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Cordycepin Inhibits Migration and Invasion of HCT116 Human Colorectal
Carcinoma Cells by Tightening of Tight Junctions and
Inhibition of Matrix Metalloproteinase Activity
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ABSTRACT Cordycepin is the major functional component of Cordyceps species and is widely used in traditional
oriental medicine. Cordycepin has been shown to possess many pharmacological properties, such as enhancement of
immune function along with anti-inflammatory, antioxidant, anti-aging, and anti-cancer effects. Here, we investigated
the inhibitory effects of cordycepin on cell migration and invasion, which are two critical cellular processes that are
often deregulated during metastasis, using HCT116 human colorectal carcinoma cells. According to our data, cordycepin
at non-cytotoxic concentrations markedly inhibited the motility and invasiveness of HCT116 cells in a time-dependent
manner. RT-PCR and Western blotting results indicated that cordycepin reduced the levels of claudin proteins, which
are major components of tight junctions (TJs), and induced tightening of TJs. Cordycepin also attenuated the expression
and activities of matrix metalloproteinases (MMPs)-2 and -9, whereas levels of tissue inhibitor of metalloproteinases
(TIMPs)-1 and -2 were simultaneously elevated. These findings suggest that cordycepin reduces the migration and
invasion of HCT116 cells by modulating the activities of TJs and MMPs.
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Table 1. Sequences of the primer pairs employed in the RT-PCR reactions

Name Sequence of primers
Claudin-1 sense 5-TCA GCA CTG CCC TGC CCC AGT-3'
antisence 5-TGG TGT TGG GTA AGA GGT TGT-3'
Claudin-2 sense 5'-ACA CAC AGC ACA GGC ATC AC-3'
antisence 5'-TCT CCA ATC TCA AAT TTC ATG C-3'
Claudin-3 sense 5'-AAG GCC AAG ATC ACC ATC GTG-3'
antisence 5-AGA CGT AGT CCT TGC GGT CGT-3'
Claudin-4 sense 5-TGG ATG AAC TGC GTG GTG CAG-3'
antisence 5'-GAG GCG GCC CAG CCG ACG TA-3'
Claudin-5 sense 5'-GCC ATG GGG TCC GCA GCG TT-3'
antisence 5'-AGT CTG CAT CAA GAA GA-3'
E-Cadherin sense 5'-GAA CAG CAC GTA CAC AGC CCT-3'
antisence 5'-GCA GAA GTG TCC CTG TTC CAG-3'
Snail sense 5-TAT GCT GCC TTC CCA GGC TTG-3'
antisence 5'-ATG TGC ATC TTG AGG GCA CCC-3'
TIMP-1 sense 5-TGG GGA CAC CAG AAG TCA AC-3¥
antisence S-TTT TCA GAG CCT TGG AGG AG-3'
TIMP-2 sense 5'-GTC AGT GAG AAG GAA GTG GAC TCT-3'
antisence 5'-ATG TTC TTC TCT GTG ACC CAG TC-3'
MMP-2 sense 5'-CTT CTT CAA GGA CCG GTT CAT-3'
antisence 5'-GCT GGC TGA GTA GAT CCA GTA-3'
MMP-9 sense 5'-CGG AGC ACG GAG ACG GGT AT-3'
antisence 5-TGA AGG GGA AGA CGC ACA GC-3'
GAPDH sence 5'-CGG AGT CAA CGG ATT TGG TCG TAT-3'
antisence 5'-AGC CTT CTC CAT GGT GGT GAA GAC-3'

