteoinductivity
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SEM, FT-IR ¥ TF-XRD &

5%4 mm (0] 1 mm)9| 7|#S 7t FHEZ 5 ml9

e A4, CaP €9, 10ug/mle rhBMP-27} 7}

Substrate @

Saline Calcium phosphate solution

© ee@@@@ 19“:@;@5@‘:
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2 3 24802 9 3ol

¥ CaP §of ghdste], 25°Ce] & 2 AA 33Ut
Hh-2-A]71 &, Scanning Electron Microscopy (SEM),
Fourier transform infrared reflection spectrometry
(FT-IR) ¥ thin—film X-ray diffraction (TF—XRD)
£ 5ol 71 £9 e Hstel &4 WalkE AAlskeidt

5. rhBMP-204| CHSF TS E M

5X4 mm (9] 1 mm)9 7|#S 5 mle CaP &9,
1pug/ml9] rhBMP-29} 10ug/ml®] rhBMP-27} 27}
H7HE CaP GHof F3lsto], 25°CY g 271004 3Y
2k QESA1A CaP-rhBMP-2 B34 & 7|3 2H A3 A
Atk vhs 39A o 7172 Phosphate buffered saline
(PBS, Invitrogen Corp., NY, USA)Z T+ g A&t
% 3% formaldehyde &0 ©7} 4°Co A 2087t 11
Aotgltt. PBSE 57k = Ak &gk F, <17k BMP-2
of tfgt U2t 34 (goat polygonal anti—human BMP—
2 antibody, Santa Cruz Biotech. Inc., CA, USA)E
1% £ 4 4"l (bovine serum albumin, BSA, Sig—
ma—Aldrich CHEMIE Gmbh., Steinheim, Germany)
of 1:2009 Hl&= 34t §H5 7| Agsto] 4
2ol A 2A17F 5QF WhE-5kaL, thA] PBSE 57t Al At
At 24 FAQ ¥ anti-goat 1gG (Vector
Lab, Inc., CA, USA)E 1% BSA¢| 1 : 30022 343}
of 7]ato]] &3 &, AFL, o 2N 4587t whg-5t
ol PBSE A| #e| Al skGict, A& o] 2y 7]l 3%
)44 mounting media (Vector Lab. Inc., CA,
USA)E A&t &, cover glassZ Ho| FF&u]4 3l
A skl

ofd

Calcium phosphate solution + rhBMP2

Substrate

Fig. 1. Diagram of CaP-rhBMP-2 composite generation and surface coating technique (A) standardized group, (B) control group with
CaP coating, (C) experimental group with CaP and rhBMP-2 coating.
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Group Primer name 5->3 Product size (bp) Rxn temp. (cycle)

1 Mouse 18S r RNA Forward  ggt aca gtg aaa ctg cga at 168 50 (28)
Reverse  ggg ttg gtt ttg atc tga ta

2 Mouse type () collagen  Forward  cct ggt aaa gat ggt gcc 222 58 (28)
Reverse  cac cag gtt cac ctt tcg cac ¢

3 Mouse osteocalcin Forward  cct cag tcc cca gec cag atc ¢ 219 58 (28)
Reverse  cag ggc aga gag aga gga cag g

4 Mouse ALP Forward  gcc ctc tcc aag aca tat a 372 55 (35)
Reverse  cca tga tca cgt cga tat cc
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(Magnification) X0.5K X1K
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Fig. 2. Scanning electronic microscopic finding of glass ceramic only, glass ceramic with CaP coating, and glass ceramic with CaP

and rhBMP-2 coating.
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Fig. 3. TF-XRD and FT-IRRS analysis after glass ceramic coating.
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Fig. 5. mRNA expression of osteogenic marker gene mRNA
(collagen type |, osteocalcin, alkaline phosphatase) in mouse
osteoblasts (MC3T3-E1) on glass ceramic, treated with saline,
CaP, CaP+rhBMP-2.
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+CaP+10 ug/ml rhBMP2

Fig. 4. Immuno-fluorescent stain
with antibody to rhBMP-2 (mag-
nification x 100).
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(Magnification) X0.

Glass
ceramics

CaP-coated
glass
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CaP-rhBMP2
-coated
glass
ceramics

Fig. 6. Scanning electronic microscopic finding of mouse osteoblasts (MC3T3-E1) on glass ceramic only, glass ceramic with CaP coating,
and glass ceramic with CaP and rhBMP-2 coating with 3 days * incubation.

rhBMP—29] ik #9tste] a9 rhBMP-25 2|
48 A& Agohe Ao dA ot U FAE o]
§3to] rhBMP-2-H2 AAE At Jiang 57 &
FANE 3 poold 24 1 mg oAk LS L 74
ko] Fapof ofgsheirt.

