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Will we cure cancer by sequencing

thousands of genomes?

Joshua M Nicholson

Abstract

The promise to understand cancer and develop efficacious therapies by sequencing thousands of cancers has not
occurred. Mutations in specific genes termed oncogenes and tumor suppressor genes are extremely heterogeneous
amongst the same type of cancer as well as between cancers. They provide little selective advantage to the cancer
and in functional tests have yet to be shown to be sufficient for transformation. Here | discuss the karyotyptic
theory of cancer and ask if it is time for a new approach to understanding and ultimately treating cancer.
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“We can carry on and sequence every piece of DNA
that ever existed, but I don’t think we will find any
Achilles heels.”- James Watson, Cancer World 2013

Background

By 2005 hundreds of gene mutations had been identified
in individual cancers, it was unclear however, how preva-
lent these gene mutations were in cancers and which
were specific to a certain type of cancer, if any. To
answer these questions it was proposed to sequence
thousands of cancers [1].

Main text

The first and most consistent finding from cancer sequen-
cing studies has been that most cancers do not share the
same mutations; they are so-called “hills” on the muta-
tional landscape [2] (Figure 1). Sequencing acute myeloid
leukemia (AML) from a single patient revealed 10 non-
synonymous mutations in protein coding genes yet when
187 other AML patients were screened none of the same
mutations were found [3]. Lung cancer sequencing showed
that only 4 out of 623 genes analyzed were in more than
10% of tumors [4]. One of the most promising candidates
for a cancer-specific mutation from sequencing studies,
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isocitrate dehydrogenase (IDH1) [5], was found to be
mutated in only 12% of glioblastoma multiforme [6] and
8% of AML [7]. In addition to the intertumor muta-
tional heterogeneity there exists widespread intratumor
mutational heterogeneity with the majority of mutations
not shared across different regions of the same tumor [8]
(Figure 1).

Consistent with these findings the effects of mutations
in oncogenes and tumor suppressors are now thought
to be small. Indeed, modeling the effects of mutations in
oncogenes and tumor suppressor genes indicate they
provide very little selective advantage to the cancer, a
“surprisingly small” 0.4% [10]. Functional tests of onco-
genes and tumor suppressor genes further call into ques-
tion the role these mutations play in carcinogenesis. Initial
tests of oncogenes and tumor suppressor genes as trans-
forming agents were largely performed in a mouse cell
line NIH/3T3, which is considered a model for normal
cells. Yet, this line has ~70 chromosomes instead of 40
[11], becomes transformed with a mere change in cul-
turing conditions [12], can lose the postulated initiating
oncogenes without change in carcinogenicity [13], and
above all is by itself tumorigenic [14,15]. Despite these
well-documented caveats NIH/3T3 cells are still used
for transformation assays by scientists [16]. It may be
argued that other lines, such as the human embryonic
kidney 293 cell line (HEK293) and mammary epithelial
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Figure 1 (A) The cancer genome landscape adapted from Salk et. al. [9] and Wood et. al. [2]. The cancer genome landscape illustrates that
the same type of cancer does not share most mutations. The peaks correspond to how frequently a specific gene is mutated in a particular type
of cancer. Large peaks, termed “mountains” indicate gene mutations that occur frequently amongst the same type of cancer while small peaks,
termed “hills” indicate infrequent gene mutations. (B) In addition to intertumor mutational heterogeneity there exists widespread intratumor
mutational heterogeneity. Within a tumor some mutations are present in the majority of single cells, depicted here as “trees”, while other mutations

exist only subclonally amongst a tumor, depicted here as “seedlings”.
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Figure 2 Chromosome arm-level somatic copy-number alterations (SCNAs) identified in 26 different cancer types by Beroukhim et. al. [27].
SCNAs are displayed across all autosomes where red and blue indicate gain and loss respectively. Different cancer types are organized by
unsupervised hierarchical clustering.
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Figure 3 The frequency a chromosome is gained or lost in cancer
does not merely reflect the gain and loss of cancer genes. The
numbers in circles are human chromosome numbers. The number of
cancer genes per chromosome is compared to the frequency of
chromosome gain (A), chromosome loss (B), and chromosome
gain and loss (C) in 19,003 cancers as reported in The Mitelman
Database [25].