Table 2. Antibodies used in the present study

Antibody Origin Dilution Company
Claudin-1 rabbit polyclonal 1:1,000 Invitrogen

Claudin-2 rabbit polyclonal 1:1,000 Invitrogen

Claudin-3 rabbit polyclonal 1:1,000 Invitrogen

Claudin-4 mouse monoclonal 1:1,000 Invitrogen

Claudin-5 mouse monoclonal 1:1,000 Invitrogen

E-Cadherin mouse monoclonal 1:1,000 Santa Cruz Biotechnology
Snail rabbit polyclonal 1:500 Santa Cruz Biotechnology
MMP-2 rabbit polyclonal 1:1,000 Santa Cruz Biotechnology
MMP-9 rabbit polyclonal 1:1,000 Santa Cruz Biotechnology
TIMP-1 rabbit polyclonal 1:1,000 Santa Cruz Biotechnology
TIMP-2 rabbit polyclonal 1:1,000 Santa Cruz Biotechnology
Actin mouse monoclonal 1:1,000 Santa Cruz Biotechnology
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Fig. 1. Effects of cordycepin on cell motility and viability in
HCT116 cells. (A) Cells were grown to confluency on 30-mm
cell culture dishes; a scratch was then made through the cell
layer using a pipette tip. After washing with PBS, serum free
media (to prevent cell proliferation) containing either vehicle
or cordycepin (50 pg/mL) was added for the indicated times.
Photographs of the wounded area were taken for evaluation of
cell movement into the Wounded area. (B) Cells were seeded
at an initial density of 2.5X 10 cells per 60-mm plate, incubated
for 24 h, and treated with various concentrations of cordycepin
for 48 h. Cell viability was measured using an MTT assay. Each
point represents the meantSD of three independent experiments.
A Student's t-test was used for determination of significance.
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Fig. 2. Decrease of cell invasion by cordycepin in HCT116 cells.
Cells pretreated with the indicated concentration of cordycepin
for 6 h were plated onto the apical side of matrigel coated filters
in serum-free medium containing either vehicle or cordycepin.
Medium containing 20% FBS was placed in the basolateral
chamber to act as a chemoattractant. After 48 h, cells on the
apical side were wiped off using a Q-tip. Next, cells on the
bottom of the filter were stained using hematoxylin and eosin
Y (A), and then counted (B). Data are shown as the mean of
triplicate samples and represent invasive cell numbers compared
with those of control cells. P<0.05 versus untreated control.
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Fig. 3. Increase of TER values by cordycepin in HCT116 cells.
Cells were treated with different concentrations of cordycepin
for 48 h, and TER values were measured using an EVOM epi-
thelial tissue voltohmmeter, as described in the materials and
methods section. Results are shown as the mean+SD of three
independent experiments ( P<0.05 versus untreated control).
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Fig. 4. Effects of cordycepin on expression of
claudins, E-cadherin, and snail in HCT116 cells.
(A) Cells were treated with the indicated concen-
trations of cordycepin for 48 h. Total RNA was
isolated and reverse-transcribed using the in-
dicated primers. Resulting cDNAs were then sub-
jected to PCR and the reaction products were
subjected to electrophoresis in a 1% agarose gel
and visualized by EtBr staining. GAPDH was
used as an internal control. (B) Cells grown under
the same conditions as (A) were sampled, lysed,
and 50 pg of proteins were separated by electro-
phoresis on SDS-polyacrylamide gels. Western
blotting was then performed using the indicated
antibodies, and an ECL detection system. Actin
was used as an internal control.

Fig. 5. Inhibition of MMP expression and their ac-
tivities, and induction of TIMPs expression by cor-
dycepin in HCT116 cells. (A) Total RNA was iso-
lated from cells grown under the same conditions
as Fig. 4 and reverse-transcribed for RT-PCR. (B)
Western blotting was then performed using the cell
lysates, indicated antibodies, and an ECL detection
system. Actin was used as an internal control. (C)
After incubation with cordycepin for 48 h, the me-
dium was collected, and the activities of MMP-2
and -9 were measured by zymography.

A4S FoHoez gAY, RT-PCR 2 Western
blotting Aol 2314 cordycepine TJse] F2 74U}
¢l claudin family JA59] 3L JA|st90H, o] TJ
o] X714 A el Sieh Aol A4 Cordycepin
T3 MMP-2 % -99 wdy A4S Aafetyt TA 9
TIMP-1 3 -29] "Fd & 73t webA cordycepin®l]
9]t HCT116 thAUAA XL Aols A= TJY AnAd =
tie} MMPs9] 24 olAlek Aaadol &S < & T

( 239 AQow @
ST Ao AAg wol FaH 179(2012046358),

REFERENCES

1. Schneeberger EE, Lynch RD. 2004. The tight junction: a
multifunctional complex. A4m J Physiol Cell Physiol 286:
C1213-1228.