S~

2 Ao FH4 0.1-10ug/mle] rhBMP-2E ©]
&3] CaP-rhBMP-2 E3JAE F4stslen e
CaP T}E3}-glate o] &34 glass—ceramic 7| % 3
ol CaP-rhBMP-2 E5&AHE 29T = e S5}
Atk o]yt CaP-rhBMP-2 E¢-47} 71 A &
of 124 £ o] 9l&& TF-XRDS} FT-IR AHEHY
A, SEM #EE T3l e 4= gl rhBMP-29)
o] 7|He R Y ofFojx|A] Grriet=: A WA

3] o]Fo] A & &g wFo] AT £ 97| Yot
& Ao A 9] CaP—rhBMP-2 E4 9] 7] 82 W
Ay AN gk vpet Zro] rhBMP-2 T
Ao x4 ¥z} glo] CaP ETA FHol| =ZHo| 9l
Ao uheA IO EQ] MC3T3-El AIZE o] &
ot 23} AIoA = Eelst Ad) o] W Igo] gl
REE, CaPihe AHF 2+ Hlaste, CaP-

W o
.
|
DO
A
ot
A_'s
<
2N
of,
i
N
“,
o,
=

S 224
EERTES



oIZF BMP-2-4E27|5 St H0|2ey MEIAE 0|88 =& HE 28

AL A zof digh A dn]
Ztzko] M9 filopodiaZ ©]&d) 7]
CaP-ThBMP-2 E¢A & 7|#H O 2L
FA] 71

K

N
i
o

|o

=
2
lo & =
HUEHJ
4 Mo > ol x

2 N ]

A2

T
o

oftl F
>~

<
i)
K}
i

2

’

o N

ful —lOlv
—

¥Q,

o

=

=

i)
izt
ok
b
it

> ¥
Ju o rfr
iy
(o]
. o
Ju
oz fig M= o
£ 5o
)
i<
o -
Hu

o =
e

L = -
1o

Hl o ¢
o
o

e

=3
o

xo, ofN
>.

o ;119
2

otk
o X

x2
=

ox ML
rll" m&?_{: i)
0,
o
4 = o Mz 1o

s
ox
=
5|
~N
)
=Y oX
i
et

Ky
~
i)

onsh Mok ad b s o

b =2 g
o

"

N O HI o
et

©
_9_‘
-
_EL
Q
: 5
-
Hel
ot
019
_l%
zl‘l_rv o i

F—V.l 11
1=
i,
1o
oL

o o
=2
o

o3l
PN

==

re
T
~N
oK
)
)
__)i:"
=
=
ol
s

H

==

re

kU

o,
o do
o
—_ HJlO

© o

oft
Bu)
i 1o

g
=] disf w2 Az
AR 22 Woll A 27t

o
=

tr

T8 4 AT o=

glass—ceramicdl| & F+E%°] S+

Aol lojA AP Qlupa, AddHo=E e {83 7
W Ag7jeolzt ARE

_r;

1. Chang MC, Ikoma T, Kikuchi M, Tanaka J: The

cross-linkage effect of hydroxyapatite/collagen nanocomposites

o
T

10.

11.

12.

13.

14.

15.

. Hench LL, Wilson J: Surface-active biomaterials.

393

on a self-organization phenomenon. | Mater Sci Mater Med,
13: 993-997, 2002.

. Damien CJ, Parsons JR: Bone graft and bone graft sub-

stitutes: a review of current technology and applications. |
Appl Biomater, 2: 187-208, 1991.

. Grenga TE, Zins JE, Bauer TW: The rate of vascularization

of coralline hydroxyapatite. Plast Reconstr Surg, 84: 245-249,
1989.

. Hench LL: Bioactive ceramics. Ann N Y Acad Sci, 523: 54-

71, 1988.

. Hench LL: Bioactive materials: the potential for tissue re-

generation. | Biomed Mater Res, 41: 511-518, 1998.

. Hench LL: Biomaterials: a forecast for the future. Bioma-

terials, 19: 1419-1423, 1998.
Science,

226: 630-636, 1984.

. Hench LL, Xynos ID, Polak JM: Bioactive glasses for in

situ tissue regeneration. | Biomater Sci Polym Ed, 15: 543-562,
2004.

. Jiang BB, Gao CY, Hu L, Shen JC: Water-dispersed bone

morphogenetic protein nanospheres prepared by co-precipi-
tation method. | Zhejiang Univ Sci, 5: 936-940, 2004.
Kamakura S, Nakajo S, Suzuki O, Sasano Y: New scaffold
for recombinant human bone morphogenetic protein-2. | Bio-
med Mater Res A, 71: 299-307, 2004.

Keskin DS,
Hasirci V: Collagen-chondroitin sulfate-based PLLA-SAIB-
coated thBMP-2 delivery system for bone repair. Biomaterials,
26: 4023-4034, 2005.

