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Abstract

Recent studies have shown the evaluation and validation of cancer drugs and
their targets. Even though the specificity of drug targets is a great challenge in
the pharmaco-proteomics field of cancer biology [1]. To eradicate such hurdle,
here we have taken a novel step to study the relation between drug target
network and the corresponding drug network using the advanced concept of
proteomics and network biology [19, 26, 27, 10]. The literature mining along
with the OMIM database give the details of diseased genes which are further
subjected to design a well connected gene regulatory network of cancer. The
resultant network is then extrapolated to proteomics level to sort out the genes
only expressed in the specific cancer types. The network is statistically
analyzed and represented by the graphical interpretation to encounter the hub
nodes and their locally parsed neighbors, ligand verses multi receptor docking
and the propensity of drug targets in hub nodes and related subnetworks.

Keywords: Chemo preventive Drugs, Systems Biology, Ligand Interaction,
gene regulatory network.

Introduction

Recent studies have shown that drug treatments are becoming very much pronounced
in genetic diseases encountering the disease genes in the proteomics level [2, 3,8].
Even the identification of the specific oncogenes andtumor suppressor genes related
to Colon cancer has taken up many challenges [4]. But there lies a great complexity
among the genetic interactions of the cancer disease genes which still not fully
recovered. Cancer usually is the cause of the altered interaction between the multiple
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genes rather than changes in a single causal gene [S]. And the functional interactions
predict the priority of the highly connected nodes and its neighbors [6,11, 12]. But to
study the target specificity of small molecules on the Colon cancer genes, the
expression level study is much essential [13,16]. As post transcriptional modification
plays a crucial role in the gene expression [13]. So the genes highly expressed in the
Colon cancer are sorted out for the further experimentation. This result is subjected to
design a well connected network system to define the biological behavior. The degree
distribution of the nodes defines its importance and biological hierarchy [6, 9]. To
study the effects of Colon cancer specific ligands on the biological network of Colon
cancer, here a novel method has been used which applies the surjective function to
demonstrate the drug-target relations.

For the validation of the result, one ligand versus multi receptor docking has been
performed to elucidate the high specificity of the ligands for best fit. This analysis has
been done on the basis of their docking score and RMS value. Hence here a structural
classification has taken place for the interpretation of system biology network model.

Methodology

Constructing Colon Cancer Gene Regulatory Network

Cancer genes usually contain information about genes which are targets for cancer-
causing mutations; proto-oncogenes and tumor suppressor genes. The Colon cancer
related genes are extracted from the OMIM database ignoring the pseudo genes by the
query search method [18]. They are then subjected to the expression profiling to get
the protein coding genes. Microarray data are collected from the public database of
the NIH Gene Expression Omnibus. Out of 81 genes, only 11 genes show high
connectivity and prominence in the network system. [Supplementary file 1]. The
essential nodes with high interactions are subjected to the statistical analysis to
evaluate the data. [Shown in Table 1].

Table 1: Showing the graph property of the highly interacting Nodes.

Degree Centrality | Betweenness Centrality | Closeness Centrality

Molecule Score Molecule Score|Molecule |Score
BCL6 1 BCL6 0.733|BCL6 1
AKAP13 0.442 AKAP13 0.037|AKAP13  ]0.642
RHOU 0.364 NCOA3 0.026|RHOU 0.611
RHOQ 0.364 TP53 0.014]RHOQ 0.611
RHOH 0.364 ESR1 0.008 | RHOH 0.611
RHOF 0.364 BRCA2 0.008  RHOF 0.611
RAC2 0.364 RHOU 0.007|RAC2 0.611
RACI1 0.364 RHOQ 0.007|RACI 0.611
ARHGAP4 0.364 RHOH 0.007|ARHGAP4|0.611
NCOA3 0.286 RHOF 0.007|NCOA3 ]0.583
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The Hub genes and their neighbor genes are uploaded into the Cytoscape, the
cellular network analyzer software to get the visualization of the entire network. Here
the Cytoscape version 2.6 has been used with other plugins.