2. Soler AP, Miller RD, Laughlin KV, Carp NZ, Klurfeld DM,
Mullin JM. 1999. Increased tight junctional permeability is
associated with the development of colon cancer. Carcino-
genesis 20: 1425-1431.



92

w

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

ox
o

. Angelow S, Yu AS. 2007. Claudins and paracellular trans-
port: an update. Curr Opin Nephrol Hypertens 16: 459-464.

. Utech M, Briiwer M, Nusrat A. 2006. Tight junctions and
cell-cell interactions. Methods Mol Biol 341: 185-195.

. Morin PJ. 2005. Claudin proteins in human cancer: promis-
ing new targets for diagnosis and therapy. Cancer Res 65:
9603-9606.

. Turksen K, Troy TC. 2011. Junctions gone bad: claudins and
loss of the barrier in cancer. Biochim Biophys Acta 1816:
73-79.

. Singh AB, Sharma A, Dhawan P. 2010. Claudin family of
proteins and cancer: an overview. J Oncol 2010: 541957.

. Vihinen P, Ala-aho R, Kédhdri VM. 2005. Matrix metal-
loproteinases as therapeutic targets in cancer. Curr Cancer
Drug Targets 5: 203-220.

. John A, Tuszynski G. 2001. The role of matrix metallo-

proteinases in tumor angiogenesis and tumor metastasis.

Pathol Oncol Res 7: 14-23.

Mook OR, Frederiks WM, Van Noorden CJ. 2004. The role

of gelatinases in colorectal cancer progression and meta-

stasis. Biochim Biophys Acta 1705: 69-89.

Gibbs DF, Warner RL, Weiss SJ, Johnson KIJ, Varani J.

1999. Characterization of matrix metalloproteinases pro-

duced by rat alveolar macrophages. Am J Respir Cell Mol

Biol 20: 1136-1144.

Uzui H, Harpf A, Liu M, Doherty TM, Shukla A, Chai NN,

Tripathi PV, Jovinge S, Wilkin DJ, Asotra K, Shah PK,

Rajavashisth TB. 2002. Increased expression of membrane

type 3-matrix metalloproteinase in human atherosclerotic

plaque: role of activated macrophages and inflammatory

cytokines. Circulation 106: 3024-3030.

Lambert E, Dassé¢ E, Haye B, Petitfréere E. 2004. TIMPs

as multifacial proteins. Crit Rev Oncol Hematol 49: 187-198.

Paterson RR. 2008. Cordyceps: a traditional Chinese medi-

cine and another fungal therapeutic biofactory? Phytochem-

istry 69: 1469-1495.

Cunningham KG, Manson W, Spring FS, Hutchinson SA.

1950. Cordycepin, a metabolic product isolated from cul-

tures of Cordyceps militaris (Linn.) Link. Nature 166: 949.

Miiller WE, Weiler BE, Charubala R, Pfleiderer W, Leser-

man L, Sobol RW, Suhadolnik RJ, Schréder HC. 1991.

Cordycepin analogues of 2',5'-oligoadenylate inhibit human

immunodeficiency virus infection via inhibition of reverse

transcriptase. Biochemistry 30: 2027-2033.

Wu WC, Hsiao JR, Lian YY, Lin CY, Huang BM. 2007.

The apoptotic effect of cordycepin on human OEC-M1 oral

cancer cell line. Cancer Chemother Pharmacol 60: 103-111.

Chen LS, Stellrecht CM, Gandhi V. 2008. RNA-directed

agent, cordycepin, induces cell death in multiple myeloma

cells. Br J Haematol 140: 682-691.

Chen Y, Chen YC, Lin YT, Huang SH, Wang SM. 2010.

Cordycepin induces apoptosis of CGTH W-2 thyroid carci-

noma cells through the calcium-calpain-caspase 7-PARP

pathway. J Agric Food Chem 58: 11645-11652.

Jeong JW, Jin CY, Park C, Hong SH, Kim GY, Jeong YK,

Lee JD, Yoo YH, Choi YH. 2011. Induction of apoptosis

by cordycepin via reactive oxygen species generation in hu-

man leukemia cells. Toxicol In Vitro 25: 817-824.

Thomadaki H, Tsiapalis CM, Scorilas A. 2008. The effect

of the polyadenylation inhibitor cordycepin on human Molt-

4 and Daudi leukaemia and lymphoma cell lines. Cancer

)

2
et

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Chemother Pharmacol 61: 703-711.