Kikuchi M, Itoh S, Ichinose S, Shinomiya K, Tanaka J:

Self-organization mechanism in a bone-like hydroxyapatite/

Tezcaner A, Korkusuz P, Korkusuz F,

collagen nanocomposite synthesized in vitro and its biological
reaction in vivo. Biomaterials, 22: 1705-1711, 2001.
Kokubo T: Bioactive glass ceramics: properties and appli-
cations. Biomaterials, 12: 155-163, 1991.

Krout A, Wen HB, Hippensteel E, Li P: A hybrid coating
of biomimetic apatite and osteocalcin. | Biomed Mater Res A,
73: 377-387, 2005.

Langer R, Vacanti JP: Tissue engineering. Science, 260:
920-926, 1993.



394

16.

17.

18.

19.

Liao SS, Cui FZ, Zhang W, Feng QL: Hierarchically
biomimetic bone scaffold materials: nano-HA/collagen/PLA
composite. | Biomed Mater Res B Appl Biomater, 69: 158-165,
2004.

Minamide A, Kawakami M, Hashizume H, Sakata R,
Tamaki T: Evaluation of carriers of bone morphogenetic
protein for spinal fusion. Spine, 26: 933-939, 2001.
Oonishi H, Kushitani S, Yasukawa E, et al: Particulate
bioglass compared with hydroxyapatite as a bone graft sub-
stitute. Clin Orthop Relat Res, 334: 316-325, 1997.
Schliephake H, Neukam FW, Klosa D: Influence of pore

dimensions on bone ingrowth into porous hydroxylapatite

20.

21.

22.

- EYE - 013= 2 32

blocks used as bone graft substitutes. A histometric study. Int
J Oral Maxillofac Surg, 20: 53-58, 1991.

Stock UA, Vacanti JP: Tissue engineering: current state and
prospects. Annu Rev Med, 52: 443-451, 2001.

Suh DY, Boden SD, Louis-Ugbo ], et al: Delivery of
recombinant human bone morphogenetic protein-2 using a
compression-resistant matrix in posterolateral spine fusion in
the rabbit and in the non-human primate. Spine, 27: 353-360,
2002.

Tancred DC, McCormack BA, Carr AJ: A synthetic bone
implant macroscopically identical to cancellous bone. Bioma-
terials, 19: 2303-2311, 1998.

aExE =
5 H: Glass-ceramics EHo|
AX B3bs A5E Aol

S

SR BTV THE 7% B EHL I

vhy
thBMP-2 B84 2o)| A
A FHoe A NE7|Ze A= FEEH

SlofA ullg- 3G 7ot

AHO| CIO{: CaP-rhBMP-2 E3H4, ¥W FE7|&,

BFT, CaPTd) vlaste] Tl

ik
He

Qi A %8 Q1ZF BMP-2 (CaP-rhBMP-2) ®3HAo] EA3} %

i XYY 7|t 2 o] 984 glass-ceramicsE, 713 3-& 418 J4bdE89(CaP, pHT 4)& FH|
atglch. Az A7t = FeFA @l Z-2 (thBMP-2)& BMP-2 cDNAZL Fo]® CHO-K1 AHE2HE £
A ATt Glass-ceramicse A2 @7, CaP &5 &4 thBMP-27F E3HE CaP §-9of 39 52k AF2olA
I8kaLz}, FAF FA &R 7, Ao WAL £33}, whet XA
3|47 g-21zk BMP-29] tigt WY §F AN Aot Ed, ZIAE RaleS FrketaAl, vk
ZZOM|EQ MC3T3-E1 AEE FAAT §, 2SAE
Z 1k CaP-rhBMP-2 2837} glass-ceramics E o] FE & o]
&3l &A= AT Glass-ceramics $]¢] CaP-thBMP-2 H£3HAl= mlAE A3 722 99 795 dehd

E4 §ra49 th RTPCRS} SEMS A3t

| CaP oM E glass-ceramics | vlAIgH 24} 271 HHsH H AU
Qlatsl A mRNAY W2 AE F& T 4A7HA ), TS osteocalcin mRNAS] W& 2 3UA o] CaP-
7 0] %tk SEM & A3} ATt 244
MC3T3-E1H| A o2 3} B|wste] BA4J31H filopodia FAjo] #AE ATt ZZF A9} CaP-rhBMP-2 B3t

Z E: ulo]Q A glass-ceramico| A ¢] CaP-rhBMP-2 E3H3-BH FE 7|&9] 28L 2T B3l S5

3

g

0]o o
==

SEM, FT-IR @ TF-XRD, IF Z3%}=

LAY wdE g

ki
off





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /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 [612.000 792.000]
>> setpagedevice