The graphical view of the network has been taken which gives the priority of the
hub nodes beside other locally parsed nodes. For further validation of the drugs those
nodes are given more focus than other neighbors with low degree distribution.

Figure 1a: Showing the Colon cancer gene network with the highly connected Hub
nodes (red in color). 1b: Showing the random interaction among the nodes in Colon
cancer network.

Construction of Ligand Network

The Colon cancer specific natural antimutagens were annotated from a wide range of
publishers and databases like Wiley, Blackwell Synergy, Medline, Pubchem, Ingenta
Connect, Chemfinder, Drug Bank etc. To find the interaction between the small
molecules on the basis of their receptor specificity, the ligand network has been
designed in Cytoscape using Metascape Plugin. The network shows the scale free
property like other biological networks illustrating that some small molecules are
more linked to many reactions while others behave just as a discrete node of those
highly connected nodes. The resultant network has been shown in the Fig 2. Now to
validate the target specificity both the network is being co-related. The ligands are
subjected to multi receptor docking. The docking score and RMS value here defines
how well the ligand having target flexibility with the particular receptor. On the basis
of the score the mapping is done on the Colon cancer network consisted of Colon
cancer receptor protein. According to Park K & Kim D, the ligand and binding sites
are associated with protein functions [7]. So a good docking score prove a ligand to be
ideal for drug target.
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Figure 2: Showing the interaction between the small molecules on the basis of their
receptor specificity.

Statistical Analysis

The two sets (X, Y) of ligands and the target receptors respectively are taken and
formulated with the Surjective Function which says that for everyyin the
codomain Y there is at least one x in the domain X such that f(x) = y. In the Figure 3, it
has been shown that the way a ligand interact with receptors. Again for the reverse
analysis, the target set also shows the mode of interaction which can be well
explained by this statistical and mathematical function.
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Figure 3: showing the mode of interaction among the ligand set and the target set
using Surjective Function where set X is the ligand set and set Y is the target set.

So each Colon cancer specific ligands when multi targeted with these nodes gives
optimum results than other neighbors which are not so interactive in the network
graph. Even among this the two most prominent tumor suppressor gene BRCAZ2;
BRCAT1 shows maximum target specificity indicating that Colon cancer specific drugs
are specific for the particular disease gene and not random among the networks. The
graph showing on Figure 3a and 3b indicates that Acacetin is having high docking
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score with BRAC1 and BRAC2 where as Ferulic acid is having high score only with
ANKRDI17 ignoring the rest of the Hub nodes. The graphical representation
[Supplementary file 3] shows the specific propensity of drug targets. Thus it is been
concluded that these disease genes are much prone to be act upon by

Result and Analysis

The interpretation of the Colon cancer network gives 11 Hub nodes viz: BRCA
2;BRCAT1; NCOA6; NCOA3; MRPS26; ANKRD17; SEPTIN 1; FBXO31; TRERFI;
RHOBTB2; AKAP13. Here due to huge number of interactions among 81 Colon
cancer genes the threshold of degree distribution has been set to > 10. So in the
hierarchy order of the degree distribution the nodes are taken into considerations
which are having highest order of degree distribution. [Supplementary file 2] So each
Colon cancer specific ligands when multi targeted with these nodes gives optimum
results than other neighbors which are not so interactive in the network graph. Even
among this the two most prominent tumor suppressor gene BRCA2; BRCA1 shows
maximum target specificity indicating that Colon cancer specific drugs are specific
for the particular disease gene and not random among the networks. The graph
showing on Figure 3a and 3b indicates that Acacetin is having high docking score
with BRAC1 and BRAC2 where as Ferulic acid is having high score only with
ANKRDI17 ignoring the rest of the Hub nodes. The graphical representation
[Supplementary file 3] shows the specific propensity of drug targets. Thus it is been
concluded that these disease genes are much prone to be act upon by the ligand. The
network visualization makes the task more accessible to get an overview of the
interactions of cancer genes. The statistical analysis of the sets of Ligand and receptor
shows a Surjective Function as every ligand(x) taken as the element of the set of
Ligand(X) is having relation with the element in the set of receptor (Y).
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Figure 4a showing the target specificity of Acacetin with the Hub nodes depending
on the docking score. 4b showing the specificity of ligand Ferulic acid.