cell line MCF10A have been successfully used to identify
oncogenes and tumor suppressor genes as transforming
agents. These lines, however, are prone to transformation
and are known to have abnormal karyotypes [17]. Indeed,
transformation by oncogenes, such as ras, are typically
only successful when they are activated by viral promoters
reaching levels of expression hundreds of fold higher than
what is ever actually seen in cancer and in which the kar-
yotypes are altered [18,19]. Even then, only after long la-
tencies of many cell generations will minute fractions of
transfected cells ever transform into cancer [20-22]. The
consistent finding that mutations in cancer are largely het-
erogeneous has been hard to reconcile with the idea that
only mutations in specific genes are the cause of cancer—
as some sequencing studies suggest [23].

Page 3 of 4

An alternative theory of cancer

All cancers display at least one numerical or structural
chromosome aberration [24,25]. Analysis of chromosomal
gains and losses across many cancers have revealed pre-
dominant karyotypic patterns in cancer, to the extent that
cancer types can be clustered based on karyotypes [26-29]
(Figure 2). The non-random gains and losses of chromo-
somes illustrate the importance of aneuploidy in carcino-
genesis. These observations, along with the fact that
aneuploidy is a prognostic indicator of patient survival
[24], have led to the proposal that aneuploidy causes cancer
[20,21,30-36]. Still, such karyotypic patterns and aneuploidy
in general have been proposed to merely reflect the gain and
loss of cancer genes [27,37,38]. To test this hypothesis I
compared the frequency a chromosome is gained or lost to
the number of cancer genes per chromosome. If cancer kar-
yotypes were selected for solely on cancer genes we would
expect the number of cancer genes to relate to the fre-
quency a chromosome is gained or lost.

The cancer gene census currently lists a total of 507 can-
cer genes [39]. Analysis of 19,003 solid cancers reported in
the Mitelman Database revealed 35,021 chromosome losses
and 21,268 gains [25,38]. Organizing these cancer genes by
chromosome and comparing them to how frequently they
are lost or gained in cancer shows that there is no rela-
tionship between the number of cancer genes on a
chromosome and the frequency that chromosome is
gained or lost (Figure 3). The gain or loss of a single
chromosome is thus not simply the gain or loss of a
cancer gene. Indeed, a single trisomy induces complex
gene expression changes across the entire genome
[40,41]. Such karyotypic patterns then must represent
the selection of the entire karyotype, given that a gain
or loss of a chromosome affects the entire genome.

Conclusion

If the karyotype is central to carcinogenesis and not indi-
vidual genes, will we cure cancer by sequencing thousands
of genomes or is it time for a new approach?

Received: 4 September 2013 Accepted: 6 November 2013
Published: 13 December 2013

References

1. Miklos GLG: The human cancer genome project — one more misstep in
the war on cancer. Nat Biotechnol 2005, 23:535-537.

2. Wood LD, Parsons DW, Jones S, Lin J, Sjoblom T, Leary RJ, Shen D, Boca SM,
Barber T, Ptak J, et al The genomic landscapes of human breast and
colorectal cancers. Science 2007, 318(5853):1108-1113.

3. Ley TJ, Mardis ER, Ding L, Fulton B, McLellan MD, Chen K, Dooling D,
Dunford-Shore BH, McGrath S, Hickenbotham M, et al: DNA sequencing of
a cytogenetically normal acute myeloid leukaemia genome. Nature 2008,
456(7218):66-72.

4. Weir BA, Woo MS, Getz G, Perner S, Ding L, Beroukhim R, Lin WM, Province
MA, Kraja A, Johnson LA, et al: Characterizing the cancer genome in lung
adenocarcinoma. Nature 2007, 450(7171):893-898.



Nicholson Molecular Cytogenetics 2013, 6:57
http://www.molecularcytogenetics.org/content/6/1/57

20.

21.

22.

23.

24.

25.

26.

27.