Jeong JW, Jin CY, Park C, Han MH, Kim GY, Moon SK,
Kim CG, Jeong YK, Kim WIJ, Lee JD, Choi YH. 2012.
Inhibition of migration and invasion of LNCaP human pros-
tate carcinoma cells by cordycepin through inactivation of
Akt. Int J Oncol 40: 1697-1704.

Lee EJ, Kim WJ, Moon SK. 2010. Cordycepin suppresses
TNF-alpha-induced invasion, migration and matrix metal-
loproteinase-9 expression in human bladder cancer cells.
Phytother Res 24: 1755-1761.

Noh EM, Youn HJ, Jung SH, Han JH, Jeong YJ, Chung EY,
Jung JY, Kim BS, Lee SH, Lee YR, Kim JS. 2010. Cordyce-
pin inhibits TPA-induced matrix metalloproteinase-9 ex-
pression by suppressing the MAPK/AP-1 pathway in MCF-
7 human breast cancer cells. Int J Mol Med 25: 255-260.
Nakamura K, Konoha K, Yoshikawa N, Yamaguchi Y,
Kagota S, Shinozuka K, Kunitomo M. 2005. Effect of cor-
dycepin (3'-deoxyadenosine) on hematogenic lung meta-
static model mice. In Vivo 19: 137-141.

Grant-Tschudy KS, Wira CR. 2005. Effect of oestradiol on
mouse uterine epithelial cell tumour necrosis factor-alpha
release is mediated through uterine stromal cells. /mmunol-
ogy 115: 99-107.

Yokoyama K, Kamata N, Hayashi E, Hoteiya T, Ueda N,
Fujimoto R, Nagayama M. 2001. Reverse correlation of
E-cadherin and snail expression in oral squamous cell carci-
noma cells in vitro. Oral Oncol 37: 65-71.

Usami Y, Satake S, Nakayama F, Matsumoto M, Ohnuma
K, Komori T, Semba S, Ito A, Yokozaki H. 2008. Snail-as-
sociated epithelial-mesenchymal transition promotes oeso-
phageal squamous cell carcinoma motility and progression.
J Pathol 215: 330-339.

McLachlan RW, Yap AS. 2007. Not so simple: the com-
plexity of phosphotyrosine signaling at cadherin adhesive
contacts. J Mol Med 85: 545-554.

Nelson WIJ, Nusse R. 2004. Convergence of Wnt, B-catenin,
and cadherin pathways. Science 303: 1483-1487.

Rangel LB, Agarwal R, D'Souza T, Pizer ES, Alo PL, Lan-
caster WD, Gregoire L, Schwartz DR, Cho KR, Morin PJ.
2003. Tight junction proteins claudin-3 and claudin-4 are
frequently overexpressed in ovarian cancer but not in ovar-
ian cystadenomas. Clin Cancer Res 9: 2567-2575.
Gitter AH, Bendfeldt K, Schmitz H, Schulzke JD, Bentzel
CJ, Fromm M. 2000. Epithelial barrier defects in HT-29/B6
colonic cell monolayers induced by tumor necrosis factor-o.
Ann N Y Acad Sci 915: 193-203.

Agarwal R, D'Souza T, Morin PJ. 2005. Claudin-3 and clau-
din-4 expression in ovarian epithelial cells enhances invasion
and is associated with increased matrix metalloproteinase-2
activity. Cancer Res 65: 7378-7385.

Yoon CH, Kim MJ, Park MJ, Park IC, Hwang SG, An S,
Choi YH, Yoon G, Lee SJ. 2010. Claudin-1 acts through
c-Abl-protein kinase Cdelta (PKCdelta) signaling and has
a causal role in the acquisition of invasive capacity in hu-
man liver cells. J Biol Chem 285: 226-233.

Van Itallie CM, Anderson JM. 2006. Claudins and epithelial
paracellular transport. Annu Rev Physiol 68: 403-429.
Grotegut S, von Schweinitz D, Christofori G, Lehembre F.
2006. Hepatocyte growth factor induces cell scattering through
MAPK/Egr-1-mediated upregulation of snail. EMBO J 25:
3534-3545.




<<
  /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