Significance and Conclusion

This review has demonstrated that there are some particular small molecules which
response in specific cancer diseases. The specificity is not random. The analysis on
the basis of graphical representation and network view has made the interpretation
more lucid. The field of cancer biology is lacking with a strong database which would
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put up the medical science with the small details of the chemopreventive drugs and
specific cancer relativity. This review is the step forward to illustrate the drug targets
of cancer biology with the aid of system biology.

Acknowledgements
We sincerely acknowledge Institute Of Computational Biology, Bangalore for the
financial support for the research work.

References

[1]
(2]

[3]
[4]

[5]
[6]

[7]

[8]

[9]

[10]

[11]

Cancer pharmacogenomics: current and future applications James W. Watters
and Howard L. McLeod

Proteomics for Cancer Biomarker Discovery Pothur R. Srinivasl, Mukesh
Verma2, YinmingZhao3 and Sudhir Srivastava2a 1 Division of Cancer
Prevention, National Cancer Institute, Rockville, MD 20852.

Proteomics in Cancer Reymond MA, Schlegel W.Department of Surgery,
University of Magdeburg, Germany.

Tumor suppressor genes in Colon cancer S Oesterreich and S A W Fuqua
Medicine/Oncology, University of Texas Health Science Center at San
Antonio, 7703 Floyd Curl Drive, San Antonio, Texas 78284, USA (Requests
for offprints should be addressed to S Oesterreich, Baylor College of Medicine,
Department of Medicine/Colon Cancer, Alkek Building, One Baylor Plaza,
Houston, Texas 77030, USA)

New method links multiple genes to complex diseases Jo Whelan, Freelance
writer

Why Do Hubs Tend to Be Essential in Protein Networks? Xionglei He, Jianzhi
Zhang* Department of Ecology and Evolutionary Biology, University of
Michigan, Ann Arbor, Michigan, United States of America

Binding similarity network of ligand. Park K, Kim D. Department of Bio and
Brain Engineering, Korea Advanced Institute of Science and Technology
(KAIST), Yuseong-gu, Daejeon 305-701, Republic of Korea.

Sayeon Cho*, Sung Goo Park, Do Hee Lee and Byoung Chul Park Laboratory
of Proteome Analysis, Korea Research Institute of Bioscience and
Biotechnology, P.O. Box 115, Yusong, Daejeon 305-600, South Korea
Drug-target network Muhammed A Yildinml,2,3, Kwang-II Gohl 4,5,
Michael E Cusick1,2, Albert-LLaszl6 Barabasil,4,6 & Marc Vidall,2

A network biology approach to prostate cancer Ayla Ergunl, Carolyn A
Lawrencel, Michael A Kohanskil,2, Timothy A Brennanl and James J
Collins1,* 1 Department of Biomedical Engineering and Center for
BioDynamics, Boston University, Boston, MA, USA and 2 Boston University
School of Medicine, Boston, MA, USA

di Bernardo D, Thompson MJ, Gardner TS, Chobot SE, Eastwood EL,
Wojtovich AP, Elliott SJ, Schaus SE, Collins JJ (2005) Chemogenomic



Mapping of Natural Antimutagenic 39

[12]

[13]

profiling on a genome-wide scale using reverseengineered gene networks. Nat
Biotechnol 23: 377-383

Yeang CH, Mak HC, McCuine S, Workman C, Jaakkola T, Ideker T (2005)
Validation and refinement of gene-regulatory pathways on a network of
physical interactions. Genome Biol 6: R62.1-R62.10

Pathway analysis reveals functional convergence of gene expression profiles in
Colon cancer Ronglai Shenl, Arul M Chinnaiyan*2 and Debashis Ghosh*3
Address: 1Department of Epidemiology and Biostatistics, Memorial Sloan-
Kettering Cancer Center, New York, NY, USA, 2Department of Pathology and
Urology, University of Michigan, Ann Arbor, MI, USA and 3Departments of
Statistics and Public Health Sciences, Penn State University, University Park,
PA, USA.




<<
  /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