Sjoblom T, Jones S, Wood LD, Parsons DW, Lin J, Barber TD, Mandelker D,
Leary RJ, Ptak J, Silliman N, et al: The consensus coding sequences of
human breast and colorectal cancers. Science 2006, 314(5797):268-274.
Parsons DW, Jones S, Zhang X, Lin JC, Leary RJ, Angenendt P, Mankoo P,
Carter H, Siu IM, Gallia GL, et al: An integrated genomic analysis of human
glioblastoma multiforme. Science 2008, 321(5897):1807-1812.

Mardis ER, Ding L, Dooling DJ, Larson DE, McLellan MD, Chen K, Koboldt DC,
Fulton RS, Delehaunty KD, McGrath SD, et al: Recurring mutations found by
sequencing an acute myeloid leukemia genome. N £ngl J Med 2009,
361(11):1058-1066.

Gerlinger M, Rowan AJ, Horswell S, Larkin J, Endesfelder D, Gronroos E,
Martinez P, Matthews N, Stewart A, Tarpey P, et al: Intratumor heterogeneity
and branched evolution revealed by multiregion sequencing. N £ngl J Med
2012, 366(10):883-892.

Salk JJ, Fox EJ, Loeb LA: Mutational heterogeneity in human cancers:
origin and consequences. Annu Rev Pathol 2010, 5:51-75.

Bozic I, Antal T, Ohtsuki H, Carter H, Kim D, Chen S, Karchin R, Kinzler KW,
Vogelstein B, Nowak MA: Accumulation of driver and passenger mutations
during tumor progression. Proc Natl Acad Sci U S A 2010, 107(43):18545-18550.
Denko NC, Giaccia AJ, Stringer JR, Stambrook PJ: The human Ha-ras
oncogene induces genomic instability in murine fibroblasts within one
cell cycle. Proc Natl Acad Sci U S A 1994, 91(11):5124-5128.

Rubin H, Xu K: Evidence for the progressive and adaptive nature of
spontaneous transformation in the NIH/3T3 cell line. Proc Natl Acad Sci
U S A 1989, 86(6):1860-1864.

Gilbert PX, Harris H: The role of the ras oncogene in the formation of
tumours. J Cell Sci 1988, 90(Pt 3):433-446.

Greig RG, Koestler TP, Trainer DL, Corwin SP, Miles L, Kline T, Sweet R,
Yokoyama S, Poste G: Tumorigenic and metastatic properties of “normal”
and ras-transfected NIH/3 T3 cells. Proc Natl Acad Sci U S A 1985,
82(11):3698-3701.

Boone CW, Jacobs JB: Sarcomas routinely produced from putatively
nontumorigenic Balb/3T3 and C3H/10/T1/2 cells by subcutaneous
inoculation attached to plastic platelets. J Supramol Struct 1976,
5(2):131-137.

Stratton MR: Exploring the Genomes of Cancer Cells: Progress and
Promise. Science 2011, 331(6024):1553-1558.

Stepanenko AA, Kavsan VM: Immortalization and malignant
transformation of eukaryotic cells. TSitologiia i genetika 2012, 46(2):36-75.
Hua VY, Wang WK, Duesberg PH: Dominant transformation by mutated
human ras genes in vitro requires more than 100 times higher
expression than is observed in cancers. Proc Natl Acad Sci U S A 1997,
94(18):9614-9619.

Li R, Rasnick D, Duesberg P, Zimonijic D, et al: Derivation of human tumor
cells in vitro without widespread genomic instability. Cancer Res 2001,
61:8838-8844. Cancer Res 2002, 62(21):6345-6348; discussion 6348-6349.
Nicholson JM, Duesberg P: On the karyotypic origin and evolution of
cancer cells. Cancer Genet Cytogenet 2009, 194(2):96-110.

Li L, McCormack AA, Nicholson JM, Fabarius A, Hehlmann R, Sachs RK,
Duesberg PH: Cancer-causing karyotypes: chromosomal equilibria
between destabilizing aneuploidy and stabilizing selection for
oncogenic function. Cancer Genet Cytogenet 2009, 188(1):1-25.

Klein A, Li N, Nicholson JM, McCormack AA, Graessmann A, Duesberg P:
Transgenic oncogenes induce oncogene-independent cancers with
individual karyotypes and phenotypes. Cancer Genet Cytogenet 2010,
200(2):79-99.

Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati S, Biankin AV,
Bignell GR, Bolli N, Borg A, Borresen-Dale AL, et al: Signatures of mutational
processes in human cancer. Nature 2013, 500(7463):415-421.

Schulze S, Petersen I: Gender and ploidy in cancer survival. Cell Oncol
(Dordr) 2011, 34(3):199-208.

Mitelman F, Johansson B, Mertens F: Mitelman Database of Chromosome
Aberrations in Cancer 2011. 2011. http://cgap.nci.nih.gov/Chromosomes/
Mitelman.

Gebhart E, Liehr T: Patterns of genomic imbalances in human solid
tumors. Int J Oncol 2000, 16:383-399.

Beroukhim R, Mermel CH, Porter D, Wei G, Raychaudhuri S, Donovan J,
Barretina J, Boehm JS, Dobson J, Urashima M, et al: The landscape of
somatic copy-number alteration across human cancers. Nature 2010,
463(7283):899-905.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Page 4 of 4

Nicholson JM, Cimini D: Cancer karyotypes: survival of the fittest.
Frontiers in oncology 2013, 3:1-19.

Baudis M: Genomic imbalances in 5918 malignant epithelial tumors: an
explorative meta-analysis of chromosomal CGH data. BMC Cancer 2007,
7:226.

Duesberg P, Mandrioli D, McCormack A, Nicholson JM: Is carcinogenesis a
form of speciation? Cell Cycle 2011, 10(13):2100-2114.

Vincent MD: Cancer: beyond speciation. In Advances in cancer research,
Volume 112. Edited by David G. MA: Academic Press; 2011:283-350.

Heng HH, Stevens JB, Bremer SW, Ye KJ, Liu G, Ye CJ: The evolutionary
mechanism of cancer. J Cell Biochem 2010, 109(6):1072-1084.

Duesberg P: Chromosomal chaos and cancer. Sci Am 2007, 296(5):52-59.
Duesberg P, Rasnick D, Li R, Winters L, Rausch C, Hehimann R: How
aneuploidy may cause cancer and genetic instability. Anticancer Res 1999,
19(6A):4887-4906.

Boveri T: Zur Frage der Entstehung maligner Tumoren. Jena, Germany: Gustav
Fischer Verlag; 1914.

Boveri T, Harris H: Concerning the origin of malignant tumours by
Theodor Boveri. Translated and annotated by Henry Harris. J Cell Sci
2008, 121(Supplement 1):1-84.

Lengauer C, Kinzler KW, Vogelstein B: Genetic instability in colorectal
cancers. Nature 1997, 386:623-627.

Duijf PH, Schultz N, Benezra R: Cancer cells preferentially lose small
chromosomes. Int J Cancer 2012, 132(10):2316-2326.

Futreal PA, Coin L, Marshall M, Down T, Hubbard T, Wooster R, Rahman N,
Stratton MR: A census of human cancer genes. Nat Rev Cancer 2004,
4(3):177-183.

Upender MB, Habermann JK, McShane LM, Korn EL, Barrett JC,
Difilippantonio MJ, Ried T: Chromosome transfer induced aneuploidy
results in complex dysregulation of the cellular transcriptome in
immortalized and cancer cells. Cancer Res 2004, 64(19):6941-6949.
Shapiro BL: Down syndrome - a disruption of homeostasis. Am J Med
Genet 1983, 14:241-269.

doi:10.1186/1755-8166-6-57
Cite this article as: Nicholson: Will we cure cancer by sequencing
thousands of genomes? Molecular Cytogenetics 2013 6:57.

~
Submit your next manuscript to BioMed Central
and take full advantage of:
¢ Convenient online submission
¢ Thorough peer review
* No space constraints or color figure charges
¢ Immediate publication on acceptance
¢ Inclusion in PubMed, CAS, Scopus and Google Scholar
* Research which is freely available for redistribution
Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVed Central
J



http://cgap.nci.nih.gov/Chromosomes/Mitelman
http://cgap.nci.nih.gov/Chromosomes/Mitelman

	Abstract
	Background
	Main text
	An alternative theory of cancer
	Conclusion
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [595.440 793.440]
>> setpagedevice


